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ABSTRACT 

The High Temperature Materials Laboratory (HTML) has completed its seventh year of 
operation as a designated Department of Energy User Facility at the Oak Ridge National 
Laboratory. Growth of the User Program has been demonstrated by the number of 
institutions executing user agreements since the HTML began operation in 1987. A total 
of 193 nonproprietary agreements (91 industry and 102 university) and 41 proprietary 
agreements (39 industry and two university) are now in effect. This represents an 
increase of 21 nonproprietary user agreements during FY 1994. (Appendix D lists these 
nonproprietary user agreements.) Forty-one states are represented by these users. 

During FY 1994, the HTML User Program evaluated 106 nonproprietary proposals (46 
from industry, 52 from universities, and 8 from other government facilities) and 8 
proprietary proposals. Appendix E lists the nonproprietary proposals received during 
FY 1994. The HTML User Advisory Committee approved about ninety-five percent of 
those evaluated proposals, sometimes after the prospective user revised the proposal 
based on comments from the Committee. 

This annual report discusses FY 1994 activities in the individual user centers, as well as 
plans for the future. It also gives statistics about users and their proposals and FY 1994 
publications, and summarizes nonproprietary research projects active in FY 1994. 

I -  
1.0 INTRODUCTION 

The High Temperature Materials Laboratory (HTML) is a modem research facility that 
houses a unique collection of instruments for characterizing materials. The instruments in 
the six HTML User Centers provide a comprehensive set of tools for performing state-of- 
the-art determination of the structure and properties of solids and some liquids at high 
temperatures. A dedicated staff trains and guides the user in conducting the research. 

I 
Highly computerized instrumentation is used to improve the efficiency of the data 
collection and interpretation process. Research projects start as submitted proposals that, 
when approved, provide the user access to any of the HTML instruments needed to 
perform the work. User projects typically include research* to relate materials properties 
to structure or to manufacturing processes, or to train users and provide them access to 
the equipment necessary to perform their own materials research. Two advisory 
committees assist in the successful operation of the HTML User Program. Appendix C 
lists the functions of these committees and their current members. 

Early in the User Program, user agreements were developed that established the 
intellectual property and liability rights of the user institution and Martin Marietta 
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Energy Systems, Inc. The first user agreement was signed on July 15,1987; since that 
time, more than 190 agreements have been executed. 

Two types of standard agreements are used: a "Nonproprietary Agreement" and a 
"Proprietary Agreement." The nonproprietary user agreement requires that users - 
along with HTML technical staff - jointly publish the results of their research within six 
months of completing the user project. Proprietary agreements do not require users to 
publish with HTML staff but do require payment on a full-cost-recovery basis. 

'Research sponsored by the Department of Energy, Assistant Secretary for Energy Efficiency and Renewable Energy, 
Office of Transportation Technologies, as part of the High Temperature Materials Laboratory User Program and the High 
Temperature Materials Laboratory Fellowship Program, under contract DE-AC05-840R211400 with Martin Marietta 
Energy Systems, Inc. 
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2.0 MAJOR ACCOMPLISHMENTS IN FY 1994 

During FY 1994, the HTML experienced steady growth both in the number of users 
performing research and in the number of proposals received. The User Centers 
undertook activities in new areas and expanded their existing expertise and capabilities. 
Following is a list of many HTML accomplishments during FY 1994: 

Received over 100 new requests from university and industrial researchers to use 
HTML capabilities. 

Initiated beneficial operation of the new Hitachi S-4500 high-resolution scanning 
electron microscope. 

Initiated work on two industrial and two university HTML user proposals in the area 
of catalyst characterization. 

Completed user project with a major American decorative ceramic tile manufacturer, 
Florida Tile Industries, which identified the sources of tile imperfections and resulted 
in substantially improved production. 

Held an International Workshop on Electron Holography. This meeting was a highly 
successful gathering of nearly 30 invited speakers (20 from Europe and Japan) and 
approximately 70 other researchers from around the world. The workshop 
highlighted materials characterization using electron holography. 

Negotiated and signed a book contract with Plenum Press, to edit Introduction tu 
EZectrm Holography, which will be the first complete text in the field. Publication is 
expected in late 1995. 

Used an atomic force microscope to confirm the experimental procedures 
traditionally applied to the calibration of the shape of nanometersize indentations. 

Examined the role of oxidation in the time-dependent creep failure of advanced 
ceramics. 

Installed a unique environmental tensile testing capability that permits high- 
temperature static, dynamic, or tension-tension testing in vacuum or inert 
environments with extensometry. Using this facility, researchers in the Mechanical 
Properties User Center (MPUC) performed unique creep-rupture tests in inert 
environments on a commercially available silicon nitride to examine the effect of 
mechanical damage in the absence of oxidation-dunage effects. Because the masking 
effects of oxidation are greatly reduced in such testing, the MPUC is now able to 
study the evolution of creep damage that causes failure. 

Developed specimen grips and procedures required to measure the tensile strength 
(both at room and high temperatures) of porous or reticulated ceramic foams, a new 
class of thermal insulator. 

Generated the first high-temperature compressive strength data on reticulated 
ceramic foams being commercialized by a small ceramic company (Ultramet). 
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Completed numerous creep tests on a developmental nickel-based superalloy; the 
superalloy is the first to be mechanically characterized in the HTML. 

Completed a high-temperature dynamic fatigue study on a silicon nitride where the 
acquired engineering data will be used in a gas-turbine engine manufacturer’s 
lifetime prediction code (Allison Engine Co.). 

0 Performed c-ring and flexure strength tests on a silicon nitride material; the 
manufacturer (AlliedSignal) is further developing it for commercialization. 

Established a Neutron Residual Stress User Facility (joint project between DOE 
Energy Efficiency and Renewable Energy, DOE Office of Transportation 
Technologies, and DOE Energy Research/Basic Energy Sciences; this facility will be 
operated as part of the HTML Residual Stress User Center. Nondestructive mapping 
of macro residual stresses through the thickness of a component will - for the first 
time - enable industry and university users to determine these important stresses. 
Results will improve life prediction and be used to guide development of process 
modeling. 

This facility has been anxiously awaited by industry and universities, and by 
automotive, aerospace, and chemical industries. Shortly after initiation of this facility, 
the HTML received more than 15 proposals requesting over four months of 
measurement effort. Since the initial announcement, interest in this capability 
remains high. The HTML has also received requests for proprietary measurements 
from automotive, heavy duty transport, aluminum processing, and aerospace firms. 

Installed the world’s first commercial scanning thermal conductivity microscope in 
the HTML. This instrument, the first of its kind, can detect differences in thermal 
conductivity on a submicrometer scale. Microscopic thermal conductivity 
information is valuable for understanding bulk properties of composites and in 
studying microscopic structures such as fibers, particles, coatings, and grain 
boundaries. 

Completed full instrumentation of a very high stiffness creep-feed grinder to collect 
and present machining data in real time. 

Installed and made operational a 10,900 kg. centerless grinder obtained through a 
cooperative research and development agreement (CRADA) with Cincinnati 
Milacron. This grinder, which is being fully instrumented by the industrial partner, 
will be the only instrumented centerless grinder in the United States. 
Conducted an instrumented transverse grinding study on fracture statistics of a 
leading U.S. silicon nitride. Results showed unusual strengths and Weibull 
parameters under selected grinding conditions. 

Prepared test specimens that will be used in an International Energy Agency task, 
with Germany, Sweden, Belgium, Japan, and the United States as participants. 

Specified and procured a new instrumented cylindrical grinder. 

Participated in a national work shop on cost-effective manufacturing of structural 
ceramics, held in Oak Ridge on August 23,24, and 25; the workshop included group 
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tours and orientations for HTML User Centers. 

Conducted approximately 70 briefings and tours of HTML facilities during this fiscal 
year, including the following: 

- Secretary of Energy 
- 
- 
- 
- 
- 
- Galvin Commission 

Director, Office of Energy Research, DOE 

Assistant Secretary of Energy Efficiency and Renewable Energy, DOE 

Examiner from the Office of Management and Budget 

C4 Committee of the Partnership for a New Generation of Vehicle (PNGV) 

Numerous other committees of the PNGV and Clean Car organizations 
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3.0 HTML USER STATISTICS FOR FY 1994 

This section shows graphs and tables that summarize HTML User Program statistics, 
including user "demographics" and proposal history. Table 1 shows the types of users 
and number of user days accumulated in this the seventh year of HTML operation. 
FY 1993 numbers are included for comparison. 

Number of Number of User Days 
User Institutions Individual Users 

Type of FY 1993 FY 1994 FY 1993 FY 1994 FY 1993 FY 1994 
User 

Industry 30 36 46 67 2,695 4,719 

University 20 32 47 72 1,353 2,163 

ORNL* - - 101 103 9,666 7,301 

Totals 50 68 194 242 13,714 14,183 

*Internal use by other ORNL programs 

Table 1. FY 1994 HTML User Statistics (Including FY 1993 Statistics for Comparison) 
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Figure 1 shows the number of eight-hour user days logged per quarter during M 1994. 
The user days are divided among industrial, university, and ORNL users. During the 
four quarters, the number of industrial user days ranged from 1021 to 1500; university 
user days ranged from 282 to 694 per quarter. Additionally, researchers from other 
ORNL programs logged user days ranging from 1224 to 2522 per quarter. 

I FY 1994 HTML User History 
(Including ORNL Users) 

I3 University 3000r 
2500 

v) 

6 2000 

5 1000 
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n " 
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Operating Quarter in FY 1994 

Figure I .  FY 1994 HTML User Duys 
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Figure 2 is a summary of HTML user activity by quarter since the beginning of the HTML 
User Program (in the third quarter of FY 1987). The user days are divided into industrial 
and university user days (ORNL usage is not included in these totals). The graph clearly 
shows the strong growth trend experienced in the past four quarters (quarters 27 through 
30 represent FY 1994). 

HTML User Days by Quarter of Operation 

2 500 

2000 
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6 1500 
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Quarter of Operation (through FY 1994) 

Figure 2. HTML User Days hj Qtinrter Since Third Qzmrter FY 1987 (Industry and University 
only) 
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For comparison, Figure 3 shows total HTML user days by quarter since the first quarter of 
operation; internal (ORNL) usage is included in the graph. 

I Total HTML User Days by Quarter of Operation I (Includes ORNL Usage) 

4500 - 
4000 - 
3500 - 

v) 3000- 

L 2500- 

-I 2000- 

A 
8 
3 
F = 1500- 

al 

'ooot 500 

Figure 3. Total HTML User Days by Qtuzrter Since Third Quarter FY 1987 (Includes ORNL 
Usage) 



11 

Figure 4 shows cumulative user days for all thirty quarters of operation. ORNL usage is 
not included. 

Cumulative HTML User Days 
by Quarter of Operation 

0 University 

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 
Quarter of Operation (through FY 1994) 

Figure 4. Cumulative HTML User Days Since First Qzlnrter of Operation (Indust y and 
University Only) 



12 

Figure 5 shows the proposal activity in the program over its history. The data show that 
the industrial proposal level increased from 54 in FY 1993 to 60 in FY 1994, an increase of 
about twelve percent. The number of university proposals increased from 50 to 52. Thus, 
for M 1994, the HTML User Program processed and approved a total of 112 proposals. 
About five percent of the proposals submitted could not be accommodated. 

< 

l. 

HTML Proposal History by Fiscal Year 
(Industry and University Proposals) 
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Figure 5. HTML Proposal Histo y 
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Table 2 shows the categories and total number of proposals received in the HTML. 

HTML Research Proposals Received 

Type of User Cumulative N 1994 Cumulative 
through FY 1993 through FY 1994 

Industry 173 46 21 9 

University 221 52 273 

8 I Other Government 
Organizations 

16 I 8 

508 I 402 106 I Total Nonproprietary 
Proprietary 37 8 45 

Grand Totals 439 114 553 

Table 2. HTML User Proposal Statistics for FY 1994 (Including CzimuIative Totals) 



. 
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4.0 HTML USER CENTERS 

4.1 MATERIALS ANALYSIS USER CENTER 

4.1.1 STAFF AND CURRENT CAPABILITIES 

The Materials Analysis User Center (MAUC) uses electron microscopy and surface 
chemical analysis techniques to characterize the structure and chemistry of advanced 
structural materials. The information obtained from these characterizations is used to 
elucidate the mechanisms that control material performance. 

Mr. T. A. (Ted) Nolan is Group Leader of the MAUC. Additional MAUC staff members 
are listed below, along with the instruments for which they have primary operating 
responsibility: 

Dr. L. F. (Larry) Allard - Hitachi HF-2000 Field Emission Gun Transmission 
Electron Microscope 

Mr. D. N. (Dave) Braski - PHI 660 Scanning Auger Microprobe and Topometrix 
Scanning Probe Microscope 

Ms. D. W. (Dorothy) Coffey - Hitachi S-800 Field Emission Gun Scanning Electron 
Microscope and S-4500 800 Field Emission Gun Scanning Electron Microscope 

Dr. D. L. (Debra) J o s h  - JEOL 4000EX High-Resolution Transmission Electron 
Microscope and 2000FX Analytical Electron Microscope 

Dr. K. L. (Karren) More - JEOL 4000EX 4000EX High-Resolution Transmission 
Electron Microscope and 2000FX Analytical Electron Microscope 

- * Ms. C. L. Smite - Group administrative support 

4.1.2 NEW CAPABILITIES 

Hifachi 5-4500 SEM 

The MAUC added an important new instrument to its suite of instnunents in the past 
year. The new Hitachi S-4500 ultra-high resolution SEM achieved beneficial operation in 
January 1994. This instrument provides the MAUC with world-class capability for 
imaging the surfaces of specimens with diameters of up to 15 centimeters at a resolution 
of one nanometer or better at medium voltage, and 3.5 nanometers or better at very low 
voltage on the specimen. Thus, it is ideal for studying fine surface details on large 
ceramic components such as high-temperature tensile fatigue-tested Si3N4 specimens. 

Dr. E. (Edgar) Volkl- (post-doctoral appointee) Electron Holography 

The instrument is equipped with an energy-dispersive X-ray detector and new software 
from National Institute of Standards and Technology that permits quantitative analysis 
of chemical compositions. It also allows researchers to generate X-ray maps that image 
the distribution of elements over the specimen surface. This software runs on the 
Macintosh simultaneously with the digital imaging software, making the acquisition of 
data from the microscope very facile and easy to learn. 
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Digital Imaging 
The MAUC took the final steps toward becoming a complete digital imaging laboratory 
by adding digital control systems for the Hitachi S-800 and S-4500 scanning electron 
microscopes, installing a new digital camera system for the JEOL 4000EX high-resolution 
transmission electron microscope, and placing the order for a digital camera for the JEOL 
2000FX transmission electron microscope. Eliminating the need to record images on film 
has resulted in our decommissioning both the enlarging darkroom and the plate 
developing darkroom in the MAUC laboratory suite. 

These rooms have been converted to better uses. For example, the enlarging darkroom 
now houses several of our specimen preparation instruments, including a new ion beam 
sputter coater. This instrument is used to deposit ultra-fine grained coatings in the 1 
nanometer thickness range for high-resolution scanning electron microscope imaging of 
nonconductive specimen surfaces. A major advantage of achieving a complete digital 
imaging capability was eliminating the chemical waste stream associated with film 
processing. Members of the MAUC staff won the ORNL 1994 Pollution Prevention 
Award for these efforts. 

In addition, users now have the option of transporting their analyzed and annotated 
images and spectra to their home institution on optical disc or on magnetic media. We 
are also instituting the use of Internet communications to transport user data. The MAUC 
is a national leader in the area of digital microscopy and has been asked by the 
Microscopy Society of America to conduct a national workshop on this subject. 

Electron HoZography 
The electron holography project, funded by an award from the Laboratory Director's 
Research and Development, was successfully concluded; our laboratory co-hosted the 
International Workshop on Electron Holography August 29-31, in Knoxville, Tennessee. 
This workshop was strongly supported by funds from the Japan Research and 
Development Corporation, which supports the Tonomura Electron Wavefront Project 
through the Exploratory Research and Technology Program in Japan. 

Dr. Tonomura, of the Hitachi Advanced Research Laboratory, felt that a meeting in the 
United States would best showcase the results of his program. Ultimately, international 
recognition of the MAUC's successful project in this exciting, newly developing field of 
electron microscopy led to Knoxville, Tennessee being chosen as the meeting site. 

As a result of our electron holography capabilities (see individual project descriptions), 
we have generated a number of new user projects; several of these new research areas are 
particularly promising for development into future projects. Additionally, Dr. Edgar 
Volkl, a post-doctoral scholar working in the MAUC, wrote and copyrighted a 
sophisticated software package - HoloWorks - for processing and analyzing 
holograms. ORNL has licensed HoloWorks to Gatan Co. in Pleasanton, California. 

This suite of programs provides a capability for more extensive processing of digital data 
associated with electron holography than any other such program currently available in 
the world; it is already in high demand by all of the major laboratories that are equipped 
with field emission electron microscopes. HoloWorks is proving to be quite valuable in 
our user environment since it greatly simplifies the steps necessary to realize useful 

t 
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information from holograms. Thus, it facilitates holography-based user projects involving 
researchers who are not experts in electron microscopy. 

As in digital imaging, the MAUC is also the national leader - and one of the three top 
laboratories in the world - in electron holography. For example, the May 1994 issue of 
the Microscopy Society of America Bulletin was a special issue devoted to ”Coherent 
Beam Imaging and Digital Microscopy”; the MAUC’s Larry Allard was Guest Editor of 
this issue. Larry is also the principal editor for the first comprehensive book on methods 
of electron holography. 

Catalysts 
With increased emphasis on supporting the automotive and diesel engine industry in the 
United States, we have begun a program that emphasizes the relationship of the 
microstructure of catalyst materials to catalyst performance. The MAUC is uniquely 
positioned to assume this task. The combination of capabilities such as ultra-high spatial 
resolution elemental analysis, atomic-level structure imaging, and small particle 
morphology determination using electron holography presently exist only in our 
laboratory. 

The MAUC staff has considerable expertise in materials research on emission reduction 
catalysts and fine particle analysis in general. We are currently involved in cooperative 
research and development agreement (CRADA) activities in this area and have begun 
several HTML User Program activities with both industrial and university partners. The 
first HTML faculty fellow, Professor Abhaya Datye of the University of New Mexico, 
studied catalyst materials during the summer of 1993 (his work was reported in the 
FY 1993 HTML annual report). 

The principal emphasis of his research was to elucidate microstructure in real catalyst 
systems as opposed to model systems that typically use large single crystals and esoteric 
surface chemical analytical techniques. We have determined that a majority of the 
research in catalysis uses model systems; there is a major need for research that bridges 
the gap between model systems and the real world of multi-constituent, multi-phase 
catalysts used to reduce automotive emissions. 

4.2 MECHANICAL PROPERTIES USER CENTER 

4.2.1 STAFF AND CURRENT CAPABILITIES 

The Mechanical Properties User Center (MPUC) is dedicated to the study of the 
mechanical performance of high-temperature materials. The Group Leader of the MPUC 
is Dr. M. K. Ferber. Other staff and their areas of expertise are as follows: 

Dr. Hongda Cai - Assessment of R-curve and strength behavior, contact damage 
and fatigue, and damage characterizations using novel techniques 

Ms. D. Green - Group administrative support 

Mr. T. P. Kirkland - Measurement of mechanical properties of structural materials 

Dr. E. Lara-Curzio - Characterization of macro- and micro-mechanical behavior of 
ceramic composites, fiber testing, and modeling of the constitutive equations for 
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mechanical performance in ceramic composites 

Ms. L. Rester - Indentation and flexure testing 

Dr. A. A. Wereszczak - Characterization of the tensile creep/fatigue behavior of 
structural ceramics, fracture toughness testing, and evaluation of interfacial 
properties in fiber-reinforced ceramic composites 

4.2.2 MAJOR INSTRUMENTS 

The development of advanced materials for heat engine applications has been a major 
thrust area of research and development programs in the United States for over ten years. 
The two primary drivers for these research activities have been increased fuel efficiency 
and lower emissions. In addition to DOE-sponsored programs, the industrial sector 
(diesel engine, automotive, gas turbine manufacturers, and materials suppliers) has 
committed substantial resources to developing new and improved materials for a 
number of heat engine applications. 

In the case of high-temperature structural materials, several mechanical performance 
issues must be resolved before engine components fabricated from these materials are 
commercialized. For newly developed materials, short-term mechanical property data 
(strength, fracture toughness, hardness) are required for process optimization and 
verification. For relatively mature material systems, an extensive database describing 
mechanical performance as a function of time (creep, stress rupture, cyclic fatigue) is 
necessary for the design of engine components having an acceptable lifetime. 

Such data are also critical to the development and verification of life prediction models. 
Finally, the implementation of cost-effective manufacturing technologies for component 
fabrication generally relies on mechanical property data to ensure that the mechanical 
performance of the component is comparable to that established during initial 
development of the material. 

A major barrier to measuring these mechanical performance data has been the limited 
availability of state-of-the-art facilities. This has been particularly true for advanced 
ceramics and ceramic and metal matrix composites, which require specialized hardware 
for high-temperature property measurements. To address this problem, the MPUC 
makes such facilities available to US.  industries and universities through the HTML User 
Program. Current capabilities include a universal test facility, a world-class tensile test 
facility, an environmental test facility, and a micro-mechanical test facility. 

Universal Test Facility 
The universal test facility currently consists of six pneumatic test frames, each having the 
capability of loading three flexure samples, and a universal (electromechanical) test 
machine equipped with a high-temperature furnace. Users are able to conduct a number 
of standard mechanical property tests, including static fatigue (time to failure measured 
as a function of static stress), dynamic fatigue (fracture stress measured as a function of 
loading rate), cyclic fatigue (cycles to failure measured as a function of cyclic stress), fast 
fracture tensile and compressive strength, and shear strength. 

Process engineers have used data generated from this facility to optimize and verify the 
mechanical performance of their materials. In addition, studies involving flexure (and 
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c-ring) testing have focused on measuring the cyclic fatigue behavior of silicon nitride 
ceramics at room temperature, the effect of processing on the high-temperature behavior 
of aluminum nitride ceramics, and the evaluation of the time-dependent strength of SiC- 
Sic ceramic composites. 

Tensile Test Facility 

The tensile test facility consists of ten electromechanical test machines equipped with 
passive couplers and grips for accommodating either button-head tensile specimens or 
flat specimens, one electromechanical test machine fitted with fixed wedge-grips for flat 
composite specimens, and a servohydraulic test machine capable of tension-tension and 
tension-compression loading of button-head specimens. 

The operation of all test machines is controlled with integral, electronic load controllers 
and function generators, which allow three principal test modes: ramp at a controlled 
rate, ramp and hold at a constant load, and tension-tension cyclic loading. All machines 
are also equipped with short (100 mm), resistance-heated furnaces capable of 1600°C 
maximurn temperature or 1500°C for sustained testing in ambient air. Six machines are 
equipped with contacting, capacitance extensometers that have resolutions of -0.1 p at 
room temperature and -0.5 p at 1500°C. 

During FY 1994, the MPUC conducted extensive studies of the strength, creep, and 
fatigue behavior of silicon nitride button-head specimens at temperatures in the range of 
900" to 1400°C. A major objective of these studies was to measure the temperature and 
stress sensitivities of the dominant failure mechanisms and then compare the resulting 
experimental data to model predictions. A major finding from these tests was that when 
failure was controlled by creep damage generation and accumulation, the fatigue life was 
uniquely determined by the steady-state creep rate (i.e., MonkmanGrant behavior). A 
second objective was to verify the expected improvements in creep and fatigue resistance 
of a HIPed silicon nitride that resulted from processing modifications to the intergranular 
phase. 

Environmental Test Facility 
The MPUC has used the environmental test facility to study the effects of environment on 
mechanical performance. This instrument consists of two electromechanical test 
machines fitted with vacuum chambers. The first environmental test facility, which has a 
high-temperature clamshell furnace and ceramic retort, allows researchers to conduct 
both compression and flexure tests in air, inert gas, or vacuum to temperatures up to 
1500°C. The second environmental test facility is equipped with a vacuum chamber, a 
diffusion pump, a regenerative gettering furnace, and a temperature controller. 

The vacuum chamber accommodates passive couplers for minimizing bending, and has a 
sidecar attachment that houses a strain-measuring, contact extensometer. The mechanical 
and diffusion pumps together can readily achieve a vacuum less than 10-5 torr. The 
regenerative gettering furnace is used to purify inert gases to less than 1 ppm 0 s  its 
regenerative capability allows for a long-term, continuous gas supply without requiring 
the replacement of spent gettering media. A graphite hot zone is used, which achieves 
1600°C with a temperature gradient of less than k 5°C across the 35 mm gage length of a 
standard button-head specimen. 

- 
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Micro-Mechanical Test Facility 
The micro-mechanical test facility has been instrumental in studying the mechanical 
behavior of thin films, thermal barrier coatings, polymers, and fiber/matrix interfaces in 
composites. This facility consists of the mechanical properties microprobe (or the 
nanoindenter) and the interfacial test system. The mechanical properties microprobe is a 
special microhardness tester capable of operating at loads in the microgram range (0-20 
mN; a high-load range (0-120 mN) is also available. 

Unlike conventional hardness testers, the micro-mechanical test facility does not require 
researchers to determine the area of an indent optically in order to calculate hardness. 
Instead, the height of the indenter relative to the surface of the specimen is constantly 
monitored with a sensitive capacitance gage, thus allowing the depth of an indent to be 
determined. The unique feature of the mechanical properties microprobe is its ability to 
measure indent depths to f 0.2 nanometers. The area of the indent is then calculated from 
a knowledge of the geometry of the tip of the diamond indenter. 

The load is also constantly monitored, with the result that hardness is reported as a 
function of displacement. Measurements of sample stiffness from unloading data permit 
a separation of the plastic and elastic components of displacement; the projected areas for 
indents can then be calculated on the basis of the plastic depth of the indents. The elastic 
moduli of samples can also be estimated from stiffness data. 

Motion of the specimen stage in the x-y plane is also precisely controlled. The indenter 
can be positioned within 2 p m  of any chosen point on the specimen, and a series of 
indents, separated by steps as small as 0.1 pm, may be made in any geometrical pattern. 
The entire operation of the system is computer controlled; one or several series of indents 
may be specified and carried out without further operator intervention. 

The characterization of the micromechanical behavior of continuous fiber ceramic 
composites often relies on the use of mechanical properties microprobe-based 
indentation techniques for the measurement of interfacial properties (including debond 
stress, interfacial shear stress, and residual stress). These techniques typically involve 
generating a load-displacement curve associated with sliding of individual fibers. The 
corresponding instrumentation is currently limited by its inability to test fibers exhibiting 
a wide range of diameters (5 to 100 m). This limitation arises from insufficient load 
capability, low spatial resolution of stages used to position the fiber with respect to the 
indenter, and insufficient resolution of the transducers used to measure fiber 
displacement. 

The development of the interfacial test system represents a major effort to address these 
limitations. The interfacial test system is capable of measuring the load and displacement 
associated with both fiber push-in and push-through tests. The fibers are positioned 
using an x-y table capable of precise movement to greater than 0.5 p. An optical 
microscope is used to locate fibers for indentation loading. A large-screen monitor 
connected to the microscope camera is used for easy viewing of the fibers. 

The indenter and load cell are mounted on a separate bracket adjacent to the stages. This 
bracket is designed to accommodate load cells covering a range of load capabilities. The 
indenter holder also accommodates several WC- and diamond flat-bottomed probes, as 
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well as a standard Vickers indenter. The specimen is loaded into the indenter using a z- 
stage, which is mounted on top of the x-y table. During testing, the displacement is 
measured to 0.1 pm using an encoder mounted on the shaft of the z-stage. A personal 
computer controls the operation of the entire system, including data storage and analysis. 

42.3 NEW CAPABILITIES 

Resonant Ultrasotin d Spectroscopy Facility 
A resonant ultrasound spectroscopy facility (NDI-502 by Quatrosonics) has been installed 
and tested in the HTML for characterizing and inspecting the mechanical integrity of 
ceramic specimens and components. Resonant ultrasound spectroscopy is based on the 
principle that the mechanical resonance of a component, which depends on its shape, 
density, elastic moduli, and defects, is sufficiently complex that measuring the resonant 
frequencies provides a signature unique to the component. 

Changes in the shape, density or elastic moduli, or introduction of defects lead to a 
variation of this signature. The resonant ultrasound spectroscopy system consists of a 
controller, a signal generator, two or more transducers, and a receiver. The resonance 
spectrum is generated by sweeping the frequency of an ultrasound signal applied to the 
component and by detecting the resonance frequencies of the component. 

A major advantage of the resonant ultrasound spectroscopy technique is its high 
sensitivity. Deviations as small as a few parts per million can be detected. Furthermore, 
the test is very fast, requiring as little time as a few seconds. The resonant ultrasound 
spectroscopy technique can be applied to determining the full elastic constants of 
isotropic and anisotropic materials (such as single crystals, textured polycrystals, and 
composites) to a high accuracy. Because of the high sensitivity of this method, it is 
potentially suitable for characterizing and inspecting the mechanical integrity of ceramic 
specimens and components. The HTML is presently evaluating the resonant ultrasound 
spectroscopy technique for characterizing creep damage in silicon nitride and other 
ceramic materials. 

En viron men ta 1 Tensile Testing Facility 
The HTML recently designed and installed a new environmental tensile testing facility. 
Using this facility, researchers can conduct high-temperature static, tension-tension 
cyclic, or dynamic loading in vacuum or inert environments up to 1600°C using the 
button-head tensile specimen geometry. The environmental tensile testing facility is a 
vacuum chamber mounted on an Instron 1380 testing machine (screw-driven), a 
mechanical pump, a diffusion pump, a regenerative gettering furnace, and a temperature 
controller. The vacuum chamber accommodates Instron’s Supergrip couplers for bending 
minimization and has a sidecar attachment that houses a strain-measuring, contact 
extensometer. The Instron 1380 may be operated in load or displacement control and may 
be used for static loading, tension-tension cyclic loading (1 Hz maximum), and dynamic 
loading up to 35 kN. 

The following question may be posed: If a material or component is mechanically 
stressed at high temperatures in an ambient environment, how /why can mechanical 
testing in vacuum or inert environments at high temperatures provide any representative 
or useful data or information? Mechanically stressing a material or component at 



elevated temperatures in an ambient environment frequently generates two different 
types of damage: that resulting from the applied stress ( e g ,  creep damage, cavitation, 
etc.) and that resulting from oxidation-associated corrosion (eg., surface cracking). 

By conducting tests in both an ambient environment and a non-oxidizing environment, 
the damage contribution from mechanical stressing and oxidation can be decoupled, thus 
providing insight into the evolution of each type of damage. This information is not 
attainable by testing only in air. Using this same methodology, the MPUC staff currently 
is examining the evolution of creep damage and oxidation-associated damage in silicon 
nitride. 
4.2.4 MAJOR ACTIVITIES IN FY 1994 

Norton Advanced Ceramics, in collaboration with the HTML, examined the role of 
oxidation on Norton’s NCX-5102 silicon nitride. Comparative creep-rupture tests in air 
and inert environments provided insight into how the damage mechanisms evolve in this 
material as a function of crystallization treatment, creep, and oxidation. 

In an HTML project, we used the scanning force microprobe to measure in three 
dimensions the residual nanometer-sized impressions made by the mechanical properties 
microprobe. Data generated to date have shown that consistent variations in the 
impression geometry can arise from the non-ideal shape of the diamond indenter. We are 
further using these results to calibrate the mechanical properties microprobe, which will 
improve the accuracy of the data generated by our users. 

Working with a user from Ultramet, MPUC researchers were able to generate high- 
temperature engineering compressive strength data on Sic- and C-reticulated ceramic 
foams. These carbon foams had to be tested in an inert environment at elevated 
temperatures. The resulting data, which are the first of their kind, are being used to guide 
the development of this important material class, which is being considered for use as 
insulation for reentry vehicles. 

Alabama A&M University and Teledyne Allvac conducted high-temperature creep tests 
on a developmental nickel-based superalloy. Engineering creep data were needed to 
survey its development and for potential marketing purposes. 

Alliedsignal is using HTML capabilities to develop a relatively low-cost silicon nitride 
material to be used for structural applications at elevated temperatures. Researchers 
studied properties of the material, including creep rupture. The results of these studies 
were introduced back into the AlliedSignal development cycle. 

Advanced Refractory Technologies (ART) conducted flexure strength studies to track the 
development of an A1N material that they hope to commercialize at a production level. 
The facilities provided by the MPUC successfully accommodated the company. 

Dow Coming initiated a long-term collaboration effort through the HTML User Program 
to determine the effects of temperature, loading rate, and matrix additives on the tensile 
strength of continuous fiber-reinforced ceramic matrix composites currently under 
development at Dow Coming. Also investigated were the effects of temperature, stress, 
and matrix additives on the fatigue resistance of these materials. These materials are 
being considered for use in heat exchangers and combustion liners and in several parts of 
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chemical pumps. 
We complemented these Dow Coming studies with interlaminar shear strength 
measurements and with single-fiber interfacial measurements. The latter tests were 
aimed at determining the bond strength and the sliding resistance of the reinforcing 
fibers and the evolution of these properties during typical service conditions. The Federal 
Business Development Director at Dow Coming recently commended the MPUC staff for 
our efforts on this project. 

Alliedsignal studied the effect of different modes of machining on the tensile strength of 
continuous fiber-reinforced BlackglasTM composites. (BlackglasTM is a polymer-derived 
ceramic developed by AlliedSignal.) The results of this study indicated that there was not 
a sigruficant difference in the strength of this material after being machined in the green 
or the after-pyrolysis states using abrasive water jet cutting or diamond grinding. These 
results are significant because abrasive water jet machining is cheaper and has a shorter 
turnaround time than diamond grinding. 

Northrop conducted a study to determine the effects of thermal treatments on the 
interfacial and mechanical properties of continuous fiber-reinforced BlackglasTM 
composites. Of interest was the effect of exposure to aqueous environments on the 
composite interfacial properties. Using single-fiber push-out tests on the interfacial test 
system developed at the HTML, MPUC researchers determined that some of the boron- 
based fiber coatings investigated were unstable after combined exposure to air and steam 
at elevated temperatures. 

One of the merits of this type of study is that it is possible to predict the macroscopic 
response of ceramic matrix composites by knowing the interfacial properties of the 
material. Therefore, it suffices to conduct single-fiber interfacial tests using samples about 
1 cm long, 0.5 cm wide, and 1 mm thick as a screen test to determine the true potential of 
the material before conducting more extensive (and expensive) tests such as tensile 
testing. 

4.3 PHYSICAL PROPERTIES USER CENTER 

4.3.1 STAFF AND CURRENT CAPABILITIES 

The Physical Properties User Center (PPUC) is dedicated to measuring thermophysical 
properties as a function of temperature and correlating these properties with the 
processing, microstructure, and performance of materials. Specifically, the PPUC staff 
works with users to determine themophysical properties such as thermal diffusivity, 
thermal conductivity, specific heat, and thermal expansion and to characterize the 
thermal stability, high-temperature reactions and compatibility, high-temperature 
oxidation, and corrosion properties of materials. The materials studied include structural 
ceramics, superalloys, ceramic and metal matrix composites, superconducting materials, 
ceramic precursors, carbon materials, and carbon fiber composites. 

The Group Leader of the PPUC is Dr. C. R. (Cam) Hubbard. Other members of the 
Diffraction and Thermophysical Properties Group with prime responsibilities include the 
following: 

Dr. S. C. (Steve) Beecher (post-doctoral appointee) - Thermal transport 
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Mr. Tim Corrigan - Co-op student 

Dr. R. B. (Ralph) Dinwiddie - Thermal transport 

Ms. J. (Joy) Kilroy - Group administrative support 

Mr. W. D. (Wally) Porter - Thermal analysis 

4.3.2 MAJOR INSTRUMENTS 

The major facilities of the PPUC are divided into two areas: thermal analysis and thermal 
transport. 

T h m l  Analysis 
The thermal analysis laboratory instruments include a simultaneous thermal analyzer 
(STA = DTA + TGA + MS) and a differential scanning calorimeter, both capable of 
operation to 1500°C in inert or oxidizing atmospheres. The thermal analysis laboratory 
also contains a dual push rod dilatometer for bulk thermal expansion measurements 
to 1500°C. 

A large-mass, high-temperature, high-sensitivity Cahn TGA with DTA attachment 
provides measurement capability to 1700°C for samples having masses to 100 g. This unit 
permits measurements in vacuum, inert, oxidizing, and corrosive atmospheres, and thus 
considerably extends the PPUC’s capabilities in thermal analysis. 

Stanton Redcroft STA1500 Simultaneous Thermal Analyzer 

- Differential thermal analysis (DTA) 

- Thermogravimetry (TG) 

- Evolved gas analysis (EGA) 
* Stanton Redcroft DSC1500 Differential Scanning Calorimeter 

Theta Dual Push Rod Dilatometer 

Cahn Thermogravimetry (TGA) with concurrent Differential Thermal Analysis 
@TA) 

Thermal Transport 
The thermal transport instruments include the following: 

Holometrix Laser Flash Thermal Diffusivity System 
Xenon Flash and Step-Heat Thermal Diffusivity System 

Longitudinal Bar Thermal Conductivity System 

Topometrix Scanning Thermal Conductivity Microscope 

The laser flash and xenon flash systems determine thermal diffusivity of materials under 
a variety of conditions. With the laser flash system (discussed in more detail in Section 
4.3.3, ”New Capabilities”), researchers can make measurements as a function of . 
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temperature to 2000°C. The xenon flash system, optimized for room-temperature thermal 
diffusivity measurements, has recently been modified to permit measurement by the 
"step heat flux" method, which measures thermal diffusivity of heterogeneous materials, 
including laminar composites. 

The step heat modification permits us to measure low thermal conductivity materials. In 
addition, the xenon flash software has been modified to determine the thermal diffusivity 
of coatings on substrates of known thermal conductivity. A major U.S. aircraft turbine 
manufacturer is currently using the system to study the effect of thermal aging on 
thermal barrier coatings for turbine engine components. 

A scanning thermal conductivity microscope, currently under development, will map the 
thermal conductivity on a micrometer scale. A new laser flash thermal diffusivity system, 
scheduled to be delivered in the late 1994, will allow - for the first time - measurement 
of thermal diffusivity of molten metals, as well as 2- and 3-layer samples. This system is 
discussed in more detail in Section 4.3.3, "New Capabilities." 

Supporting Facilities 
Fivetell helium pycnometer 

Sample preparation facilities, including the following: 

- Diamond core drill 

- Low-speed diamond cutoff saw 

- Diamond band saw 

- Vacuum deposition chamber 

- Polisher 

MicroVAX 4200 file server connecteL "y Ethernet to eaclL instrument computer 

43.3 NEW CAPABILITIES 

Longitudinal Bar Instrument 

The longitudinal bar thermal conductivity system provides for steady-state measurement 
of thermal conductivity from 80°K to 500°K. These measurements, coupled with the 
elevated temperature measurements, are important in modeling thermal conductivity in 
solids (in terms of grain size, impurities, and crystal defects). Projects currently scheduled 
to employ this system include self-reinforced silicon nitride, silicon nitride/molybdenum 
composites, and aluminum nitride. 

This system, which has just become operational and is in the final test phase prior to 
beneficial use, takes rod- or bar-shaped samples approximately 25 to 60 mm long. This 
makes the sample preparation and quantity particularly convenient to users. Data from 
this system are essential for modeling the sources of thermal resistivity. Such 
fundamental knowledge is essential when thermal conductivity property improvements 
are desired. 
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Cuhn TGADTA 

The PPUC procured and installed two new instruments in 1994. The Cahn TGA /DTA 
system provides for measurement to 17OO0C, which is 200" higher than the Stanton 
Redcroft STA unit. The Cahn TGA also is very sensitive (-1 ppm) to weight change, 
while at the same time capable of measurement on large specimens (to 100 g). The Cahn 
TGA allows researchers to test oxidizing, inert, reducing, and corrosive atmospheres; this 
is a capability that will benefit industry in studying the stability of a material in various 
environments. The first studies scheduled to be conducted on this instrument involve 
studies of growth of alumina layers between a metallic bond coat and zirconia thermal 
barrier coatings with General Electric Aircraft and Mr. Allen Haynes, HTML Fellow. 

Topornetrix Sunning T h e m 1  Conductivity Microscope 
The Topometrix Scanning thermal conductivity microscope, which is the first instrument 
of its kind in the world, can detect differences in thermal conductivity on a sub- 
micrometer scale. It was built by Topometrix to specifications and using concepts 
developed at the HTML. The system simultaneously operates as a conventional atomic 
force microscope with topographic imaging capabilities and measures thermal 
conductivity contrast. Factors that influence the performance of the instrument were 
studied. The most important include probe force, scan speed, surface moisture, and 
extraneous heat sources. Cooperative efforts with Topometrix are underway to improve 
the sensitivity and to develop quantitative thermal conductivity mapping with sub- 
micrometer resolution. 

Microscopic thermal conductivity information is valuable in the understanding of bulk 
properties of composites, as well as in the study of microscopic structures such as fibers, 
particles, coatings, and grain boundaries. The system has been successfully used in 
several user projects. Development and application of this system is also sponsored by 
the DOE Office of Energy Efficiency and Renewable Energy Continuous Fiber Ceramic 
Composite program. 

Thermal Conductivity o f  Coatings 

PPUC researchers also developed software to determine thermal diffusivity of coatings. 
Coatings are being widely used to increase the performance life of gas turbine engine 
hot-section components, with a future goal of increasing operating temperatures and, 
hence, fuel efficiency. This new capability enhances the HTML's ability to study the 
effects of processing conditions, thermal history, and microstructure on the thermal 
conductivity of high-performance coatings. 

The software was tested using a plasma-sprayed zirconia-coated Rent5 142 specimen and 
a freestanding, plasma-sprayed zirconia coating supplied by G.E. Aircraft Engines. The 
results from the bi-layer analysis are in excellent agreement with the thermal diffusivity 
of the free-standing coating. The method is being applied by G.E. Aircraft to develop the 
database of property data needed for predicting the life of the thermal barrier coating. 

Laser Flush Thermal Difusivity System 
The PPUC is obtaining a new laser flash thermal diffusivity system, which will 
significantly expand our thermal transport measurement capabilities and replace the 
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aging, unreliable laser flash system. This system will operate from -50°C up to 2400°C in 
vacuum or inert gas. Tests may be made in oxidizing or reducing atmospheres from 25°C 
to 1700°C. A six-sample carousel will greatly increase the number of tests that can be 
made in a single day. In addition to standard disc-shaped samples, the new system will 
also measure square plates, powders, molten metals, and coatings. 

Thennophysical Properties of Molten and Semisolid Metals 

After carefully assessing industry’s current and future needs for knowledge of 
thermophysical properties, the PPUC expanded its focus to include measuring the 
properties of molten and semisolid metals. These data have recently become very 
valuable in the national efforts to model materials processes such as welding, casting, 
quenching, and hot forging or rolling. The PPUC received several user proposals and 
inquiries for such data in this past year. The new laser flash thermal diffusivity system 
can determine the thermal diffusivity of these difficult-to-measure materials. The PPUC 
is also researching methods for determining the density of molten metals; current plans 
include testing one method based on our existing dilatometer. 

4.4 RESIDUAL STRESS USER CENTER 

4.4.1BACKGROUND 

User projects and DOE programs are increasingly concerned with life prediction and 
failure analysis. In many of these cases, knowledge of residual stress gradients (sign and 
magnitude) as a function of location at both the surface and within a component is vital 
information. The Residual Stress User Center (RSUC) was established three years ago to 
meet this need and to provide a facility for research into controlling residual stresses, 
either through modifying the forming and finishing processes or the design, or through 
stress-relief procedures. RSUC activities, which continue to expand, now include both the 
X-ray residual stress facility and the neutron residual stress facility (discussed in detail in 
Section 4.4.3) for measuring macro (long-range) and micro (short-range) residual stresses 
in polycrystalline materials. 

4.4.2 STAFF AND INSTRUMENTS 

The neutron residual stress facility (NRSF) is operated in a team mode, with members of 
the Metals and Ceramics (M&C), Solid State (SSD), and Instrument and Controls (I&C) 
Divisions participating. Unless otherwise noted, the following staff members are from the 
Metals and Ceramics Division. Dr. C. R. (Cam) Hubbard is the Program Leader; other 
team members include the following: 

Mr. Sean Agnew (co-op student) - Neutron diffraction data analysis 

Mr. Alex Chediak (co-op student) - X-ray residual stress 

Dr. K. J. (Kris) Kozaczek - X-ray texture and residual stress - alloys 

Ms. J. (Joy) Kilroy - Group administrative support 

Mr. David Schenk (co-op student) - Neutron diffraction instrumentation 

Dr. S. (Steve) Spooner (SSD) - Residual stress mapping by neutron diffraction 
(Support staff from High Flux Isotope Reactor [HFIR], SSD): operation and 



instrumentation support in HFIR 

Dr. X.-L. (Xun-Li) Wang - Micro and macro residual stress by neutron diffraction 

Dr. T. R. (Tom) Watkins - X-ray residual stress and high temperature X-ray 
diffraction 

Principal Instruments 

Accessory Inst rumen f a  tion 

Grazing incidence optics 

Strain gauge capabilities 

4.43 NEW CAPABILITIES 

Dr. Michael Wright (I&C) - Instrumentation design for NRSF 

Scintag PTS 4-axis goniometer with 18-kW rotating-anode generator 

Scintag PTS $-axis goniometer with 2-kW sealed-tube generator 

HB-2 spectrometer with XYZ mapping system for macro residual stress mapping 

HB-4 spectrometer for micro residual stress analysis 

Position-sensitive and Peltier Si(Li) X-ray detectors 

Laser position sensor for X-ray PTS units 

Tensile load frame for use on the neutron diffraction mapping facility 

Huber full-circle goniometer for use on the neutron diffraction mapping facility 

Neutron Residwl Stress Facility 
A cooperative joint effort - signed in April 1994 between DOE Office of Energy 
Efficiency and Renewable Energy, DOE Office of Transportation Technologies; and DOE 
Energy Research/Basic Energy Sciences, Division of Material Sciences - established a 
new user facility: the Neutron Residual Stress Facility (NRSF). This joint program is a 
direct result of a multiyear Laboratory Director’s Research and Development project 
proposed and lead by HTML staff at the ORNL High Flux Isotope Reactor. 

The Neutron Residual Stress Facility is operated by a team consisting of staff from the 
HTML in the M&C Division and the Neutron Scattering Group in the Solid State Division 
at ORNL. The goal of the joint program is to establish and operate a user facility for 
macro and micro residual stress analysis in conjunction with the existing X-ray facilities 
of the RSUC in HTML. We currently are meeting this goal by using a portion of the beam 
time on a Solid State Division spectrometer. Another goal is to develop a dedicated 
instrument at HFIR optimized for macro residual stress analysis, and thus to greatly 
expand both the capabilities and speed of measurement. This instrument is currently 
scheduled for completion in FY 1996. 
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Eqvansion of the X-Ray Residual Stress Program 
In the last year, besides establishing the Neutron ResiLJa Stress Facility, the RSUC 
expanded the X-ray residual stress program to meet the industrial and academic demand 
through user proposals. For example, users had begun requesting texture measurements 
for correlating anisotropic materials properties with materials performance. To meet the 
demand for both residual stress measurement and texture measurement, the RSUC 
purchased and installed a second Scintag PTS unit in January 1994. Subsequent user 
projects on this instrument have been about equally split between texture and residual 
stress characterization. Having this second instrument also enables us to focus the use of 
the high flux system on problems where the additional flux is necessary. This has been 
particularly valuable in our development of the grazing incidence X-ray diffraction 
method (discussed below). 

To further enhance the X-ray facilities, the RSUC purchased two accessories. The first, a 
laser-positioning sensor, allows researchers to place the specimen at the correct height 
quickly and reproducibly. This is particularly valuable for determining the stress 
gradient as a function of depth below the surface in studies involving multiple 
electropolishing steps in metal specimens. 

The second, a position-sensitive detector for the high flux system, is now available to 
speed data collection by a-factor of five. This enables users to collect more accurate data 
faster and to study more samples. The position-sensitive detector works best when there 
is low fluorescence radiation and relatively sharp diffraction peaks. When these two 
conditions are not met, we use the Peltier-cooled Si(Li) solid state detector to step scan 
over the diffraction peak. 

Grazing Incidence X-Ray Difiaction 
One of the exciting developments in the X-ray residual stress area was demonstrating 
grazing incidence X-ray diffraction methods for depth profiling residual stresses over a 
very shallow, near-surface region of specimens. grazing incidence X-ray diffraction 
employs low angles of X-ray incidence and thereby reduces the depth of X-ray 
penetration. By approaching the angle of total external reflection, the depth of sampling 
can range from tens of angstroms to a few micrometers. With this technique, diffraction 
information about phase content, texture, and residual stress can be obtained as a 
function of sampling depth. 

In a project with the University of Denver, RSUC researchers used grazing incidence 
X-ray diffraction to study the residual stresses in Mo thin films deposited on glass 
substrates. Tests with stress-free specimens showed the instrument was free of 
aberrations. For the Mo films, we observed changes in interplanar spacing as the grazing 
incidence angle was changed, revealing a change in residual stress with depth. The 
application of this technique to nondestructive characterization of grinding damage in 
ceramics appears particularly promising due to the range of depth profiling and the 
location of subsurface damage. The RSUC is currently pursuing projects to support 
further development of this technique. 
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4.44 MAJOR ACTIVITIES IN Fy 1994 

User Projects 
In the last year, the residual stress facilities have also been used on a number of DOE 
projects, including stresses in clad boiler tubes, weld overlays, thermal barrier coatings, 
and depth profiling of stresses by neutron and X-ray methods in carburized and 
quenched automotive gears. These projects have universally led to additional 
nonproprietary user projects, as well as proprietary projects from industrial users. The 
neutron residual stress facility was used in three proprietary projects during the fiscal 
year; the staff is currently working with candidate users in conducting research and 
developing additional proposals. 

Macro Residual Stress Mapping 
The demand for macro residual stress mapping by neutron diffraction currently exceeds 
the time available. For example, in September there were user projects and DOE projects 
with industrial users needing over 60 instrument days. Since the program receives only 
10 to 15 days of neutron beam time per month, the backlog is substantial. 

To meet this demand as soon as practical, we have broken the new instrument 
development task down into several components. The first component involves 
expanding the number of detectors from one to seven. We have placed the orders for 
these special positionsensitive neutron detectors, and final designs are being developed 
for mounting them on the existing spectrometer. This will increase our measurement 
capability by about fivefold at least a year before the dedicated instrument is available. 

The next phase will be to improve the alignment process. Our goal is to eliminate about 
six hours of neutron measurement for every sample currently used for alignment and 
replace it with optical alignment and three-point mounting. Subsequent phases of 
developing the dedicated instrument include developing the neutron monochromator, 
possibly implementing some focusing optics, and designing the sample positioner and 
data acquisition system. 

4.5 X-RAY DIFFRACTION USER CENTER 

4.5.1BACKGROUND 

The X-Ray Diffraction User Center (XRDUC) uses room- and high-temperature 
diffraction methods to characterize the phase(s) and stability of advanced structural 
ceramics, alloys, catalysts, and other industrially relevant materials. The data - obtained 
individually as a function of temperature and /or in conjunction with data from thermal 
analysis or electron microscopy - are used to relate phase composition, thermal 
expansion behavior, and phase stability with materials performance. 

Besides supporting users’ diffraction needs, the X-ray diffraction facilities are widely 
used by qualified staff in the M&C Division, who are conducting a wide variety of 
ceramic and alloy research and development efforts. The XRDUC also provides technical 
expertise in diffraction in support of a number of DOE-funded projects. 
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4.5.2 STAFF AND INSTRUMENTS 

Dr. C. R. (Cam) Hubbard is the XRDUC Group Leader and has expertise in high- 
temperature X-ray diffraction and nonstandard analysis. Other members who had prime 
responsibilities for activities in this user center during FY 1994 include the following: 

Mr. 0. B. (Burl) Cavin - Consultant 

Ms. J. (Joy) Kilroy - Group administrative support 

Dr. Nick Packan - Phase analysis and instrument operation 

Dr. T. R. (Tom) Watkins (post-doctoral appointee from the RSUC) - high- 
temperature X-ray diffraction 

In October 1993, Dr. Packan filled Mr. Burl Cavin’s position. Mr. Cavin, who retired at 
the end of September 1993, had been with the XRDUC since the beginning of the HTML 
and has proved difficult to replace. Dr. Packan transferred to another position in May 
1994, leaving the group substantially understaffed. Dr. Watkins, whose primary focus is 
the Residual Stress User Center, helped fill the gap in X-ray diffraction. After 
considerable effort to locate a suitable replacement, we are pleased to announce that Dr. 
Scott Misture, a graduate of Alfred University with extensive experience in HTXRD, 
joined the group in November 1994. 

Major Instruments 

MicroVAX 4200 minicomputer 

Scanning position-sensitive detector 

Scintag 8-28 PAD V goniometer with liquid N,-cooled Ge detector 

%tag 8-8 PAD X goniometer with Buehler high-temperature stage 

4.5.3 NEW CAPABILITIES 

Scanning Position-Sensitive Detector 
The addition of the scanning position-sensitive detector to the high-temperature X-ray 
diffraction system significantly enhanced our X-ray diffraction facilities. This detector 
collects approximately a five-degree 28 portion of the diffraction pattern simultaneously 
and can scan over a large 28 range quickly. Coupling the diffraction angle information to 
the detector electronics allows the ”windows” to be added together, giving a complete 
pattern. As such, detectors provide a five- to tenfold increase in data collection rate. We 
can now examine the kinetics of solid state reactions and crystallization while at 
temperature. We will continue developing and optimizing this system in FY 1995. 

Riet veld Fzrll- Pattern Refineinen t Method 
The Rietveld full-pattern refinement method demonstrated previously has become a 
frequently requested data analysis method. The Rietveld method refines instrumental 
aberrations, the lattice parameters, profile shape function, atomic coordinates, and 
thermal motion parameters. With this tool, users are able to accurately determine lattice 
parameters without use of an internal standard, thus avoiding possible chemical 
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Simultaneously, the user can obtain information on the volume fraction of each phase in 
a mixture and the atomic coordinates for each phase and can calculate bond distances 
and angles from the atomic coordinates. An example of this approach is the work on 
BaZP, a low thermal expansion ceramic, where high-temperature X-ray diffraction was 
used to characterize the type of phase transition, the anisotropic thermal expansion, and 
the structural changes as a function of temperature. 

Hall- Williamson and Warren-Averbnck Analysis Pnclcnge 

Use of the room-temperature diffraction facilities to characterize the coherent domain 
size (crystallite size) and root mean square micro residual stresses increased last year 
based on implementation of a Hall-Williamson and Warren-Averback analysis package, 
written by Dr. James Stewart and Dr. C. R. Hubbard. To date, three user projects have 
used or are scheduled to use this capability. 

Neutron Powder Dvfiaction 
The neutron powder diffraction capabilities of the Neutron Scattering Group in the Solid 
State Division are now available to HTML users. This became possible by developing a 
cooperative understanding and referral process. When an HTML project would benefit 
from a small amount of neutron powder diffraction, users can include this request in the 
HTML proposal; members of the XRDUC team then will help the user obtain the 
necessary additional review by the Solid State Division's neutron powder diffraction 
staff. When the HTML staff receives a request for extensive neutron powder diffraction 
research, they forward this request to the neutron powder diffraction staff for 
consideration under the Basic Energy Sciences Neutron Scattering Program. 

A cooperative effort begun two years ago to acquire a high-temperature furnace for 
neutron powder diffraction measurements recently has been completed with the 
procurement and delivery of a vacuum furnace designed for use at the neutron powder 
diffraction facilities at the ORNL's High Flux Isotope Reactor. We plan to jointly test and 
demonstrate this furnace facility in FY 1995 and to make it available to HTML and 
Neutron Scattering Group users at HFIR. 

4.6 CERAMIC MACHINING USER CENTER 

The Ceramic Machining User Center (CMUC) provides basic facilities for investigation of 
grinding processes for high-performance ceramic materials, design and fabrication of 
mechanical property test specimens, and dimensional characterization of test specimens 
and ceramic and me tal components, including roughness, form, orientation, and 
subsurface structure. 

4.6.1 STAFF AND CAPABILITIES 

Mr. H. L. (Howard) Gerth is the Group Leader of the CMUC. Following are the other 
staff members in the CMUC and the equipment for which they have primary operating 
responsibility: 

Mr. Tyler Jenkins - Harig surface grinders, Weldon cylindrical grinder 
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Mr. Randy Parten - Mahrs form tool, Taylor-Hobson profilometer, Rodenstock 
non-contac t pro filome t er 

Mr. Earl Shelton - Weldon cylindrical grinder 

Major Instruments 
The m j o r  focus of this center is on ceramic machining research using instrumented 
machine tools along with the following dimensional and surface characterization tools: 

Fully instrumented computer numerical control (CNC) surface grinder 

CNC cylindrical grinder (soon to be fully instrumented and have high-speed 
grinding capability) 

Computer-controlled profilometer and a non-contact laser topography system 

Form measuring instrument (cylindricity) 

Resonant ultrasound spectroscopy system 

4.6.2 MAJOR ACTIVITIES IN FY 1994 

Computer workstation with design, analysis, and programming software 

Researchers used the instrumented Harig surface grinder to grind a series of modulus of 
rupture (MOR) bars. These data were then included in an hternational Energy Agency 
study for comparison of grinding and strength studies conducted on an international 
scale. Studies on this same grinder in cooperation with AlliedSignal illustrated the 
potential for obtaining high Weibull values in transverse grinding of specimens. In 
addition, Chand Kare Technical Ceramics used the instrumented Harig in a user 
program study of grinding parameter effects on mechanical properties of ceramic 
materials. 

The CMUC obtained a new, much stiffer CNC cylindrical grinder to replace an older 
grinder. This grinder was procured with piezo-electric force washers built in so that the 
machine base becomes a dynamometer body for directly measuring grinding forces in 
three directions. This is a capability not found on any other known cylindrical grinder. 
The machine will also be retrofitted with a high-speed grinding spindle, which will give 
it the capability to operate at a grinding speed of 25,000 surface feet per minute. 

4.7 CERAMIC MANUFACTURABILITY CENTER 

The Ceramic Manufacturability Center (CMC) was created in 1992 as a partnership 
between DOE’S Office of Transportation Technologies, Defense Programs, and Energy 
Research. Its purpose is to investigate and determine cost-effective machining processes 
for structural ceramic materials. To accomplish this goal, the CMC obtained and installed 
state-of-the-art instrumented grinding equipment and dimensional characterization 
equipment in the HTML close to the existing user centers. As a result, users can take full 
advantage of these facilities in characterizing their materials. 

4.7.1 STAFF AND CAPABILITIES 

Mr. H. L. (Howard) Gerth is the Group Leader of the CMC. Following are the other staff 
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members in the CMC and the equipment for which they have primary operating 
responsibility : 

Mr. Earl Shelton - Cincinnati Milacron RK centerless grinder, NTCCO Ccreep-feed 
grinder 

Mr. Randy Parten - Leitz coordinate measuring machine 

Mr. Lawrence ORourke - NICCO creep-feed grinder 

4.7.2 MAJOR INSTRUMENTS 

Coordinate Measuring Machine 
A Cooperative Research And Development Agreement (CRADA) with Brown and 
Sharpe placed a Leitz coordinate measuring machine in the CMC. This agreement will 
terminate at the end of the calendar year. Following termination of this CRADA, the 
CMC -using Defense Program funds -will procure a smaller coordinate measuring 
machine for permanent installation in the center. 

A statistical study on the effects of eccentric loading of the coordinate measuring machine 
worktable on machine accuracy determined that off-center loading had negligible effect 
on the machine’s accuracy. Rapid scanning tests on complex geometries such as engine 
blocks determined that researchers could make reasonably accurate dimensional 
measurements on complex geometries in much shorter times than normally required for 
coordinate measuring machine measurements. 

Fully Instrummted Creep-Feed Grinder 
Grinding studies on silicon nitride using a fully instrumented creep-feed grinder 
determined that stock removal rates can be significantly increased compared to 
conventional grinding. 

Cincinnati Milacron Centerless Grinder 
A CRADA with Cincinnati Milacron provided a state-of-the-art centerless grinder for the 
CMC during this year. This machine has a granite/epoxy base for improved dampening 
capability and CNC grinding wheel truing and dressing capability. This machine, which 
is being used to develop cost-effective grinding processes for heat engine components 
such as valves, rings, and fuel injector components, will be fully instrumented for 
collecting grinding data. 

Other plans for this machine extend to areas outside of the CRADA efforts. Industry has 
expressed a strong interest in using this grinder w i t h  the framework of the HTML User 
Program. A major study (supported through DOE Office of Energy Research funds) with 
this machine sought to determine the environmental impact of selected grinding fluids in 
this machine. This included evaluating a new class of instrument developed by 
Cincinnati Milacron. 
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5.0 HTML FELLOWSHIP PROGRAM 

In FY 1992, the HTML Fellowship Program was started for the purpose of providing 
research opportunities, primarily in the HTML, for industrial and university researchers. 
This program is administered for the HTML by the Oak Ridge Institute for Science and 
Education. Research conducted in this program must be focused within one or more of 
the following 10 technical areas that are of direct importance to the DOE Transportation 
Technology Program: 

Mechanical properties of ceramics at high temperatures 

Physical and electrical properties of ceramics at high temperatures 

Tensor mechanics of solids 

Processing of ceramics 

Finite element computation methods for stress analysis 

Tribology of solid surfaces at elevated temperatures 

High-temperature gas phase reactions with solids 

Heat transfer through solids and gases 

Corrosion of ceramics at high temperatures 

Structure and properties of ceramics and alloys 

Initiation of a fellowshig is a relatively simple process and generally can be done within 
two to three months of submission of the application to the Director of the HTML. 

5.1 INDUSTRIAL FELLOWSHIPS 

5.1.1BACKGROUND 

Just as in HTML user research, industrial researchers propose a research problem 
(approved by the researcher’s management) and submit the application to the HTML 
Director. However, most HTML user projects are limited to about two weeks of hands-on 
time at the HTML. The industrial fellowship provides industrial researchers the 
opportunity to work on a problem in depth and for a much longer period. 

With the concurrence of the user center leaders who will be involved in the proposed 
research (and if sufficient resources are available at the time), the fellowship is approved 
for start at the industrial researcher’s convenience. Generally, it is better for industrial 
researchers to perform research in the HTML during extended visits. When this is not 
possible because of job responsibilities, researchers can use a multiple visit schedule; this 
approach, however, makes continuity difficult to maintain. 

Industrial fellowships, which typically cover a period up to six months, provide funds to 
assist in travel and housing relocation. In addition, funds are provided for the Fellow to 
conduct research while in the HTML. Two additional industrial fellowships are currently 
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in negotiation. 

5.1.2 INDUSTRIAL FELLOWS FOR FY 1994 

Bangalore A. Nagaraj, G.E. Aircraff Engines 

The objective of Mr. Nagaraj’s research is to develop advanced thermal barrier coatings 
for superalloy components in advanced aircraft turbine engines. This Fellowship, which 
started on April 1,1994, is currently scheduled to be completed at the end of April 1995. 

His research involves evaluating the thermal conductivity of thermal barrier coatings that 
were tested at G.E. in a special facility capable of producing steep thermal gradients in 
the coatings similar to those present in an operating gas turbine engine. These results are 
being correlated with microstructural characterization of the tested coatings done via 
SEM, TEM, and other techniques. It is anticipated that observed changes in the coating 
thermal conductivity can be correlated to observed microstructural changes. If this is 
successful, it will be the first time that such a correlation in these very important coating 
systems has been demonstrated. 

T. Barreft Jackson, LoTEC, Inc. 
Dr. Jackson studied the thermophysical properties of [NZPI-type ceramics. His 
fellowship started in January 1994 and was completed in August 1994. From the research 
he conducted as part of an HTML Industrial Fellowship, Dr. Jackson concluded the 
following: 

1. 

2 

3. 

4. 

The NZP compositions tested in this study (Ba,,E4P,Si,O, and Ca,SrXZr4P,O,) are 
stable when subjected to repeated thermal cycles. Isotropic compositions have stable 
bulk thermal expansion characteristics, and the anisotropic compositions are stable 
after removing the microcrack opening effects of moisture. 

The anisotropic - and thus microcracked - compositions have lower flexural 
strength than the isotropic compositions. Both isotropic and anisotropic compositions 
retain their original flexural strength after repeated thermal cycles. 

The changes in the microstructure of the anisotropic compositions (formation of 
voids or cavities) do not lead to lower mechanical strength. Strength is controlled by 
the severity of the microcracks present. 

Anisotropic compositions are susceptible to moisture-induced microcrack opening. 
After being heated and cooled in an inert atmosphere or a vacuum, the ceramic 
component can experience catastrophic failure as a result of exposure to moisture. 
Isotropic compositions are unaffected by moisture. 

5.2 GRADUATE FELLOWSHIPS 

5.2.1BACKGROUND 

For graduate students the following criteria are applicable: 

The student must be a US. citizen and be studying in an engineering department 
having ABET accreditation of the undergraduate program. 
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The candidate can be working in either an Master of Science or Doctor of Philosophy 
program, but must be prepared to conduct a substantial part of the thesis research in 
the HTML. 

The candidate must have an undergraduate grade point average of at least 3.5 in a 4.0 
sys tem. 

The university must execute an HTML nonproprietary user agreement. 

The HTML Fellowship Selection Committee, which has members from both industry 
and universities, evaluates applications to the fellowship program. 

The student’s thesis research progress is evaluated yearly to determine if support should 
be continued. An HTML staff member is assigned lead responsibility for each student 
and normally serves on the student’s formal graduate committee at the home university. 
Monthly stipends up to about $2000 per month are paid during the course of the thesis 
research in the HTML. These fellowships can be for as long as two years. 

With the budget for FY 1995 for the HTML graduate fellowship program, we initiated a 
national solicitation for at least three graduate fellows. The solicitation went to 56 major 
materials departments in the United States that have ABET-accredited undergraduate 
programs. 

5.2.2 GRADUATE FELLOWS FOR FY 1994 

Ron D. Ott, University of Alabama at Birmingham 
Mr. Ott’s research problem involves determining the influence of selected machining 
parameters (grit size, table speed, wheel surface speed, etc.) on grinding forces for 
selected silicon nitride ceramics and the relationship of these parameters to fracture 
statistics - such as strength and Weibull modulus - as a function of the grinding forces 
and resulting surface damage. Mr. Ott started his research in the HTML in August 1994. 
The fellowship appointment, which began on January 3,1994, is currently scheduled to 
be completed at the end of May 1996. 

Recently, he has been learning different techniques for establishing and analyzing 
experimental designs. The first step involves varying five machining parameters and 
evaluating their relationship to the resulting grinding forces. Depending on the amount 
of information to be obtained, this step may require as many as 32 experiments. He is 
currently being trained on the different grinding machines and other equipemnt that will 
be involved in his research. 

J. Allen Haynes, University of Alabama at Birmingham 
Mr. Haynes’s research problem is a study of thermal barrier coatings for superalloys used 
in gas turbines, specifically, the effects of bond coating oxidation on the degradation and 
failure mechanisms of thermal barrier coating systems. His fellowship started on 
November 1,1993; Mr. Haynes has now completed all of his coursework. The fellowship 
is currently scheduled to be completed at the end of May 1996. 

He is still in the development stage of this project. He recently has visited two companies, 
Plasma Systems and United Technology Research Center, regarding recommendations 
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for state-of-the-art coatings for this study and assistance in obtaining these very 
proprietary and expensive coating specimens for the fellowship research. He is now in 
the process of procuring samples. At the HTML, we have begun developing a new, non- 
destructive technique called resonant ultrasound spectroscopy, which Mr. Haynes will 
use to evaluate coatings and assess the possibility of microscopic techniques for 
characterizing the critical interfaces in these complex multiphase systems. 

Douglas Taylor, University of Arizona 
Mr. Taylor’s research problem is to determine relationships between sol gel coating 
parameters and electrochromic behavior of several coating systems when applied to 
glasses. The major goal of the research is to tailor the microstructure of sol gel-derived 
tungsten oxide coatings by laser firing to enhance the electrochromic behavior. These 
coatings are of major commercial interest for thermal control systems. 

He has prepared several laser-fired sol gel-derived tungsten oxide coatings with different 
laser fluences and translation speeds and measured their electrochromic behavior in an 
electrochemical test cell. He has also studied these films with X-ray diffraction and 
analytical electron microscopy to determine the microstructure of the laser-fired coatings. 
His fellowship, which began on December 6,1993, is scheduled to be completed early 
in 1995. 

Alex Cozzi, University of Florida 

Mr. Cozzi’s research goal is to determine how to form strong joints in aluminum oxide 
ceramics using microwave techniques. He selected alumina as a model ceramic material; 
the major joining process being studied uses sol-gel interlayers. His fellowship, which 
began on February 1,1993, is scheduled to be completed at the end of February 1995. 

A load frame has been designed and constructed for applying pressure to specimens 
inside a microwave oven. The alumina and the special high-temperature microwave- 
shielded thermocouples have been received, and the critical experiments are in progress. 
The focus of this research is to determine how to synthesize strong joints in aluminum 
oxide using microwave fields, which could be used to more economically fabricate 
complex geometry ceramic components than can be done using conventional ceramic 
fabrication techniques. 

5.3 FACULTY FELLOWSHIPS 

5.3.1BACKGROUND 

These fellowships are intended for faculty of ABET-accredited departments to conduct 
special research problems in the HTML for periods generally not to exceed three months. 
The research problem must be from within the ten technical areas defined for the 
fellowship program. For this fellowship, a proposal is submitted to the Director, 
reviewed by the user center leaders and, with full concurrence, the fellowship is started. 

5.3.2 FACULTY FELLOWS FOR FY 1994 

Krishan K. Chawla, New Mexico Tech 
Dr. Chawla’s research goal is to determine fundamentals necessary for interface 

t 
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engineering in oxide fiber-reinforced oxide matrix composites. His fellowship is 
scheduled to cover two periods of research in the HTML June 13-August 31,1994 
(completed), and November 1-December 20,1994. 

His work included preparing samples of oxide fiber/oxide matrix composites for 
characterizing interfaces and mechanical properties. Nextel oxide fibers (610 and 550) are 
being coated with tin dioxide and boron nitride, respectively, for use in glass and mullite 
matrix composites. Large plates are being prepared by the slurry impregnation process at 
the Y-12 Plant in a large hot press. These plates will provide samples large enough for 
tensile strength specimens and flexure strength specimens. He will use these samples to 
evaluate the role of processing variables on the mechanical properties. 
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APPENDIX A: FY 1994 RESEARCH PROJECT SUMMARIES 

A S  INDUSTRIAL USER PROJECTS 

ADVANCED REFRACTORY TECHNOLOGIES, INC. PPUC 

HTML No. 93-043, "High-Temperature Thermal Conductivity of Aluminum Nitride," 
Thomas 1. Mroz 

Recent developments at ART have made it possibie to obtain stable composites of 
aluminum nitride containing silicon carbide whiskers (SiCw). These composites are of 
interest because of their potential use as heat exchanger materials. The AlN matrix 
provides greater thermal conductivity, corrosion resistance, and thermal shock resistance 
compared to previously investigated matrices. 

Researchers from ART fabricated monolithic AlN and AlN/SiCw composites. The goal of 
the research at HTML was to develop a thorough understanding of the effects of each 
variable on the thermal conductivity of the composite. The laser flash and DSC facilities 
of the HTML were used to determine the thermal diffusivity and specific heat capacity of 
the ART monolithic and composite materials up to 1200°C. Thermal conductivity as a 
function of temperature was calculated using the diffusivity, specific heat capacity, and 
density of the samples. 

The results are aiding ART in optimizing the mechanical and thermal transport 
properties of the composite, and thus in competing in the international marketplace. ART 
investigated the effects of oxidation on the thermal conductivity of aluminum nitride at 
various temperatures in an oxidizing atmosphere. They found that the thermal 
conductivity of AlN decreased with increasing temperatures. Aluminum nitride is being 
studied as a potential high-conductivity additive for ceramic matrix composites intended 
for high-temperature applications. 

ADVANCED REFRACTORY TECHNOLOGIES, INC. 

HTML No. 93-091, "Mechanical Properties of AlN-SiCw Composites Exposed to a 
Corrosive Environment," Thomas 1. Mroz 

MPUC 

Advanced Refractory Technologies conducted flexure strength studies to track the 
development of an A1N material that they hope to commercialize at a production level. 
They were particularly interested in the effects of Sic whisker reinforcement on high- 
temperature mechanical performance. Results obtained to date suggest that the whiskers 
may have a beneficial influence on high-temperature creep and corrosion resistance. 

ALLIED SIGNAL CERAMIC COMPONENTS MPUC 

HTML No. 93-016, "Comparison of Creep Rupture in HIPed and In Situ Reinforced 
Silicon Nitrides," John P. PolZinger and Dozg]. Twnit 
AlliedSignal, in collaboration with the MPUC, is developing an in situ reinforced silicon 
nitride material to be used for structural applications at elevated temperatures. Creep- 
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rupture tests are currently being used to track the progress of its development including 
the influence of post-processing thermal treatments. 

ALLIED SIGNAL CONTROLS AND ACCESSORIES MPUC 

HTML No. 93-045, "Nanohardness and Surface Topography of Hard Anodized 
Aluminum," Richard G. Xafeick, Jr. 
Hardness variations in anodized coatings were examined with the mechanical properties 
microprobe. The effect of coating thickness on this hardness profile was also measured. 
Following indentation, the surface topography was studied using the atomic force 
microscope. The hardness of the thicker coating exhibited a minimum at its center, while 
the hardness of the thinner coating was relatively independent of position. Reasons for 
this behavior are currently under investigation. 

ALLIEDSIGNAL ENGINES MPUC 

HTML No. 92-042, "Influence of Surface Condition on Creep Rupture of NT-154 Silicon 
Nitride," M. Nanu Menon, Ho T. Fang, and David C. Wzi 

Many ceramic components in advanced turbine and other heat engines are most likely to 
be used in the as-densified condition without any machining; some will have transverse 
machined surfaces, which are known to have lower fast fracture strength. Therefore, it is 
important to obtain an estimate of the difference in strength between the as-densified or 
transverse machined surfaces versus longitudinally machined surfaces whose strength is 
typically what is measured in mechanical property data generation programs. 

Work on this project will begin in the latter part of FY 1995. The objective of this research 
will be to investigate the influence of surface condition on creep and rupture behavior of 
NT-154 silicon nitride. Three surface conditions will be investigated: (1) as-densified, (2) 
longitudinally machined, and (3) transverse machined. The same lot material will be 
employed for all three. A difference is therefore expected only in the surface flaw 
populations among the three conditions. Researchers will use tensile testing to generate 
the required data. This will be important in determining if the strength (population) 
difference influences the creep and creep rupture behavior. 

ALLIED SIGNAL ENGINES MPUC 

HTML No. 93-093, "Effect of Surface Condition, Machined versus As-Densified Surface, 
in Flexural Cyclic Fatigue of NT-154 Silicon Nitride," M. Nnnzi Menon, Ho T. Fang, and 
David C. Wu 

Many ceramic components in advanced turbine and other heat engines are most likely to 
be used in the as-densified condition without any machining; therefore, it is important to 
obtain an estimate of the difference in strength between the as-densified surface and the 
as-machined surface whose strength is typically what is measured in mechanical 
property data generation programs. 

Work on this project will begin in the latter part of FY 1995. The objective of the research 
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will be to investigate the differences in cyclic fatigue life when failures initiate from as- 
densified versus machined surface for NT-154 silicon nitride. The as-densified surface is 
expected to have a different flaw population from a machined surface. Flexural testing 
will be used, since flat rectangular specimens are easier to make with an as-densified 
surface than cylindrical specimens. 

ALLIEDSIGNAL, INC. PPUC 

HTML No. 93-067, "Pyrolysis Process Control for CMC Fabrication: A Baseline Property- 
Parameter Study," S. Gonzy and R. Leung 
AlliedSignal used the facilities in the HTML Physical Properties User Center to study the 
effect of oxidation on the thermal diffusivity of carbon-coated NicalonTM-reinforced 
BlackglasTM composites. BlackglasTM is being developed by Allied Signal as a low-cost, 
easily formed, high-performance composite. The composites were heat treated in air at 
temperatures between 500°C and 800°C for 20 hours. 

The thermal diffusivity values are unaffected for treatment at 500°C. However, for 
treatments at 600°C and above, the thermal diffusivity perpendicular to the fibers 
dropped by approximately 12%. This is due to the oxidation of the carbon coating on the 
fibers and indicates the need for an oxidation-resistant coating material. Possible coatings 
under investigation include BN. 

AlliedSignal researchers investigated the pyrolysis of the polymer precursor used in 
BlackglasTM composites. Their research identified three pyrolysis reaction steps and 
characterized the gases evolved during each of the reaction steps. A better understanding 
of the pyrolysis process will allow Allied Signal to optimize the polymer curing stage of 
composite fabrication. 

ALLIEDSIGNAL RESEARCH AND TECHNOLOGY MPUC 

HTML No. 93-011, "Design of Tubular Ceramic Components Containing Radial Holes," 
Philip 1. Whlen, R i c h r d  G. Rnteick, Jr. , and Steven Szind 

In this project, Weibull scaling relationships were applied to the description of failure of 
tubular ceramic components containing radial holes. The component geometry was 
simulated using a c-ring specimen containing a single radial hole at the specimen 
midspan. A finite element analysis (FEA) program was used to calculate the stress 
distribution within this specimen as a function of applied tensile load. We then 
introduced the output into the Cares Life Program to estimate the probability of failure as 
a function of applied tensile load. 

The estimates of the Weibull distribution parameters required for this analysis were 
generated from either four-point flexure or c-ring (having no hole) fast fracture tests. We 
then compared the predicted probability of failure versus load curve with actual 
experimental data. In general, the predicted curve underestimated the failure probability 
associated with a given load. The inability of Weibull statistics to adequately describe the 



failure of the c-ring containing a radial hole was attributed to high stress concentration 
associated with the hole. 

ALLIEDSIGNAL RESEARCH AND TECHNOLOGY MPUC 

HTML No. 93-068, ”Low-Cost Water Jet Cutting of Ceramic Matrix Composites: A Study 
of Tensile Property Effects,” Stephen T. Gunczy 
AlliedSignal studied the effect of different modes of machining on the tensile strength of 
continuous fiber-reinforced BlackglasTht composites. (BlackglasTM is a polymer-derived 
ceramic developed by AlliedSignal.) The results of this study indicated that there was not 
a significant difference in the strength of this material after being machined in the green 
or the after-pyrolysis states using abrasive water jet cutting or diamond grinding. These 
results are significant since abrasive water jet machining is cheaper and has a shorter 
turnaround time than diamond grinding. 

ALLISON ENGINES MAUC 

HTML No. 93-036, ”Evaluation of the Effect of Filler Metal Composition on Joint 
Microstructure for Ti Alloys Brazed with Ti-Cu-Ni Materials,” 1. Chnng 
Commercially available brazing alloys derived from the Ti-Cu-Ni ternary system provide 
high-integrity braze joints for advanced titanium alloys. It has been found that subtle 
changes in filler metal composition can produce a wide variation in some mechanical 
properties. Three different brazing compositions have been characterized using analytical 
electron microscopy to determine microstructural differences. 

HTML No. 92-075, ”Mechanical Properties of Oxide Superconductors,” G. N. RiZq 
In this user project, researchers measured the elastic modulus and hardness differences of 
c-axis aligned, silver-sheathed superconductor tapes, both along as well as perpendicular 
to the c-axis. The observed elastic anisotropy was a reflection of the anisotropy of the 
layered crystal structures of the superconductors. 

~ ~ ~~ ~ ~~ ~~ ~~~~ ~~~ ~~~ ~ ~ ~ 

APPLIED MATERIALS MPUC 

HTML No. 93-046, ”Characterization of Long-Term Creep Behavior of Aluminum Alloys 
at High Temperature as a Function of Anodization Thickness,” Sam Shmuuilian 
The goal of this project was to extend the creep database for an aluminum alloy that 
currently is used as a susceptor in a chemical vapor deposition facility. During FY 1994, 
the MPUC modified one tensile test machine to accommodate the aluminum tensile 
specimen. The major modification involved fabricating new high-temperature grips so 
that water cooling was not required. This, in turn, greatly reduced the temperature 
gradients in the specimen. Additional modifications, to be done in FY 1995, will involve 
replacing the existing two-zone slot furnace with a clamshell furnace having better 
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temperature stability at lower temperatures. 

CARBOMEDICS PPUC 

HTML No. 93-030 , ”Oxidation of Pyrolytic Carbon,” D. Jams 
In this project, researchers studied the weight change and evolved gases as a function of 
increasing temperature (in air) on two materials: silicon-alloyed pyrolytic carbon and 
Poco AXF-5Q graphite. The graphite was a reference material used to provide baseline 
data. The pyrolytic carbon was studied using three different, but known, silicon 
concentrations. Silicon is present within the carbon matrix in the form of beta silicon 
carbide (crystal size -1000-2000 A). Two surface conditions of pyrolytic carbon were 
used in the study: a polished surface (surface roughness <0.2 pm) and an as-deposited 
surface. 

CONCURRENT TECHNOLOGIES XRDUC 

HTML No. 93-070, ”Phase Identification and Volume Fraction of Various Phases for 
Thixocast A1-Si Alloys at High Temperabres,” P. Kakn 

Semisolid metalworking (SSM) technology holds significant potential for near-net shape 
forming of lightweight materials. In SSM, a nondendritic thixotropic material is induction 
heated to a temperature between its solidus and liquidus temperatures and introduced 
into dies to make near-net shaped parts. This research will determine the volume 
fractions of the crystalline and liquid phases as a function of temperature for use in 
modeling of the die forming process and in validating on-line non-destructive testing. 

The initial assessment measurements from this work, which has just begun, indicate that 
the materials are appropriate for characterization by X-ray powder diffraction. 
Development of Rietveld phase refinement tools to support this project has been 
completed. HTXRD measurements should commence in FY 1995. 

COORS ELECTRONIC PACKAGE COMPANY 

HTML No. 93-098, “Characterization of Gold Microstructure to Limit Nickel Diffusion 
and Improve Functional Performance,” W. K. Bnxter, E. D. Winfers, and C. T. Juknson 
Researchers studied the effect of various electroplating conditions on the functional 
performance of ceramic integrated circuit (IC) packages. The ceramic IC package consists 
of an Al,O, substrate with W, Ni ,and finally Au layers electroplated on top. A reduction 
of the grain boundary diffusion of the underlayer elements (viz., Ni) through the Au 
plating during heat exposure is sought. 

A general correlation was found among observed Au grain size, Au X-ray peak breadths, 
and Ni diffusion; that is, as the observed grain size increased, the X-ray peak breadths, 
and detected Ni on the Au surface decreased. This suggests that as the grains become 
larger, the number of grain boundaries available for diffusion decreases. Also, Ni grain 
boundary diffusion may be dependent on crystallographic direction. The effects of 
adding various ”brighteners” to the Au are still being investigated. 

XRDUC, MAUC 
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In addition, AES and AFM were used to characterize the plated-gold coatings on the seal 
ring sections of ceramic electronic packages. The coatings with large faceted Au grains 
exhibited less Ni on the surface than those with small grains; diffusion of the Ni to the 
coating surface was presumed to be controlled by grain boundary diffusion. Auger maps 
showed that the Ni on the surface was in the form of nickel oxide and that it surrounded 
the small islands of Au. 

The impact of this work, once it is complete, should be an increased understanding of the 
plating and diffusion processes, which will in turn allow Coors to reduce manufacturing 
defects. Also, routine X-ray diffraction can be used to inspect for this type of problem. 

COORS TECHNICAL CERAMICS M A U C  

HTML No. 93-026, "An Investigation of the Differences in Alumina Rings Used in 
Semiconductor Plasma Etch Equipment," J. Ghinazzi 
By characterizing a variety of alumina rings, esearchers examined the surfaces of several 
alumina-insulating rings used in plasma etch equipment for semiconductor (Si wafer) 
processing. Specifically, this included examining a "bad" ring that was in the system for a 
relatively short period of time and may have caused surface deposits on the Si wafer, and 
a "good" ring that was in place within the system for an extended period of time and was 
not associated with any surface deposits. 

CUMMINS ENGINE COMPANY MAUC, MPUC 

HTML No. 93-089, "Characterization of the Oil Balk and Their Influence on Premature 
Overlay Removal of Diesel Engine Bearings," M.  Patd 

The objective of this experimental research was to determine chemical composition and 
hardness of oil balls embedded in the tri-metallic bearing overlay layers found in the 
connecting rods and main bearings of diesel engines. Oil balls are discrete spherical 
particles that embed in the bearing overlay; the elemental composition of oil balls 
included calcium, phosphorus, zinc, and barium. These elements are also present in 
diesel engine oil additives. 

Diesel engine manufacturers have observed a high incidence of premature overlay 
removal in connecting rods and main bearings; the analysis indicated that the bearings 
overlay was removed prematurely due to fatigue, aggravated by corrosion. The oil balls 
embedded in the bearing overlay are considered to be one of the contributing factors in 
the premature overlay removal, although their exact formation, chemical composition, 
hardness, and embedding mechanisms are not well understood. In addition, researchers 
determined the elastic properties and hardness of these inclusions, as well as the regions 
surrounding them, using the mechanical properties microprobe. 
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CUMMINS ENGINE COMPANY MAUC, XRDUC 

HTML No. 94-029, "Microstructural Characterization of Electrochemical Cells," 
S. Rajaduri 
The aim of this proposed research was to perform a detailed study of the structure and 
chemistry of electrochemical cells used for NOx reduction in diesel engines. These 
microstructural observations will be related to performance of the cell and correlated 
with fundamental properties that control the effectiveness of the cell activity. These 
studies will include phase identification, surface structure, chemical composition, valence 
states and distribution, and characterization of interfaces between constituents. This 
study will include the evaluation of "good" and "bad" cells, as well as cells subjected to 
bench-scale reactor testing and engine testing. 

CUMMINS ENGINE COMPANY MPUC, XRDUC 

HTML No. 94-030, "Microstructural Characterization of Oxidation Catalysts," Suzanne 
Raebel 
Hardness gradients from surface to the matrix in chromium-plated plungers that had 
been nitrided were determined using the nanoindenter. Samples that have shown good 
wear characteristics were selected for this study. 

DELCO REMY DIVISION OF GENERAL MOTORS CORPORATION 

HTML No. 93-066, "Thermal Properties of Magnequench," J ,  Herchenroeder and 
M. N p j e n  

Two staff members from Delco Remy Division of General Motors Corporation used the 
HTML facilities to obtain thermophysical property data essential for modeling 
deformation processing of their Magnequench permanent magnets. The goal is to 
improve hot workability of this inherently brittle compound. The highly oriented 
Magnequench magnets are the strongest known permanent magnets and are potentially 
useful in many applications, including alternators. 

Commercialization of the highly oriented alloy has been hindered by the poor ductility of 
the material. Thermal diffusivity, thermal expansion, and specific heat were measured 
from room temperature to 850°C for samples with a random orientation of crystalline 
grains and for others with highly oriented crystalline grains. A subsequent visit will use 
facilities in the RSUC to characterize the degree of orientation of grains in the samples. 
The data will be used to improve processing of the Magnequench alloy, which will lead 
to lightweight alternators for automobiles. 

The highest energy permanent magnets, Magnequench MQ3, are manufactured by 
developing an anisotropic crystal texture through controlled hot deformation of an 
isotropic precursor, MQ2. Texture analysis on MQ2 and sixty percent upset MQ3 
materials was used to explain the deformation mechanisms during upsetting and the 

PPUC, RSUC 
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observed anisotropic remenance of the deformed samples. The texture measurements 
will also assist in developing a finite element model of the deformation process. 

DOW CORNING CORPORATION MPUC 

HTML No. 93-015, ”Mechanical Property Evaluation of Polymer-Derived Ceramic Matrix 
Composites,’’ Ronald Boisvert 
Dow Coming initiated a long-term collaboration effort through the HTML User Program 
to determine the effects of temperature, loading rate, and matrix additives on the tensile 
strength of continuous fiber-reinforced ceramic matrix composites currently under 
development at Dow Corning. Also investigated were the effects of temperature, stress, 
and matrix additives on the fatigue resistance of these materials. These materials are 
being considered for use in heat exchangers, combustion liners, and in several parts of 
chemical pumps. 

These studies have been complemented by interlaminar shear strength measurements 
and by single-fiber interfacial measurements. The latter tests were aimed at determining 
the bond strength and the sliding resistance of the reinforcing fibers and the evolution of 
these properties during typical service conditions. Efforts on this project by our staff were 
recently commended by the Federal Business Development Director at Dow Coming. 

FLORIDA TILE INDUSTRIES MAUC 

HTML No. 93-022, ”Improve Ceramic Tile Manufacturing Yield by Identification of 
Major Defects,” M.S. Love 
Two types of defects - ”dents,” which are characterized by a depression in the tile glaze, 
and ”pinholes,” which are characterized by a series of small holes grouped together - 
have been characterized in an attempt not only to identify the defect, but also to identify 
the defect source. Excess scrap tile has been generated as a result of these particular 
defects, and improvements in manufacturing yields are expected as a result of the 
identification of the source of the defects. Thus far, both types of defects have been 
associated with excess aluminum and silicon within the tile body. The aluminum and 
silicon are possible contaminants in the raw material. 

FORD RESEARCH LABORATORY PPUC 

HTML No. 94-009, ”Effect of Thermal Cycling on the Thermal Conduction of HCC- 
MMCs (High-Ceramic Content Metal Matrix Composites),” G. Crosbie 
Ford Research Laboratory initiated use of the facilities and expertise of the staff of the 
PPUC with the goal of developing high thermal conductivity composites for thermal 
management in electronic modules. The composites under study are metal matrix, 
typically aluminum or copper, loaded with high thermal conductivity particles, either 
Sic or diamond. 

Calculations published by the PPUC staff indicate the need for large particles in this 
approach. Ford is testing this theory by varying the particle size as well as studying the 
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effect of these large particles on thermal and mechanical stability under the thermal 
cycling conditions typically associated with automotive electronic applications. 

G.E. AIRCRAFT ENGINES PPUC, XRDUC 

HTML No. 92-025,”Thermal Conductivity of Physical Vapor Deposited Thermal Barrier 
Coatings,” B. Nagaruj 
G.E. Aircraft Engines is using the electron beam-assisted, physical vapor deposition (EB- 
PVD) process and plasma spraying to deposit thin thermal barrier coatings (TBCs) on 
turbine engine components. These low thermal conductivity coatings extend the life 
expectancy of components in the hot section of turbine engines. A goal of turbine engine 
manufacturers is to increase engine operating temperatures by 150°C, which will 
improve engine performance and fuel efficiency, and will lower NOx pollutants. 

G.E. Aircraft Engines is studying the feasibility of increasing engine temperatures by 
using alurninide alloys protected by partially stabilized zirconia TBCs. As part of their 
HTML user project, G.E. used the xenon flash diffusivity system to investigate the effect 
of temperature and time at temperature on the thermal conductivity of partially 
stabilized zirconia TBCs. The EB-PVD coatings are less susceptible than plasma-sprayed 
coatings to increases in thermal conductivity due to thermal aging. 

After 1000 hours at 1035”C, the EB-PVD coatings have thermal conductivities that are 
lower than the plasma-sprayed coatings. The exposure temperatures and times have been 
incorporated into a Larson-Miller type relationship in order to predict and model the 
increases in thermal conductivity. These models developed at HTML permit engineers to 
predict the performance of coatings for turbine engine applications. 

G.E .AIRCRAFT ENGINES RSUC 

HTML No. 93-086, ”Measurement of Residual Stresses in Metal Matrix Composites by 
Neutron Diffraction,’’ P. K. Wright 

Metal matrix composites (MMCs) are being developed as potential high-strength, high- 
stiffness, and reduced-weight materials for aircraft turbine engine components such as 
frame, fan blades, and disks. Due to the radically different nature of these materials 
compared to the metals they would replace, and due to their high cost, the strength and 
life performance must be carefully understood so that accurate component life 
predictions can be made. 

These component life predictions will depend, in part, on the nature and level of residual 
stresses within the MMC. Such residual stresses arise from the thermal expansion 
mismatch of the fibers and matrix as well as from component processing. Since neutrons 
penetrate deep into the material and provide data from both the fiber and the matrix, 
neutron diffraction is especially suitable for measuring such stresses in MMCs. 

MMC samples from both Sic /TiA1 and sapphire/NiAl systems are being investigated. 
Measurements of residual stress, which have been partially completed in the Sic /TiAl 
system, show levels approximately equal to those estimated from analytical models. 
Results were highly reproducible for the same samples measured at different times. No 
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sigdicant effect of thermal cycling on reducing stress was observed. Experiments on 
sapphire /NiAl have recently been completed and will be analyzed for the effects of 
consolidation practice and thermal cycling. 

GENERAL MOTORSNORTH AMERICAN OPERATIONS MAUC 

HTML No. 93-100, ”TEM Investigation of Precipitation in Metal Matrix Composites,” 
R. K. Mishra and V. Franetouidi 
General Motors is investigating precipitation in metal matrix composites (MMCs) that 
have potential elevated temperature structural applications. The matrix material is a 
precipitation-strengthened A1 alloy containing Si and Cu. Fibers of A1203-Si02 are used to 
make the composite. It is known that the mechanical properties of the A1 alloy without 
any fibers are significantly different from those of the matrix material in the fiber- 
reinforced composite, even when the overall composition of the matrix alloy is the same. 

The fibers are believed to affect the precipitation-strengthening process due to chemical 
partitioning and changes in the thermodynamics and kinetics of the phase transformation 
in the presence of A120,-Si02 fibers. TEM has been used effectively in studying the 
precipitate structure and composition, distribution of chemical species in the balance of 
the matrix, and coherency of the precipitates, all of which influence the mechanical 
properties of the matrix. 

LOS ALAMOS NATIONAL LABORATORY RSUC 

HTML No. 93-083, ”Preliminary Assessment of Residual Stress in Quenched Heat 
Treated and Carburized Automobile Parts,” M. Bozirke 

Neutron and X-ray diffraction residual stress mapping of stress gradients was 
demonstrated at HTML for use in studies of heat treatment and carborization of 
automotive gears. Applications include projects with the National Center for 
Manufacturing Sciences (NCMS), which is working with DOE under a multi-laboratory 
CRADA to develop process model codes for predicting distortions and properties of gear 
steels. 

The validation of the codes will depend on accurate, comprehensive residual stress and 
retained austenite measurements. The Neutron Residual Stress Facility at HTML/ORNL 
has demonstrated the capability to nondestructively map the stress and phase content 
with a sampling volume down to 1 mm3. Based on the successful demonstration, 
subsequent proprietary measurements have been performed. 

MCDONNELL DOUGLAS CORPORATION PPUC, XRDUC 

HTML No. 91-046, ”Thermal Conductivity of Various Carbon Fibers,” J. Sapp and 
D. Bowers 
McDonnell Douglas Aerospace investigated the thermal conductivity and thermal 
expansion of carbon/carbon composites for plasma-facing components in fusion energy 
devices. The results of this study illustrate several techniques that are being successfully 
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employed to fabricate high thermal conductivity 1-D carbon composites. In particular, 
the vapor growing process has improved density and conductivity from 1.46 g / m 3  and 
650 W/mK in 1992 to the current values of 1.9 g/m3 and 850 W/mK. 

NORTHROP CORPORATION MPUC 

HTML No. 93-048, ”Fiber /Matrix Interfacial Properties of a BlackglasTM Matrix 
Composite,” Robert Carter 
Northrop conducted a study to determine the effects of thermal treatments on the 
interfacial and mechanical properties of continuous fiber-reinforced BlackglasTM 
composites. Of interest was the effect of exposure to aqueous environments on the 
composite interfacial properties. It was determined by means of single-fiber push-out 
tests using the interfacial test system, developed at the HTML, that some of the boron- 
based fiber coatings investigated were unstable after combined exposure to air and steam 
at elevated temperatures. 

One of the merits of this type of study is that it is possible to predict the macroscopic 
response of ceramic matrix composites by knowing the interfacial properties of the 
material. Therefore, it suffices to conduct single-fiber interfacial tests using samples about 
1 an long, 0.5 cm wide, and 1 mm thick as a screen test to determine the true potential of 
the material before conducting more extensive (and expensive) tests (e. g., tensile testing). 

SAINT GOBAINNORTON INDUSTRIAL CERAMICS RSUC 

HTML No. 92-011, ”Residual Stress Analysis of Si,N4 Cylindrical Tensile Specimens,” 
M. R. Foley 

The objective of this study was to determine the effect of machining-induced residual 
stresses (damage) on strength of tensile rods made of 4% Y,03-doped Si,N4 (viz./ NCX- 
5102) and thereby increase Norton’s understanding of their grinding procedures. As- 
machined and machined/heat-treated samples were examined. The grinding direction in 
the gage section for all rods was parallel to the axis of the rod. 

Three of the four tensile rods examined have essentially the same residual stress state, 
considering the standard deviations. In general, all stresses in the gage section of these 
three rods are zero except the axial and hoop stresses, which were, on average, -60 and - 
180 MPa, respectively. This stress anisotropy is consistent with the literature; that is, the 
stress in the direction perpendicular to the grinding direction is greater than the stress in 
the direction parallel to the grinding direction. 

The fourth tensile bar, which was oxidized and crystallized, exhibited lower residual 
stresses than the other tensile bars. We note, however, that these stress results conflict 
with earlier work done by Snoha and Foley on similar samples. Consequently, some of 
the same samples Snoha and Foley examined will soon be reexamined at the HTML. 

From this work Norton can apply the characterized stress state due to grinding to similar 
samples and correct/account for the influence of grinding stresses on the fracture 
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behavior. Such understanding is needed for proper design and life prediction based on 
tensile testing results. 

SAINT GOBAINNORTON INDUSTRIAL CERAMICS MPUC, RSUC 

HTML No. 93-078, "Effect of Alpha-Si3N4 Content on the Creep/Fatigue Behavior of 
HIPed Silicon Nitride," Rtiss L. YeckZq 

This effort examined the effect of the residual alpha-Si,N4 content on the creep/fatigue 
behavior of HIPed silicon nitride. Recent work at ORNL has shown that during creep, the 
residual alpha-Si3N, may be dissolved in the intergranular phase, increasing its thickness 
and thus the extent of multigrain junction cavitation. Norton's current commercial 
materials (NT-154 and NT-164) have 2040% alpha-Si3N4. To study the effect of residual 
alpha-Si3N4 on creep/fatigue behavior, NT-164 with two levels of a silicon nitride were 
tested. 

SOLAR TURBINES MPUC 

HTML No. 93-087, "Long-Term Durability Testing of CFCCs for Combustor Liner 
Applications," Jane Simpson 
Investigation of the long-term behavior of CFCC materials is needed to assess the 
durability of these materials and ultimately to predict their lifetimes in combustor 
applications. In current Solar ceramic combustor designs, thermal gradients will induce 
the majority of the stress in the combustor liner. Therefore, tests at constant stress with 
cyclic temperature are needed on these materials. 

Loading will be applied to specimens in tension of a level of 10 -15 ksi. The temperature 
will be cycled from 650°F to Z O O O F ,  with 2 minutes at each extreme. Test length will be 
up to at least 100 hours. The materials under investigation are DuPont Lanxide CVI's 
Sic /Sic material and B&W's oxide /oxide material. Work on this project will begin in the 
latter part of FY 1995. 

~ ~~ 

SUNDSTRAND AEROSPACE MPUC 

HTML No. 93-025, "Silicon Carbide Room-Temperature Fatigue and Strength," 
Jong-Yeong Yiing 
In this project, the room-temperature cyclic fatigue behavior of a silicon carbide ceramic 
was evaluated using four-point flexure specimens. Results revealed the existence of a 
threshold stress above which fatigue effects were observed. Below the stress threshold, a 
million cycles were accumulated without failure. Subsequent room-temperature four- 
point flexure tests indicated that the strengths of the cycled specimens had increased 
significantly compared with the as-received value. The mechanism responsible for this 
strength enhancement is currently under investigation. 
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ULTRAMET MPUC, PPUC 

HTML No. 93-059, "Mechanical and Thermal Characterizations of Foams, Cf/I-&C, and 
CJGC-SiC Materials," V. Heng and E. Liar 

Ultramet, in collaboration with the MPUC, was able to generate high-temperature 
engineering compressive strength data on SiC- and C-reticulated ceramic foams. The 
carbon foams required testing tin an inert environment at elevated temperatures; the 
MPUC facilities were able to meet this requirement. 

Researchers from Ultramet also investigated the thermal diffusivity of materials to be 
used as heat shields on reentry vehicles. Materials examined included carbon foams, 
&C/SiC carbon felt composites, and electroplated and CVD-deposited Ni and Cr films 
on OFHC copper substrates. This is the first time the thermal properties of materials of 
this nature have been characterized. Ultramet is investigating applications for these 
materials in commercial markets. 

V ALENITE CORPORATION MAUC 

HTML No. 94-028, "Analysis of Structure of Composite Al,O,-ZrO,CVD Coatings," 
D. G. Bhat and W. Rzrssell 

Researchers are studying the effects of adding ZrO, as a second-phase toughener to AZO3 
coatings deposited by chemical vapor deposition (CVD) processes onto the surfaces of 
cutting tools. The presence of the ZrO, enhances the resistance of the Al,03 coating to 
cracking and to grain growth due to thermal effects generated during machining. 

Processing these coatings has resulted in a nanostructure composite phase developing in 
the coating; this phase is being investigated by high-resolution imaging and X-ray 
analysis on the Hitachi HF-2000 FE-TEM. Probing the elemental compositions of this 
nanostructure at the l-nm level of spatial resolution is yielding information on the nature 
of the structure and is allowing this nanostructure to be correlated to physical behavior 
during use. 

VALENITE CORPORATION MAUC 

HTML No. 94-018, "Process-Property Correlation of Diamond and DLC Films on Cutting 
Tools: Development of an Industrial Process for Superhard Coatings," D. G. Bhat 

Microstructures of diamond and diamond-like carbon @LC) films on cemented carbide 
cutting tools and other substrates are being studied by TEM, SEM, and electron 
microprobe methods. The goal is to correlate microstructural characteristics with 
deposition parameters and parameters of surface chemical treatment of the substrate for 
improving film adhesion. Microstructures will also be correlated to physical and thermal 
properties of the films. Researchers will therefore be able to isolate factors that influence 
processing parameters so that the manufacture of cutting tools with superhard surface 
coatings can be improved. 
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MPUC 

HTML No. 93-080, ”Investigation into the Influence of Microcleanliness on Creep 
Properties of Alloy 718 ,” S. Mysore and C. Rzriz 

Alabama A&M University and Teledyne Allvac, in collaboration with the MPUC, 
conducted high-temperature creep tests on a developmental nickel-based superalloy. The 
generation of engineering creep data was required to survey its development. 

ARIZONA STATE UNIVERSITY MAUC 

HTML No. 94-035, ”Electron Holographic Imaging of Potential Distributions in 
Semiconductors,” M.  McCartney 

Electron holography on the Hitaclu HF-2000 FE-TEM is being used for quantitative two- 
dimensional mapping of the electric potential distributions at p/n junctions. This project 
uses the unique capabilities of electron holography to characterize phase changes in the 
electron image wave that result from effects such as electric charge buildup. The results 
of these studies in this developing technique will be useful in determinations of the 
effects of charge on dislocation motion, which is important in understanding 
fundamentals of mechanical deformation processes in materials. 

CARNEGIE MELLON RSUC,XRDUC 

HTML No. 94-080, ”Structural Characterization of Chemically Synthesized Cubic Spinel 
Phase of LiMn204,” P. Kzirnfn and R. Srirnm 

Lithium manganese oxide belongs to the family of ternary transition metal oxides in the 
MnO-Li,O system. The material exhibits several defect structures, of which the cubic 
spinel structure is the one that is relevant to the proposed research. Previous studies have 
shown that the cubic spinel phase can be synthesized at temperatures as low as 400°C 
using sol-gel routes. This approach is radically different from the conventional route; the 
performance of this material as a cathode will strongly depend on the cation distribution 
in the cubic cell. 

To characterize the structure and identify the exact distribution of Li and Mn atoms in the 
chemically synthesized cubic structure, RSUC/XRDUC researchers initiated a systematic, 
high-temperature X-ray and neutron diffraction study, combined with Rietveld analysis. 
This study provided extremely beneficial information for understanding the formation of 
such spinel phase. The project was supported by the Eveready Battery Company. 

FLORIDA ATLANTIC UNIVERSITY XRDUC 

HTML No. 94-010, ”Effect of Ca Substitution on the Physical Properties of YBa,CuOM,” 
T. Leventozrri 
In conventional Ca substitution of Y-Ba-Cu-0 system, Ca replaces Y but not Ba. In a 
systematic study of the role of Ca substitution on the physical properties of the Y-Ba-Ca- 
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Cu-0 compounds, a sample series with starting composition Y13a,~xCa,Cu,0,,, with 
O < S . O O  was prepared. 

Preliminary X-ray experiments show that the samples consist of the known 
superconducting phase Y ,Ca,Ba,Cu,O, with transition temperature 73STc192 K, 
depending on z. However, in addition to that, a new nonsuperconducting phase appears 
in amounts that increase with x. Using the state-of-the-art HTML X-ray diffraction 
facility, researchers from Florida Atlantic University have successfully identified this 
unknown phase as Ca2+xY2-xCu,0,,. A detailed study on the crystal structure of this 
compound is planned. 

FLORIDA SOLAR ENERGY RSUC, XRDUC 

HTML No. 93-007, ”Residual Stress Minimization in Mo Thin Films Used as Back Contact 
in CuInSe, Solar Cells,” N. Dhere, M. Wollnm, nnd S. Kzittath 

The objective of this study was to measure the residual stresses in Mo thin films and to 
determine the effect of deposition conditions on the residual stress state in these films. 
The residual stress in Mo coatings may be changed by moderating the energy of the 
incident argon ions used in sputtering. Reduction of residual stress is desired and can 
potentially be achieved by (1) increasing the sputtering-gas pressure, which increases the 
number of collisions of the back-scattered atoms, (2) reducing the sputtering power, 
which reduces the energy of incident argon ions, and (3) increasing the angle of 
incidence, which provides mobility to deposited species for diffusion on the surface and 
reduces the energy at normal incidence responsible for peening. 

The films examined were deposited at various sputtering-gas pressures (8.0,12.5,18.8 
mTorr) and sputtering powers (50,100,150 W). The isotropic, in-plane residual stresses 
were found to peak at sputtering-gas pressure of 12.5 mTorr and to increase with 
sputtering power. The maximum residual stresses were determined to be -550 and -1200 
MPa for the 18.8/150 and 12.5 /lo0 conditions, respectively. X-ray diffraction pole figures 
revealed that the samples were textured. 

Since Mo is cubic and only slightly elastically anisotropic, the influence of the texture on 
the stresses was assumed to be negligible. The peaks were broad, which was attributed to 
the small particle /crystallite size in these films (c 100 nm). The cause of the residual 
stresses was attributed wholly to the processing of the films (i.e., intrinsic or growth 
stresses). Grain-to-grain residual stresses due to anisotropic thermal expansion are zero 
since Mo is cubic. The stresses due to thermal expansion mismatch between the film and 
substrate were negligible because the deposition temperature was -60°C. 

The impact of this work was an increased understanding of the relationship between 
processing conditions and residual stresses. Thus, the results of this study will guide 
future Mo thin film deposition. 
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GEORGIA INSTITUTE OF TECHNOLOGY RSUC 

HTML No. 93-052, "Composition Effects on the Texture and Epitaxy of YSZ Thin Films," 
W. B. Carter and A. T. Hunt 
The objective of this study was to use pole figures of Y203 stabilized ZrO, (YSZ) 
deposited via combustion chemical vapor deposition (CCVD) onto sapphire substrates to 
determine how the Y203 content and deposition temperature of YSZ films affects the 
epitaxial relationship between film and substrate and also film texture. The films appear 
to possess two or three groups of grains; each group oriented along a different pole. In 
the 2.5 mol YO Y ,O,-ZrO, film (tetragonal) deposited at 1200"C, {OOl}, {511}, and (321 or 
211) fiber textures were observed, assuming the material is cubic. 

As the deposition temperature increased to 1400 "C, this texture was found to be sharper, 
showing only {OOl) and {211) fiber textures. In the 8 mol % Y,O,-ZrO, film (cubic) 
deposited at 12OO0C, strong {loo} and {531} fiber textures were observed. The impact of 
this study was an increased understanding of CCVD processing temperatures and the 
resulting coating texture. Thus, coatings with more or less texture can be deposited 
predictably. 

GEORGIA INSTITUTE OF TECHNOLOGY 

HTML No. 93-053, "Processing Variable Effects on the Composition and Texture of 
CCVD YBCO Thin Films," W. B. Carter and G. W. Book 

The objective of this study was to investigate the texture and epitaxy of YBa,Cu,O, 
superconducting thin films deposited via combustion chemical vapor deposition (CCVD) 
on single crystal MgO and polycrystalline silver substrates. As deposited films on single- 
crystal (100) MgO, substrates showed highly oriented c-axis up-growth and displayed the 
onset of a superconducting transition at 84"K, with zero resistance obtained at 78°K after 
annealing in pure oxygen. Pole figures showed two in-plane alignment orientations of 
the film with respect to the substrate. 

The YBCO [loo] and [OlO]  were aligned with the MgO substrate. YBCO films deposited 
on roll-textured polycrystalline silver at temperatures between 85OC-950C displayed 
c-axis up-growth. The rolling texture of silver was not strong enough to induce detectable 
in-plane preferential growth of the YBCO. These results will be used to select the process 
variables for producing single-phase, epitaxial YBa,Cu,O, superconducting thin films. 

RSUC, XRDUC 

Y 

GEORGIA INSTITUTE OF TECHNOLOGY MPUC 

HTML No. 94-046, "Mechanical Properties of Metastable Thin-Film Materials," Cunan 
Uslu, Deok-Hying Lee, and Byzinpoo Park 

Georgia Tech researchers sought to characterize ion-implanted superhard structural 
materials - as well as NiTi materials implanted with boron - designed for endodontic 
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applications. The nanoindenter was used to obtain hardness and Young's modulus 
measurements on samples of some of these materials. 

GEORGIA INSTITUTE OF TECHNOLOGY MAUC 

HTML No. 94-079, "Microstructural Characterization of Carbon-Carbon Composites 
Produced by FCVI," W. J. Lackey, G. B. Freeman, and S. Vnidyarainan 
Chemical vapor infiltration (CVI) increasingly is being used to fabricate fiber-reinforced 
ceramic and carbon matrix composites. In this process, a solid is chemically vapor- 
deposited onto a porous preform to form the matrix of the composite. Of the six types of 
CVI processes, the forced-flow thermal gradient (FCVI) process is the fastest and 
therefore potentially the most economical. 

Prior work at ORNL and Georgia Tech has shown that the FCVI process is applicable to 
the fabrication of Sic matrix composites. Recently, at Georgia Tech, the FCVI process has 
been shown to be very useful in fabricating carbon matrix composites. The purpose of the 
proposed HTML research is to examine, via TEM, the microstructure of the FCVI carbon 
matrix and to correlate the microstructure with processing conditions. This will assist in 
the selection of the preferred processing conditions. 

IOWA STATE UNIVERSITY XRDUC 

HTML No. 94-038 "Thermal Expansion Anisotropy of Ti,Si,Z,," M. Akinc and A. Thorn 

Ti$3i3z was investigated as a potential high-temperature structural material. The inherent 
thermal expansion anisotropy of the TisSi3 hexagonal material contributes to significant 
microcracking in consolidated material. Grain size must be reduced to about 1 p to 
eliminate the microcracking. Previous research at HTML by the investigators has shown 
that addition of carbon to Ti,Si3 significantly decreases the thermal expansion anisotropy. 

This project studied the lattice expansion of B-, C-, N-, and O-doped titanium silicide 
with x = 0.2!5,0.50, and 0.75 from room temperature to 1000°C. Single-crystal structure 
analysis is being conducted at Iowa State on a couple of the doped materials. Those data 
will be correlated with the reductions in anisotropy in the lattice thermal expansion. 

MASSACHUSETTS INSTITUTE OF TECHNOLOGY MPUC 

HTML No. 93-082, "Fatigue of Micromechanical Devices," WiZZ Van ArsddZ 

The nanoindenter was used to investigate small-scale material processes, such as slow 
crack growth and defect creation and correlate the response to changes in the beam 
material structure. 
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NEW MEXICO INSTITUTE OF MINING AND TECHNOLOGY MPUC 

HTML No. 92-075, “The Effect of Tin Dioxide Interlayer in Alumina/Glass Composites,” 
K. Chawla 
Tin dioxide can be used as a fiber coating in alumina fiber-reinforced, silica-based glass 
ceramic composites. However, mechanical property data such elastic properties are 
lacking. The objective of this study was to determine the elastic properties of 
polycrystalline tin dioxide using a resonant ultrasound spectroscopic (RUS) technique. 
The HTML RUS facility allowed accurate measurements on the small specimens that 
were available. The elastic constants were measured, then the elastic constants of a fully 
dense polycrystalline tin dioxide were extrapolated from these measurements and the 
porosity. 

NORTH CAROLINA STATE UNIVERSITY MAUC 

HTML No. 91-056, ”Transmission Electron Microscopy and Scanning Auger Microprobe 
Spectroscopy of AIN /GaN and AlN/SiC Solid Solutions and Multilayer 
Heterostructures,” S. AZiaj-Trent 

Single-crystal films of Sic, AlN, and GaN now are internationally considered as the 
materials that will fill the electronic niches for high-temperature, high-power, and high- 
frequency semiconductors and violet to ultraviolet optoelectronics and detectors. 
Ongoing research at NCSU has proved that these materials can be grown at very low 
temperatures and in several different phases. 

Sic and AlN, as well as A1N and GaN, form solid solutions that allow the bandgap to be 
”engineered” throughout the solution and the interfaces between these materials. NCSU 
has conducted high-resolution and analytical transmissions electron microscopy to 
investigate the defect microstructure in the bulk of the materials and the microstructure 
and chemistry of the interface regions of these materials. 

NORTH CAROLINA STATE UNIVERSITY 

HTML No. 94-037, ”Analysis of Adhesion at Metal-Ceramic Interfaces,” Robert Juames and 
Robert Davis 

MAUC, MPUC 

In order to prevent erosion and corrosion of metallic parts, ceramic coatings are often 
applied to the surface of the metal. These ceramic coatings resist erosion and corrosion 
and can greatly prolong the life of a metallic part. However, the greatest problem in 
applying such a coating is often one of adhesion, as the chemistry of the metalceramic 
interface determines the adhesion of the coating. The object of this proposal was to make 
detailed chemical and microstructural analyses of metal-ceramic interfaces. 

Because the tensile strength of a coating-substrate interface can now be measured 
quantitatively, this information can then be related to experimentally determined values 
of adhesion strength. The two applications of interest in this proposal were erosion- 
resistant ceramic coatings for turbine compressor blades and corrosion-resistant ceramic 
coatings for use as liner materials in vessels containing radioactive waste. Metals of 
interest as compressor blades are Ti 6A1/4V, Inconel 718, and 17Cr/4Ni stainless steel. 
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Erosion-resistant ceramic coatings of TiN, TiAlN, and A1203 have been applied to all of 
these metals for adhesion investigations. Candidate materials for radioactive waste 
containment are Ti, Incoloy 825, and Hastelloy C4. Coatings of Sic, A1203, and ZrN have 
been applied to each of these metals. 

In addition, these coatings were characterized using the nanoindenter. Nanoindentations 
were made on cross-sections of these 2 to 5 p- thick coatings. Hardness and Young’s 
moduli were determined. 

NORTH CAROLINE STATE UNIVERSITY MAUC 

HTML No. 94-062, ”Electron Holography and Atom Probe Study of CoSi,-Coated and 
Diamond-Coated Si Field Emitters,” 1. Hren 
High-resolution imaging and electron holography on the HitachiHF-2000 FE-TEM are 
being used to characterize the structure of silicon field emitter needles coated with 
materials such as Co, CoSi, and diamond, as well as the effects of charging at the tip as 
related to the structure and composition of the coating material. This work has 
application both to military and commercial development of flat-panel video display 
systems. 

NORTHWESTERN UNIVERSITY PPUC, XRDUC 

HTML No. 93-044, ”Investigation of the Thermal Expansion and Heat Capacity of 
(Mo,Cr),C,” G. OZson and C. Knepfler 
The lattice thermal expansion behavior of M,C (M = Mo,Cr) is important for 
understanding the nucleation and strengthening behavior of these carbides within 
secondary hardening steels. Investigations of the carbide composition as a function of 
aging time suggests that the system minimizes the lattice mismatch of the nucleating 
particles by nucleating particles of one composition (i.e.; Mo/Cr-0.66); as the particles 
grow, the carbide composition slowly changes (Mo/Cr = 1.5). 

Lattice thermal expansion behavior was obtained to test this model of minimization of 
lattice mismatch. The heat capacity of (Mo,Cr),C was collected to provide data on the free 
energy of carbide systems. The results of this study were presented at the American 
Ceramic Society meeting and were included as part of C. Knepfler’s Ph.D. dissertation. 

NORTHWESTERN UNIVERSITY MAUC 

HTML No. 94-003, ”Electron Interferometry and Holography of Internal Interfaces,” 
V. Dravid 
In this study, electron holography and interferometry techniques are being used to study 
space charge effects at grain boundaries in eutectic and electroceramic materials. In these 
predominantly ionic systems, there is considerable evidence for formation of an 
interfacial space-charge region, caused by the segregation of certain solute ions to defects 
and grain boundaries. The presence, extent and sign of the space charge region is 
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believed to be the key to understanding interface properties, including cohesion energy 
and strength. 

NORTHWESTERN UNIVERSITY MPUC 

HTML No. 94-008, ”Nanoindentation and Compressive Strength Testing of Nanophase 
Iron,” Gretchen Fozgere and Julia Weertmnnn 
The objective of this study was to examine the effects of porosity on the elastic modulus 
on nanophase iron with average grain sizes of approximately 4 to 20 nm. The specimens 
were made by inert gas condensation and warm compaction at temperatures ranging 
from 25°C to 294°C. Measured porosity varied from 6% to 30%. The elastic response was 
measured using the mechanical properties microprobe. The resulting elastic modulus 
values agreed with trends for other nanocrystalline metals. The porosity dependence of 
elastic modulus was best described by theories incorporating the effect of pores alone 
(i.e., neglecting cracks). 

NORTHWESTERN UNIVERSITY MPUC 

HTML No. 94-014, ”Investigation of the Elastic Moduli of (MoxCr,,),C,” C. KnepJer and 
K. T. Fuber 

The objective of this study was to investigate the elastic properties as a function of 
composition. These properties are important for understanding the strengthening 
behavior of carbides within secondary hardening steels. The resonant ultrasound 
spectroscopic technique was used to measure the elastic properties. Measurements have 
been made on selected compositions. This project will be continued in FY 1995, once the 
other needed specimens are available. 

PENNSYLVANIA STATE UNIVERSITY RSUC 

HTML No. 93-013, ”Residual Stress Measurement in UNS G93106 Steel,” C. PaZiuni and 
R. A. Queeney 

Researchers from Perm State completed a series of tests on marquenched and ausrolled 
UNS G93106 gears steel samples carburized to 1% carbon. The objective of those tests 
was to characterize the surface and subsurface conditions (residual stress gradients, 
retained austenite content, carbon profile) in order to determine the appropriate testing 
conditions for XRD residual stress depth profiling. XRD and magnetic measurements 
showed an unexpectedly high content of retained austenite (approximately 40%) as 
opposed to the expected 6%. This observation could result in the necessity of measuring 
residual stresses in both phases; Le., martensite and austenite. 

It was also shown that the use of CrK-alpha radiation penetrating -5 pn beneath the 
surface was not appropriate to depth-profile residual stresses with high gradients. The 
use of less penetrating CuK-alpha (-2 pm penetration) in the parallel beam optics and 
omega geometry was shown to be the proper way of measuring residual stresses on 
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cylindrical surfaces in quenched carbon steels. The study will continue and will help to 
develop the gear processing technology for industrial and commercial applications. 

PENNSYLVANIA STATE UNIVERSITY XRDUC, RSUC 

HTML No. 93-037, "The Role of Residual Stresses on Microcracking in TiBJSiC 
Composites,'' M. J. Pan and D. J. Green 
The objective of this study was to measure the residual microstrains (microstresses) in 
TiB2 particulate-reinforced Sic composites as a function of volume fraction of TiB, and to 
determine the role of the residual stresses on spontaneous microcracking. Several 
composites were examined and found to possess at least three polytypes of Sic, as well 
as TiB, and another unknown phase. 

The existence of several Sic polymorphism and an unknown phase (which accompanies 
the TiB,) made determination of the individual peak positions difficult. Several "models" 
were employed (consisting of different numbers of peaks and their locations), but none of 
the models chosen were able to produce sensible 2Q vs sinzY plots. These plots showed 
lots of scatter and were therefore unsatisfactory. 

After this effort it became clear that successful completion of this project will require new 
experimental approaches, such as the location of "stand-alone" Sic and TiB, reflections in 
the >130" 2Q region, samples with only one of Sic, etc. It may not be possible to do by 
applying diffraction methods due to the complexity of the diffraction pattern. 

PENNSYLVANIA STATE UNIVERSITY RSUC 

HTML No. 93-058, "Texture Analysis in Alloy 600 and 690 Steam Generator Tubing," 
C. 0. Ruud and D. B. Haartz 

t 

This project was a part of a study supported by the Electric Power Research Institute at 
Penn State University. The objective was to examine the effects of microstructure on the 
susceptibility of Alloys 600 and 690 to intergranular stress corrosion cracking (IGSCC) in 
high-temperature aqueous environments typical of nuclear power plants. 

The preferred orientation (crystallographic texture) is believed to have an effect on 
IGSCC by affecting the distribution of grain boundary disorientation angles. The 
differences in crystallographic texture in Alloys 600 and 690 tubing having different 
susceptibility to IGSCC were studied by X-ray diffraction. The variations of texture 
throughout the tube thickness (ID, OD, mid-thickness) were determined and explained in 
terms of the processing operations (mechanical and heat treatment). 

PENNSYLVANIA STATE UNIVERSITY MAUC 

HTML No. 94-015, "FE-TEM Applications in Ceramics: Particle Shapes and Grain 
Boundary Segregation," A. Carirn 
In an effort to understand consolidation behavior by coalescence during sintering, 
electron holography on the Hitachi HF-2000 FE-TEM and image simulation are being 
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used to characterize shapes, surfaces, and internal defect structures in nanocrystalline 
ceramic powders such as ZrO,, TiO, and SrTiO,. The high spatial resolution X-ray 
analysis capabilities of the HF-2000 are also being used to study impurity or dopant 
segregation at grain boundaries in alumina as part of a large effort to understand the 
controlling mechanisms for anisotropic grain growth in ceramics. 

In work to date, we have been able to unambiguously determine that a 5 nm-diameter 
particle of 20, is, in fact, not a cuboctahedron as previously suspected, but instead has a 
prismatic morphology. This is the first time such information has been reported for 
crystals of this size range. 

PENNSYLVANIA STATE UNIVERSITY RSUC, XRDUC 

HTML No. 94-022, ”Investigate Post-Annealing Lattice Parameter Recovery in a Y- 
Implanted Sapphire Substrate Using Glancing Angle X-ray Analysis,” M. A. Stozrgh and 
J. R. Hellmnn 

The objective of this study was to determine whether ion implantation of Y and Zr into 
single-crystal sapphire caused amorphization. The next objective was to determine 
whether or not ion implantation damage could be removed by annealing (via 
recrystallization) using grazing incidence X-ray diffraction (GIXD). Unfortunately, the 
nature of the single crystal sapphire precluded using GIXD. This study may continue by 
using X-ray reflectometry to measure the surface layer densities. 

UNIVERSITY OF ALABAMA RSUC 

HTML No. 93-054, ”Determination of the Texture and Residual Stress Distribution in Al- 
Li-Cu Alloy 2095 (Weldalite) and Associated Weldment,” G. 0. Rading and l. T. Berry 
The objective of this study, funded by NASA at the University of Alabama, was to 
investigate the texture and residual stress effects on fatigue crack propagation in 
aluminum lithium-welded structures. Preliminary modeling results indicated that the 
fatigue crack growth characteristics were greatly influenced by the residual stress 
distribution in the weld metal and heat-affected zone and by the rolling texture in the 
base metal. The material under investigation, which was supplied by Martin Marietta 
Astronautics Group, is a candidate material for the fabrication of lightweight external 
fuel tanks for the space shuttle. 

The combination of X-ray and neutron mapping capabilities at HTML was a critical 
component in this study in that residual stresses on the surface, as well as in the bulk of 
the weldment, could be determined. The residual stress data throughout the weldment, 
obtained using the Neutron Residual Stress Facilities, were found consistent with the 
theoretical predictions. X-ray residual stress measurements allowed separation of the 
effects of machining and surface finish from those arising from welding. 

X-ray texture measurements provided useful information for explaining the change of 
the fatigue crack propagation mode. Solution of the residual stress-induced cracking in 
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repair welds would lead to savings of over 8000 pounds in the fuel tank, and thus 
signhcantly increase the payload. 

UNIVERSITY OF ALABAMABIRMINGHAM RSUC, XRDUC 

HTML No. 94-053, "Crystallization of Ion-Beam Sputter Deposited Hydroxyapatite," 
D. Rignq and A. M. Bock 

A graduate student and her faculty completed high-temperature X-ray diffraction 
(HTXRD) measurements on crystallization of plasma spray-deposited amorphous thin 
films of fluoroapatite (FA), Ca,(PO,),F, on Ti substrates. Preliminary studies indicate that 
lower-temperature processing is advantageous to bond strength; however, crystallization 
is required for good bone adhesion. The objective of this study was to understand the 
crystallization behavior of FA in order to fabricate bone implants with a high 
fluoroapatite-to-Ti bond strength. The HTXRD measurements showed an unexpectedly 
rapid crystallization at a low temperature (300"C), as well as a significant influence of 
atmospheric humidity. Subsequent measurements will determine the thermal expansion 
behavior of both hydroxyapatite and fluoroapatite, then correlate that data with loss of 
bond strength versus processing temperature of conventionally coated implants. 

UNIVERSITY OF DAYTON MAUC 

HTML No. 93-033, "An Investigation into the Sources of Instability of NTC Thermistors 
When Exposed to Elevated Temperature for Extended Periods of Time," N. Osborne 

After exposure to temperatures of 100 "C to 150°C for extended times, the initial 
resistance of thermistors (Mn, Ni, Fe cubic spinel materials) begins to shift to higher 
values. No information gathered so far by "conventional" means has been definitively 
correlated to this behavior. The literature suggests that diffusion of one or more 
multivalent ions in the material is the most likely cause of the phenomenon. Thermistors 
for this study will be made from co-precipitated powders supplied by Yellow Springs 
Instruments, Inc. (YSI) 

The resistance of newly made thermistors was measured by YSI. These materials were 
then examined using (1) the mechanical properties microprobe to establish distribution of 
Fe, Mn, and Ni in the grains and grain boundaries, (2) AEM for accurate quantification of 
phase compositions across grains and grain boundaries, and (3) TEM to investigate the 
atomic structure and composition of the materials at the grain/grain boundary interface. 
This will establish the baseliie information on the nature of the grains and grain 
boundaries of thermistor material. 



UNIVERSITY OF DELAWARE MAUC 

HTML No. 94-021, "High-Resolution Transmission Electron Microscopy (HRTEM) of 
Molybdenum-Promoted Rhodium on Gamma-Alumina: Correlation of Metal Aggregate 
Properties with Activity, Selectivity, and High-Temperature Carbon Monoxide Exposure 
Peak Broadening in X-Ray Asymmetric Diffraction Resulting from Chi Tilts," H. FoZq, 
Mure Te, and Eric Lowenthl 
A series of alumina-supported nonmetallic Rh and bimetallic Rh-Mo catalysts are being 
studied on the Hitachi HF-2000 FE-TEM to determine the size, distribution, exposed 
crystal facets, and relative metal content of the metallic aggregates present on these 
catalysts. These characteristics will be correlated to the reactive behavior of the catalysts 
in CO hydrogenation reactions, which were conducted at the University of Delaware. 
The ability of Mo species present at atomic level dispersions to stabilize the catalytically 
active R h  clusters during reactions will be investigated. 

UNIVERSITY OF DENVER XRDUC, RSUC 

HTML No. 92-081, "Peak Broadening in X-Ray Asymmetric Diffraction Resulting from 
Chi Tilts," D. Drapi  

The objective of this study was to measure the peak broadening inherent in chi (c) tilting 
and compare that to a geometrical model proposed by D. Dragoi. The (012) and (300) 
reflections from a NIST Al,O, plate were each scanned every 1O"c from -70 to +70°c (15 
tilts/reflection) to examine the influence of low and high 28, respectively. The 
experimental and calculated relative broadening values were plotted as a function of c for 
low and high 28 (38" and 112" 2e), respectively. 

The agreement between the experimental data and the model is excellent for the high 28 
region. Although the agreement is poorer in the low 28 region, the model appears to be 
"functionally correct," suggesting that only minor adjustments need to be made to the 
model (e.g., a factor of cz). Also, certain approximations used in the calculations may not 
be valid in the low 29 region and can be adjusted. This work qualitatively validates an 
existing model, thus providing researchers with a useful tool to predict and correct for 
broadening due to chi tilting. 

UNIVERSITY OF DENVER 
~ 

RSUC 

HTML No. 93-024, "Determination of Depth Profiles of Residual Stress in Thin Films and 
Composites," P. Predecki and B. Ballnrd 

The objective of this study was to determine the stress gradient in Mo thin films on 
borosilicate glass substrates using grazing incidence X-ray diffraction (GIXD). Strain was 
measured on a sample as a function of rotation angle, f, at constant angle of incidence, a, 
for various angles of incidence. The phi integral method can be used to calculate the 
residual stresses for a constant effective X-ray penetration depth, t. 

Validation scans were performed with a standard Si powder on the Mo thin film and 
showed negligible changes in the interplanar spacing of the Si (533) reflections. The 
interplanar spacing of the Mo (321) reflection was found to vary sinusoidally with f when 
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a>0.4" (t>4 nm) indicating a nonisotropic in plane stress state due to deposition 
conditions. When ac0.3" (t<2 nm), the variation of the interplanar spacing was 
approximate, suggesting an effect due to strain relief and/or surface roughness. 

Researchers subsequently increased their understanding of the near-surface stress state in 
these films that resulted from deposition conditions. Additionally, this study 
demonstrated that near-surface stress gradients can be measured. Thus, GIXD should be 
an excellent technique to characterize the subsurface residual stresses in structural 
ceramics due to machining. 

UNIVERSITY OF DENVER RSUC 

HTML No. 93-049, "High Resolution X-Ray Crystallographic Measurements," D. Dragoi 
The objectives of this study were to measure the angle of misorientation between a set of 
planes of a single crystal and the surface of the crystal and compare that to an analytical 
model proposed by D. Dragoi. This measurement would then allow researchers to 
accurately determine the lattice parameter to 8 or 9 decimal places. Omega (W) scans of 
the (400) reflection from a single crystal Si wafer were performed as a function of phi (F), 
while chi (c) and 2Q were fixed at 0" and 69", respectively. 

The observed sine or cosine function was predicted by the model. Results indicate that 
the misorientation angle and the Bragg angle can be determined with the desired high 
accuracy. The experimental portion of this study is complete, and a manuscript has been 
submitted for publication. 

UNIVERSITY OF FLORIDA RSUC 

HTML No. 92-043, "X-Ray Analysis of Residual Stress in Metals and Ceramics," 
P. H. Holloway and F. Baldwin 

This HTML study with University of Florida users determined the residual stresses and 
stress relaxation rates in thin films of an Al-Si-Cu alloy on Si substrates in order to predict 
the mechanisms and times of failure. These films were found to possess an extreme { 111) 
texture. The samples were unpatterned or patterned. The patterned samples possessed 
alloy line widths of 2.5 and 1.5 pm. 

The stress states were found to be biaxial, and as the line width decreased, the tensile 
residual stress in the alloy increased from 90 to 160 MPa for the unpattemed and 1.5 pm 
patterned samples, respectively. The residual stresses in the samples containing voids in 
the lines were 20% less than those without voids, linking high residual stresses to void 
formation. 

UNIVERSITY OF ILLINOIS MPUC 

HTML No. 92-037, "High-Temperature Mechanical Properties of Ceramic and Ceramic 
Composites," J. F. Stubbins and S. Rnghzrmmn 
In this work, a series of stress-oxidation flexure tests of a Sic fiber-reinforced Sic 
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composite were initiated. Flexure specimens were held under constant stress at 950°C for 
fixed periods of time. If the specimen survived the exposure, it was rapidly loaded to 
fracture to determine the retained strength. In the absence of applied stress, the strength 
did not change appreciably. However, above a critical stress threshold, extensive time- 
dependent strength reduction was observed. This behavior was attributed to the stress 
activated degradation of the interface layers used to ensure fiber debonding and sliding. 

UNIVERSITY OF ILLINOIS MPUC, PPUC 

HTML No. 93-003, "Investigation of Interfacial Shear Strengths of Fiber-Reinforced Boron 
Nitride Composites," James Economy and Cameron Cofer 
Interfacial shear strength testing was performed on a series of boron nitride composites 
fabricated with carbon and other inorganic fibers. These fibers included PAN T300, Pitch 
KllOOX, Nicalon, c-Nicalon, Nextel 440, Sumica, and FP Alumina. Both the nanoindenter 
and the interfacial testing system (ITS) were used to perform push-in tests on at least 10 
fibers in each system. Fiber sliding, indicative of weak interfacial strengths, was observed 
for the carbon fiber specimens. 

Additional investigations are planned for the boron nitride matrix composites. Interfacial 
testing will be performed on a several fibers that have been coated with a series of carbon 
or boron nitride coatings. Wedge-shaped samples will also be prepared in order to 
complete push-out testing of these composite systems. Further mechanical testing will 
then be performed to correlate first matrix cracking of the systems. 

Researchers also used the scanning thermal conductivity microscope (STCM) to study 
carbon fiber-reinforced boron nitride composites. Thermal conductivity maps, 50 by 50 
pm, were obtained and analyzed using the STCM. Preliminary results suggest that the 
BN matrix has a higher thermal conductivity than either P-55 or KllOO carbon fibers. As 
expected, the KllOO fibers were found to have a higher thermal conductivity than the 
P-55 fibers. This information will be used to help model and understand the bulk thermal 
conductivity data acquired earlier using the xenon flash thermal diffusivity system. 

UNIVERSITY OF ILLINOIS RSUC, XRDUC 

HTML No. 93-101, "Residual Stress in Ferroelectric Thin Layers," C. D. E. Lakeman and 
D. A. Payne 

The objective of this study was to determine the residual stresses in Pb(Zr,Ti)O, (PZT) 
coatings which effect the mechanical, electrical, and electromechanical properties and to 
compare the measured values to those predicted theoretically due to thermal expansion 
mismatch. The samples exhibited a {111} fiber texture. The highest occurring reflection 
for CuKa radiation from the PZT coating was at -80" 29. 

The PZT reflections were broad because the coatings were pseudo-cubic and possessed a 
small crystallite size. Also, useful PZT reflections were often superimposed onto the more 
intense substrate reflections. Consequently, these factors prohibited theoretically sound 
residual stress measurements. Alternative analysis techniques are being pursued. 
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UNIVERSITY OF ILLINOIS PPUC, XRDUC 

HTML No. 94-012, "Characterization of the High-Temperature Phase Transformation in 
Y,AlzOg, Dy4Al,0,, and Gd&Og," W. Kriven and 1. Shtill 

University of Illinois researchers investigated the high-temperature phase transitions in 
rare earth aluminate compounds of the type Re4Alz09. The study was performed to 
determine the feasibility of using this type of ceramic compound as an interface layer in 
yttrium aluminum garnet (YAG) fiber-YAG matrix composites. It is anticipated that the 
phase transformation will crack the interface layer, thus weakening the fiber/matrix 
bond strength. This should yield a desirable increase in fiber pullout during fracture. 

Y4Al,0g, Dy4AlzOg, and Gd4Alz09 samples of varying grain size were evaluated using 
differential scanning calorimetry @SC) and dilatometry. Transformation temperatures 
were determined and a grain size dependence of the transformation temperature was 
demonstrated. These results will be used in conjunction with those determined using 
high-temperature X-ray diffraction (HTXRD) in order to determine the strains associated 
with the high-temperature phase transformation in these materials. 

UNIVERSITY OF KENTUCKY PPUC, XRDUC 

HTML No. 92-061, "Crystal Structure Identification of Pt-AlzO, Catalysts Using HTXRD," 
R. Srinivasan, and B. H. Davis 
The objective of this study was to determine, using high-temperature X-ray diffraction, 
whether alloy formation between Pt and Re occurs on an amorphous SiO, catalytic 
support. Since these materials are currently being employed as catalysts, this study will 
increase understanding of the catalytic activity of these materials in reforming reactions. 

The Pt and Re precursors deposited on the support were placed in the furnace on the 
diffractometer and were heated to 50O"C-55O0C in flowing HZ. Neither alloy formation 
nor metallic Re were observed on the catalysts containing both Pt and Re; only metallic 
platinum was detected. Additional experiments were carried out on similar powders 
with Pt and /or Re on Al,O, catalytic support and on powders with Pt-SO, on ZrOP The 
experimental portion of this study is complete, and a manuscript has been prepared on 
this work. 

UNIVERSITY OF MICHIGAN RSUC 

HTML No. 94-011, "Residual Stress and Fracture Toughness of Silicon Nitride," 
I. M .  Peterson and T. Y. Tien 

X-ray and neutron diffraction methods were used to measure the residual stresses in 
silicon nitride sintered with different sintering aids. Earlier studies suggest that fracture 
toughness of sintered silicon nitride ceramics is related to the residual stresses arising 
from the incorporation of sintering aids. Theoretical calculations show that the thermal 
expansion mismatch between the grain boundary phases and the silicon nitride resulted 
in stresses as large as 600 MPa. In the X-ray and neutron diffraction experiments, a well- 
defined high-angle reflection (323) from silicon nitride was used for strain measurements. 
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The experimental data showed a compressive stress for the silicon nitride phase, 
consistent with the thermal expansion mismatch between silicon nitride and the sintering 
aids used. The measured stress values increased as the amount of grain boundary phase 
increased. The stress also increased as the thermal expansion mismatch increased. The 
stress values obtained from the X-ray data were smaller (-110 MPa) than those from the 
neutron data, which indicates some degree of stress relaxation at the surface. In both 
cases, the experimentally determined stress values were lower than the predicted 
stresses. 

UNIVERSITY OF MISSOURI RSUC 

HTML No. 90-062, "Measurement of Residual Stress Distribution of Stainless Steel 
Workpieces Machined by CNC Turning Center," D. Y. Jang 
The objective of this study was to determine the effect of various turning parameters (i.e., 
machining speed, feed rate, depth of cut, tool geometry, and tool coating) on the resulting 
residual stresses in 304-type stainless steel, and thereby enhance the understanding of the 
relationships between the turning operation and "surface integrity.'' As-machined 
cylinders were examined during two visits to the HTML and found to possess 
predominantly compressive and tensile residual stresses in the axial and hoop directions. 

The radial stresses appear to be slightly compressive (-50 MPa). Preliminary results 
indicate that machining speed (180,310, and 580 rpm) has the largest effect on the hoop 
residual stress (260,360, and 600 MPa, respectively). The experimental portion of this 
study is complete, and a manuscript is in preparation. 

UNIVERSITY OF NEW MEXICO MAUC 

HTML No. 94-052, "Electron Holography of Catalytic Materials," A. Dafye 
Electron holography on the Hitachi HF-2000 FE-TEM is being used to study the 
morphology of model heterogeneous catalyst materials, such as Pd nanocrystals on SiO, 
microspheres. The objective is to determine the nature of active sites in these materials. 
The ability of electron holography to recover the shapes of nanometer-size crystals by 
proper interpretation of pure phase images is being investigated. 

Information on the three-dimensional shapes of nanocrystals as related to the crystal 
facets exposed on the surface will be invaluable in determining which structures at the 
atomic level are active in controlling catalytic reactions. Structure studies at the HTML 
will be correlated to reaction studies at the University of New Mexico. 

UNIVERSITY OF TENNESSEE MAUC 

HTML No. 92-065, "Laser-Enhanced Adhesion of Metallic Films to Ceramic Substrates," 
A. Pedraza 

High-resolution electron microscopy and analytical electron microscopy studies are 
nearing completion in a project to understand a process to produce strongly adherent 
metallic films on ceramic substrates. Both magnetron sputter deposition and pulsed laser 
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irradiation are used to deposit films of gold, nickel, or copper onto substrates such as 
sapphire, alumina, aluminum nitride, and fused silica. Changes in the structure and 
chemistry of the films and the film /substrate interface as characterized by electron 
microscopy methods are being correlated to adhesion properties so researchers can 
understand the mechanism of adhesion. 

UNIVERSITY OF TENNESSEE MAUC 

HTML No. 93-029, ”Studies of Sapphire-Containing Nanometer-Size Particles of Iron,” 
C. McHargue 
Nanocomposites of iron in sapphire, prepared by ion implantation, are being used as 
models to establish the potential of such materials for application in high-technology 
areas. These include improved friction and wear of ceramic surfaces, improved corrosion 
resistance, and control of electrical properties of ceramics that could lead to ”smart” 
electrical insulators. High-resolution TEM imaging and high-spatial-resolution X-ray 
analysis of particle compositions has led to an understanding of the systematic effects of 
implantation parameters on the structures and behavior of the implanted surfaces. 

UNIVERSITY OF TENNESSEE MAUC 

HTML No. 93-038, ”Characterization of Healing Films Formed During Pitting Corrosion 
of Tungsten-Implanted Aluminum 1100,” R. A. Btichnnan and P. P. Smith 
The surface topography of corrosion pits on the surfaces of the W-implanted 1100 
aluminum has been imaged by AFM. Oxide blisters that form on the implanted surfaces 
prevent the loss of solute during pitting corrosion, as shown by AES. Both techniques 
confirm that blisters nucleate at the pitting electrical potential. 

VANDERBILT UNIVERSITY RSUC 

HTML No. 93-090, ”The Incorporation of Texture into the Constitutive Modeling of 
Materials Through the Use of Internal Variables,” P. C. Bastias and K-Y. Kiln 

This HTML user project with Vanderbilt University studied the evolution of 
crystallographic texture in plastically deformed 301-type stainless steel sheets. The study, 
which was a part of a larger project supported by TRW Safety Systems, was aimed at 
incorporating material anisotropy in modeling the plastic deformation of gas generators 
for automotive air bag systems. 

The surface and bulk textures of both the transformed martensite and austenite were 
determined by X-ray diffraction on approximately 20 samples representing different 
conditions of plastically deformed 301-type metastable stainless steel. Researchers 
determined the effects of deformation temperature strain rate, initial cold work, and 
applied stress state on the texture evolution in both phases. The studies on the bulk 
material were carried out after removing the surface layers by electropolishing. 
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Additionally, the transformed martensite content was determined by eddy current 
measurements. The results from this study are the foundation for a constitutive model 
suitable for implementation in a commercially available finite element package. 

VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY PPUC 

HTML No. 93-102, ”Thermal Shock Cycling of Combustion Chamber Materials,” 
D. Hirschfeld and €3. Rtrss 

Researchers from the Virginia Polytechnic Institute are investigating the effects of cyclic 
thermal shock on the thermal conductivity and thermal expansion of silicon nitride, 
silicon carbide, partially stabilized zirconia, and calcium magnesium zirconia phosphate. 
The study is being performed to determine the effect of harsh thermal shock cycling 
under simulated combustion heat and gas flow on the thermal properties of advanced 
ceramics, and the feasibility of using these types of ceramics in combustion chambers of 
liquid propellant guns. 

Comparison of the thermal conductivity measurements indicate no difference between 
virgin samples and those samples that underwent 1000 thermal shock cycles using an 
acetylene torch. The results of the thermal expansion measurements are currently being 
evaluated. 

WEST VIRGINIA UNIVERSITY MAUC 

HTML No. 94-01 6,  ”Characterization and Mechanical Evaluation of Plasma-Enhanced 
CVD Silicon Nitridecoated SCS-6 Sic Fibers,” R. K. Gz@a and D. CoZInzos 

The composition of the outer surfaces of uncoated and Si,N,-coated Sic filaments was 
analyzed by AES. Compositions were also measured across the fiber cross-sections that 
were exposed by fracturing the fibers in situ. Oxygen was found throughout the Sic 
filaments, regardless of their condition, but was never detected in their pure carbon 
cores. 
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APPENDIX B: PUBLICATIONS A N D  PRESENTATIONS 

Note: Asterisk indicates HTML staff member. 
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Univ of South Carolina (Columbia) 

SOUTH DAKOTA 

South Dakota State Univ (Brooking;) 
TENNESSEE 

Maryville College (Maryville) 
Tennessee Technological Univ (Cookeville) 
univ of Tennessee (Knoxville) 
Vanderbilt Univ (Nashville) 

TEXAS 

Rice Univ (Houston) 
Texas A&M Univ (College Station) 
Univ of Houston 
Univ of Texas-Arlington 

UTAH 
Univ of Utah (Salt Lake) 

VPI & State Univ (Blacksburg) 
Washington &Lee Univ (Lexington) 

Washington State Univ (Pullman) 
Univ of Washington (Seattle) 

West Virginia Univ (Morgantown) 

Marquette Univ (Milwaukee) 
Univ of Wisconsin (Madison) 

VIRGINIA 

WASHINGTON 

WEST VIRGINIA 

WISCONSIN 

OTHER GOVERNMENT FACILITIES - 9 
Note: Multiple listings indicate user organizations 
ulithfacilities in more than one state 

ALABAMA 

U.S. Bureau of Mines/Tuscaloosa 
CALIFORNIA 

Naval Post Graduate School 
IDAHO 

Idaho National Engineering Lab 

U.S. Naval Academy 
MARYLAND 

NEW MEXICO 

Los Alamos National Laboratory 
Sandia National Laboratory 

0 HI0 

EG&G Mound Applied Tech 
NASA Research Ctr. 

OREGON 
US. Bureau of Mines/Albany 

VIRGINIA 
NASA Langley Research Center 

Naval Research Laboratory 
WASHINGTON, DC 
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I S T  QUARTER FY 1994 REVIEW MEETING 
PROP # INSTITUTION USERS USER 

(#of proposals from institution) CENTER(S) 
TITLE OF PROPOSAL 

93-081 Clemson University (13) Dan Edie MAUC 
"A Microstructural Analysis of High Thermal (spokesperson) 

Conductivity Carbon Fibers" Kerry Robinson 

"Fatigue of Micromechanical Devices" (spokesperson) 
93-082 Mass. Institute of Technology (2) Stuart Brown MPUC 

Will Van Arsdell 
93-083 LANL(1) Mark Bourke RSUC 

"Preliminary Assessment of Residual Stress in 
Quenched Heat Treated and Carburized 
Automobile Parts" 

(spokesperson) 
Joyce Goldstone 

93-084 Rensselaer Polytechnic Institute (3) Himanshu Nigam MPUC 
"Study Involving Signa Time/TalZlS Composite (spokesperson) 

System" G. J. Dvorak 
D. Buchanan 

93-085 NASA Research Center (2) David R. Hull MAUC 
"Understanding MoSi, Accelerated Oxidation at (spokesperson) 

500"" R. Dickerson 
Joy Doychak 
Mohan Hebsur 

93-086 GE Aircraft Engines (2) P. K. Wright RSUC 

93-087 Carnegie Mellon Univ. (1) Marc DeGraef MAUC 
"Residual Stress in MMCs" 

"Wave Function Retrieval in High-Resolution 
Transmission Electron Microscopy" 

"Thermal Conductivity of Thermal-Battery 
93-088 Sandia National Laboratories (1) Ronald A. Guidotti PPUC 

Materials" 
93-089 Cummins Engine Company (7 )  Magan J. Patel MAUC 

MPUC "Characterization of the Oil Balls and Their 
Influence on Premature Overlay Removal of 
Diesel Engine Bearings" 

93-090 Vanderbilt University (12) Pedro C. Bastias RSUC 
"The Incorporation of Texture into the (spokesperson) 

Constitutive Modeling of Materials Through 
the Use of Internal Variables" 

K. Y. Kim 

93-091 Advanced Refractory Technologies (6) Thomas J. Mroz MAUC 
MPUC 

93-092 AlliedSignal, Inc. (17) Nanu M. Menon MPUC 

"Mechanical Properties of AIN-SiCw Composites 
Exposed to a Corrosive Environment" 

"Effect of Room- and Elevated-Temperature (spokesperson) 
Proof Testing on the Elevated Temperature 
Residual Strength of NT-154 Silicon Nitride" 

"Effect of Surface Condition, Machined versus 

Ho T. Fang 
David C. Wu 

93-093 AlliedSignal, Inc. (18) Nanu M. Menon MPUC 
(spokesperson) 

As-Densified Surface, in Flexural Cyclic 
Fatigue of NT-154 Silicon Nitride" 

"Characterization of Interfaces in AIN-SiCw 

Ho T. Fang 
David C. Wu 

93-094 Advanced Refractory Technologies (7) Eric Groat MAUC 

b Composites" 

APPENDIX E: FY 1994 NONPROPRIETARY RESEARCH PROPOSALS 



Advanced Refractory Technologies (8) 
"Determination of the Phvsical and Chemical 

Dave McDowell MPUC 
(spokesperson) RSUC 

Ritesh Shah 

I Characteristics of M Giade SiCw" 
93-096 I Georaia Tech 120) 

, Jane Simpson 

, William K. Baxter 
(spokesperson) 

Earl Winters 

Dan Edie 

MPUC 

MAUC 
MPUC 

XRDUC 

PPUC 

I Combustor Liner Applicatick" 
I Coors Electronic Packaging (13) 93-098 

93-097 

"Characterization of Gold Microstructure to Limit I Nickel Diffusion and Improve Functional 

"Textire Analysis'and Nanoindentation of 

Solar Turbines (2) 
"Long-Term Durability Testing of CFCCs for 

Polycrystalline NiAI" 

I Performance" 
93-099 I Clemson University (14) 

94-005 

94-006 

94-007 
Rev. 1 

"High Thermal Condu&vity CarbonEarbon 

R&D Center (1) 
"TEM Investigation of Precipitation in Metal 

University of Michigan (4) 
"Effect of Grain Boundary Phase on 

Microstructure and Fracture Toughness of 
Silicon Nitride" 

Universtty of Rochester (1) 
"Impression Creep of Tin Grain Boundaries and 

St. Gobain/Norton (9) 
"Inert Environment Creep Pelformance of NCX- 

Triple Points" 

5102 Silicon Nitride" 

I Matrix Composites" 
1 Univ. of Illinois (IO) 93-101 

Julia R. Weertman 
(spokesperson) 

Gretchen Fougere 

"Residual Stress in Ferroelectric Thin Layers" 

VPI & State Univ. (16) 
"Thermal Shock Cycling of Combustion 

93-102 

MPUC 

I Chamber Materials" I Ohio State University (2) 93-1 03 

94-008 

"Grain Boundary Composition Versus Bulk I Composition in Nonstoichiometric Nd123 

Northwestern Universtiy (4) 
"Nanoindention and Compressive Strength 

Testing of Nanophase Iron" 

I Superconducting Oxides" 
I Carnegie Mellon Univ. (2) 93-105 

I EricGroat I MAUC I 

James W. 'Klett ' I 
Raia K. Mishra MAUC 

(spokesperson) 
V. Franetovitch 

David A. Payne 
(spokesperson) 

C. Lakeman 
Deidre Hirschfeld 

(spokesperson) 
S. Alexander I 
Ken Sandhage MAUC 

I (spokesperson) 
Holly Miron 

(spokesperson) 
M. A. Sriram 

EW MEETING 
A.V. Virkar 

(spokesperson) 
Pomin su . I 
Peter Liaw MAUC 

(spokesperson) 

Vinayak P. Dravid 
(spokesperson) 

Nathan Wilcox 
V. Ravikumar I 
T. Y. Tien MAUC 

(spokesperson) 
Irene M. Peterson 

CMUC I 
J.C.M. Li 

(spokesperson) 

Michael Foley 
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"Effect of Ca Substitutions on the Physical 

Rev. 1 "Effect of Grain Boundary Phase on Residual 
Stress and Fracture Touahness of Silicon " 
Nitride" 

94-012 University of Illinois (11) 
"Characterization of the High Temperature 

Phase Transformation in Y4A120g. Dy4AI2O9, 
and Gd &O; 

94-013 
Rev. 2 

94-014 Northwestern University (5) 

Penn State University (1 5) 
"Residual Stress Measurement in UNS G93106 

Steel" 

"Investigation of the Elastic Modulus of M,C (M 
Mo. Dr, Fe, V) 

94-015 Penn State University (16) 
"Field Emission TEM Applications in Ceramics: 

Particle Shapes and Grain Boundary 
I Segregation" 
I West Virginia University (1) 94-016 

"Charact&ization and Mechanical Evaluation of 
Plasma-Enhanced CVD Silicon Nitride Coated 

"High Temperature C Ring Flexure Testing and 
Residual Stresses Determination of Filament- 
Wound Ceramic Matrix Comoosites" 

Rev. I "Process-Property Correlation of Diamond and 
DLC Films on Cutting Tools: Development of 

Rev. 1 'Determination of Residual Stress in Layered 
I 
I University of Delaware (4) 

WC Produced by Differential Creep" 
94-021 
Rev. 1 "HRTEM of Molybdenum-Promoted Rhodium on 

Gamma-Alumina: Correlation of Metal 
Aggregate Properties with Activity, Selectivity, 
and High-Temperature Carbon Monoxide 
Exposure" 

94-022 
Rev. 2 

Penn State University (1 7) 
"Investigate Post-Annealing Lattice Recovery in 

a Y-Implanted Sapphire Substrate Using 
Glancing-Angle X-Ray Analysis" 

94-023 Ford Research Laboratory (1) 
Rev. 1 

Sprayed Coating Systems" 
"Residual Stress Analyses on AI 319 Thermally 

94-025 St. GobainlNorton ( I O )  
Rev. 1 'Tensile Creep Resistance of NT 164 Silicon 

Nitride in Ambient and Inert Environments 
("As-HIPed" versus "Conventionally Machined" 

I Surfaces)" 
I University of Michigan (6) 94-026 

"Lateral Compressive Behavior of Crosslinkable 
PPTA-co-XTA High-Performance Polymer 
Fibers by Nanoindention" 

Theodora Leventouri XRDUC 
RSUC 

T. Y. Tien RSUC 
(spokesperson) 

Irene M. Peterson 

Waltraud M. Kriven PPUC 

James L. Shull 

Dr. Richard A. Queeney RSUC 

(spokesperson) XRDUC 

(spokesperson) 
1 Christopher Paliani I 
I Dr. Katherine T. Faber I MPUC 

(spokesperson) 
Cheryl Knepfler 
AItaf H. Carim MAUC 

Dr. R.K. Gupta MAUC ' (spokesperson) MPUC 
~ Daniel Collazos 

Dr. Mehrdad Nejhad MAUC 
(spokesperson) MPUC 

Mahesh Chandramouli RSUC 

Dr. Deepak G. Bhat MAUC 

Raymond A. Cutler PPUC 
(spokesperson) RSUC 

T. Barrett Jackson 
Dr. Henry C. Foley MAUC 

(spokesperson) 
Eric E. Lowenthal 

Dr. John R. Hellmann XRDUC 
(spokesperson) 

Matthew A. Stough 

Oludele 0. Popoola RSUC 
(spokesperson) 

Matther J. Zaluzec 
Robert C. McCune I 
Russell Yecklev MAUC 

MPUC 
XRDUC 

Prof. David C. Martin MPUC 

Marie-Christine G. Jones 
(spokesperson) 
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94-027 

94-028 

94-029 
Rev. 1 

94-030 
Rev. 1 

94-032 

94-034 . 

94-035 

94-036 

94-037 

Naval Research Lab (1) Paul Schoen PPUC 
"Thermal Conductivity of Nanocomposite (spokesperson) 

Aluminum Nitride" Yung-Shou Ho 
Valenite, Inc. (2) Dr. William C. Russell MAUC 
"Analysis of Structure of Composite AI2O3-ZrO2 

Cummins Engine Co., Inc. (1) Dr. Sivanandi Rajaduri MAUC 
"Microstructural Characterization of 

Cummins Engine Co., Inc. (2) Dr. Suzanne Raebel MAUC 
"Microstructural characterization of Oxidation XRDUC 

Coors Electronic Package (14) William K. Baxter MAUC 
"Effect of Various Heat-Treatments and 

Chemical Activation Steps on the Surface 
Composition of Plated Ni-B Films" 

Dr. Deepak G. Bhat 
CVD Coatings" 

Electrochemical Cells" 

Catalysts" 

(spokesperson) 
Dr. Earl D. Winters 

Cercom, Inc. (1) Richard Policka MAUC 
'Investigation of Sources of Mechanical Failure (spokesperson) MPUC 

Arizona State (1) Dr. Martha R. MAUC 
"Electron Holographic Imaging of Potential 

University of Arizona (3) Dr. Brian Fabes MPUC 
"Investigation of a Standard Reference Material 

North Carolina State (9) Robert F. Davis MAUC 
"Analysis of Adhesion at Metal-Ceramic (spokesperson) MPUC 

of SIC Ceramics" James Shih 

McCartney 
Distributors in Semiconductors" 

(spokesperson) 
for the Nanoindentet' W. Howard Poisl 

Interfaces" Robert D. James 
3RD QUARTER FY 1994 REVIEW 

94-009 Ford Research Laboratory (2) 
"Effect of Thermal Cycling on the Thermal 

Conduction of HCC-MMCs (High Ceramic 
Content Metal Matrix Composites)" 

94-038 Iowa State University (2) 
Rev. 1 

94-039 Purdue University (1 ) 
Rev. 1 

"Thermal Expansion Anisotropy of Ti&&" 

"Elastic Properties of Single Crystal and 
Textured Polycrystalline Ceramics" 

94-040 Oregon Graduate Institute of Science and 

"Effect of Weld Parameter and Groove 
Technology (1) 

Configuration on Girth Weld Residual Stress 
State" 

94-042 AlliedSignal Engines (19) 
Rev. 1 "Influence of Surface Condition on Creep 

Rupture of NT-154 Silicon Nitride" 

94-044 EGBG Idaho, Inc, (1) 
"Residual Stress Mapping of Graded AI,O,-Ni 

Joints" 
94-045 Texas A&M (1 ) 
Rev. 1 

94-046 
Rev. 1 

"Map Retained Austenite, Dislocation Density 
and Texture Difference in 4140 Steel Tube" 

Georgia Institute of Technology (21) 
"Mechanical Properties of Metastable Thin-Film 

Materials" 

XRDUC 

CMUC 

MEETING 
Gary Crosbie 

(spokesperson) 

Dr. Muft Akinc 

Andrew Thorn 
Keith J. Bowman 

Peter Miller 
David Collins 
Dr. David G. Atteridge 

Ming Li 

(spokesperson) 

(spokesperson) 

(spokesperson) 

M. Nanu Menon 

HOT. Fang 
David C. Wu 
Dr. B. H. Rabin 

(spokesperson) 

(spokesperson) 

Don E. Bray 

Ron A. Pfluger 
Byungwoo Park 

Canan Uslu 
Deok-Hyung Lee 

(spokesperson) 

(spokesperson) 

RSUC 

MPUC 

RSUC 

RSUC 

MPUC 

. 
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94-047 

94-048 
Rev. 1 

94-049 
Rev. 1 

94-050 

94-051 

University of Tennessee (37) 
"Characterization of Healing Films Formed 

During Pitting Corrosion of Tungsten- 
Implanted Aluminum" 

Rohr, Inc. (1) 
"Simuitaneous Thermal Analysis and Evolved 

Gas Analysis During Pyrolysis of Preceramic 
Polymers" 

Boeing Commercial Airplane Group (1) 
"Processing and Quenching Residual Stresses 

in Aluminum Aircraft Components" 
Eastman Kodak Company (1) 
"Residual Stress Measurements of Coated 

Photographic Product Using X-Ray Diffraction 
Methods" 

University of Dayton (3) 
"An Investigation Into the Sources of instability 

of NTC Thermistors When Exposed to 
Elevated Temperatures for Extended Periods 

I ofTime" 
1 University of New Mexico (3) 94-052 I "ElectronHolography of Catalytic Materials" 
I University of Alabama/Birmingham (6) 94-053 
I "Crystallkation of Ion-Beam Sputter Deposited I Hydroxyapatite" 
I Concurrent Technologies, Inc. (5) 94-054 

Rev. 1 "Thermophysical Properties Measurements of 
HY-I00 Steel and 11-Ni Bronze Alloy" 

94-056 Advanced Refractow Technoloaies. Inc. 
I "Characterization ofAIuminum hitride Whiskers" 

94-057 I G.E. Aircraft Enaines 
"Specific Heat C'apacity of Physical Vapor 

Deposited and Plasma Sprayed Thermal I Barrier Coatinas" 

94-055 
Rev. 3 

94-059 

94-060 
Rev. 1 

94-06 1 

94-062 

94-063 

Raymond A. Buchanan MAUC 
(spokesperson) CMUC 

Preston P. Smith 

Andrew S. Gurney PPUC 
(spokesperson) 

Donna Walker RSUC 
(spokesperson) 

(spokesperson) 
Thomas N. Blanton RSUC 

Nora Osborne RSUC 
(spokesperson) XRDUC 

Abhaya Datye MAUC 
(spokesperson) I 

E. Douglas Rigney XRDUC 
(spokesperson j 

Jin-Myun Jo PPUC 
(spokesperson) 

Mary Jane Kleinosky 
Ronald E. Smelser 
Eric A. Groat MAUC 

(spokesperson) 

(spokesperson) 
Bangalore A. Nagaraj PPUC 

4TH QUARTER FY 1994 REVIEW MEETING 
Rodel, Inc. (1) 
"Effects of Chemical Mechanical Polishing 

(CMP) on Metal Interconnect Structures" 
McDonnell Douglas (5) 
"Development of High Thermal Conductivity 

Carbon Fiber Composities" 
Westinghouse Electric Company (2) 
"Materials Property Evaluation of Combustion 

Turbine Overlav/Bond Coatings (MCrAIY's) 
from Room Temperature to 1&5O0F" 

PPG Industries (1) 
"Compressive Creep Testing of Fusion Cast 

Alpha-Beta Alumina Material (Carborundum 
Monofrax M)" 

North Carolina State University ( I O )  
"Electron Holography and Atom Probe Study of 

CoSi,-Coated and Diamond-Coated Si Field 
Emitters " 

Polytechnic University (1) 
"High Resolution TEM Investigation of 

Dislocations in Gamma Titanum Aluminides" 

Anantha R. Sethuraman 
(spokesperson) 

David A. Bowers 
(spokesperson) 

(spokesperson) 
Alfred A. Pallotta 

Dr. George A Pecoraro 
(spokesperson) 

Mr. Gary Hughes 
Dr. Michael Tenhover 
Dr. John Hren 

(spokesperson) 
Alline Frances Myers 

Sung H. Whang 
(spokesperson) 

Zhong-Min Wang 

MAUC 
XRDUC 
RSUC 
MPUC 

MPUC 

MPUC 

MAUC 

MAUC 
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94-065 
Rev. 1 

94-066 

94-067 

ART, Inc. ( 8 )  
"Investigation of the Thermal and Mechanical 

Properties and Structural Characteristics of 
Diamond-like Nanocomposite (DLN) Thin 
Films" 

University of Washington (2) 
"Characterization of the Effects of Manufacturing 

Processes on the Elevated Temperature 
Properties and Performance of Self- 
Reinforced Silicon Nitrides" 

ART, Inc. (9) 
"Determination of the Physical and Chemical 

Characteristics of Titanium Nitride Whiskers 
I 
I Corning Incorporated (1 ) 

Systhesized via a Novel Route" 
94-068 

Arvind Goel 
(spokesperson) 

'ReliabTlity, Fatigue, and Machining Damage Rev' ' I Tolerance of Mica-Containing Giass- 

MPUC 
MAUC 

XRDUC 

Dr. Kenneth Chyung 
(spokesperson) 

MPUC 
MAUC 

I (SRBSN)" 
I Alabama A&M University (2) 94-071 

94-069 
Rev. 1 

Rev. 1 

Ceramics" 
University of Tennessee (38) 
'Measurement of Stiffness and Hardness of 

"Process Dependence of Orientation of Aromatic 
Ribbons (Fibrils) and Storage of Lithium in 
Glassy Carbon" 

94-070 
Rev. 1 

Multiple Phase Intermetallics" 
Golden Technologies Co. (1) 
"Analysis of Residual Stresses in GTC's 

Sintered Reaction Bonded Silicon Nitride 

Hossein Maleki 
(spokesperson) 

D. Ila 
Gwyn M. Jenkins 
Lawrence R. Holland 
Dr. James C. Rawers 

(spokesperson) 

Jerry Allsman 

Dr. Ash Thakker 
(spokesperson) 

Dr. James J. Steppan 
(spokesperson) 

94-074 
Rev. 1 

94-075 

94-076 
Rev. 1 

XRDUC 
MAUC 
MPUC 

RSUC 
XRDUC 
MAUC 
MPUC 
RSUC 
MAUC 

PPUC Martin Marietta Corporation (1) 
"Thermal Diffusivity Evaluation of Iron-Nickel 

University of Illinois at Urbana-Champaign (12) 
"Oxygen Octahedra Distortion in Rhombohedra 

Electroform" 

PZT Solid Solution and Constriction on 
Polarization" 

NASA Langley Research Center (3) 
"Determination of Heat-Transfer Properties for 

Glass-Ceramic Materials Used in 

94-072 
Rev. 1 

I Aerothermodynamic Heating Studies" 
94-077 I Ceradyne, Inc. ( I )  

U. S. Bureau of Mines (2) 
"Characterization Microstructure of Mechanically 

Alloyed Fe-N Powder" 

94-073 
Rev. 1 

Rolls Royce, Inc. (I)  
"Effect of Thermal Exposure on Residual 

Stresses in TiAI" 

Michael G. Jenkins 
(spokesperson) 

XRDUC 

(spokesperson) 
Xunhu Dai 

Gregory M. Buck 
(spokesperson) 

Robert Roy Baker 
(spokesperson) 

Dave Parmenter 
Bijana Mikijelj 
Evan M. Ludeman 

(spokesperson) 

(spokesperson) 
Eric Groat 

PPUC 

CMUC 
MPUC 

MPUC 

Rev. 1 

94-078 
Rev. I 

Peter K. Liaw 

JeffrevA Cook 
(spokesperson) 

"Evaluation of the Creepfeed Grinding Process 

Westinghouse Electric Company (3) 
"Investigation of the Long-Term, High 

for Improved Material Rates of Selected 
Ceramic Materials " 

Temperature Properties of a Commercially 
Available Continuous Ceramic Fiber- 
Reinforced Ceramic Matrix Composite" 

Garry J. Garvey RSUC I MPUC 
(spokesperson) XRDUC 

Bnan E. M'cClure~ I 
Dwight Viehland PPUC 



94-079 

94-080 

94-081 

94-082 

94-083 

94-084 

94-085 

94-086 

94-087 

94-088 

95 

Georgia Institute of Technology (22) W. J. Lackey 
"Microstructural Characterization of Carbon- (spokesperson) 

Garth B. Freeman 
Sundar Vaidyararnan 

Carnegie Mellon Universtiy (3) Prashant N. Kumta 
"Structural characterization of Chemically (spokesperson) 

Synthesized Cubic Spinel Phase of LiMn204' Akshay Waghray 
Oak Ridge National Lab (1); Metals and K. B. Alexander 

Ceramics Division (spokesperson) 
"Thermal Expansion Behavior of Ceria-Stabilized P. F. Becher 

Zirconia" S. Spooner 
Phillip Morris, USA (1) Dr. Seetharama C. 
"Reaction Synthesis of FeSi,, Ni,Si, Ti5Si3, CoSi, 

Carbon Composites Produced by FCVI" 

Deevi (spokesperson) 
and a Composite of Silicide and Silicon 
Carbide" 

Cree Research. Inc. Ill 
"TEM Analysis fo Group 111 Nitrides on Sic 

Universal Energy Systems, Inc. (3) 
"Surface Hardening of Polymeric Composites by 

Substrates" 

High Energy Ion-Irradiation" 
Golden Technologies Company, Inc. (2) 
"Evaluation of Centerless Grinding: A Cost- 

Effective Production Process for Selected TT2 
and SRBSN Components" 

Golden Technologies Company, Inc. (3) 
"Creepfeed Grindinq with COMMEC Assist of 

John Edmond 
(spokesperson) 

Rabi S. Bhattacharya 
(spokesperson) 

(spokesperson) 
Jack Sibold 

Marc Ritland 

Jack Sibold 
(spokesperson) . ,  

Selected CeramiGMetal Composites" I Marc Ritland 
I Joseph A. Kovach Eaton Manufacturing Tech Center (3) 

"Evaluation of Centerless Grinding a Cost (spokesperson) 
Effective Production Process for SRBSN TTr2 

"Residual Stress Measurements in Residual (spokesperson) 

MAUC 

XRDUC 
RSUC 

RSUC 

PPUC 
XRDUC 

MAUC 

MPUC 

CMUC 
CMC 

CMUC 
CMC 

CMUC 
CMC 

RSUC 
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ORNL /TM-12902 

INTERNAL DISTRIBUTION 

1-2. 
3. 
4-5. 
6. 
7. 
8-10, 
11. 
12. 
13. 
14 
15. 
1 6. 
17 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30 

310. 

Central Research Library 
Document Reference Section 
Laboratory Records Department 
Laboratory Records, ORNL-RC 
ORNL Patent Section 
M&C Records Office 
K. B. Alexander 
B. R. Appleton 
L. F. Allard 

J. B. Ball 
R. L. Beatty 
PJ. Blau 
E. E. Bloom 
D. N. Braski 
K. Breder 
R. A. Bradley 
D. F. Craig 
R. B. Dinwiddie 
L. B. Dunlap 
M. K. Ferber 
L. L. Horton 
C. Hsueh 
C. R. Hubbard 
M. A. Janney 
D. R. Johnson 

P. Angelini 

31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46-297. 
298-301. 
302. 
303. 
304. 
305. 
306. 
307. 
308. 
309. 

K. Kozauek 
M. A. Kamitz 

P. A. Miller 
W. H. Miller Jr. 
K. L. More 
T. A. Nolan 
S. D. NUM 
A. E. Pasto 
W. D. Porter 
L. Riester 
J. B. Roberto 
A. C. Schaffhauser 
P. S. Sklad 
J. 0. Stiegler 
P. A. Teague 
V. J. Tennery 

T. R. Watkins 
A. A. Wereszczak 
R.E. Ziegler 
H. W. Foglesong (Consultant) 
E. L. Menger (Consultant) 
J. G. Simon (Consultant) 
K. E. Spear (Consultant) 

E. Lara-CUrzio 

x-L. wang 

EXTERNAL DISTRIBUTION 

AIR PRODUCTS, R&D Lab No. 1,7201 Hamilton Boulevard, Allentown, PA 18195 
F. Kimock 
ADVANCED REFRACTORY TECHNOLOGIES, INC., 699 Hertel Avenue, Buffalo, NY 14207 
A. Goel T. J. Mroz 
E. Groat 

311-313. 

314. 

315-319. 

320. 

326329. 

ALABAMA A&M UNIVERSITY, Department of Physics, Normal, AL 35762 
H. Maleki 
ALFRED UNIVERSITY, New York State College of Ceramics, P.O. Box 771, Alfred, NY 14802 
T. Bell R. L. Snyder 
D. Camahan J. Taylor 
N. Ninos 
ALLIEDSIGNAL AEROSPACE COMPANY, 717 N. Bendix Drive, South Bend, IN 46620 
R. Rateick 
ALLIEDSIGNAL AEROSPACE COMPANY, Ceramic Components Division, 2525 W. 190th Street, MST52, 
Torrance, CA 90509 
B. J. Busovne, Jr. 
M. V. Mitchell 
J. P. Pollinger 
ALLIEDSIGNAL AEROSPACE COMPANY, Garrett Engine Division, MS 503-412,111 S. 34th St., P.O. Box 
52181, Phoenix, AZ 85034 
H. T. Fang J. Schienle 
M. N. Menon J. R Smyth 

321-325. 

M. L. Savitz 
H. C. Yeh 
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330-331. 

332-334. 

335-339. 

340-341. 

342. 

343. 

344. 
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