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ABSTRACT 

The I-Iigh Temperature Materials 1,aboratory (I4TML) has completed its tenth year of opcration 
as a dcsigiiated IJ.S. Departinent o f  Energq User Facility at Oak Kidgc National Laboratory. This 
document profiles tlie historical growth of the HTMI, llser and Fellowship Programs since their 
inception in 1987. Growth of the H'T MI, programs has been demonstrated by the number of 
institutions executing user agreeinerits arid by the iiuniber of d a j  s of instrument use (user days) since 
the IITML bcgan operation. A total of 380 nonproprietary agreements (21 1 industry, 160 
university, and 9 other federal agcncq) and 67 proprietarq agreemciits are IIOM in effect This 
represents an increase of 1 14 nonproprietary user agreements since the last reporting period 
(FY 1995 and FY 1996). A 5tate-by-state summary of these nonproprietarq user agreements is given 
i n  Appendix A. Forty-six states are represented bq these users. 

During FY 1997, the HTMI, User Program evaluated 73 nonproprietary propocals ( 3 5  from 
industrj, 34 from universities, and 4 from other government facilities) and several proprietary 
proposals. The I ITML, llser Advisorq Cotnniittee approved about 95% of those proposals, frequently 
after the prospective user revised the proposal based 011 comments from the committee. 

This annual report discusses activities i n  the individual user centers, a\ well as plans for the fiiturc. 
It also gives statistics about uscrs. proposals, and  publication^ as well as surnniaries of tlie 
nonproprietarq research prqjects active during FY 1997. 

... 
Xlll  





The High Temperature Materials Laboratory (tI IML) is a modern research facility at the Oak 
Ridge National Laboratory (ORNL) that houses a uiiique collection of instrunicnts for characterizing 
materials. The instruments in  the six user centers provide a comprehensive set of tools for 
perforin ing state-of-the-art deterinination of the structure and properties of solids and some liquids at 
high temperature. A dedicated staff trains and guides users in conducting the research. 

Highly computeriad instrumcntatioii is used to improve the efficiencj of data collection and 
interpretation. Research projects start as submitted proposals that. when approved. provide tlie user 
access to any of tlie I-ITMI, instruments needed to perform the work. User projects typicall} include 
research to rclate inaterials properties to structure or to ~naniifacturing processes, or to train users 
and provide them access to the equipment necessarj to perforin their own materials research. 

successful operation of the HTML Uscr Program. ’The external committee, known as the HTML 
Prograins Senior Ad\ isory Committee, provides guidance on strategic issues facing HTMI,. During 
the FY 1997 reporting period, the IITML Program Senior Advisory Committee was composed of 
the fo 1 1 ow i n 2; mein hers: 

An external oversight advisory committee and an on-site proposal review corninittee assist in the 

Dr. Ronald 1-1. Chand (1 992j, Chaiid Kare Technical Ccramics, Worcester, Mass.; 
Mr. Bryan J .  McEntire (1992j, St. Gobainhlorton Industrial Ceramics Corp., East Granby, Conn.: 
Llr. James W. Patten ( 1991), Cuminins Engine Co., Columbus. ind.: 
Dr. Maxine I , .  Savitz (1  990j, AlliedSignal Ceramic Components. Torrance, Calif.; 
Ur. Andrew M. Sherman (1997), Ford Research Laboratory, Ilearborn, Mich.; and 
Dr. Wendell S. Williams (IO%j, Dept. of Materials Sciencc and Engineering, Case Western 
Reserve University, Cleveland, Ohio. 

Early i n  the User Program. user agreements wcre developed that establislied the intellcctiial 
property and liability rights of the user institution and Martin Marietta bncrgy Systems, Inc. 
(MMES)/I,ochheed Martin Kiicrgy Systems, Inc. (LMbS) [before the establishment of Lochheed 
Martin Energy Kcsearch Corp. (I.MEKj]. Two types of standard agreements are used: a 
nonproprietary agreement and a proprietary agreement. The nonproprietary iiscr agreement requires 
that users, along with HTML technical staff. jointly publish the results of their research within 
6 months of completing the user project. Proprietary agreements do not require uscrs to publish with 
IITML staff but do recluirc payment on a full-cost recovery basis. l’he first user agreement was signed 
on Julq 15, 1987; since that time, 380 nonproprietary agreements have been executed. 11-1 

Appendix A. a state-bj-state listing is provided of the approved nonproprietary user agreements that 
involve materials research and provide access to I ITML. 

inception of tlie HTML. In the current reporting period, 73 nonproprietary research proposals wcre 
received, and these are listed i n  Appendix B. 

Work was performed on numerous projects during the reporting period, including several that 
were initiated in  previous years. Sunitnary descriptions of these projects are given i n  Appendix C. 
Several presentations and piiblications were produced as a result of these projects; they are listed i n  
Appendix D. 

Since shortlq after the beginning of the User Program, a user logbook hac been kept for each 
instrument in the user centcrf. bntries in tile logbooks are tallied annuallq by each uber center for 
each instrument, and the totals are rolled into one set of data for IITML. Each 8-h period of time, or 
fraction of an 8-11 period, that an instrument is being used is tallied as a “user day.” Over the years 
since 1987, the user-day data have been collected for industrq and uiiiversit) users. as well as for 
internal ORNI, staff. I n  FY 1997, there were 22.162 user days of effort. A coniplete tabulation of 
user days bq uscr ccnter. instrunient, and user type is contained in Appendix E. A full discussion of 
these statistics i s  presented in Sect. 3 .  

These 380 nonproprietary user agreements have yielded 740 project proposals since the 





2. MAJOR ACCOMPLISHMENTS CN FY 1997 

During the FY I997 reporting period. the H'T'MI, experienced continued growth, both i n  the 
number of users performing research and in the number of proposals rcceived. The User Centers 
undertook activities in new areas and expanded their existing expertise and capabilities. The 
followiiig sections contain suniinaries of inany accomplishments at HTML, during this time. 

2.1 HTML PROGl2AM ITEMS 

2.1.1 Total Quality Management Effort 

Continuous improvement of processes is essential to the continued health of programs and 
facilities at HTML. For that reason, HTML staff began i n  1995 a thorough internal evaluation to cut 
and control costs and to improve efficiency. I n  1995, we initiated a total quality management 
(TQM) effort with 1neeting.s of staff and management to discuss our mission and vision and to agree 
upon a set of guiding principles and goals to lead us into a secure future. This effort was expanded in 
FY 1996, through the leadership of. Mary Rawlins and Connor Matthew of the IJ.S. Depal-tnient of 
Energy Oak Ridge Operations Office (DOE-ORO). I n  FY 1997, wc began a thorough examination of 
the processes by which users are located, proposals are received and processed, and work is 
accomplished. The goal of this effort is to locate those processes that are redundant or othenvihe 
unnecessary and costly i n  time or funding, and eliminate them if possible. One of the processes wc 
have modified is the external review process for proposals. which previously involved quarterly 
proposal rev& meetings wherein two staff members from private industry and one from a university 
traveled to HTML and conferred with the director and the user center leaders. We saved $58,000 per 
year by eliminating the external reviewers, their associated travel and per diem expenses. and our 
internal preparation time. Also, we now review proposals monthly, thus providing much quicker 
turn-around time than previously. We are now concentrating on eliminating or speeding up the other 
processes involved i n  getting proposals and users into HTML. One major improvement has been i n  
controlling and tracking the user and proposal paperwork (see next item). 

2.1.2 A New HTML Database 

Ted Nolan and Billie Kussell have developed and implemented a new, comprehensive HTML 
database. Previouslj , two separate databases existed, each unrelated to the other. The new sy stein 
connects the p r o p o d  database to the instrument use database, and it is located on the server so that 
it i s  accessiblc to H'T'MI, group leaders and administrative staff. This year several new features have 
been added, including built-in letters of proposal receipt, approval, etc.. so that when information is 
added to thc database on new users or proposals, the necessary correspondence can be printed directlj 
and instantly. 

2.1.3 HTML Celebrated Its Tenth Anniversary 

On July 15, 1997, IITML hosted a celebration of its founding ten years ago and its successfiil 
operation since then. Public events were held from 8 a.m. to 12:30 p.m. at the Pollard Auditorium 
on the campus of Oak Ridge Associated Universities and from 2 to 5 p.m. at Oak Kidge's Garden 
P l a n  Hotel. 

The inorning session provided several perspectives on the history of HTML and its research 
accomplishments. The speahers included L)r. Arvid Pasto, f ITML director; Dr. Douglas Craig, 
director of ORNL'5 Metals and Ceramics Division; Mr. AI Chesnes, fornicr director of DOE'S Office 
of l'ransportation Systems; Dr. Victor Tennery. I-ITML's original director; Dr. Alex Zucker, former 
ORNL associate director and one-time acting laboratory director; Dr. Wendell Williams, retired 
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professor from the University of Illinois: Ms. Mary Kawlins, program manager for DOE‘S Oak Ridge 
Operations; and Dr. J i m  Eberliardt. director of IlOE’s Office of Heavy Vehicle ‘I’echnologies. 

Speakers from user institutions included Dr. Abhaya Dalye, director of the Center for Micro- 
Engineered Ceramics at the University of New Mexico: Dr. J i m  Patten, executive director of 
Materials Engineering at Cummins Engine Co.; Dr. Ciregg Wagner of Westinghouse; and Ilr. Michael 
Keadey of Caterpillar. Displays representing Allison Engine Company, Chand Kare Technical 
Ceramics. Caterpillar, Detroit Diesel Corporation, Cuniniins Engine Company, and AlliedSignal 
Aerospace Engine Company were available i n  the HTML lobby. A poster and vendor display was 
open i n  the Garden Plaza Ilotel lobby during the afternoon of July 15. 

2.2 SPECIAL VISITORS, HONORS, AND AWARDS 

2.2.1 Efforts to Brief the U.S. Military 

Efforts are being made to bring H’T’ML to the attention of tlie IJnited States military services, 
since our capabilities are often cotnplementaty to those of the service branches and the Defense 
Advanced Research Projects Agency (DAKPA). Numerous visits to H’I‘ML were made this fiscal 
year, including: Lt. General Ronald [lite, Military Deputy to the Assistant Secretary of the Army, 011 

October 9; Major Steve Hruttig and his staff of the U.S. Army Medical Kesearch and Material 
Command, on October 9: USAF Colonel Michael Wiedemer, Commander of Arnold Engineering 
Development Center, on October 1 1 : Brigadier General James Roddie of Picatinny Arsenal, on 
November 26; Mr. Richard Kumpf, ex-Assistant Secretary of the Navy for research and development 
(R&D). on December 18: Dr. Dennis Wend of I‘AKDEC, on February 25: General Johnny Wilson, 
U.S. Army, on March 1 1 :  Dr. Fennel. Milton, Deputy Assistant Secretary of the Army for Research 
and Technology, on April 1 I ;  Cpt. Martin Kosiek, Jacksonville Naval Aviation Depot, and many of 
his scientific and engineering staff. on April 30: staff of the Naval Sea Systems Command 
(NAVSEA), representing the technology office. and the Aegis. CVX, and SC-21 Programs, on July 
15; General Gordon Sullivan, retired Chief of Staff of tlie I1.S. Army, on August 19: staff of the U.S. 
Army TACOM and Focus: HOPE of Detroit, on August 25; and Rear Admiral of the Navy Michael 
-1. Coyle, with responsibility for NAVSEA, on October 3 1 .  

A particular highlight was the visit by Lieutenant General of the Army Ronald V. Hite. Military 
Deputy to the Assistant Secretary of the Army-Research, Development, and Acquisition, and 24 of 
his staff and program executive officers on April 10 and 1 I .  1997. General Hite‘s office has a budget 
of $14B (larger than NASA’s) and covers e v e 3  Army weapon system. Present were 2 three-star 
generals, 4 two-star generals, and 5 one-star generals, along with several colonels and civilians. They 
represented aviation, tactical wheeled vehicles, tactical missiles, etc. Several of them were impressed 
with the programs and capabilities of HTML and requested follow-on visits for their staffs to probe 
means of and areas for collaboration. 

Arvid attended the Defense Manufacturing Conference i n  Miami Beach during the first week of 
December and presented a paper oil HTML to thc “Best Manufacturing Practices” symposium there. 

2.2.2 Other DOE Offices 

I n  a similar vein, H TML has been brought to the attention of several other offices of DOE, w i t h  
visits including those of Dr. Pandit Patil, director of the DOE Office of Advanced Automotive 
Technologies, on October 1 7; numerous researchers and management representatives of the 
refractories industrj attending an 01 r-sponsored work5hop in the IiTML. who were given a 
presentation of H I‘ML capabilities and a tour on November 7; Howard Feibus. the director of the 
Office of Advanced Research i n  DOE-Fossil Energj : Fred Glaser, tlie deputj to this oftice, and 
Marvin Singer, senior advisor for the Advanced Policq and Planning Team at DOE-F E. on December 
I O ;  Mr. Bill O’Connor, [Oak Ridge liaison i n  the Office of Field Managenient, DOL-Headquarters 
(HQ)]. on March 5 ;  and a large group of DOE staff reprcsenting the DOF, Committee on Cost 
Methods Development (CCMD) on June 19. 
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A particular highlight was the visit by Energ?, Secretary Pena and Mr. Toin Gross, director of tlie 
Office of Transportation Technologies, on May 30. ’T’he secretary was shown around HTMI, and was 
briefed on our neutron residual stress activities. 

2.2.3 Conference and Exhibition Participation 

A n  id participated in  the SAE ?’ruck and Bus S h o ~  and Exposition in Detroit on October 14-16, 
1996, where the HTML was represented b j  a display booth and was featured i n  a presentation given 
bq Arvid. 

Arvid and several HTML staff attended the annual DOE Customer’s Coordination Meeting i n  
Dearborn, October %-November 1 .  Several posters illustrating work at the IITML were displayed iii 

the poster cxhibition, and a display booth highlighting ORNl,’s accomplislimetits i n  the lieat engine 
topic area included IiTMI,. A livc demonstration of remote microscop) was given during two of the 
meeting daq s by members of the Materials Analysis User Center. 

Arvid attended the OIT EXPO i n  Washington February 4-26. 1997, where the HTMI, shared an 
exposition booth u ith the 017 Advanced Industrial Materiala Program display. 7‘he purposes for 
attending the confereiice/exposition werc (a) to inform the attendees of the availabilitj and 
capabilities of the H‘I’ML and (2) to gain insight into the research, de\elopment, and technology 
needs of the various industries represented there. Arvid brought bach the names of several keq 
contacts, and litcrature representing all of thc 0 1  1 ”Industries of the Future’. (10Fs): steel, 
a luminum,  glass, chemicals. refining, forest products, and metal casting, as well as from several 
industrial segments represented there that arc not yet full-fledged IOEs-heat-lreating, agriculture, 
and forging. 

1997, where he hosted a display booth at the confereiice’s exposition and presented a paper on the 
IITML’s capabilities at a symposium on NDE. He also moderated a panel discusion on NDE. 

participants at Pennsylvania State Unicersity. Arvid served on the thesis committee of this student. 
Dr. Matt Stough, who has takcn a position at Osrain Sqlvania i n  New tlanipshire. 

paper on tiTM1, and its capabilitie5. 

period, including the ASM/TMS Materials Exposition in Indianapolis, September 16-19, where 
H TMI, had an exhibition booth, and Discover Ceramics “97,” September 23-26, a conference in 
Columbus, Ohio, where HTML also had an exhibition booth. Staff also attended and/or presented 
paper5 at the Conference on Transportation ‘Technologies, Department of Transportation (DO r) 
Volpe Center. Cambridge, Massachusetts, September 16-1 8, 1997; the USAC’A Meeting in1 

Washington, September 23-24, 1997; the National Conference on the Ad\ aiicement of Research i n  
Oak Ridge. to mhich Arvid was invited, September 2 1-24- 1997; the International Symposium on 
Ceramic Material for Engines i n  Japan, October 1907: and tlie Annual CCM i n  Dearborn, 
October 27-30, 1997. 

Arvid attended tlie American Ceramic Society Annual Meeting i n  Cincinnati. Ohio on May 4 -7, 

Arvid participated i n  the 1’h.L). thesis defense of one of the I I l M L  Fellowship Program 

Arvid also attended a Materials Research Conference at Northwestern University and presented a 

‘The director and/or staff of the H‘TML attended numerous other conferences and exhibitions this 

2.2.4 HTML Written Up in Navy “Best Manufacturing Process” Document 

The HTML, and its program5 werc reviewed by the [J.S. Navy‘s Best Manufacturing Processcs 
Survey Team on November 5 ,  1996. spending a full day i n  the facility hearing prcsentations and 
seeing the equipment. We were rewarded with the following ti’I’ML-related i t e m  being designated 
“best practiccs:’“ 

* 

* 

The Overall IITML Concept, including tJser//Fcllowship programs 
Reinotc Microscopy: Thc Virtual Laboratory Concept 
Revolutionary High Speed Infrared Camera System For Quantitative Tliermal Diffusivity 
Mapping and Nondestructive Evaluation 
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Tlic four remaining HTML presentations are: 

Mechanical Properties Microprobe, and 

I n  Situ High Temperature ‘Thermal Analysis and Diffraction, 
Through Thickness and Surface Residual Stress Mcasurenient, 

Machining and Inspection Research User Center 

and will also be proniinentlq included in tlie Navy’s urite-up, but were not designated as  best 
practices. l h e  published report should be available within a couple of months. 

2.2.5 Honors, Awards, and Appointments 

Several HTML staff received special honors or awards and/or werc appointed or elected to office 
i n  scientific organizations during this fiscal year. 

Kristin Breder 

,4u ard from tlie Association for Women in  Science. East Tennessee Chapter, for Distinguished 
Scientific Achievement. 

Third prize from the American Ceramic Society. Engineering Ceramics Division. for Student 
Technical Presentation by Ron Ott. Kristin Breder, Mattison K. Fcrber, and J. M. Rigsbee 
(Characterization of Machining Induced Subsurface Damage of a High Strength Silicon Nitride). 

Designated recording secretary for IEA Annex I I ---I t A  Cooperative Programme on Ceramics for 
Advanced Engines and Other Conservation Applications. 

Rulph Dinwiddie 

American Ceramic Society Ceramograpliic Award. First Place for Optical Techniques, with 

Elected for a second 2-year term as vice chair of tlie board of governors of the International 

Elected for a second term as chair of the Thermosense Working Group, a 150-member 

I 3 sin W ang . 

Thermal Conductivity Conferences. 

international organization of therinographers. 

“Outstanding Technical Achievements Award,” Hispaiiic Engineer National Achievement Awards 

Award of Appreciation. American Society for Testing and Materials (AS1 M), Committee C28 
Confercnce, Houston. Texas, October 1 I ,  1997. 

on Advanced Ceramics for authoring standard C 1337. Test Method for Creep and Creep Rupture of 
Continuous Fiber-Reiiiforccd Composites Under Tensile 1 nading at Elevated Temperatures. January 
1997. 

Best of Shorn and First Place Poster Award. American Ceramic Society, i n  recognition of the 
poster presentation entitled ‘“Characterization of NicaloniM/SiC Composites M it11 BN/A1203 Fiber 
Coatings,” presented at the 99th Annual Meeting & Exposition, Cincinnati, Ohio, May 4-7, 1997 
( A .  Clark and K. L. More, co-authors). 

Vice Chairman and secretarq of the ASTM Subcommittee C28.07 on Ceramic Composites, 
Januarq 1995-to date. 

Cocliairperson of Coordination Groiip on rest Methods for Ceramic Matrix Composites, 
Military Handbooh- 17. November 1995 -to date. 
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Leader of Task Group on Rules Governing Testing, Anicrican Society for Meclianical Engineers 

Chairperson of Sessioii on Meclianical Test Methods and NDE. 2 1 st Annual Cocoa Beach 

Chairperson and Session Developer, Stress Ruptiire of Ceramic Matrix Composites, Fourth 

(ASME,) Hailer and Pressure Vessel Code for Ceramic Matrix Composites, August 1996-to date. 

Conference and Exposition, Cocoa Beach, Florida, January 1 5 ,  1997. 

International Conference on Composites Engineering, ICCE/4, Kohala Coast, Hawaii, .luly 6-1 2, 
1997. 

Award of First Prize i n  the American Ccramic Society Ceramograpliic Contcst at the 99th 
Aiiriual Meeting, May 1997, with Frank A. Modine and Ralph B. Dinwiddie. Entitled “Infrared 
Micrograph of  a ZnO Varistor During t:lectrical Breahdowri.” 

Elected as Nlember of International Scientific Committee, Meca-SENS 1 (Stress Evaluation by 

Member of Youth Coinmiltee, Cliinese Materials Research Society. 
Co-recipient of a 1997 O K N L  Laboratory Directed Research and Development grant. 
Hest Paper Am ard. 1996 TAPPJ Engineering Conference. 
Invited presentation in October 1997. ’The Sixth Materials Research Conference for Young 

Invited presentation in June 1997, lnstilut 1,auc-Langevin, Grenoble, France. 
Invited presentation in Junc 1997, JAoratoire Leon Brillouin, Saclay, France. 

Neutron and Synchrotron Radiation), to be held in Reinis, France. December 1990. 

(Chinese) Scientists, Jinan, China (unable to attend). 

2.3 MATERIALS ANALYSIS USER CENTER (MAUC) IiIGRLIGHTS 

2.3.1 DOE2000 Program Awarded to ORNL with Participation of HTML 

T\n/o pilot programs selected to be funded as a part of the DOE2000 initiative were announced in 
1997. A proposal co-submitted by OTT Offici,. of Heavy Vehicle ‘i’echnologies (OHVT) cntitled 
“Materials MicroCharacterization Collaboratory” was one of these pilot progranis selected by the 
Mathematical, Jnfcmnation, and Computational Sciences (MICS) Division of Energy Research (ER) 
for the DOE2000 initiative. l h i s  pilot program is demonstrating the use of activities such as remote 
electron microscope operation, video teleconferencing. and the use of electronic white boards in 
collaborative materials research. Research focuses on the characterization of NOx reduction catalysts 
(of major importance to OHVT) and materials interfaces (of general interest for inany EE and ER 
inatcrials programs). The collaboratory brings together coin binations of unique characterization tools 
and experts to provide real-time insights into the performance of materials, thus demonstrating a 
new paradigni in the conduct of niaterials research. The Materials Analysis IJser Center and the 
Residual Stress User Ccntcr are major participants i n  this project in  two ways. Hardware and software 
are being implemented to facilitate use of € ITML instruments that are already available for remote 
operation and to bring on-line other instruments. HTML personnel are providing principal guidance 
for research using irtual laboratory tools that will relate catalyst microstructure to performance. 

2.3.2 Industrial Catalyst Company Makes Successful Use of Ex Situ Reactor 

Dow Chemical Company users began work in the MAUC >,tidying the effect5 of  sequential 
reactions on the growth of palladium (Pd) particles in  Pdicarbon (<:)-based model catalyst spccimcns. 
These samplcs formed the basis of a series of experiments aimed at determining whether or not our 
new ex-situ catalyst reactor system was suitable to provide useful information about reaction 
rnechanisnis and the development of catalyst morphologies that might affect performance. ‘I‘liis was 
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tlie first time our reactor system was tested under tlie most stringent of working conditions that 
iiiiglit be used in aiiy study. Over tlie course of four days. more than 20 separate reactions were 
conducted at temperatures from 100°C to 800°C and in both nitrogen and hydrogen atinosplieres. I n  
every case. tlie reactor system and tlie procedure for traiisfer of tlie specimen into the microscope 
and subsequently back into tlie reactor without exposure to tlie atmosphere worked perfectly. The 
system proved to be facile and easy to use. and tlie Dow users were clearly impressed with tlie 
efficiency of tlie operation. Some dramatic micrographs were obtained showing, for example, the 
formation of nanoparticles of Pd uniforiiily distributed over the carbon support surface as a critical 
temperature was reached. We are now in discussions that may lead to tlie initiation of proprietary 
work on real catalyst systems with Dow. 

2.3.3 Remote Microscopy Developments 

Staff of the Materials Analysis User Center continued to develop and demonstrate remote 
microscopy tools. Full funding for tlie Materials MicroCliaracterization Collaboratory (MMC. a 
DOE2000 demonstration project. noted above) was received from tlie MlCS branch of DOE-ER. 
These funds and the matching EE funds from tlie OHVT are being used to support tlie activities 
described below. 

The MMC has been designated as a Next Generation Internet (NGI) application. 'l'his can be 
expected to provide infrastructure support by increasing communication speed between 
collaborator?: partners and industrial and university researchers participating i n  MMC-related 
researc 11. 
We are developing a research relationship with tlie National Aeronautics and Space 
Administration's (NASA's) Aines Laboratory, Moffett Field, California. NASA is creating an 
Astrobiology Center located at Ames. The center will rely heavily on virtual laboratory 
concepts, and we at HTML have the opportunity to provide microstructural characterization for 
this center. A demonstration project is already under way, whereiii scientists at Ames will be 
observing tlie famous Mars meteorite remotely using our high resolution SEM, looking for 
fossilized signs of life. The Astrobiology Center will rely heavily on NGI developments; Aines is 
the principal laboratory for all of NASA's involvement i n  tlie NGl project. On July 10, 1997, at 
,41nes, H'TMI, and NASA personnel demonstrated to NASA management the use of the tl'IM1, 
microscopes for such studies. The head of all of NASA's NGI programs was in attendance. 
Although not directly related to EE missions. these activities provide us with experience 
performing very high resolution SEM remotely, helping cement our role in NGI, and possibly 
leading to significant financial support in the future. 
Educational activities continued to increase. Remote microscopy and video teleconferencing are 
being used to provide microscopy instruction for courses at Lchigh University and the University 
of Tennessee. The University of Wisconsin-Milwaukee is next in  line to be set up for educational 
programs. 
,411 M M C  demonstration took place at tlie DOE Research Integration Workshop in Reston. 
Virginia on July 16, 1997, during which time Secretary of Energy Pena was offered the 
opportunity to run electron microscopes at HTML and at Berkeley National Laboratory. 

2.4 DIFFRACTION USER CENTER (DUC) HIGHLIGHTS 

2.4.1 High Temperature X-ray Diffraction Capabilities Installed at X14 Beamline 

Two HTML researchers extended tlie instrument capabilities at the National Synchrotron Light 
Source beamline X 14. where HTML has a post-doc stationed, by utilizing a programmable Micristar 
temperature controller. A test sample material. bismuth strontium oxide. was selected for study. This 
material is of interest as it is a fast oxygen ion conductor, with a poorly characterized phase 
transformation at elevated temperatures (around 650°C),  and has potential applications in solid- 
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oxide file1 cells and solid-state sensors. The Micristar unit was successfully substituted for the Biihler 
controller, which allowed the adjustment of the control settings, digital readout of temperature, and 
programming of tempcratiire schedule. This rrnit may be controlled via an RS-232 interface, and it is 
hoped that such an interface will be set up i n  tlie fiitiire between the VAX computer and the Micristar 
to integrate the temperature control with the goniometer software. 

2.4.2 Intensity Enhanced at HFlK Bearnline H E 4  

This year, the Solid-state Division at ORNL installed a vertically focusing Ge(51 I )  
inonochroniator on the HB-4 diffractometcr that resulted in a tlux increase of a factor of three for 
small samples. For large samples, a 30% increase in flux was also realized, thanks to the better 
perforinatice of tlie new monochromator. ‘This upgrade opens neu opportunitics for all HTMI, users, 
especially i n  the areas of high temperature studies, where the peak intensities are inherently low due 
to broadening and thermal diffuse scattering and for cases where a large sample is not available. 

2.4.3 New Software Developed for High-Temperature X-ray Data Collection 

The capabilities offered by DUC were enhanced by the development of new software for 
temperature control and data acquisition bq ail engineering student from Michigan ‘Technological 
Unikersitj employed at thc Il’T’ML under the Science arid Engineering Research Semester (SERS) 
program. The new software, written in C+ t with a graphical user interface and running tinder 
Windows NT. better utilizes the rapid data acquisition rates made possible bj an existing position 
sensitive detector. Data download times have been reduced by a factor of twenty, which was the slow 
step i n  existing coinniercial software. ‘This same softwarc is capable of controlling 1 ITXRD 
experiments using an identical position sensitive detector atid teinperature controller at thc OKNI, 
X14A synchrotron beainlinc at BNI,. Jhe next development phase will add scanning capabilities to 
the data collection package. This development allows real-time studies of phase transforniations by 
high temperatiire X-ray diffraction at HTML. 

2.5 FWSIDUAL STRESS USER CENTER (KSUC) HIGHLIGHTS 

2-51  First  In Situ Neutron Diffraction Strain Measurements on Electrostrictive Ceramics 

Clectrostrictive materials are considered good candidates to replace piezoelectrics because of their 
increased strain response \.tith electric tield. but the application of these materials has been limited by 
poor electromechanical coupling: IJsers from Alfred IJniversity and the University of Cincinnati 
recently utilized the strain-mapping facilities of the 11 TML, to study samples of polycrystalliiie 
Pb(Mg,,,N b2,j)0,-PbTiO~-(Ba,Sr)TiO: ( P M N )  produced by Lxkheed-Martin Syracuse. Neutron 
diffraction provides a means of determining strain as a function of direction and hkl within bulh 
electrobtrictive materials tinder applied dc fields. which may be used to correlate microscopic strains 
with macroscopic strains measured using strain gages. Strain components nornial and parallel to the 
field were measured as a fiinction of applied field up to 1.2 kV/mm. The (400) (220), (3 lo), and 
(222) reflections of PMN were nieasiired and used to determine the inaxinium microscopic strain 
response of polycrystalline PMN. The neutron diffraction strain data will be compared to the 
macroscopically-measured strains determined using strain gauges as an initial step towards 
irnderstanding the poor electroinechanical coupling of PMN materials. Futurc research proposals are 
anticipated to study the electrostrictive response as a function of dopant levels, processing, and eveii 
under ac fields. 
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2.5.2 HTML Works to Establish International Standards for Residual Stress Mapping 
by Neutron Diffraction Methods 

HTML’s active participation in tlie Versailles Prqject on Advanced Materials and Standards 
(VAMAS). Technical Working Group 20 (TWA20), aims to standardize accurate and reliable 
procedures for in a k i 11 g 11 on dest ruc t i v e res id ua I stress in ea s u rein en t s i i i  cry s t a 1 I i ne in at er ia 1 s by n eu t ro ti 
diffraction. At this year’s meeting held in Nykopiiig, Sweden. tlie prime theine was a review of 
round-robin results on a shrink-fitted aluminum ring and plug asseinbly measured by various neutron 
scattering laboratories around tlie world. ORNL’s instrumentation and measurement experience 
contributed to the outstanding quality of tlie HTML submitted data. I n  addition to the required data 
set, HTML also reported data obtained w-ith finer steps and with finer slits (higher spatial resolution). 
The TWA20 group considered this an important contribution as the additional data revealed new 
features in the sample and showed the effect of sampling volume on tlie measurement results. A 
comparison of results indicates that three laboratories, including ORNL, achieved consistent results 
that were in  line with predictions. Other laboratories, however, exhibited results disagreeing by as 
much as 100%. Three more specimens are planned for tlie next phase of round-robin studies: a two- 
phase composite saniple. a shot-peeried sample dealing with measurement of near-surface residual 
stresses, and a weld specimen. Because of ORNL’s expertise and experience, HTML will help to 
define tlie measurement procedure for the composite material and will be consulted regarding the 
preparation of the weld speciinen(s). 

2.5.3 New Monochromator Yields a Doubling of  Flux, and New Data Collection Routine 
Put into Productive Use 

Neutron residual stress measurements at HFIR were delayed for two months due to ail unscheduled 
downtime. During this downtime, we installed a new monochromator on our beamline. Tests on the 
new focusing monochromator for stress mapping indicated a flux gain of approximately a factor of 
two. The peak profiles were also narrower, which should improve seiisitivity to strain. During tlie 
outage, data collection software was modified to enable studies of large grained alloys by introducing 
multi-axis oscillations that assure that valid polycrystalline averages are obtained during data 
collection. This software modification was necessary for two upcoming studies: stresses in stator vane 
segments with Ni superalloy turbine blades, and a Cuminins Engine Study of subsurface stresses from 
induction furnace heat treatment of a diesel cam shaft. 

2.6 THERMOPHYSICAL PROPERTIES USER CENTER (TPUC) HIGHLIGHTS 

2.6.1 Michigan State University (MSU) and HTML Collaborate to Enhance Thermal 
Uiffusivity Data Analysis Methods 

An improved thermal diffusivitj data analysis program has been developed at MSU for opaque 
and semitransparent solids. The program utilizes all the data points i n  a thermal diffusivity 
measurement, a significant improvement over most existing analysis models that frequently use just 
ten of the several thousand measured data points. Ileat loss due to sample radiation and light 
penetration i n  semitransparent inaterials were also taketi into account in the model. Six carbon- 
bonded-carbon fiber specimens with systeinatic changes in thickness were tested to 2400°C. Thermal 
diffusivity measurements of steels, alumina, and zirconia were also performed. The data are currently 
being analyzed by tlie MSU program. Once validated, tlie code will be made available for use at 
f ITML, expanding tlie range of materials studied and improving the accuracj of each measurement. 
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2.6.2 Ford Research Laboratory Studies Aluniinum Metal Matrix Composite Thermal 
Transport Properties at HTML 

A scientist from Forcl Research Laboratorq used TPIJC/I 17'MIj facilities to characterize the 
thermal transport properties of aluminum nictal matrix coniposite (AI-MMC) inaterials proposed for 
use in automotive brahe hardware. The specific goal was to investigate the effect5 of particle 
reinforcement phase and volume fraction on thermal transport in these materials. Specimens were 
cut from actual brake Iiardcvarc provided by two manufacturers, representing seven different 
materials: four S ic  particle reinforced alloys, two A1,0, particle reinforced alloys, and the 
unreitiforced AI alloy. Kooni tenipcrature thermal diffiisivity, measured by the laser flash method, 
varied from 0.43 cn?h for the AI20: materials io 0.89 cni'/s for the S ic  materials. The vol% of S ic  
(IO-30%) did not significantly change the thermal diffiisivity. It was found that at 475°C. the 
thermal diffusivity of the Sic  reinforced materials dropped by 40% of its room temperature value, 
and tlie reinforced materials diffusivity dropped by 10%. 'The specific heat capacity of these 
AI-MMCs was also measured via differential scanning caloriinetrq. The data u ill be used for modeling 
potential future brake systems and the performancc during braking. Kesiilts will be compared to 
results for traditional gray cast iron currently used as brahe bystem hardware. 

2.6.3 Therniophysical Property Data for Improving Lost Foam Process Obtained 

With the drive to reduce wall thicknesses and eliminate rejects. great emphasis is being placecl on 
casting modeling. 1 lowever, therinal property data of tlie ceramic coatings and the supporting sand 
are not available i n  thc literature. The casting group at University of Alabama at Birmingham (UAR) 
came to f-ITML to characterize thermal transport properties of materials used in the lost foam 
casting process. This process is heavily used to cast enginc blocks i n  the transportation industry. 
?'hernial coiiductib ity of the porous ceramic coatings were measured up to 1000°C bq the laser flash 
and differential scanning calorimetry (DSC) techniques. Four types of casting sands were tested by the 
same techniques. Special holders were developed for the loose sands, and thermal conductiviiy of the 
sands was measured to 1000°C. TO improve accuracy, a heat probe technique is being developcd to 
measure large volumes of casting sand. 

2.7 MECHANICAL CHARACTERIZATION AND ANALYSIS USER CENTER (MCAUC) 
HIGHLIGHTS 

2.7.1 Development of a Virtual Instrumentation Laboratory 

During this fiscal year, considerable progress has been made by Dr. Matt Ferber of the 
Mechanical Characteri~ation and Analysis 1 Jser Center in the development of I_abVIEW'-based 
servedclient software for accessing instruments in the group over the internet. This software has 
been designed to easily interface with existing LabVIEW control software currently in use on a 
number of MCAUC instruments including the Interface Test System, the Refractory Creep Facilitq, 
and the Mechanical Property Microprobe. The newly developed servcr/client softwarc allows a 
remotely located user to monitor various instriinient signals, view tlie instrument through a series of 
cameras, and control hey aspects of the instrument's functions. 

2.7.2 Efforts to Calibrate Indenter Shapes Other Than Berkovich Are Successful 

For some materials, thin films i n  particular, a flat punch or a splicrical indenter tip may be inore 
suitable for elastic modulus measurement. Extensive scanning force microscopy worh was done on 
indents made with 2pni arid 20pm spherical indenters to study the shape of such indenters. A metliod 

* M an 11 fact ured by National Ins t r ii in en t s, A us t in, Texas. 
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for calibrating such indenters was also developed. The results were presented at the Annual Meeting 
of the American Ceramic Society in May 1997. 

2.7.3 Infrared Imaging Used to Identify Onset of Cracking During Cyclic Fatigue 

Tom Fitzgerald. Westinghouse Electric Power Division, Orlando. Florida. performed room 
temperature cyclic testing on Lirconia-coated MAR-M substrates using MCAUC's MTS@ 
Servohydraulic Tester. The intent of Westinghouse's study was to determine the onset of crack 
formation as a function of the number of cycles for this coating system. A problem with the coating 
was that it was white. so it was difficult to detect the formation of the typically miniscule cracks. 
However, MCAUC's infrared imaging system was successfully used in conjunction with the 
mechanical testing to identify crack formation. The substrate material warmed during mechanical 
tests, so when cracks formed on the coating. a temperature discontinuity was created, which the 
infrared imaging system was able to unequivocally detect. With the aid of a VCR, Dr. Fitzgerald was 
able to identify the cycle i n  which crack formation occurred. 

2.8 MACHINING AND INSPECTION RESEARCH USER CENTER (MIRUC) HIGTILIGHTS 

2.8.1 Cylindrical Grinding Used to Produce Two-Component Fi id  lrijector Plunger 
Specimens 

The Weldon cylindrical grinder was used in a plunge-grinding mode to produce several dozen 
mock-up diesel engine fuel injector plungers. The objectives of the experiment were ( I )  to develop 
and demonstrate a grinding process for the specimens using a variable composition grinding wheel and 
(2) to deterininc the grinding ratio in order to estimate grinding costs in a production environment. 
The specimens started as cylindrical rods approximately 50 iiim long by 8 mm i n  diameter, with one 
end being composed of type M2 tool steel and the other of zirconia. Approximately 1 min of radial 
stock was removed from the rods in a plunge-grinding operation. 

Because dianiond abrasive does not perform well on steel work pieces, a cubic boron nitride 
(CHN)  abrasive wheel was used. Although CBN is softer than diamond, tlie abrasive performs 
extremely well on steel and is still capable of grinding ceramic materials. CBN wheels are generally 
more expensive than coinparable-sized diamond wheels. 'I'he grinding wheel was custom engineered 
for this specific work piece, so that the surface used to grind the steel would have a different 
concentration and bond filler material from that used to grind the ceramic. Initially. the test 
specimens tended to fail during the grinding process by breaking at the steel-zirconia interface zone. 
Ilowever, this problem was overcome by providing additional support of the work piece during the 
c grinding process. 

Although there are still some minor problems to be solved with the final geometry of the work 
piece, extreiiiely fast cycle times were demonstrated. Grinding ratio (tlie volume of work piece 
material removed by grinding divided by the volume of grinding wheel consumed by grinding) is 
difficult to calculate in a laboratop enviroiiinent because of the small volumes of material involved. 
'l'he volume of material removed from each specimen can be calculated based on the initial and final 
c geometry of the specimen. 'The volume of material worn from the grinding wheel must be calculated 
indirectly, based on the change i n  diameter of a graphite wear rod. Data are being analyzed to 
determine the grinding ratio for the process. 

2.8.2 High-speed Diamond Grinding Wheel Allows Major Grinding Time Reduction 

An experimental grinding wheel from Cincinnati Milacron was purchased and installed for use on 
the instrumented centerless grinder. Previous studies have shown the necd to grind ceramic materials 
at much higher u heel speeds than are currently available using "conventional superabrasive" 
(diamond and cubic boron nitride) grinding wheels. The niaximum safe operating speed of 
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conventional wheels is limited by the construction material used for the wheel core, which is 
typically a vitrified material with a large mass. Should such a whcel fail catastrophically, it  would be 
very difficult to contain the wheel fragments within the machine enclosure because of the high 
energy levels involved. The new Milacron wheel has a much lower mass atid higher strength because 
of the use of composite materials for the whcel core. Sinall, low-mass, abrasive coupons are cemented 
to the pcriphery of the wheel core. Should wheel damage occur during grinding experiments. the 
amount of energy released can be easily contained within the machine enclosure. The new wheel can 
be operated at speeds up to 100 i d s  (20.000 surface feet per minute). I n  order to accommodate the 
higher wheel speed, several modifications had to be made to the centerless grinder. A variablc speed 
motor/controller with appropriate safety features nas added, and changes were made to the 
hqdrostatic spindle bearing lubrication system. ?'emperattire sensors have been installed on the 
bearing housings, and the ecpiprnent is ready for a final safety review prior to being used at the higher 
grinding speeds. Initial centerless grinding tests with the new wheel indicate that drastic reductions i n  
per-piece grinding cycle time can be achieved. An AlliedSignal GS-44 silicon nitride tensile specimen, 
which previously required a 35-inin cycle time to grind on a centerless grinder at conventional wheel 
speeds. was ground to the required finished geometry in approximately two minutes. The new wheel 
was operated at a surface speed of 97 r n k  (19.000 surface fcet per minute). 

2.8.3 Improved Grindability Test Machine Received 

A prototype grindabilitj tester, which uses a diamond abrasive belt to measure the relative 
grindability of ceramic specimens, was delivercd last year to FITML by Chand Kare Techmical 
Ceramics. The equipment was recentlq replaced by a second-generation grindability tester that 
incorporates iinprovements in construction resulting froin our experience with the prototype unit. 
The ncw equipment has been installed and is available under the IiTML IJser and Fellowship 
Programs and to other user5 wishing to perform grindability studies. 

2.9 HTML FELLOWSHIP PROGRAM HIGHLIGHTS 

Most of our fellowship program projects, like the user projects, involve users coming to HTML 
to do their work; however, some of our equipment is portable. In the case of the fellowship program 
project with James W. Fash of Ford Motor Company, Dr. Ralph Dinwiddie of 17PUC took the high- 
speed infrared camera to the Ford Scientific Kescarch Laboratories and participated i n  the project 
ainicd at improving brakes and braking system for automobiles. The process of sending H'T'ML, staff 
to fellowship program participant sites has been dubbed the "reverse fellowship" process. This 
process was essentially repeated this year, with the participation of Dr. Kwang-Jin 1,ee of Delphi 
Chassis Systems, who utilized the expertise and equipment of HTML on a brake system project. 

and graduated. Elizabeth Dickey of Northwestern University completed her dissertation defensc and 
is now employed as an assistant professor at the Ilniversity of Kentucky. Ron Ott of UAB 
succcssfully defended his thesis on March 14, 1997, concluding his fellowship. IIc has taken a 
position as a post-doctoral researcher at UAB. Allen I Iaynes of UAH successfully conipletcd his 
thesis defense, which ends his fellowship. Dr. Hay ties is now employed by Oak Ridge Institute for 
Science and Education and works in a postdoctoral position i n  the Ceramic SurFace Systems Group at 
ORNL. Matt Stougli of Pennsylvania State University had his dissertation defense successfully 
perfortined on June 23, 1997. The ex-graduate fellow is now employed at Osrain Sylvania, Exeter, 
New Hampshire. His mork has led to an important new understanding of the zirconia-aluraqina phase 
diagram, with better dcfinition of solubilities of the Zr and AI species i n  each other's oxide lattices. 

This period, several HTMI, graduate fellowship program students have completed their studies 
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3. HTML USER STATLSTICS 

This section providcs tables and graphs that suminarize selected W M L  user, fellowship, and 
other statistics, including user demographics, user agreements, and user proposal history. 

3.1 USEKDAYS 

Individuals fi-om industrial companies, univcrsities other Dot, laboratories, and other agencies, 
along with internal users from IITML, the Met& and Ceramics Division, and other ORNL divisions, 
utilize the equipment within flTML. Since shortly after thc beginning of the Ucer Program, there has 
been a user logbook for each instrument in the User Centers. i’he entries froni these logbooks are 
tallied annually by each User Center for each instrument, then the totals arc rolled into one set of 
data for the HTML. Each 8-11 period, or fraction of an 8-h period, that an instrumcnt is being used is 
tallied as a “user day.” Over the years since 1987 (with the exceptions of 1987 and 1995), the user 
daj data have been collected for industry and universitj users as wcll as for internal OKNL staff. 

more complete user-day data on each instrument. We tiow collect data on industry, university. and 
internal ORNL, users, but also include numerous other uses. We have also separated the f ITMI, 
Fellowship Program data, whereas previously it  had been included i n  the user activity. ‘Table 3.1 
contains all of the data since the sccond full ycar of operation (data for the first full year do not 
exist). Empty cells i n  the table indicate that no data were recorded, not that a given type of itscr 
work was not performed. 

contained in Appendix L’. Data for FY 1997 are iricluded from the HTML Fellov\ship Program in all 
three of its operational categories: “industrial,” “graduate.” and ‘-faculty.” User-daj data are 
compiled according to User Centers i n  Table 3.2. 

Recently, with the advent of a new FileMaker PRO’ relational database, we have been collecting 

The complete tabulation of user dajs  bj User Center, instrument, and user type for FY 1997 is 

Table 3.1. Historv of HTML user daw hv fiscal vear 

1989 IO90 1991 1992 19?3 1994 1996 1997 Total 

1 n du st ry 5X 1 956 3,201 3,692 2,695 4.719 5,326 1,672 22.842 
University 248 607 674 880 1,353 2,163 2,181 1,801 9,907 

User 

Proprietary 31 256 166 45 3 

Other Agency Y 20 3 32 
Fellowship 

Industry 622 1,844 2.466 
Graduate 1,417 932 2.349 
Faculty 148 4 IS2 

Subtotal 869 1,563 3,87S 4,572 4,048 6,882 9,970 6,422 38.201 
Work for Others I58 70 228 
OUNL 1,427 1,758 5,309 4,661 9,666 7,301 8,958 13.683 52,763 
CRADA 2,706 1,877 4,583 
Total 2.296 3,321 9,184 9,233 13,714 14,183 21,792 22.052 95.775 

* Subsidiaiy of Apple Computer, Inc. 
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Table 3.2. HTIML user days for FY 1997 by User Center 
User Center 

DUC" MAUC" MCAUC' MIRUC" RSIJC' TPUC' Total 
Usei- 

Industry 21 95 1.018 45 337 1 56 I .672 

Proprietary 26 122 0 0 6 12 I66 
University 148 I93 853 25 400 182 I .so 1 

Other Agency 0 0 0 0 0 3 3 

Industry 10 62 1 .565 7 39 I66 1,844 

Faculty 0 4 0 0 0 0 4 

Fe I I ow s h i p 

Graduate 70 363 203 1 1  50 229 932 

Subtotal 275 839 3.645 83 832 748 6.422 
Work for Others 0 0 0 0 48 -- 77 70 
ORN L 317 996 10.783 1,003 463 121 13.683 

21 1,817 6 27 1.877 0 CRADA 

Total 598 1.856 16.245 1,092 1.343 918 22,052 
______ . . . . . . . . . . . ~~~ ~~~~~~ 

6 
. -~~ __ 

"DUC = Diffraction User Center 
"MAUC = Materials Analysis User Center 
' MCAUC = Mechanical Characterization and Anaylsis User Center 
"MIRUC = Machining and Inspection Research User Center 
'KSUC = Residual Stress User Center 
'TPUC Therniophysical Properties User Center 

.- . 
I he data for total, industrial, university, and internal ORNL user days are plotted in Fig. 3.  I .  As 

the figure shows. although there is some irregularity i n  the growth pattern, in general the HTML, 
experienced a steady increase in the number of user days performed for each category through FY 
1996, leveling off in FY 1997. 

The increase in use of HTML facilities has been partially attributable to continuing efforts 
towards providing lower-cost service (making the program more cost effective). I t  is also attributable 
to the continuing commitment to customers exhibited by the HTML staff-by pleasing the customer 
we get repeat business (see Sect. 3.2), and we get new business because customers spread the word 
about us. Also, the continued growth can be attributed to our ongoing marketing, in  which we inform 
potential customers of our services through in-house visits. tours, and presentations at universities, 
conferences and expositions, and to our World Wide Web site. Major growlh has occurred this year 
i n  the ORNL internal use category. i i i  which we support scveral other DOE programs, including the 
I-leavy Vehicle Propulsion Materials Program. the Continuous Fiber Ceramic Composites Program, 
the Advanced Turbine Systems Program, and others, However, this growth has been offset by 
shrinkage in the number of external industrial user days and to a lesser extent by a decrease in the 
exteriial university user days, after years of steady growth i n  these areas. There is no ready answer to 
why this has occurrcd, as university and industry interest levels remain high (see the increased 
numbers of proposals submitted. described below). 

To meet the continuing demand for some instruments, we have purchased duplicates (e.g., a 
secotid nanoiiidenter and several tensile test machines). However, we occasionally have to delay the 
user's visit to HTML because of difficulties i n  scheduling our limited staff and equipment. We are 
now very close to or have reached a "saturation" in user day capability at the current budget level. 
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Fig. 3.1. A tiistory of user days of research expended in HTNIL since its inception. 

3.2 USER AGREEMENTS AND PROPOSALS 

A -‘User Agreement-’ between LMER and the user institution ib the legal vehicle that allows a user 
to perfonn worh i n  HTML; it specifies tlie handling of‘ intellectual propert) and personal liability. 
The agreement5 are handled and tracked by the OKNI.  Office of Science and Technology 
I’artnerships (OS‘TI’), which provides a listin: of all of tlie User Agreements within LMER. 

ORNI.. The user completes another document, called a “technical proposal,” after both parties have 
signed tlie lJser Agreement. Technical proposals are handlcd aiid tracked by the H1‘ML Program 
Office. Figurcs. 3.2 tkrougli 3.5 illustrate User Agreements received by OSTP aiid technical proposals 
received by IITML (see the tables in Appendix B). 

Figure 3.2 illustrates the history of total User Agreements received at OS‘TP. Many are written 
expressly for interaction with I lTML lJser Centers, although some werc written for multiple-user 
facilit] access or for access to otlicr OKNL, facilities, such as the Materials Processing Laboratory 
IJser Ccnters (MI’LUS) or the Surface Modification and Cliaracterimtion Facility (SMAC). After a 
quick rise i n  the numbers of User Agreements during I fTMl I start-up, the annual number stabilized at 
about 30, with approximately equal numbers of industrial and university agreements. The industrial 
nunibcrs incrcased in the years 1994 tlirougli 1996 because HTML program aiid research c;taff 
aggressively marketed tlie facililq : becaure new customer interest in HTML, was stimulated by word of 
moutli; and bccausc new llser Centers at ORNI,. such as Mf’LUS and SMAC, brought in new users. 
The increased number of User Agreements bodes well lor the future. During FY 1997, however, the 
number of n w  agreements decreased slightly. 

A IJser Agreement allows a company or university access to any of the 15 user facililies at 
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Figure 3.3 shows the cumulative number of lJser Agreements: the total i s  approaching 400. 

The history of technical proposals is illustrated in Fig. 3.4. Like the User Agreements, proposals 
Industrial User Agreements have now surpassed university User Agreements. 

increased until about 1990 as tlie HTML program were starting up .  Since then. however, the rates 
for proposals have varied quite widely. The rate of receipt of user proposals decreased noticeably 
from about 1993 through 1996. especially industrial proposals, which showed a steady 4-year decline. 
The possible reasons for this were numerous. 

proposals. New proposals were not being written. and no specific means to close out old proposals 
existed. Meanwhile. companies maintained their presence at HTMI~., which caused a problem because 
the HTMI, user program is charged a quarterly fee for each “active” user clearance into ORNL. 
Therefore, money was soinetiines being spent needlessly on clearances for projects that had been 
closed. 

A new mechanism was instituted i n  FY 1996 to close out old proposals, cause new ones to be 
written, and eliminate the clearance costs for users who were no longer active. At the end of each 
ycar, a letter is sent to each user institution thought to be active, inquiring about its status and asking 
for a written summary if the work is completed (for our annual report) and to provide the 
publications that resulted from the work. I n  this way. we get a clear understanding of their project 
status, a summary, and a paper if the work has been completed. This action may be partly responsible 
for the increase in the number of proposals submitted in FY 1997. 

A second possible reason is that in 1993 companies took advantage of the new openness of tlie 
Democratic administration in Washington and its encouragement of CRADAS and other industry- 
laboratory interactions. Several companies “tested the waters” in 1993 and 1994, and as a result we 
saw an increase in  the number of proposals. We are now returning to a steadier rate. 

A third possible reason is that HTML staff members are concentrating their efforts on a few, 
relatively important projects as the H‘TMI, program approaches saturation. 

Whatever the reasons, the turnaround in  FY 1997 is quite dramatic. 
Figure 3.5. presents a picture of the cumulative history of technical proposals. showing that the 

total number of proposals received has now exceeded 730. Universities continue to lead industries i n  
the submission rate. 

illustrating that tlie ratio of proposals to agreements is 734/377. or about 2. This figure indicates 
that. on the average. users tend to come to the ORNL User Facilities about twice to perform research 
and development prqjects. This repeat business is evidence of the satisfaction we provide to our 
c u s t om ers . 

One factor was that many companies were continuing to work under previously existing 

Figure 3.6 depicts the cumulative history of User Agreements and technical proposals received, 
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4. HTML USER CENTERS 

4.1 MATERIALS ANALYSIS USER CENTER 

4.1.1 Staff and Current Capabilities 

The MAUC uses electron microscopy arid surface clieniical 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 pcrformance. 

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

0 

* 

0 

Dr. L. F. (Larry) Allard-I litachi IHF-2000 field emission gun transmission electron niicroscopc 

Ms. D. W. (Dorothy) Coffey--1-iitachi S-800 FEG SEM and S-4500 800 FEG-SEM; 
Mr. L. (Larry) Walker-JE01, 733 electron microprobe (on loan from the LMES Y-12 Plant); 
Dr. K. L. (Karren) More-JEOL, 4000EX 4000EX high-resolution transrnission electron 
microscope (HREM) and 2000FX analytical electron microscope and 7 oponietrix scanning 
probe microscope; 
Dr. E. (Edgar) Viilkl-electron holography. digital and remote microscopy. 

(FEG-TEM); 

* 

4.1.2 Highlights 

4.1.2.1 Remote and digital microscopy 

Some time ago we recognized the kalue o f a  capability for our users to interact directly with the 
scientists arid instruments i n  our laboratory by Internet connections during microscopy sessions. 
Thercfore, the concept of “rcmote microscopy” in a “virtual laboratory” was a natural next step to 
improve performance arid to make our facilities available to a much-expanded user base. ‘Io this end, 
we have successfully developed control and image-processing algorithms for the digital imaging and 
control system of the Hitachi I IF-2000 F E G - E M ,  our “flagship” instrument. The Hitaciiii 5-4500 
SEM and the JEOL 733 super electron probe are now reinotely operable as well. ’Typical functions 
that can be controlled remotely include focus, specimen position, rnagnificaiion, and acquisition of a 
high-definition image. 

A ncw initiative sponsored by the Mathematics, Inforniation. and Computation Division (MICS) 
of DOE called DOE 2000 is under waj ; this iniktive seeks to develop and demonstrate 
.‘collaboratory” concepts such a\ remote instrument operation, electronic whiteboards and 
notebooks, and telepresence tools. We participated with Argorine and Lawrence Berkeley national 
laboratories in the submission of a proposal to MICS to perform a pilot project called the Materials 
Microcharacterization Collaburatorj (MMC). This proposal was one of two sclected for funding, and 
it is supporting the continued development of remote microscopy. ‘Ihe MMC has as its principal 
mission the use of the abovementioned tools to solve materials problems that are important to IIOE 
and the nation. ’The problem being addressed by IITMI, researchers i s  that of using the 
microstructural characterimtion tools available thi-ough the MMC to assist in  producing a better NOx 
reduction catalyst. ’l’his effort is strongly supported by the Office of I-leavy Vehicle Technologies, 
and this office has authorized the reallocation of a portion of the uscr funds to match the MlCS funds 
for using collaboratory tools on this important problem. We have teamed with researchers at Ford 
Research Laboratory who are making new experimental catalyst forniulations for NOx reduction. 
This worh is described in some detail in the next section. 

phase to beneficial use. ’Three universities are using remote operation of our niicroscopes i n  
microscopy and materials science courses. Ford Research Laboratory is on-line, and several other 

Within the past year, the retnotc niicrosocopy concept has begun to move from demonstration 
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industrial institutions arc planning to set up  PCs with cameras and software to be ready to perform 
remote microscopq with LIS. 

4.1.2.2 Ex situ reactor for catalyst studies 

The ex situ reactor system is currently being used extensively for studies of catalyst reactions by 
users such as Dou Chemical and Ford Research I,aboratoi),. The Ford work comprises studies of 
several catalysts being tested as candidates for reduction of NOx emissions from diesel truck engines. 
Dow scientists are using tlie capability of tlie spccinien holder to be transferred between the reactor 
and tlie microscope without atmospheric exposure to study carbon-based catalysts designed for 
chemical industry applications. 

DOE2000 Materials MicroCliaracterization Collaboratory and the HTML user program. I n  order to 
be able to react catalysts such as platinum (Pt) on mixed alumina-titania supports i n  oxidizing 
atmospheres, we had to make technological improvements in our system. The use of standard holey 
carbon support films proved impossible. because the thin carbon films oxidized and degraded rapidly 
under our reaction conditions. We needed a stable, oxidation-resistant, conductive film to replace the 
carbon and found that amorphous films of conductive LaCr03 deposited in our ion sputter-deposition 
system satisfied all our requirements. Samples of as-prepared Pt/-liOz catalyst material showed a 
uniform distribution of Pt clusters 0.5 to 1 .O nni i n  size over the support surface i n  the as-prepared 
condition. These particles were shown to grow i n  size to the 2-3 nni range after 2 h at 450°C i n  a 
14% OJN1 base gas environment. The same sample areas were observed in the before and after 
reaction conditions. l'his work is thus providing useful information on the mechanisms of catalyst 
degradation with treatment. 

gas. Copper components were found to form volatile CuCI, which was picked up strongly by the 
carbon catalyst support material, and was subsequently reduced to Cu particles under the reducing 
treatment to which the catalyst was being subjected. 'To prevent this problem i n  future studies, we 
replaced Cu gaskets with Viton in  the chamber flanging, and had a feedthrough comprising 4 Cu posts 
plated first with Ni  then a gold flashing to protect from HCI attack. Other components such as tlie 
Cu sample retainer plate were replaced with stainless steel. These modifications have thus provided a 
better capability to conduct reactions in corrosive gas environments, such as we expect to encounter 
i n  future work. 

The Ford work is being conducted largely via remote microscopy, as a component of tlie 

In tlie Dow work. we experienced problems with the reactor when HCI gas was used as a reaction 

4.1.2.3 Characterization of electronic materials 

Characterizition of electronic materials has been identified as a new thrust area for MAUC. We 
have previously reported results of successful user projects with Coors Electronic Packaging and 
Vainistor C o y .  Collaborations are developing with Intel wherein \\e will use electron holography and 
remote microscopy to determine materials causes for defects i n  processor chips. Our electron 
holograph) capabilities provide yet another tool for the analysis of electronic components. Electron 
holography combined m it11 unique electron lens configurations and special algorithms enables 
measurement of electric and magnetic fields M. ith high spatial resolution quantitativelq in  free space 
and i n  suitably prepared electronic devices. We have demonstrated this technique by mapping the 
electrical field across pn junctions in  semiconductor devices. Ours is tlie only laboratoiy i n  tlie nation 
capable of high-resolution electric and magnetic field imaging. We are developing a relationship N ith 
SEMATECI 1. They are debeloping technologq that will replace aluminum conductors on 
semiconductor devices v, it11 copper. Copper has the advantage of lower resistivity but the 
disadvantage that it diff'uses into silicon, thus changing the electronic properties of the silicon. A 
diffusion barrier is required to separate the copper from tlie silicon. Our laboratory has the capability 
to determine thickness and continuitq of diffusion barrier coatings that can be ac thin as 5 nm. 
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4.2 MECHANICAL CHAKACTEHIZATION AND ANAL,YSIS USER CENTER 

4.2.1 Staff and Current Capabilities 

The Mechanical Characterization and Analysis Group (MCAG) specializes i n  the mechanical 
characterimtion of structural materials. including high-temperature materials. MCAG performs 
mecliaiiical testing and analysi?, develops test methods and supplemental analy tical tcchniques, and 
conducts finite-element and life-prediction analyses of nionolithic ceramics, ceramic composites. and 
ceramic coatings. Nunierous mechanical test fratnes are akailable to visiting researchers from industry 
and academia. Also available are capabilities to conduct tension, conipressioii, flexure, shear, and 
micromechanical tests i n  controlled environments and at elevated temperatures oii standard and 
customized specimens. Staff has expertise w ith a \vide range of materials, mechanical test designs, 
finite-element and anall tical modeling, lifc-prediction analysis, statistical design, and failure analysis. 

Staff and their areas of expertise are as follows: 

Dr. Kristin Breder, group leader 
Mecliatiical/etiviroiimeiital testing, fractograpliy and failure aiialysis, statistical analysis 
E-mail: brederk@ornI.gov, telephone (423) 574-5089 

Dr. Mattison K. Ferber, senior research staff member 
Characterization of creep, stress-rupture, and fatigue behavior of structural ceramics in tensioii, 
flexure, and special test configurations; data acquisition softn are and hardware 
E-mail: ferbermk@ornl.gov, telephone (423) 576-08 18 

Mr. Timothy P. Kirkland, principal technologist 
Measurement of mechanical properties of structural materials 
E-mail: kirklandtp@ornI.gov, telephone (423) 574-2588 

Dr. Edgar Lara-Curzio, dcvelopnient staff member 
Characterimtion of mechanical behavior of composites and their constituents (fibers, fiber coatings, 
interfaces), eiivironinental effects, reliability and durability, modeling of mechanical behavior and 
constitutive relations, standard test methods and special test configurations 
E-mail: laracurzioe@ornl.gov, telephone (423) 574- 1749 

Ms. Laura Riester, development associate 
Micro-mechanical testing, atomic force microscopy, microscopy, and imaging 
E-mail: riesterl@rnl.gov, telephone (423) 574-2588 

Mr. Stephan Russ, student intern 
Ceratn ic composites 
E-mail: russse@ortil.gov, telephone (423) 24 1-457 1 

Dr. Andrew A. Wereszczak, development staff niember 
Creep, fatigue and corrosion behavior, life-prediction, and reliability analysis: tiiiite-element analysis, 
fiacture mechanics. and testing methodologies 
E-mail: ~ ~ e l . e s z c z a k a a ( ~ ~ o r i i l ~ ~ ~ ~ ~ / ,  telephone (423) 574-760 1 

Ms. Jessie K. Whittenbarger, group administrative support 
E-mail: wliittenbarjb(~ornI.gov, telephone (423) 576-1 8 18 

Mr. Mark .J. Andrews. H'T'ML graduate fcllow 
Mechanical testing and reliability analysis 
E-mail: andrewsnij 1 @ornI.gov, telephone (423) 241 -457 1 
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4.2.2 Major Research Areas 

4.2.2.1 High-temperature tensile test facility 

Eleveii 35-hN capacity electromechanical test machines equipped u ith self-aligning grips for 
accommodating a M ide array of specimen geometries, including button-head tensile, arid flat 
spec i in e n s . 
1 wo servohydraulic test machiiies capable of monotonic, static, dq namic, and cyclic testing of a 
wide varietj of specimen geometries. 
All test machines equipped with integral, electronic controllers and function generators, and 
compact two-zone resistance-heated furnacec (maximum temperature. 1700°C: sustained testing 
in ambient air, I500OC). 
All machiiies equipped with low-contact forcc, capacitance extensometers (accuracy, - 0. I n im at 
room temperature and -0.5 inn1 at 1500°C). 

, >  

4.2.2.2 Tensile creeplstress rupture and stress relaxation facility 

Creep and stress rupture 
- Nine electromechanical tensile machines designated for long-duration creep-stress rupture and 

- Computerized control and data acquisition using in-house-developed software application. 
- Compact two-zone furnaces (maximum temperature. 1 700T) .  
- Lob-contact force capacitance extensometers. 

- Two stress-relaxation test frames devoted to metals and superalloy testing equipped with 

- Two stress-relaxation test frames devoted to ceramics testing equipped with averaging 

low frequencq tension-tension fatigue testing. 

Stress relaxation 

averaging extensometers and furnaces capable of 1 100°C. 

extensometers and furnaces capable of 1 500°C. 

4.2.2.3 Ceramic flexure test facility 

Six test frames with pneumatic actuators, each with loading capacity 2.2 kN to test 
simultaneously three flexure sainples, C-rings, or compression specimeiis. 
Standard mechanical property tests (room temperature to 1 500°C): 
- Static fatigue (time to failure measured as a function of static stress). 
- Dynamic fatigue (fracture stress measured as a function of loading rate). 
- LAN cycle flexural fatigue. 

4.2.2.4 Electromechanical test facility 

200 hN universal (electromechanical) test machine n ith high-temperature ( 1 800°C) furnace. 
Sinall iiniversal test machine dedicated to room-temperature testing of flexure specimens and 
C-rings, as well as fracture toushness testing. 
Standard mechanical p ropeq  tests (using standard as well as specially designed test fixtures): 
- 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. 
- Shear strength. 
- Fracture toughness. 
- Capabilitq for compression creep tests with straight cylindrical specimens and contact 

extensometer (accuracy. -0.5 pm) and compressive creep rates (room temperature to 
180O0C: stresses. as I O U  as 0.05 MPa). 
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Rotary bend fatigue niachine equipped with small furnace for testing sinall (-75 inin long and 
-1 0 inn1 i n  diameter) cylindrical specimens in fiilly reversed cyclic loading. 

4.2.2.5 Electromechanical test facilities with environmental testing 

High-temperature clamshell furnace and ceramic retort, for both compression and flexure tests i n  
air, inert gas, or vacuuni at temperatures up to 1500°C. 
Environmental tensile test facility: envionmental chamber mounted on test machine (screw- 
driven), rnechanical pump, diffusion pump, regenerative gettering furnace, and temperature 
controllcr. I Iigh-temperature static, tension-tension cyclic, or dynamic loading in vacuum or 
inert cnvironinents (room temperature to 1600°C using button-head temi le specimen geometry). 

4.2.2.6 Test facility for composites and their constituents 

Six in-IioLise-developed electroiiieclianical, universal test machines. 
- 10-kN load capacity, 150-mm stroke, and 8-nni displacement resolution. 
- Computerized data acquisition and control. 
- Environmental chambers to conduct tests i n  controlled atmospheres (e.g., inert gases with 

- N o  ncon tac t 1 as e r exte i i  so in et ry . 
- Various specimen geometries, gripping arrangements, and fixtures (e+,., shoulder-loaded 

tensile specimens, niinincomposites. single sinall diameter tibers and filaments, double- 
notched shear spccimens, Iosipescu shear specimen). 

- 1000-N load capacity, 25-inm stroke, and I O U - n n i  displacement resolution. 
- Equippcd with miniature load cells. encoders, and capacitance gauges. 
- Specially suited h r  composite intcrfacial testing by means of  single-fiber push-in and push- 

- Array of indenter geometries (eg., Vickers, Knoop, Cube Corner. Diamond, and \NC flat 

less than I O  ppin 02, oxidizing and reducing environments, water vapor). 

Micromechanical universal testing machine. 

out tests. 

punch) to conduct indentation tests. 

4.2.2.7 Mechanical properties and scanning force microprobes 

Special microhardness tester capable of operating at four load ranges (0-4, 0-20. 0-1 00, 
0-650 mN). 
Sensitive capacitance gage for constant monitoring of position of indenter relative to surface of 
specimen. 
Constant monitoring of load as a function of displacement. 
Plastic and elastic components of displacement are separated either by continuous seiising of 
sample stiffiiess while force is being applied. or by calculating the hardness based on thc recorded 
measurements of load vs displacement. 
l h e  scanning force microprobe gives information on the response of materials to indentation by 
compiling a three-dimensional (3-1)) image from an array of single-line profile scans. 

4.2.2.8 Life-prediction analysis 

Work station with two life-prediction algorithms and integrated finite element prograins for 
performing finite-elemeni analysis (FEA) and reliability modeling work to predict probability of 
component survivability in  known service environment and stresc, level: 
- Mechanical test data from standard specimens. 
- FEA data for stress in  actual components. 
- FEA support provided for other mechanical testing of monolithic ceramics and composites. 
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4.2.2.9 Resonant ultrasound spectroscopy (KUS) facility 

Characteri7ation and inspection of mechanical intcgrit) of ceramic speciniens and components. 
Kesonance spectrum generated by sweeping frequencq of ultrasound signal applied to component 
and bq detecting resonance frequencies of component. 
Applicable to determining M ith high accuracy the full elastic constants of isotropic and 
anisotropic materials (e.g., single crystals, textured polycrystals, and composites). 

4.2.2.10 Additional capabilities 

Acoustic emission capabilities. 
Strain gaging facilities. 
Testing of ceramic-ceramic joints. 
Testing of intermetallics. 
Thermal shock testing. 
- Failure analysis. 
- Tube testing and test of tubular filters. 

infrared imaging used in situ with mechanical testing. 

4.2.3 Major Activities in FY 1997 

Sixteen new proposals were submitted to MCAUC in  FY 1997. The year was a very active one i n  
terms of user hours as well as hours logged by industrial and academic fellows. Some new capabilities 
were developed, and improvement to equipment is a continuous effort. 

The test facilities described above are all computerized i n  terms of controls and data acquisition. 
As the opportunity rises in  terms of upgrading of computers or facilities, several applications using 
Labview software (National Instruments) have been added. 1,abview is a flexible, modular software 
system from which one can customize one’s applications. This can be made to interface with tlie 
internet such that with a fairly small client application, a user can operate or check on an 
experiment remotely. This was successfully demonstrated for a few of the applications in MCAG this 
year: a demonstration tensile test experiment was performed from tlie University of ‘I’ennessee as 
part of a class. For the users i n  MCAG where long term testing is common, it would be very useful to 
be able to observe remotely the test i n  progress and to download data on regular intervals without 
having to travel. These possibilities increase as tlie equipment gets updated. 

Through a productive synergism between the user program, the fello\vship program, and the 
Advanced Turbine Systems program, the activities on thermal barrier coatings (TBC) have increased 
substantially. Through the user program, Westinghouse has an on-going project to generate fatigue 
life data on 7’BC specimens to assist in development and validation of TBC life prediction models. 
The approach is to perform a compressiotdcompression fatigue test on a tubular substrate/bond 
coat/thermally grown oxide (TGO)/THC in a strain controlled inode to a series of preselected strains 
at two temperatures. Failures are expected to consist of coating spallation. I n  a recently finished 
graduate fellowship prqject, the purpose was to investigate the isothermal oxidation and 
thcrmocyclic degradation of various THC systems (both APS and EB-PVD) with particular emphasis 
on the growth kinetics, microstructures, flaw content. fracture behavior. and inicroriiechanical 

the failure modes and microstructural development of the TBCs under cyclic loading were made, and 
this is reported in more detail i n  the summary of the project giveii later. I n  another graduate 
fellowship project, Ranian piezospectroscopy was used to study TBCs. Piezospectroscopy is 
particularly useful for analyzing the failure behavior of TBCs, since stress can be measured in both 
the zirconia thermal barrier and the oxide scale that forms at high temperatures. For plasma-sprayed 
TBCs. the bulk compressive stress i n  the zirconia gradually decreases with the number of cycles 
indicating cracking during cool down. Tensile stresses normal to tlie interface at the peaks of 
asperities i n  the bond coat were measured indicating that cracking in the zirconia is highly dependent 
upon interface roughness. Similar results were obtained for TBCs produced by PVD with tlie bulk 

properties of the interfacial Al103 scales that formed 011 APS TBCs. Several important findin, us on 
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compressive stress i n  the Lirconia gradually decrea5ing with the number of thermal cycles. A biinodal 
stress diqtribution uas measured in the oxide scale; either stress was close to zero or over ?_ (;Pa of 
compression for delaminated or intact scales. respectively. This sliows that piemspectroscopy can be 
uscd to measure damage accumulation iioiidestructively in thermal barrier coatings. I n  order to study 
the development ofcrachs in ’T’BCs, a four-point ilexure rip was combined with a microscope in  such 
a nianncr that the developnient of microcracks as a function of applied strain could be followed. 
llsing this, it was denionstrated how spallation cracks develop i n  some of these system. 

Thermal shock capabilities are being developed i n  a prqject funded by the Heavj Vehicle 
Propulsion System Matcrials I’rogram as part of an international collaboration under the 
International Energj Agency (IEA). It was determined to compare different up-shock techniqucs 
(e.g., laser heating, blow torch heating, contact heating) and to establish relationships to other 
thermal shock methods. This prqject, when completed. will result in additional capabilities for the 
user center. 

‘I’hc life prediction and rcliability analysis capabilities now consist of a computer workstation 
running two finite element analysis [FCA) programs and two life prediction cones (CAKES/C:AKES 
LIFE and CEKAMlC/EKICA). The FEA has been used in support of user and program activities. We 
have been able to pro\ ide support i n  failure analj sis. combining fracture aiialysis. fractography, and 
F k A .  

shape. Especially, our work with a Vickcrs indcnter has been successftil. ‘The Vickers indenter will 
produce indentatioii cracking in certain materia~s even at the micron scale, and work is on-going to 
usc this for measurement of fracture touglineis of coatings and layered structurcs. 

characterimtioii. 111 a project with Lehigh [Jniversity, the properties of the subsurface zone of an 
alloy cxposed to solid particle erosion was studied. Erosive wear of materials is a problem i n  several 
energy-related applications, and the idea would be to use an alloy that during erosion ~vould deform 
plastically and yield a surface with improved properties. Several cross sections of specimens that had 
been eroded under diffcrent conditions havc been studied, and changes i n  properties and size of the 
plastically deformed layer is being deteriiiined. An additioiial goal of this project is to pcrforni more 
fundamental investigations of the properties of these highly deformed layers. 

I n  a user project with Kennametal, we are studying high-temperature contact fatigue. ‘This is 
related to understanding the wear mechanisms i n  cutting tools and has allowed lis to combine our 
knowledge of indentation with our experience in high-temperature creep. A system is being set up in  
which a S ic  spherical indenter is combined with SIC push rods in one of the creep testing machines to 
produce a load-controlled indentation system. This prqject is continuing i n  1998. 

Our capabilitics to test ceramic/ceramic or ceraniic/nictal joints has been cxpanded. Tubular 
specimens of S ic  joined i n  a butt-,joint with a supporting sleeve were successfitlly tested in  tension at 
I 100°C. Rectangular ceratiiic/inetal joints were tested both in flexure and in tension at tconpcratures 

LIP to 1000T. The necd for testing ofjoined specimens will likely increase as more ceramics and 
ceramic composites are being integrated into systems. 

I n  a prqject with Iiico, we are measuring the stress relaxation behavior of a superalloy that 
undergoes dimensional changes due to phase transformation. The phase transformation will actually 
lead to a stress increase when the stress relaxation experiment is performed at the critical 
temperature. The accurate cxtensometry and stable furnaces available in MCAUC made i t  possible to 
precisely map the behavior of these alloys in a way that had not been done previously. This project 
is contiiiuiiig into 19%. 

111 addition to the work in the User Center. researchers i n  MCAUC are performing extensive 
research in other DOE programs, and within these we have extensive collaborations with otlicr 
groups at ORNL, as well as with industry. 

I n  the nanoindentation area, the capabilities have been expanded to include indenters of different 

Several proposals in  the nanonidentation area were related to coatings and also to near surface 
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4.3 THERMOPHYSICAL PROPERTIES USER CENTER 

4.3.1 Background 

The TPUC is dedicated to measuring thermophysical properties as a function of temperature and 
correlatiti? thece properties with the processing, microstructure, and performance of materials. 
Specifically, the TPUC staff worhs with users to determine thermophysical properties such as 
thermal diffusivity, thermal conductivity, specific heat, and thermal expansion and to characterize 
the thermal stabilig , high-temperature reactions and compatibility, and high-temperature oxidation 
and corrosion properties of materials. The materials studied include structural ceramics, engineering 
allo) s, ceramic and metal matrix composites, supcrcoiiducting materials, ceramic precursors, carbon 
materials. and carbon fiber composites. 

4.3.2 Staff and Major Instruments 

4,3.2.1 Staff 

TPUC is one component of the Diffraction atid Thermophysical Properties Group. Members of 
the group with prime responsibilities for thermophysical properties activities include the following: 

Dr. Ralph B. Dinw iddie--thermal transport and thermal imaging: 
Mr. Wallace (Wally) D. Porter-thermal analysis: 
Dr. Hsin Waiig---thermal transport and thermal imaging; 
Ms. Joy L. Kilroy-group administrative support: and 
Dr. Camcleti (Cam) R. Hubbard-group leader. 

Dr. Hsin Wang was an ORISE postdoctoral appointee throughout the period but became a staff 
member in early FY 1998. He received his P1i.D. from Alfred 1Jniversity's College of Ceramics. His 
thesis research emphasized measurement of properties of ZnO ceramics. 

4.3.2.2 Major instruments 

The major facilities of '1 P I J C  are divided. into three areas: thermal analysis, thermal transport. 
and the ne\v focus of thermal imaging. 

Tlierinnl A n d p i s  

Stanton Redcroft SPA 1500 simultaneous thermal analyzer (S T'A). 
- differential thermal analysis (DI'A) 
- thermogravimetry (TG) 
-- evolved gas analysis (EGA) by mass spectrometry. 
Stanton Kedcroft DSC 1500 differential scanning calorimeter. 
'lheta dual push rod dilatometer. 
Cahn TG. 

' The simultaneous thermal analyzer (STA = DTA + TCI + EGA) and the differential scanning 
calorimeter both are capable of operation to 1500°C in I-atm inert or oxidiLirig atmospheres. The 
thermal analysis laboratorq also contains a dual push rod dilatometer for bulk thermal expansion 
measureinelits to I5OO"C. The Cahn large-mass. high-temperature. high-sensitivity TG, with 
concurrent DTA attachment. provides measurement capabilitj to I 700°C for samples having masses 
u p  to 100 g .  This instrument supports measurements in vacuum, inert. oxidizing. reducing, and 
corrosive atmospheres, and thus considerablj extends TPUC's capabilities in thermal analysis. 
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Tliermtil Trtinsport 

Anter laser flash tliermal diffusivitj system. 
Xenon tlash thermal diffusivity system. 
I,ongitudinal bar therinal conductivity system. 
Topometrix scanning thermal conductivity microscope (STCM). 
3-Omega system thin-film thermal conductivity of nonelectrically conductive materials. 

’The laser flash and xenon flash system measure thermal diffiisiv ity of materials under a variety 
o f  conditions. With the laser flash system (discussed in more detail i n  Sect. 4.3.3), researchers can 
make measurements as a function of temperature to 2500°C. measurement of thermal diffusic ity of 
molten metals, and analyses of two- and three-layer samples. ‘I’he xenon flash systcrn is optiinbcd 
for room-temperature thermal diffusivity tneasuretnents. 

The longitudinal bar thernial conductivity system provides for steady-state nieasLiremeiit of 
thermal conductivitj from 80 K to 500 K. These nieasurements, coupled with the elevated- 
temperature measurements, arc important in modeling thcrmal conductivity in solids (in terms of 
grain si7e, impurities, and crystal defects). 

The Topometrix STCM map5 thermal conductivitj c ariation5 in materials such as composites on 
a submicrometer scale, providing microstructural information not available by other means. 

7‘hc 3-Omega syrtetn was recently assembled to provide a means to measure therinal 
conductivity as a fiinction of temperature dircctly. ‘1 lie greatest strength of this techniquc i s  the 
ability to measure thc thermal conductivity of’ electrically insulating thin film and bulk specimens. 

Amber infrared (IR) camera. 

linage processing sottware. 
Selected germanium lenses for both microscopic and broad field imaging. 

Portable systeni including computer and triggering circuitry. 

A high-speed I R  camera for two-dimensional (2-D) thermal diffusivity and nondestructive 
thermography is the newest instrument i n  TPIJC. The caniera was purchased by the DOE-OIT 
Advanced Turbine Systems program to study thermal-transport characteristics of TBCs on turbine 
blades and to assess its applicability to detection of defects (see Sect. 4.3.3). 

Supporting Facilities 

Five-cell helium pycnometer for density. 
Sample preparation facilities, including thc following: 
- diamond core drill 
- low-speed diamond cutoff san 
- diamond band saw 
- vacuum deposition chamber 
- polisher 

4.3.3 Developments and New Capabilities 

4.3.3.1 Thermal conductivity of  coatings 

Coatings arc being widely used to increase the performance life of gas turbine engine hot-section 
components, with a future goal of increa$ing operating temperatures and, hence, fuel efficiency. Thin 
films are also w idel) used as protective oxide coatings, wear-resistant coatings, and corrosion- 
resistant coatings. and as active elements i n  electronic components. The 3-Omega technique is uscd 
to determine thermal conductivit} of electrically nonconductive coatings. A pliotolithographic 
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method is used to deposit a small heater 011 tlie surface of the specimen. Using a variable-frequency 
ac poner supply, a lock-in amplifier. and a furnace enables measurement of thermal conductivity as a 
function of both depth and to 500°C. The iiem 3-Omega capabilitq enhances HTML's abilitq to 
study the effects of processing conditions. thermal historj, and microstructure on the thermal 
cond 11 ct i v i ty of 11 i gh- perform ancc coatings. 

4.3.3.2 Laser flash thermal diffusivity system 

'fPUC purchased a state-of-the-art laser flash thermal diffiisivity (LFTD) system in FY 1996 
that significantly expanded TPUC's thermal-transport measurement capabilities. This highly flexible 
system can operate from K'I' u p  to 2500°C i n  vacuum or inert gas. 'Two furnaces are iised to achieve 
this: one for tlie range from R1' to 500°C and a carbon furnace for the 500 to 2500°C range. I n  
addition. measurements of thermal diffiisivity may be made in  oxidizing or reducing atmospheres 
from 25 to 1 700°C using a third alumina tube fiirnace. Six-sample carousels on the two-vacuu~ii/inert- 
atmosphere furnaces 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. Completion of installation of accessory attachments and debugging of the 
measurement software was followed by significant growth in productive user activity. 

4.3.3.3 Therniophysical properties of molten and semisolid metals 

I ti FY 1996 I'PUC carefully assessed industry's current and future needs for knowledge of 
tliermophysical properties. Based on that study, TPUC expanded its focus to include measuring tlie 
properties of molten and semisolid metals. These data have recently become very- valuable i n  the 
national efforts to model materials processes such as welding. casting, queiiching, and hot forging or 
rolling. TPUC has contributed to several user and DOE prqjects needing properties of molten metals. 
'T'he new laser flash thermal diffusivity system has demonstrated the capability to determine the 
thermal diffiisivity of difficult-to-measure molten alloys. TPUC also developed and applied 
techniques for determining the density of molten metals utilizing our existing dilatometer. These data 
are often coupled with studies on casting modeling. 

4.3.3.4 Infrared camera for two-dimensional thermal diffusivity mapping and 
thermography 

TPUC has developed a system capable of producing quantitative thermal diffusivity maps of test 
coupons, plates. and tubes. as well as thermal effusivity maps of components with complex shapes, 
sucli as turbine blades and vanes. This system is ideal for the study of composites and coatings. At the 
heart of tlie system is a high-speed, high-sensitivity IR camera with a 256 x 256 pixel focal plane 
array operating i n  snapshot mode. Each one of tlie 65,536 detectors that make u p  the focal plane 
array is exposed at the same time and for the same length of time. This allows for a straightforward 
pixel-to-pixel comparison in each image. With Ge lenses, tlie spatial resolution can be ad-justed down 
to 7.5 pm, and the temperature resolution can be as sensitive as 0.015"C. The camera can operate at 
speeds up  to 130 full frames per second, or up to 1480 images per second at a resolution of 64 x 
64 pixels. The exposure time for each image can be adjusted down to 2 ps, allowing the study of very 
hot and/or fast-moving targets, such as cutting tools. boilers. arid brake rotors, during operation. The 
camera can be calibrated for absolute temperature measurement. 

For 2-D thermal diffiisivity mapping, tlie sample or part is heated by 1000-W quartz lamps, a 
1000-W xenon illuminator. or a 4800-W xenon flash lamp. The camera is used to record the 
temperature response of tlie heated surface with time. I n  some cases the thermal response of the 
back side of the sample is recorded. Custom software is then used to calculate the thermal diffusivity 
or thermal effusivity for each point i n  the image. The result is a thermal diffusivity or effusivity map 
of the object under test. This data can be viewed in a variety of ways, including a spreadsheet format, 
a 2-D false-color image, or a 3-D surface plot. 
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I n  addition to tlic nieasureinerit of temperature and thermal properties, the camera can also be 
used for thermography applications for nondestructive evaluation of components. 7’1ie use of I R  
traiisniitting fibers coupled to the camera was demonstrated and lias great potential for temperature 
measurement within systems such a\ dies during liquid metal insertion. 

TPlJC developed a portable canicra-control capability to allow off-site field work. The first 
demonstration of this portability was in a reverse €1 I M L  fellowship with the Ford Scientific Research 
Laboratory. 1 he purpox of this investigation is to siinultaneouslq image hot spots on tlie inboard 
and outboard sides of a brake rotor during braking 0 1 1  a dynamometer. These hot spots result i n  
localizcd thcrmal expansion of the rotor that cause the torque variations we know as brake roughness 
or brake judder. During the three visits to Ford, the ‘IPUC staff was able to record thousands of 
images of this hot-spotting phenomenon as a function of initial rotor temperature and speed, brake 
pad manufacturer aiid design. and braking behavior (i.e., dragging or stopping). I n  addition to the 
qualitative images, which show tlie spatial and time evolution of the hot spots, a calibration was 
performed that allowed tlie quantitative measurement of tcmpcrature as a fiinctioii of time and 
location. 

Tliese results Iiavc both sliort- and long-term benefits. I n  the short term, brake system 
componcnts that are less likelq to cause hot spotting can be selected for cars about to be introduced 
into the market. I n  the long term, tlie thermoelastic niodcls that describe hot spotting inaj be 
refined and used to cvaluate future designs before they go into production. Visits to GM Delphi 
Chassis Systems and the University of Southern I Ilinois are currently being planned for additional 
work on brake systcnis and materials. 

p ?  

4.4 RESIDUAL STRESS USER CENTER 

4.4.1 Background 

llser projects and DOE programs are increasingly concerned with life prediction and failure 
analysis of engineering structures. In many oi’ these cases. knowledge of residual stress gradients (sign 
and magnitude) as a function of location at both tlic surface and throughout the volume of a 
component is critical information for failure analysis and life prediction models. The Residual Stress 
User Center (RSUC) Mas established to meet this need and to provide a facility for research into 
controlling residual stresses. either through modifying the forming and finishing processes, by 
chaiiges in the design, or through strewrelief procedures. KSlJC activities no\.c include both the X-ray 
residual stress facility, tlie neutron residual stress facility (discussed in detail in Sect. 4.4.3), and the 
developing use of synchrotron radiation and Rainan microprobe. The diffraction facilities can bc 
utilized to measure macro (long-range) and micro (short-range) residual stresses in polycrystalline 
materials. Ramaii microprobe is currently focused on alumina stress measurement in TBCs. 

to directionally dependent materials properties. Texture is very common i n  materials sub-ject to 
deformation and also in thin films. both areas of  increasing importance. 

RS1JC‘ also characteriies the nonrandom grain distribution or texture in materials and relates t l i iq  

4.4.2 Staff and Major Instruments 

4.4.2.1 Staff 

‘The Neutron Residual Stress Facility (NIXSF) is operated i n  a teain mode, with members of tlic 
Metals and Ceramics (M&C). Solid-State (SSD). and Instrumentation and Controls (I&C) divisions 
participating. Ihless  otherwise noted, the following staff members are from the Diffraction and 
Thennophysical Properties Group, Metals arid Ceramics Division. At the end of FY 1996 two group 
members took positions i n  industry, and a new postdoc and {Jniversity of ‘Tennessee (UT) 
subcontractor were added to the group during the year. 
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Dr. E. Andrew Payzan-residual stress mapping, instrument specification; 
Dr. Roberta (Robbie) Peascoe----texture (UT); 
Dr. Steve Spooner-residual stress mapping by neutron diffraction (SSD); 
Dr. Christina I-Ioffiiiaiin-residual stress mapping by neutron diffraction, refractory corrosion: 
Dr. Xun-Li Wan-----micro and macro residual stress by neutron diffraction; 
Dr. Thomas R. Watkin-X-ray residual stress and grazing incidence diffraction; 
Dr. Michael Wriglit-----instruinentation design for neutron strain mapping (I&CD); 
Ms. Joy L. Kilroy-group administrative support; and 
Dr. Caiiideii R. Hubbard-group leader and NRSF project leader. 

Dr. tloffiiiann is an Oak Ridge Institute for Science and Education (ORISE) postdoc who received 
her P1i.D. in Mineralogq and Crystallography from the University of Bern, Switzerland. Dr. Peascoe 
received her degree froin Texas A&M University i n  Inorganic Chemistry and Ciystallograpliy. 

4.4.2.2 Major instruments 

Sciiitag PTS four-axis goniometer with 1 8-kW rotating-anode generator. 
Sciiitag PI'S four-axis goniometer w itli 2-kW sealed-tube generator. 
Neutron spectrometer with XYL mapping system for macroresidual stress mapping. 
Neutron powder diffraction spectrometer and furnace for microresidual stress analysis. 
XI4A beam line at the National Synchrotron Light Source (NSLS) [KSIJC is a participating 
research team (PRT) member on this ORNI, beam line]. 

Both of the neutron spectrometers are owned and managed by the Neutron Scattering Section of 
the SSD at ORNl.,. RSUC is provided a portion of the time on these instruments to establish and 
operate the neutron residual stress effort based on an agreement between DOE'S Basic Energy 
Sciences (BES) and Energy Efficiency (EERE) programs and ORNL's Solid State and Metals and 
Ceramics divisions. The long-term goal is to establish a dedicated stress mapping instrument at HFIR. 

4.4.2.3 Accessory instrumentation 

0 

0 Grazing incidence optics; 
Strain gage capabilities; 

High-temperature furnace. 

Position-sensitive and Peltier Si(1 .i) X-ray detectors; 
Laser position sensor for X-ray polycrystalline-texture-stress (PTS) units: 

Tensile load frame for use on the neutron diffraction, residual stress mapping facility; 
Huber full-circle Eulcrian cradle for use on the neutron diffraction, residual stress mapping 
facilitj; and 

4.4.3 New Capabilities 

4.4.3.1 Grazing incidence X-ray diffraction 

Following an earlier demonstration of the application of grazing incidence X-ray diffraction 
(GIXKD) nietliods for depth-profiling residual stresses over a very shallow, near-surface region of 
specimens, the user interest in this technique has exceeded the capacity at wliich we can make 
measurements on our laboratory systems. Numerous proposals and inquiries related to grinding- 
induced subsurface stresses and to stresses in thin coatings have been received. GIXRD employs low 
angles of X-ray incidence to control the depth of X-ray penetration. By approaching the angle of 
total external reflection, the depth of sampling can raiige from tens of angstroms to a few 
micrometers. With this technique, diffraction information about phase content. texturc, and residual 
stress can be obtained au a function of sampling depth. 
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Of particular importance is the nondestructive measurement of strains induced by prindiiig and 
the range of depth profiling. RSlJC continues to pursue projects to provide a scientific basis for 
aspects of this technique and to support further devcloptnent of this technique and instrumentation. 
The particular limiting aspect is slow data collection, which limits the extent of user proposals we 
can address and firthcr limits the number of specimens that can be studied. 'I o address this shortfall, 
we have assessed several options to increase the flux and instruinent tiiiie or to develop alternate 
instrument access. 1 hese include niitltilaycr X-ray mirrors, focusing capillary optics, and synchrotron 
radiation. We demonstrated that a 30-fold enhancement could be achieved with use 01' a rnultilayer 
X-ray mirror. A capillary optics device did not look promising for this application. Tests using the 
OKNL X14A beam line at NSLS have been encouraging, and additional testing and optiniimtion of 
the facilities there are under waj.  

4.4.3.2 Neutron residual stress Facility 

A cooperative joint effort-signed in April 1994 between DOE's Office of Energy Efficiency 
and Renewable Energy (EE), Orl'rl~, and ER/BES, Division of Material Scieiices-establislicd NIiSF. As 
part of the HTML's RSIJC, NRSF is a collaborative effort to meet expressed industrial and academic 
needs for through-thickness strain mapping. 1 his joint program is a direct result of a multiyear 
Laboratory Director's Research and Development (LDRD) prqject proposed and led b j  I ITMI, staff 
at [ F I R .  NRSF is operated b j  a team consisting of staff from HTML, i n  the M&C Division, the 
Neutron Scattering Group of the SSD, arid the I&C Division. 

Ihe goal of the joint program is to establish and operate user ficilities for macrorcsidual and 
niicroresidual stress anal) ris i n  conjunction with the existing KSUC X-ray facilities in HTML and the 
neutron scattering facilities program at I I F I R .  We currently are meeting this god bj using a portion 
of the beam time on two SSD spectrometers (HB-2 and HR-4). Another goal is to develop a dedicated 
instrument at FiFIK optimized for inacroresidual stress analysis, and thus to greatly expand both the 
capabilities and speed of nieasurement. 

of operational problems. I n  FY 1997 there were just 99 nieasurement days available compared to an 
average of 143 days per year in the prcceeding two fiscal years. 

H t l R  operation i n  t Y  1997 was significantly reduced compared to FY 1995 and FY 1996 because 

4.4.4 Major Activities 

4.4.4.1 Complimentary projects 

I n  the reporting period, the residual stress facilities have also been used on a number of 1lOE and 
Work for Others projects. The former include measurement of stresses in clad boiler tubes, weld 
overlays, and thermal barrier coatings. The Work for Others projects include studies for a 
cotnniercial airline company. Weyerhauser. and the Navy. IIOt: projects have led to additional 
nonproprietary user projects, as u ell as proprietary pro-jects from industrial users. The NRSF was used 
in several proprietary projects during the period, and the staff is currently working with candidate 
users in conducting research and developing additional proposals. 

Advanced computer simulations for the design of neutron scattering instrumentation. 
Teaming up  with Dr. J. L. Roberson of SSD, Dr. X.-L. Wang of R S K  has recently won a 1,LlRLl 
project on Monte Carlo simulation of neutron beam optics. l l ie  LDRD effort aims to develop 
sophisticated computational models for various neutron optical components commonly used i n  the 
construction of neutron scattering instruments. By linking these modules together, it will bc possible 
to design and optimize instruments in a much more powerful way than is currently achievable. 
Computational models are also a necessary first step in the development of data analysis and 
visualization tools, and are fundamental to a coherent approach to data analysis that includes 
experimental considerations such as instrumental resolution and multiplc scattering. which cannot be 
readily addressed in any other way. '[he successful completion of this project will strengthen ORNL's 
posture with regard to the Spallation Neutron Source (SNS) and the IIFIR upgrade projects. I1TML 

4-13 



will utilize the models to evaluate tlie design options for its iiistrtiments at tlie tlienial neutron guide 
hall of tlie upgraded HFlK and at tlie SNS. 

4 A. 4.2 Mac ro resi d u a I s t ress m a p pi n g i n s t r 11 mentation 

Tlie demand for macroresidual stress mapping by neutron diffraction continues to exceed tlie 
time available. We can schedule approxiniatelq 40 experiment days every three montlis (2  of every 
3 fuel cycles at HFIR). However, we encountered a demand tqpicallq. 100% in excess of tlie available 
daqs. To meet this demand as soon as possible. h e  have given high priority to the development of ail 
enliaiiced. dedicated stress-mapping facility. This effort has been stretched out by several factors: 

the decision by DOE to spread tlie capital funding over three qears: 
design analq sis that recommended a horizontal beam arratigement: 
SSD's need to continue to use I B - 2 ,  and in tlie future to split that beam to support four major 
research instruments (including tlie stress mapping); 
a proposal to build a therinal guide hall using HB-2 beam as tlie source; and 
a DOE decision to upgrade HB-2 but not to build tlie thermal guide hall at this time. 

In tlie guide hall plans, the neutron-based residual stress program would have liad two stations on 
a thermal guide. 'I'lie thermal guide hall proposal liad been rated as tlie tiumber one proposal for the 
upgrade of DOE'S neutron facilities by an independent committee, but the proposal faced tough 
budgetary concerns and ultimately was not funded. 

H'l'MI, and SSD staff have been working within this picture of uncertainty to improve tlie 
existing instrumentation and simultaneously plan for the possibilities of tlie thermal guide hall or tlie 
fallback of a multi-instrumented HB-2. We have divided tlie new instrument development task into 
several components. Tlie first component involves expanding the number of neutron detectors froin 
one to seven to increase detection efticiency and produce data on the strain tensor without specimen 
rotation. Tlie second involves developing new monochromators that deliver a significantly higher 
flux at the specimen. The third component is to specify and order two new goniometers for use at 
HFI R and, potentially, tlie tliermal guide hall. The fourth component involved assessing the 
requirements for a multi-instrumented HB-2 based on new shielding aiid monochromators. The fifth 
is the DOE 2000 Pilot Project, Materials Microcharacterization Collaboratory. which aims to 
improve user access and collaboration via use of the internet and new computational tools. Progress 
oii each of these is described in 1lie following sections. 

4.4.4.3 Seven-detector array for neutron residual stress mapping 

One action we have taken to increase our ineasurement capacity is to expand the number of 
position seiisitive detectors (PSDs) from one to seven. A vertically stacked array of seven PSDs was 
designed; tlie seven detectors, shielding, and electronics were installed: and software was developed. 
Testing demonstrates that tlie seven-detector array has increased our measurement capability by at 
least three: however, limitations of tlie HB-2 goniometer prevent full utilization of this detector 
array. .4n improved design for shielding aiid stable detector mounting will be developed when we have 
acquired tlie new goniometer system. 

Each detector in  tlie array lias an active area of 4 x 10 cm and a linear resolution of 1 mm. They 
are spaced at 7' intervals on an arc having an SO-cm radius. Each detector can be rotated about tlie 
iiorinal to tlie detector face to compensate for the apparent curvature of the Debye Scherrer cone at 
2q angles away from 90". A iiunierical model to correct the data for geometric errors and 
irregularities in the alignment of the detector array Iias been developed. Calibration data are collected 
on diffraction lines of a nickel powder standard. A least-squares fitting method is used to minimize 
the error between observed and calculated peak positions simultaneously in  all seven detectors. 'The 
variables include sample-to-detector distance, spacing of tlie detectors along tlie array arc, tilt of tlic 
array from vertical, variation of the height of tlie array with 2q, 2q zero offset. aiid neutron 
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wavelength. With profile fitting of the diffraction peal\ plus background. reproducibilitj of the peak 
position measurement of better than 0.003" of 2y has been demonstrated. For typical data, the 
calibration procedure provides ineasurcd 2qs \v ith an absolute accuracy of 0.02" for all detectors. The 
seven-dctector system was further improved during early FY 1997 and then placed into productivc 
use. Results to date all show increased accuracy i n  nieasurenient along \$ith a reduction i n  data 
co I 1 ec t i o n ti ni e. 

4.4.4.4 Neutron monochromator design for stress mapping 

Neutron flus increases on the gage volume i n  a residual stress sample combined with reduced 
diffraction peak width can be achieved siniultaneouslj with the use of a verticallj focusing, 
horizontally ciirved perfect silicon inonochro~nator, according to the calculations made for us by the 
Universitj of Missouri (Columbia). Flux improvements as large as a factor of 7 have been predicted 
with the instrumental diffraction peak width reduced by 2. 'To achieve this increase will rcquirc an 
enlargeinent of the beam dimension at I4H-2. Without the taller beam, a gain of a factor of 2 to 3 
was expected. A doubly-bent silicon monochrornator that is elastically bent in  the scattering plane 
and mechanically focused out of the scattering planc was ordered i n  FY 1996 arid was installed with 
its own iiionochromator plug at the 1 IH-2 beam port in FY 1997. The monochromator was designed 
and built by the University of Missouri. The new monochroniator acliicved a gain in peak intensity 
of 60% and a nieasurable reduction i n  peak breadth. 

4.4.4.5 New goniometer specifications 

Specifications for new goniometers for use at HFIK for neutron residual stress were completed i n  
FY 1996. The goal is to provide for larger specimens (-2 x larger than currently possible to study), 
achieve higher accuracy in the rotational axes via use of absolute encoders, perinit readq exchange of 
detector Sy$lelm, enable for the first time routine single-crystal strain and polycrystalline texture 
measurements, and support various acccssories such as tensilc frames and furnaces. One o f  the two 
system will have a sample orienter (Kappa geometry) for studies of strain i n  single-crystal or highly 
oriented polycrystalline materials. This sample orienter will also perinit texturc-mapping 
cxperiinent5 and thc ability to charactcrize the variation of texture as a function of processing 
parameters throughout the volume of a specimen. The two instruments were ordered in F'Y 1997 
with delivery anticipated by late FY 1998. 

4.4.4.6 Dedicated NRSF installation 

Since thc thermal neutron guide hall construction proposal was not funded, the alternatc plan is 
to increase the beam size. design a new shutter, and install thermal neutron guides at 1-18-2 to support 
various scattcring instrurnents of SSD and NRSF. The modified beani delivery concept will provide a 
dedicated location at NFIR for the NRSF, utilizing a taller beam than is currently available. 

Monte Carlo analysis indicates a potential of significant intensitj- gains via redesign of the 
beryllium reflector tube and shutter and use of thcrnial neutron guides. Considerable debate and 
changes continue to occur i n  the plans for which instruments will be accommodated at the upgraded 
I1B-2. However, all designs to date provide for the large spccimen residual stress mapping instrument. 

4.4.4.7 DOE 2000, materials microcharacterization collaboratory 

l a t e  i n  FY 1997 the DOE office of Mathematics, Information, and Cotnputer Science .joined 
O'II'-H'T'MI., i n  initiating a pilot project to  develop, install, and test tools for conducting "'Science at 
a Distance" u ith focus on materials riiicrocharacterization. Besides several DOE electron microscopy 
facilities, two beam l i m b  at major national facilities werc included. These are the Neutron Residual 
Stress Mapping facility at HFIK and O K N L ' s  X14A beam line at BNL, botli operated by the RSUC. 
Initial cfforts wcre to cstablish the foundation for euhanced remote instrument opcration for video 
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images of the experimental area as well as video conferencing between scientists. Equipment and 
networking were ordered and will be installed and tested iii FY 1998. 

4.5 DIFFRACTION USER CENTER 

4.5.1 Hackgrouud 

I he DUC uses room- and high-temperature X-ray and neutron diffraction methods to 
characterize crystalline 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 
environment and frequently i n  coti.junction with data from thermal aiialysis or electron microscopy, 
are used to relate materials processing and performance with phase transformations, reactions (solid- 
solid. liquid-solid, and gas-solid), lattice expansion, atomic structure. crystallizition from the melt. 
and phase stability. 

In addition to supportiiig users‘ diffraction needs, the XRD facilities are extensively used by 
qualified staff i n  the M&C Division who are conducting a wide variety of ceramic and alloy R&D 
efforts. DUC also provides technical expertise in diffraction and materials science i n  support of a 
number of DOF,-funded projects. 

4.5.2 Staff and Major Instruments 

4.5.2.1 Staff 

DUC is a central part of the Diffraction and ‘~hermophysical Properties Group. Members who 
had prime responsibilities for activities in this User Center during the reporting period include the 
following: 

Dr. E. A. (Andrew) Payzant---development staff meniber. R’I’ & HTXRD, neutron diffraction, 
synchrotron; 
Mr. 0. 6. (Burl) Ca\~in-siibcontractor, RT & HTXRD; 
Dr. R (Robbie) Peascoe----(UT subcontractor), RTXRD and zeolites; 
Dr. C. J. (Claudia) Raw-(OKISE postdoc), R1’ and HTXRD: 
Dr. T. R.  (Toni) Watkins------research staff member, RT & HTXRD: 
Ms. J .  L. (Joy) Kilroy-group administrative support; and 
Dr. C. R. (Cam) Hubbard--group leader. 

Mr. Cavin, wJho had been with DUC since the beginning of the HTML, retired in September 
1993. Fortunately, he has continued to participate i n  the operation of the X-ray facilities by 
supporting users and assisting ORNL staff members. Dr. Mistiire (ORISE postdoc) left ORNL to take 
a faciilty position at Alfred IJniversity. Dr. Payzant, formerly an ORISE postdoc i n  RSUC. became a 
staff member with prime responsibilitj for the DUC. Dr. Kawn joined the group as a postdoc. Her 
expertise is in use of XKD for phase equilibria and solid-state chemistry. Drs. Hubbard and Watkins, 
whose primary focus is the RSIJC, helped f i l l  the transition in User Center staff. 

4.5.2.2 Major instruments 

Scintag 8-28 PAD V goniometer with Peltier cooled Si(Li) detector; 
Scintag 8-8 PAD X goniometer with Buehler higli-temperature furnace system arid a position- 
sensitive, liquid-iiitrogen-cooled Ge detector; 
High-resolution neutron powder diffractometer (HH-4) at HFlR  with furnace and cryostats; and 
X 14A beam line at the NSLS with Bucliler high-temperature fiiriiace system. 
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The neutron powder diffractorneter Facilities are part of the NSRF at I IFIR sponsored bq ER. 
H TML user projects that also require neutron powder diffraction are acconitnodatcd under a 
collaborative arrangcment. 

DUC became a member of the PKT for the X14A beam line at NSLS. ‘T’hir beam line was 
constructed with funding from the CII. ORNI,, and industrial members of the PRT. As part of the 
PR’T, we are developing high-temperature dit’fraction and stress analysir as well as adding extended 
X-ray absorption fine structure (EXAFS) capabilities at X14A for research use by HTMI, ~isers. l l ie 
extremely high tlur, several orders of niagnitiide greater than our laboratory-based systems, will 
enablc users to study smaller specimcns, to stud) rapid reactions and kinetics, and to resolve subtle 
phase transformations that caiinot be determ incd with tlie laboratory-based sq stcms. 

4.5.3 New Capabilities 

4.5.3.1 Rietveld full-pattern refinement method 

The Kietveld fiill-pattern-fitting structiiral refinement method has become a frequently requested 
data analysis method. The Rietveld method has developed as a pow erfid new method for extracting 
detailed structural inihnnation from powder diffraction data that could previously onlq be extracted 
from single crystal data. This enables polycrystalline powders with known compositions to be 
analyzed and the structural changes and defects to be correlated to physical (electrical, thermal. etc.) 
properties. The Rietveld method refines lattice parameters, profilc shapes, atomic coordinates. 
thermal motion parameters, site occupancies, and instriunental aberrations. For a iniiltipliase sample 
the user can obtain accuratc information on the volume fraction of each phase in a mixture. The 
User Center now has several codes operational for Rietveld refinement [General Structure Analysis 
System (GSAS), Rietan. RIQAS, FullProfl. Each code has different advantages and limitations. thus 
requiring mastery of several by UUC staff. The GSAS software package can accommodate multiple 
data sets combining laboratory X ray, synchrotron X ray, and neutron diffraction data, all available 
through the diffraction user center. Synchrotron X-ray powder diffraction data can be collected 
where the \\avelength has been tuned near and away from the absorption edges of different cations, 
having a similar number of electrons, allowing identification of cations that are hard to distinguish 
using conventional laboratory X rays. Using GSAS to combine data sets collected at different 
wavelengths pro\ ides valuable information for understanding the defect chemistry from the site 
occupancies of similar cations. GSAS also all ws the combination of X-ray and neutron diffraction 
data allowing tlie combination of neutron dat (highly penetrating, tlie abilit3 to “see” lighter atoms 
like H, C. and 0, and the ability to disclose both the magnitude and direction of inagiletic moments) 
with laboratorq and/or synchrotron X-ray powder diffraction data. Using full-pattern-tittine I ITXRD 
users are able to accurately determine lattice parameters without use of an internal standard. thus 
avoiding possible chemical interactions between the standard and tlie sample. Users can subsequently 
calculate bond distances and angles from tlie atomic coordinate\. 

4.5.3.2 Neutron powder diffraction 

High-resolution neutron powder diffraction capabilities managed by the Neutron Scattering 
Group, SSD, are now available to HTML users. This became possible by developing a cooperative 
understanding and referral process. When an HI’ML project would benefit by including ncutron 
powder diffraction, users can include this request i n  the HTML proposal: members of the DUC team 
then will obtain the necessary additional review by the SSD’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 Scattering Group for consideration under tlie BES‘s Neutron Scattering 
Facilities Program. H‘T’ML and the Neutroii Scattering Group have jointly acquired a high- 
temperature vacuum furnace ( 1  6OO0C) for neutron powder diffraction measurenients and made it 
operational. We have jointly tested and denionstrated this furnace facility and successf~illy macle it 
available to HTML and Neutron Scattering Group users at HFIR. 
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4.5.3.3 High-temperature XRD furnace for X14A 

A Buehler high-tetiiperatitre furnace and power supply essentially identical to the system used at 
HTML was donated to HTML for use at NSLS. Methods to attach the fiirnace and a temperature 
controller for the fiirnace have been developed and tested during one experimental cycle at NSLS. 
This preliminary experimental cycle was used productively with several DUC and RSUC users to 
study a phase transformation oxide growth and distortions from a cubic lattice that could not be 
detected on conventioiial instruments. Detailed plans for fiirther modification were developed from 
this preliininary effort and are being implemented. 

4.5.3.3. Zeolites for highly selective chemical sensors 

A Seed Money project to develop methods for using zeolites as chemically selective coatings for 
chemical sensors was started in collaboration with the Life Sciences Division. Recent work at ORNL 
has proved the ability of microcantilevers to detect chemical vapors. By coating commercially 
available microcantilevers with a sensitizing overlayer. it i s  possible to measure chemical exposures. 
In a recent experiment, gold-coated microcantilevers were used to detect mercurj vapors. ‘lhe 
change i n  mass due to absorption shifted the resonant frequency. allowing the detection of mercury 
vapor with picogram sensitivity. Using zeolites as chemical absorbers. we intend to expand the range 
of clieniicals that can be detected using microcantilevers and assist i n  developing sensors to monitor 
em i ss ion s from en g i ties, I a t i  d in in  es. ani m u ti it ion stores, exp 1 os iv e s, a t i  d contraband . 

4.5.3.5 Advanced data collection and analyses 

The XRD instruments i n  DUC and KStJC were converted to networked Pentium PCs running 
Scintag’s Diffraction Management Software for Windows NT@ (DMSN’T) software. DUC also 
employs a variety of state-of-the-art powder diffraction software packages. By the end of FY 1996 
the KTXRD and HTXKL) systems are operating under Windows-NT control. The transition enhances 
HTML‘s data collection and analysis capabilities. keeping them state-of-the-art. 

4.6 MACHINING AND JNSPECTION RESEARCH USER CENTER 

The MlRUC provides basic facilities for investigation of grinding processes for high-performance 
ceramic materials, design and fabrication of mechanical property test specimens, dimensional 
characterization of test specimens and other components. and tribology. 

4.6.1 Staff and Major Instruments 

4.6.1.1 Staff 

H .  (Sam) McSpadden, leader of the Machining and Inspection Research Group, has overall 
responsibility for MIRUC. His teclinical specialty is dimensional metrolog}.. Other group members 
and the equipment and technologies for which they have primary responsibility are as follows: 

Dr. Peter Hlau-a nationall) recognized expert in the field of tribology (friction, wear, and 
lubrication). Dr. Hlau is responsible for all tribological research perfw-med in MIKUC. Numerous 
custom-designed friction and wear-testing instrutnetits, scratch testers, and repetitive-impact 
testers are now available for use by guest researchers; 
Mr. Tyler Jenkins -responsible for operation of the Harig surface grinders; coolant management; 
health, safety. and environmental issues: 
Mr. Toni Morris-a technical specialist in grinding and ceramics macliining, principal 
i n k  estigator on C RADAs involving cost-effective macli i ti i ng of ceramics; 
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Mr. Lawrence O’Rourke-responsible for operation of the Weldon cylindrical grinder. Nicco 
creep-feed cylindrical grinder, grinding wheel management. and procurement; 
Mr. liandy pr art en-responsible for dimensional inetrology. with emphasis on programming and 
operation of the coordinate measuring inachiiie (CMM), Mahr form tester, Taq lor-Hobson 
‘falysurf surface profile measuring instrunlent, and the Kodenstoch noncontact laser surface 
topography measuring instrumeiit; 
Mr. Earl Slielton-responsible for operation and computer numerically controlled (CNC) 
programming of the Cincinnati Milacron centerless grinder and the Sabre vcrtical grinding center; 
Ms. Jessie W hi tten barger-you p adm inistrative support. 

4.6.12 Major instruments 

Five types of numerically controlled grinders are available to guest researchers for their projects 
at MIRUC. ‘The grinders were selected for their similarity to those used in manufacturing facilities 
throughout the United States. Grinders are instruinented to permit real-time measurement of key 
grinding process parameters including grinding forces, spindle horsepower, spindle vibration. acoiistic 
emission. and coolant temperature. Data may be collected. displayed, stored, and a i i a l y d  using 
spec ia l id  Labview programs and other analysis software. Major machining equipment includes: 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Weldon Cylindrical Grinder 
Hridgeport/I larig Surface SI icer/Gritider 
Nicco Creep-Peed Surface Grinder 
C i n  c inn ali M i lac roil Twin gr i p Center les s C; ri n d er w i tli I1 ig h-s peed s p i nd le 
Cincinnati Milacron Sabre Multiaxis Grinder with high-speed spindle 
Ded-Tru centerless grinding attachment fi,r use with surfixe grinders to grind small components 
Sin artC AM Production ‘Turning Pac kagc 
SmartCAM Production Mi I l i  ng Pachage 
Autodesk Mechanical Desktop with AutoCAI1 R13 
DADiSP (data analysis and display 50flWare) 
Statistica (statistical analysis software) 

‘The center maintains state-of-the-art dimensional and surface texture measuring equipment for 
use by guest researchers. Our technical staff is available to assist researchers iii the operation of the 
more coniplex equipment, such as the CMM. Our equipment is computer controlled, and inspection 
data can be easily exported to advanced analysis software and CAD/CAM software using a laboratorq- 
wide network. Major inspection equipment includes: 

Mahr/Perthen I’ormtester 

EOIS Mini-moiri Sensor 
Nikoii Optical Comparator 

Llectronic Measuring Devices (EMU) Legencl Integrated Metrology Center, a precision CMM 
with both contact and noncontact scanniiig capability 

Talysurf Model 120 Stylus Surface Texture Measurement System 

Rodenstock RM600 Laser Surface Texture Measurement System 

Physical testing and material analysis constitute a major portion of the work in  the tribology 
laboratory. Experiments are designed to screen materials. effect simulations of components. or study 
the basic relationships between the microstructures and compositions of surfaces and their friction 
and wear behavior. Available machines fall into three categories: ( I )  cointnercially developed testing 
machines, (2) machines designed under subcontract. and ( 3 )  machines designed and built by OKNL, for 
special purposes. Most of the testing machines are aimed at sliding wear, but abrasive wear, impact 
wear. and rolling-contact wear tests are also available. Tribology testing at high temperatures and 
controlled atmospheres is also within the capabilities of the user center. Major tribology equipment 
includes: 
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Reciprocating Friction and Wear Tester 
Repetitive Impact Testing System 
Friction Microprobe 
Cameron-Plint TE-77 Reciprocating Sliding Wear Tester 
I n st ru m e II ted S c ratc 11 Tester 
High-?'emperature Pin-on-Disk System 
Multimode Friction and Wear Tester 
Micro-Abrasive Wear 'Tester 
Satlier I.,ubricant Load-Carrying Capacity Screening Rig 
Te I ed y ne- Ta be 1' Port ab I e S c ratch 'I 'ester 
Wilson Microindentation Hardness Tester 
'I'alysurf 10 Surface Roughness Measuring System 

4.6.2 New Capabilities 

4.6.2.1 Cincinnati Milacron Twingrip centerless grinder 

Extensive modifications to tlie Cincinnati Milacron Twingrip centerless grinder have made it 
possible to increase safelq grinding wheel speeds to 100 m/s (-20.000 surface feet per minute). A 
variable speed motoricontrol ler with appropriate safety features was added, and changes were made to 
the hq drostatic spindle bearing lubrication system. Temperature sensors were installed on the 
hydrostatic spindle-bearing housings to ensure that bearing temperature remains well belou 140°F 
during operat ion. 

4.6.2.2 AutoDesk Mechanical Desktop 

The Machining and Inspection Research Group has obtained Autodesk Mechanical Desktop 
software as a general purpose tool to prepare and display CAD drawings, provide 3-D visualization 
tools, generate machining tool paths. and evaluate inspection results. This particular software was 
chosen because of its moderate price, ease of use and maintenance, easq integration with other 
software packages, and wide acceptance throughout industry. 'Ihe software includes self-paced 
instruction modules and is available for use by group members and HI'MI, guest researchers. 

4.6.2.3 Improved grindability test machine 

A prototype grindabilitb tester. which uses a diamond abrasive belt to measure the relative 
grindability of ceramic specimens, was developed by Cliand-Kare Technical Ceramics and installed at 
t ITML. 'I'he prototype equipment has been replaced by a second-generation grindability tester that 
incorporates iinproveinerits in  construction resulting from our experience with the prototype unit. 
The tien equipment has been installed and is available to HTML users wishing to perform grindability 
studies. 

4.6.3 iMajor Activities in FY 1997 

4:6.3.1 High-speed centerless grinding 

Studies at ORNL and elsewhere strongly suggested that for silicon nitride workpieces, wheel wear, 
inaterial removal rates, and mechanical properties are all improved by grinding at higher-than- 
conventional wheel speeds. The maximum safe operating speed for conventional grinding wheels is 
limited by the construction material used for tlie wheel core, which is typically a vitrified inaterial 
with a large mass. Should such a wheel fail catastrophically. it would be verq difficult to contain the 
wheel fragments within the machine enclosure because of the high energy levels involved. A 
composite-core, 1 80-grit. vitrified-bond, 1 00-concentration, diamond-abrasive grinding wheel was 
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installed on the grinder. rhe new wheel has a much lower mass and higher strength than a 
conventional wheel because of the use of compoc,ite materials for thc wheel core. Small, low-mass, 
abrasive coupons are cemented to the periphery of the wheel core. 

1 nitial centerless grinding tests denionstrated that drastic reductions in  per-piece grinding cycle 
time can be achieved. An AlliedSignal GS-44 silicon nitride tensile specimen, uhich previously 
required a 35-min cycle titnc to grind on a centerless grinder at conventional wheel speeds, was 
ground to the required finished geometry in under 1 min. The nen wheel was operated at a surface 
speed of 97 m/s (19.000 surface feet per minute). The test specimens used were preniachined to a 
“ncar net shape” condition, in which the specimen blanks were 3 min (0.130 in.) oversized on the 
diameter. Once the high speed centerless grinding process has been tlioroughlj investigated and 
optiinized for tensile specimens, tlie technology can be applied to grinding silicon nitride dicsel 
engine vah es. 

4.6.3.2 Cylindrical grinding used to produce fuel systems specimens 

The Weldon cylindrical grinder was used in a plunge grinding inode to produce nioch-up fuel 
sq stein components. The objectives of the cxperiment were to develop and demonstrate a grinding 
process for the specimens using a \,ariable-coinposition grinding wheel and LO determine the grinding 
ratio in order to estimate grinding costs in a production environment. ‘The specimens started as 
cylindrical rods approximately 50  m m  long by S inn1 i n  diameter, with one cnd being composed of 
type M2 tool steel and the othcr of zirconia. Approxiniatelj I niin of radial stock was removed froni 
the rods in a plunge grinding operation. 

Because diamond abrasive does not perform well on steel work pieces, a CBN abrasive wheel was 
used. Although C R N  is softer than diamond. the abrasive pcrfornis extremely well 011 bteel arid is still 
capable of grinding ceramic materials. CBN wheels are generally more expensive than coinparable- 
sized diamond wheels. The grinding u heel was custom-engineered for this specific work piece, so that 
the surface used to grind the steel would have a different concentration and bond filler material froni 
that used to grind the ceramic. Initiallj, the test specimens tended to fail during the grinding process 
by breaking at tlic stecl-zirconia interfacc zone. However, this problem was overcome by providing 
additional support of the work piece during the grinding process. 

4.6.3.3 CRADA signed with Cunimins Engine Company 

A CKAIIA, entitlcd Precision Grinding of Components for Diesel Fuel LQhlem Applications, was 
signed with Cumiiiins Engine Company, and work is in progress. Mr. Tom Morris is the principal 
investigator for the Machining and Inspection Research Group, and Dr. Albert Shih is the principal 
investigator for Curnmins. High-speed grinding tests are being performed on the instruniented 
Weldon cylindrical grinder using a CBN wheel manufactured by Cincinnati Milacron. 

4.6.3.4 User from Cummins Engine Company performs cylindrical grinding studies 

Dr. Albert Shih conducted grinding research on a user proposal entitled High Speed Cylindricd 
Grinding ofo Silicon Niwide F~le l  Systeiii C‘ornponent U irig Q Cubic B ~ r o ~ i  Nitride (CBN) Wheel. 
kJsing tlie instrunientcd Weldon cylindrical grinder. he conducted a series of tests undcr various 
operating conditions to evaluate the performance of a state-of-the-art, composite-core, variable 
concentration, CBN grinding wlieel on silicon nitride specimens. 

wheel-dressing methods were evaluated and compared, and subsequent grinding tests were conducted to 
simulate the production of ceramic fuel system components for diesel engines using high-speed 
grinding. Surface texture and rounclness, two good indicators of part quality, were measured 011 

specinlens that were ground under various conditions. Sixteen baseline grinding tests were conducted 
to determine the effects of wheel truiiig and surface speed on the grinding process. 

Of particular interest was tlie effect of the truing/dressiiig operation on part quality. Various 
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4.6.3.5 User from Caterpillar performs instrumented creep-feed grinding studies under 
IITML user program 

Dr. Michael Haselkorti, of Caterpillar‘s Advanced Materials Technology group, performed 
extensive grinding tests on tlie instrumented Nicco Creep-Feed surface grinder. Dr. Haselkom’s 
research proposal, entitled Cost Lflkcfive Muchining of Silicori Nitr.ide Diesel Engine C’oniponents, 
involved aggressive creep-feed grinding of over 100 billets (50 m m  x 50 mni) under various 
conditions. ‘Ihe ob-jective of the research was to determine tlie effect of diamond type 
(friable/nonfriable), bond type (resin/vitreous), diamond grit size ( 1  00/150), concentration (7511 25) 
and material removal rate (h ighhw)  on tlie machinability and the quality of ceramic specimens. 
Caterpillar obtained eight new diamond grinding wheels of various types from wheel manufacturer 
Diacraft for use in the tests. Two materials, AlliedSignal GS-44 sintered silicon nitride and Ceradyne 
147-3 Ceraloy sintered reaction bonded silicon nitride were used in the studies. Machinability was 
determined qualitatively by measuring grinding forces and spindle power under the various grinding 
conditions. Quality metrics included surface texture measurements, optical and SEM microscopy 
evaluations, and flexure strength measurements. 

4.6.3.6 Users from Louisiana State University investigate wear mechanisms and 
associated responses of a fine-abrasive, resinoid-bond, diamond wheel used in 
creep feed grinding 

Dr. Warren Liao and graduate student Kun Li visited the H‘IMI, to continue their studies of 
wheel-wear ineclianistns in the creep-feed grinding process. The Nicco instrumented creep-feed 
c qrinder was used to perform the grinding and various inspection instruments, including the Legend 
coordinate measuring machine. the Rank-Taylor-Hobson surface analyzer. and tlie Nikon optical 
comparator. mere used to characterize surface texture and wheel wear. Specific issues addressed in  tlie 
current user proposal were abrasive wear mechanisms in tlie transition and steady-state stages, effects 
of diffcrent grinding widths on surface texture and strength of the ground specimen, atid relationships 
between instrument sensor responses and wheel wear. 

4.6.3.7 Users from Kyocera perform comparative surface texture nieasurements 

MlRUC staff members worked with users froiii Kyocera to perform surface texture measurements 
on groups of modulus of rapture (MOR) bars. Comparative measurements were made parallel atid 
perpendicular to the grinding direction using both the Rodenstock laser and the Rank-Taylor-Hobson 
stylus surface analyzers. 

4.6.3.8 User agreement signed with 3M Corporation 

A nonproprietarj user agreement was signed witli tlie 3M Corporation. A research proposal 
entitled Quuntification o f  the Efectc of Muchining Vuriubles, Wqfier kixturing Methods, and Residual 
StreJJ on the Pi-oyertieJ (Flutness uncl Pur*ullelism) of 3M ‘4ITiC WafirJ Fuce Ground on LZ Cincinnuti 
~bfilucron Suhre Muchining Center was submitted by Michael J .  Hesser, of the 3 M Advanced Ceramics 
Program. The work \\as designed to evaluate tlie benefits of high-speed grinding of 3M’s 3 10 
AlTiC 4- square wafers. This uork represents tlie first use of Cincinnati Milacron owned equipment 
i n  the H‘IML User Program. 
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5. HTM L FELLOWSFI11' PROGRAM 

The HTML Fellowship Program was created in I'Y 1992 to 

provide a mcchanisni for training of industrial and univcrsity researchers in  state-of-the-art 
advanced characterization lechniclues, 
encourage rcsearch in areas of intercst to 1)OE. 
iniprove the qualitj and output of DOE program, and 
help make IJ.S. industy more competitive in a world market. 

Four categories of fellowships currently exist: industrial, faculty, graduate. and postdoctoral. This 
program is administered for H'TML by ORISF. Kcsearch intist relate to the following DOE 
Transportation T eclinology Program areas of interest: 

processing of advanced materials; 
machining of hard materials; 
structure of materials; 
physical and themiophysical properties of niatcrials; 
rnechanical properties of materials; 
corm s ion of ni ateri a I s: 
gas-phase reactions with solids: 
tribology of solid surfaces; 
characterization o f  materials for energy-rclated applications; and 
high-temperature structural materials (ceramics, composites, intermetallics, and metals). 

5.1 INDUSTRIAL FELLOWSHIPS 

5.1.1 Background 

'To apply for a fellowship, industrial researchers must submit an application to the l-ITMI, 
Fellowship Program coordinator. While projects undcr the User Program are typically short-term 
and limited to two weeks of hands-on work at the IlTML, the Fellowship Program provides an 
opportunity for longer-term research (which can be performed at intermittent intervals) and often 
covers more basic research studies. One advantage of a fellowship appointment is that travel, lodging, 
research expenses, and salaries (graduate and faculty fellowships) are covered by the HTMI, 
Fellowship Program. Another mechanism that exists for industrial fellowships is the reverse 
fello\lship. Using this inechanisni, an HTML researcher can travel to a company or university to 
perform on-site research. 

that rcpresents university, industrial, and private sectors. l'he currcnt committee members are Gary 
Fischnian (Food and Drug Administration), Bob Powell (General Motors). Andy Sherman (Ford 
Motor Co.), Bob Bitting (Alfred IJniversity), Joe Panmrino (JNP, forrnerly of Norton). and Gene 
Haertling (Clenison University). As with the CJser Program, a standard nonproprietary user 
agreement must be i n  place before work can be performed at HTML. Once a fellowship appointment 
has been made, H'TMI, staff work with the respective fellobk to schedule instrument time. 

As of the end of FY 1997, a total of 36 11TML fellows have been appointed (15 industrial, 14 
graduate, arid 7 faculty). 

Fellowship applications are reviewed bq the I-ITMI, director along with an external committee 
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5.1.2 Industrial Fellowships for FY 1997 

James Fash, Ford Scientific Research Laboratory, “Thermal Elastic Instability in 
Automotive Brake Systems” I FEL96-046(31)-1611 

TPUC 

Techniques for the observation of thermal hot spotting during operation of automotive disk 
brake systems are being developed in this program. During braking, uniform temperature and 
consequently pressure distributions are desired for smooth brake operation. Occasionally, noniiniform 
distributions, or hot spots. will form. Local thermal expansion at the hot spots results i n  variations in 
the thickness and surface properties that i n  turn leads to nonuniform friction forces. 

Over the past year. the expertise in TPUC lias been applied to observation of operating brake 
systems. The TPUC infrared camera lias been integrated into an operating brake dynamometer to 
allow time resolved infrared images to be collected. During the review period, two specific studies 
were performed. I n  each, materials and test parameters were varied to assess the influence of various 
design variables on hot spotting. This has led to design guidelines that should reduce potential for hot 
spot behavior. 

During the later part of this review period, extension of the full field IR techniques to local single 
point measurements was prototyped and evaluated. A fiber optic cable was located such that thermal 
energy from the brake entering from one end of the cable would traiisniit the energy to a single point 
I R detector. ‘l’his system was then interfaced directly to Ford‘s brake dynamometer conventional 
data acquisition processes. The proof of concept for this measurement teclinique was successful and 
provided good measurement of local temperatures, although Lincalibrated in  this exercise. Further 
work will be pursued i n  the coming year to carry this concept forward. When completed, this will 
greatly improve the capability to observe thermal behavior i n  brake systems. 

C. Guo, Chand Kare Technical Ceramics, “Determination of Dominant Factors 
Controlling Ceramic Grindability” IFEL96-44(29)-141] 

Recent ceramic grindability measurements have shown that ceramic materials have very dirrerent 
grinding characteristics. The objectives of this research include: studying correlations between 
ceramic grindabilities and their material properties such as hardness, fracture toughness, and therrnal 
diffiissivitq; identifying dominant factors of ceramic grindability ; and evaluating diamond wheels for 
c grinding ceramics. 

In order to stud) the correlation between ceramic propertj and grindability, reliable property 
data are needed. Elastic modulus, hardness, fracture toughness, density, and thermal diffussivity of 
more than 70 ceramics have been measured at HTML. Correlation, if any, between the grindabilitj 
and material property is being investigated. 

Diamond wheel variation is an important contributing factor to process variation i n  ceramic 
grinding. Four diamond wheels of same specifications from different wheel manufacturers were 
ebaliiated when grinding Sic  MOR bars. Power consumption. grinding force, grinding ratio (G-ratio). 
surface finish, arid flexural strength are the parameters investigated. Results clearly showed that 
diamond wheels of the same specification performed significantlq different. These results imply that 
the current wheel specification does not provide enough information to qualify a diamond whecl for 
technical ceramic inach ining. 
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Cynthia Hsieh, Caterpillar, Inc., “Particle Characterization of Modified S5 Tool Steels & 
Boron and/or Vanadium Treated Steels” [ FEL96-45(30)-151] 

RilAUC 

111 order to debelop new high-strength steels tliat will pro\ ide improved wear resistance while 
rn ithstanding brittlc fracturc, this eorh is part of the efforts at Caterpillar to rinderstand the 
meclianisms that can bring about those improved properties. A more-detlned goal of this proposal is 
to establish better understanding of the relationship between mechanical properties and the 
distribution of various particles in alloy and boron-treated steels. Specifically, the approximate 
compositions and sites of the particles need to be obtained. The experiments to be conducted are 
mainly on the ‘ R M  (I’hilip‘s CM12, CM200 and CM30 AEM’s). I n  the first year (1996-97) of’this 
cvorh, carbon extraction replicas and thin foils were examined for ten alloys of 4 different alloy 
gradcs. Results are summarized in Table 5 .  I .  

Table 5.1. Hardness and sire data o f  alloy and boron-treated steels 

Alloys R‘C‘ (average nm)  (average nm) 
TiN ppt TiCN or other fine ppt 

s 5  MOD 0.27 c 50.000 120-270 (210) 10-39 (20) 
S5 MOD 0.37C 54.000 444-460 (452) 33-90 (50)  

S5 MOD 0.55C S9.000 Not observed 16- I06 (53) 
40B30 MOD 50.000 Not observed 22- 142 (45) 
40B35 MOD 5 1 .000 279-600 (440) 7- 100 (28) 
40B40 MOD 53.000 528-569 (549) 14-173 (70) 
40BV30 MOD 50.000 Not observed 6-139 (31) 
40BV35 MOD 5 1 .000 Not observed 4-98 (25) 
SS MOD fast cool 45-48 160-400 (258) 5-50 ( 1  1 )  
SS MOI) shw cool 4 1 -43 80-320 ( I  76) 4-40 ( 10) 

We have only scratched the surfhce of what need., to be done to understand the operative 
inecliaiiisms. Without that iinderstanding, it is not possible to scale up experimental alloys to 
production or to apply the inechanisin to other materials. 

Nanu Menon, AliiedSignal Engines, “Tensile Cyclic Fatigue and Compression Creep 
Behavior of NT154 Si,N,” [FEL95-27(19)-511 I 

MCAUC 

status: 

1. Cyclic fatigue: 

Ceramic turbine blades are often sub-jected to cyclic loading in their applications. Crack growth 
under cyclic loading has been observed to be faster than that under-static loading at intcrmcdiate 
teniperat~rres.~ ’ The objective of this part of the research is to understand the cyclic fatigue 
phe nomeno t i  in si 1 ico t i  n i tr ides. 

Fifteen AS800 speciniens have bcen tested at the following conditions: temperature = 1300”F, 
stress ratio (R,) = 0.1, max. stress = 500 MPa - 600 MI%, and frequency (v) = 50 H L .  The results are 
shown in Table 5.2. 
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l ab le  5.2. Results of axial cyclic fatigue testing 

Specimen MaxiMin Cycles to 
ID stress failure Fractograph y Remarks 

35835 500/50 I0,000,000 Further tested 
35835 55065 
35844 55U.55 
35836 550/55 
35827 550/55 
35819 550/55 
35820 550155 

35811 550/55 
35812 550/55 
35860 570i57 
35828 570157 
35804 570!57 
35852 570h7 
35859 570/57 
35851 570/57 
35835 600/60 
35867 600i60 
35844 6001'60 

I0,000.000 
I0,000.000 
20,084,630 

34,928 
3,279,547 

689.570 
48.237 

4.998 

17,193 
7.208 

Further tested 
Further tested 
Pore, surface 
Pore. internal 
Pore. surface 
Pore. internal 
Pore. internal 
Pore. surface 
Pore. internal 
Pore. internal 
Pore. internal 
Pore. surface 
Pore. surface 
Pore. surface 
Pore, internal 
Pore. internal 

Ran out at 20E6. taken out of machine and retected 
Broke at -5 I3 MPa during loading of I st cycle 

Broke at -5 I4 MPa during loading of 1 st cycle 
Broke at -45 1 MPa during loading of I st cycle 

Broke at -454 MPa during loading of 1st cycle 
Broke while tuning: max stress -561 MPa 
Broke at -447 MPa during loading of 1st cycle 
Broke while tuning: max stress -549 MPa 
Tested at 500 and 550 MPa prior 
Broke at =576 MPa during loading of 1st cycle 

2.332 Pore. internal Tested prior at 550 MPa: broke while tuning at 583 MPa 

The information includes results from the SEM fractography. All specimens failed from 
pores/white spots. 

2. Compressive creep: 

Compressive creep rates in  Si3NI are considerably lower than tensile creep rates.' Hence, 
compressive creep models are needed for accurate estimation of stress redistributions i n  Si3N4 
components subjected to elevated temperatures. I ti addition, if compressive creep models are 
available, flexure creep can be modeled using finite element methods. Since flexure creep tests 
involve much lower cost than the tensile creep tests. a considerable cost saving could be realized in 
production lot testing if flexure specimens are employed i i i  place of the current tensile specimens as 
a bench mark for assurance of the right sintering conditions in product lot testing. 

Test matrix for compressive testing is given Table 5.3. The key results are shown i n  Table 5.4. 
A model for secondary creep has already beeti established. The viscoelastic part of the 

Compressive strains are now being analyzed. 

Table 5.3. N l 1 5 4  specimen test matrix for compressive creep 

Temperature. "C Stresses, MPa (one specimen at each stress) 
1316 125. 200, 300, 400, 500 
1343 300,400, 500 
I37 I 30, 100. 200, 300, 400, 500 
1399 25. 50, 100, 200. 300 
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Table 5.4. Minimirni creep rates in compression measured 
at the end of approximately 150 11, or after approxiniately 

100 h of steady-state creep 
‘1 emperalure Applied compressive stress Minimiiin creep rate 

(‘C)/(’F*) (MPa)/(ksi) (x I O  ‘ I ’  s ) 
13 16,2400 
13 16’2400 

I3 16i2400 
1343/2450 
134312450 
134312450 
137 112500 
1 3 7 I12500 
137112500 
137 1 12500 
337112500 
1399‘2550 
139912550 
139912550 
1399/2550 

3 00 14 3.5 
400158.0 
500/72.5 
3 00!4 3.5 
400/58.0 
500172.5 
LOO/ 14.5 
2ooi29.0 

300143.5 
400/5 8 .O 
500172.5 
5017.3 

1001 14.5 
20 0129.0 
300143.5 

2.7 
9.3 

10.0 
9.3 

12.0 
16.0 
5.3 

12.0 
11.0 
18.0 
13.0 
8.4 

10.0 
16.0 
21.0 

___~___I___ 

‘C. J .  Gilbert, R. H .  Llaiiskardt, and R. 0. Ritchie, “Behavior of Cyclic Fatigue Cracks i n  
Monolithic Silicon Nitride.” .I. Am. C‘emnz. Soc. 78191, 229 1-2300 (1995). 

Flexure Creep for Alumina and Silicon Nitride Ceramics,” Cerum. Eng. Sci. Pwc. 11 [7-81, 
j ’M. K. Ferber, M.  G. Jenkins, and V. J. Tennery, “Comparison of- Tension, Compression and 

1028-1 04.5 ( 1  990). 

Krishnan Narasimhan, Valenite, Inc., “Study of Physical and Metallurgical Properties of 
CVD Hard Coatings on Cutting Tools and Modeling of Response of Multilayered Coated 
Tools in Machining” [FEL96-39(23)-101] 

MCAUC/MAUC 

Chemical vapor deposition (CVD) coatings (monolayers and niultilayers) for cutting tools are 
being developed at Valenite for various machining applications for a wide spectrum of materials. 
Cutting tools encounter severe adverse conditions during machining, being subjected to high stresses, 
deformation, thermal, and mechanical stress cycling, and chemical reactions. 7‘emperatures as high as 
1000°C can be encountered at the cutting tool edge. ‘Thus, CVI> coatings on cutting tools demand 
signilicant mechanical and thermal integrity. Our goal is to measure the mechanical and tliernial 
properties of various monolayer and multilayer CVD coatings, in addition to evaluating the lattice 
relationships and structures of thin multilaycr CVD coatings, using ‘ E M .  Coating property 
measurements can then aid in the judicious choice of coating designs for specific norh-piece 
machining applications to complement our own in-house testing program for various coated cutting 
tools. 
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Hardness and elastic modulus properties of multilayered coatings were compared with conventional 
coatings using the nanoindenter. Figure 5.1 illustrates that high carbon multilayered TiCN-TIN coatings 
exhibit higher hardness compared to conventional CVD coatings. Pin-on disk abrasion tests carried out 
using the tribonieter and diamond (pin) indenter under dry, sliding wear conditions. showed that 
multilayered coatings offer increased abrasive wear resistance (Fig. 5.2). We have recently started 
evaluating fracture toughness (K,,) properties of various coatings using nanoindentation (cube corner 
indenter). Optimum loads need to be determined to establish the threshold for cracking. 

In-house machining tests conducted at Valenite showed that multilayer coatings offer significant 
improvements over conventional coatings in milling steels where flankhose wear and chipping are the 
dominant failure modes. These findings seem to correlate well with the hardness. elastic modulus and 
abrasion properties measured at HI'MI.,. 

structure and lattice relationships of multilayered coatings. 
FIB techniques (focused ion beam milling) are being used to generate 'TEM samples for analyzing the 

60 

50 

- m 
11 
c7 
2 40 
W 
L^T e m 
I 

30 

20 

Nanoindentation Hardness Profile -- Medium carbon multilayer 
- ' - Monolayer TIN 
--.+---- Bilayer XCN-XN 
...A ... Higher carbon multilayer 
-@- Higher carbon multilayer 

10 30 50 70 90 110 130 150 170 190 210 230 250 

Displacement (nrn) 

Fig. 5.1. Nanoindentation hardness profile. 
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Wear volume correlation with coating thickness 
Pin on disk wear test at ORNL 
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Fig. 5.2. Wear volume correlation with coating thickness. (Pin on disk wear test at ORNL.) 

Chaitanya Narula, Ford Motor Company, "Sol-Gel Precursors and the Oxygen Storage Capacity of 
Pr02-Zr02 Materials" [FEL95-33(20)-71] 

MAUC 

The gels derived from a mixture of Pr(0'C?H7)? arid Zr(O'Cd17)t. 'C'~M70H upon hydrolysis and 
sintering furnish PrOL-Zr02 materials crystalli 1 in fluorite phase. T'he PrO1-ZrO2 materials can be 
deposited on alumina particles as coatings or on alumina coupons as thin films fi-om a solution of parent 
alkosides modified with 2,4-pentanedione in 7'liF. 'The X-raq powder dii.1-raction of coated alumina 
particles shows only alumina diffraction peaks due to thc Ion loading of the Pr02-Zr02 phasc. 'I'hermal 
evolution of the Pr02-Zt-01 phase in films can be followed i n  the X-ray diffraction of film> deposited on 
alumina coupons. The fluorite phase in films evolves at 750°C and remains stable up to 1200°C. 

The precursor plays an important role in the phase evolution of the PrO!-Zr02 materials. Pr02-Zr02 
prepared from a new single source heteronietallic alhoxide, Pr2/.rh(C14-O)2(I-l-OAc)6(~-O'Pr)lo(O'Pr)lo does 
not show evidence for the fluorite phase. 

I n  order to determine microstructure of the materials, we investiagted [he samples by ?'EM. An 
important conclusion of this study is that the PrOz-Zr02 is dispersed on the alumina particles as a thin 
coating. This prevents the reaction of Proz with alumina to form praseodymium aluminates that contains 
Pr" stabilized and cannot undergo Prz03-PrOz interconversion. 
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Fig. 5.3. High resolution electron micrograph of (a) PrOrZrOz coated alumina particles and (b) the 
arrows showing damage to the particle during EDS measurements. 

Jian Zhang, Caterpillar Inc, “Characterization of Thin Film Coatings” [FEL95-37 (21)-811 

MCAUC/MAUC/DUCA’PUC 

Caterpillar is investigating thin film coatings for improving the reliability and durability of 
components. The purpose of this project is to obtain a relationship between the mechanical 
properties of a thin film coating and its microstructure and performance. 

In the second year of this program, the hardness, elastic modulus, chemical composition, phase 
and residual stress of nitride, carbide and carbon based thin film coating samples have been measured 
at HTML, using nanoindentation, Auger electron spectroscopy, and X-ray diffraction techniques. 
The data collected at HTML have been used for coating selection and modeling at Caterpillar. 

Figure 5.4 shows how the nanoindentation load and displacement curve was used to calculate 
nanohardness and elastic modulus. 

The microstructure and chemistry of nitride coating specimens have been examined using cross- 
section TEM. Focused ion beam technique was used to overcome the difficulties of thin film coating 
sample preparation. 

Thermal property measurement of thin film coating has been started at TPUC by using the 
3 Omega technique to measure thermal conductivity of insulate coatings. 
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Fig. 5.4. Nanoindentation loading/displaceraent curve of tlie TiN thin film coating sample. 

5.2 GRADUATE FELLOWSHIPS 

For graduate students the following criteria are applicable: 

The student must be a [J.S. citizen and be studying i n  an engineering department having ABET 
accreditation of the undergraduate program. 
The candidate must be prepared to conduct a substantial part of his or her thesis research in 
residence at IITML. 
The candidate must have an undergraduate @"de poitit average of at least 3.5 in a 4.0 system. 
A staiidard nonproprietary user agreement must be in  place. 

The student's thcsis research progress is evaluated once a year by the IITML director, the HTML 
staff advisor, and the student's professor to determine uhether significant progress has been niade 
and to establish future research goals. This meeting also serves as a mechanism to determitie whether 
funding i s  to continuc. An IITML staff member serves tis an on-site advisor and is a inember of the 
student's dissertation committee at the university. Each graduate student receives a stipend of 
approximately $2200 per month for the duratidn of the-fellowship appointment. 

E. C. Dickey, Northwestern University, "The Role of Interfaces and Residual 
Fracture Behavior of Directionally Solidified Eutectics" IFEL95-26(18)-15C] 

KSUC/DUC/MAUC 

Stress on the 

In  situ oxide-oxide coinpositcs can be produced through directional solidification of pseudo- 
biliary eutectic phases [e.g., Ni0-%rO2(Y2O3)]. Because of their potential applicability as high- 
temperature structural materials. the mcchanical behavior of thcsc directionally solidified eutectics 
(DSEs) has been the focus of several studies. Typically, DSEs show an increased work-to-fracture 
over that of the two constituent phases, but at rooin temperature they do not behavc as classical 
composites in that little interface debonding occurs between the two phases. Because the two phases 
i n  a eutectic system have different thermal expansion properties, residual stresses may build up during 
proccssing as the sainplc cools from the solidification, or stress-free, temperature. Such residual 
stresses-compressi\e i n  one phase and tensile in the other-will certainly affect the mechanical 
properties of these in-situ composites, so it is important to measure and understand tlie residual stress 
statc. Under thc MIML, Graduate Fcllowship program, two aspect> of NiO-ZrO2(Y,O3) DSEs were 
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addressed. First, the interfaces between the two phases were studied on an atomic scale by various 
electron imaging and spectroscopy techniques, and, secondly, the residual stress and strain tensors of 
the two phases were measured by X-ray diffraction techniques. From the two studies, conclusions 
were drawn about the role of the interface structure on the intedace bonding and its role in the 
accumulation of residual stresses in the composite system. 

In the first phase of the research, the interface structure and chemistry were elucidated on an 
atomic scale by TEM techniques including high resolution electron microscopy (HEM),  which was 
performed at Northwestern University. Z-contrast scanning transmission electron microscopy 
(STEM) and electron energy loss spectroscopy (EELS) were pedormed in collaboration with the SSD 
at ORNL. Figure 5.5 presents a Z-contrast image of the Ni0-Zr02(Y203) interface with a structural 
model superimposed. The atomically abrupt transition between the two phases is facilitated by an 
oxygen plane at the interface that is shared by both NiO and Zr02. EELS profiles taken across the 
interface in steps of interplanar spacing (see Fig. 5.6) indicate that the interface is also chemically 
abrupt with no significant mutual solid solubility. The interface atomic structure leads to electrostatic 
bonding between the cation and anion planes across the boundary and rationalizes the mechanical 
integrity of the interfaces. 

_ _  ._ - 

Fig. 5.5.Z-contrast STEM image of NiO-Zr02(Y~O~) interface with structural model superimposed. 

5-10 



100 

80 

60 

40 

20 

0 
- I  .o -0.5 0 0 5 10 

Distance from Intcr-face (nm) 

Fig. 5.6. Profiles of Ni, Zr, and 0 normalized EELS intensities taken across the NiO-ZrOz interface in 
steps of interplanar spacing. 

In the second phase of the research, interlatnellar residual stresses because of thermal expansion 
mismatches were measured i n  lamellar NiO-Zr02(cubic) DSEs. The triaxial strain tensors of both 
phases were measured iising single-crystal X-ray diffraction techniques on isolated grains of the DSE. 
From the strain tensors, the stress tensors were calculated, taking into account the full elastic 
anisotropy of the phases. The resulting stress tensors indicatc that very large compressive stresses 
accumulate in ZrO,. while large tensile stresses build up in  NiO parallel to the lamellae during the 
solidification process (see Fig. 5.7 and Fig. 5.8). The large magnitude of thc stresses indicates that the 
interfaces between the lamellae are very well bonded and do not facilitate slip or other stress- 
relieving processes. 
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Fig. 5.7. Normal stresses in NiO lamellae. I is perpendicular to the lamellae. (T?? and ~ 3 ;  are parallel to the 
lamellae. 
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Fig. 5.8. Normal stresses in ZrO, (cubic) lamellae. C T ~  I is perpendicular to the lamellae. (il? and 0;; are 
parallel to the lamellae. 

J. Allen Haynes, University of Alabama at Birmingham, “Oxidation and Degradation of 
Thermal Barrier Coating Systems” [FEL93-09(5)-4G] 

MCAUC/TPUC/MAUC 

TBC systems are currently used to protect hot-section superalloy hardware in  gas turbine engines. 
A typical TBC consists of an oxidation-resistant metallic bond coating overlaid with a tlierinally 
insulating Y,O,-stabilized ZrOz (YSZ) top coating applied by either air plasma-spray (APS) or 
electron beam physical vapor deposition (EB-PVD). Although it is well documented that 
thermocyclic failure of ceramic top coatings is accelerated by growth of an AI,03 scale along the 
bond coathop coat interface. tlie mechanisms by which oxidation degrades top coating integrity are 
not well defined for APS TBCs. In tlie case of EB-PVD TBCs, tlie interfacial scale is clearly the weak 
l ink in the system since the predominant failure mode is thermomechanical fracture or delamination 
of the Al2O3. Thus, scale growth kinetics and mechanical properties are critical life-determining 
factors in ER-PVD TBC durability. However, the fracture behavior and mechanical properties of 
A1,03 scales are not well understood, and are strongly influenced by numerous factors including 
substrate chemistry and surface morphology, oxide-metal bond strength, scale microstructure and 
internal void content, reactive element additions. residual stresses, and growth stresses. The purpose 
of this study was to investigate tlie isothermal oxidation and thermocyclic degradation of various 
THC systems (both AI’S and EB-PVD) with particular emphasis on the growth kinetics, 
microstructures. flaw content. fracture behavior, and micromechanical properties of the interfacial 
ALO3 scales that formed on APS TBCs. 

Isothermal oxidation kinetics of superalloy discs coated with (1)  bare MCrAlY (M = Ni  and/or 
Co) bond coatings or (2) APS or EB-PVD TBCs were measured and compared by high-mass 
tlieriiiograviiiietric analysis at 950-1 150°C. Therinocyclic behavior of TBCs was evaluated by 
furnace thermal cycle testing at 1 1 50°C. Coating and scale microstructures, phases, and chemistries 
were evaluated by field emission gun-scanning electron microscopy, energy dispersive spectroscopy, 
X-ray diffraction, and electron microprobe analysis. Coating and oxide scale niechanical properties 
(hardness and Young’s modulus) were measured by mechanical properties microprobe. 
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The isothermal oxidation kinetics of plasma-sprayed Ni-22Cr- 1 OAl-1 Y bond coatings were not 
influenced by the presence of an APS YSZ top coating at 1 150°C. However, as shown in Fig. 5.9, the 
steady-state isothermal oxidation ratc constants (as measured by continuous therriiogravinietrq) of 
low pressure plasina-sprayed Ni-22Co- 18Cr-12A1-0.3Y bond coatings were increased bj a factor of 2 
at 950, 1050, and 1150°C when overlaid with a layer of commercial EB-PVD Y S L .  ‘This effect has 
not been previouslj reported. It was not transient i n  nature and was constant at up to 200 li testing. 
The mechanism(s) by which the presence of the ‘FBC caused the accelerated oxidation rates were riot 
resolved because of complications related to internal oxidation of the bond coatings. 

tlaerniocyclic testing revcaled that failure of AYS I‘HCs occurred by progressive Y S L  fracture and 
crach link-up above and near to the bond coat interface, as was reported i n  previous studies. Severe 
localized fracture, buckling, and multilayering o f  the interfacial A1201 scales occurred during thermal 
cycling, resulting i n  localized scale thickness of more than 20 p i .  Although the localized scale 
damage initiated prior to 25% of TBC lifetinic, it did not induce rapid failure of AI’S TBCs. 
Extensive microstructural evaluation of the interfacial AIzOi scales or1 APS TBCs after various levels 
of thermal cycling revealed the following: (1 ) thermocyclic scale damage often occurred by internal 
fracture across the columnar Al103 grains (see Fig. 5. IO), indicating a high intrinsic oxide-metal bond 
strength, (2) A120, scale crack healing bq sintering occurred at 1150°C‘ (see Fig. 5.1 1). (3) surfaces 
with a sharp radius of curwturc induced less AI-$.), damage than gradually convex surfaces, (4) scale 
void growth was significantly accelerated by a combination of thermal cycling and convex surfaces, 
( 5 )  higher void contents were observed it1 scales that formed on convex surfaces. and (6) h1,0, scales 
on APS Ni-22Cr- IOAI- I Y displayed much better thermocyelic stability/fracture resistance than scales 
on vacuum plasma-sprayed Ni-22Cr- 1 OAl- IY, possiblq because of the lower strength of the ,4PS 
NiCrAlY. 

The APS TBC5 displayed average lifetimes of 360 I-h cycles at 1 150°C. Interrupted 

E 
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Fig. 5.9. Parabolic plot of continuous thermogravimetry measurements comparing the steady-state 
ovidation kinetics (at 950-1 ISOOC) of bare LPPS Ni-22Co-18Cr-12AI-0.3Y bond coatings with the same 
bond coatings coaled with a 125-mm TBC (a commercial E B Y V U  TBC system). Note that the NiCoCrAlY 
oxidation rates were accelerated by the presence ofthe EB-PVD YSZ top coating at each temperature (k,, increased by 
approximately 2x1. Replicate specimens of50- and 200-11 duration gave similar results. 
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Fig. 5.10. Metallographic section showing internal fracture of an interfacial A1203 scale on a failed APS 
TBC (100 h + 270 1-h cycles at 1 150°C). Fracture occurred across the columnar grains in preference to interfacial 
delamination, and grain structures match on both sides of the crack (indicating internal fracture instead of 
delamination and sub-scale growth) . No cracking was observed after identical preparation of isothermally grown 
scales. Evidence of crack healing by sintering is indicated by the arrows. 

f 

Fig. 5.11. Fracture section of an interfacial Al2OJ scale (exposed by YSZ spallation) on an APS TBC 
showing microstructural evidence of localized AlsoJ scale healing by sintering across an internal crack 
(arrows); 360 I-h cycles at 115WC. 
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-1 here were no significant changes i n  tlie hardness or Young‘s iiiodulus of the A120: scales and 
individual APS YSZ splats (as dctermincd by mechanical properties microprobe) due to tirne-at- 
temperature or thermal cycling (at 1 150°C). The hardness of the NiCrAlY bond coating decreased 
rapidlj during the first cycle to a relatively constant value (out to 360 cyclcs). The niorphologics of 
the bond coat and superalloy interdiffusion zone were significaiitly different afier similar time periods 
of isotliermal and cjclic aging. It was concluded that failure of AI’S ‘ T H C ’  systems is not intrinsically 
dependent on the mechanical properties or adherence of thc interfacial AIL03 scale. 

Results of this study have provided significant improvements in understanding of A1207 scale 
therinocyclic fracture and time-dependent meclianical properties, and havc provided a foundation for 
futurc btudies that will develop methods of optimizing scale adherence. The identification of a 
possible YSZ-Al2OI interaction to increase oxidation rates i n  EB-PVD TRCs requires furtlicr stud}, 
since tlieriiiotiiectianical stresses in brittle interfacial scales are proportional to their thickness. which 
i s  in turn determined by growth hinelics. Thus, phenomena that affect interfacial scale growth rates 
have important implications in modeling the long-term durability of EB-PV D ‘I‘BC systems. 

A dissertation entitled “Oxidation and Degradation of. Therinal Barrier Coating Systems” was 
accepted by the graduate school at the llniversity of Alabama at Birmingham, and a Ph.11 in 
Materials Engineering was granted to the graduate fellow i n  December 1997. Three related journal 
articles are i n  the process of being submitted for publication. 

Michael Lance, Rutgers University-Dept. of Ceramics, “Piemspectroscopy of Ceramics” 
[FEL95-22(14)-1 I G]  

MCAlJC 

Piemspectroscopy is a new field of stress ineasurement that applies spectroscopic techniques 
(luminescence, Ranian, or FTIK spectroscopy) to nicasiire stress i n  ceramics with a high spatial 
resolution. In the case of piezo-Raman and piezoluminescence, the spatial resolution is about 
1 micron, which is far superior to either X-raq or ncutron diffraction. Also. data acquisition is fast, 
and interpretation is relatively simple. The theory of piezoluminescence has already been derived in 
the literature. In this ~kork. a similar analysis is used to extend thc theory of pie7o-Kaman to 
polycrystalline ceramics. I ti addition piezospectroscopy has been used to measure macro- and niicro- 
stresses in thermal barrier coatings and thermally grown oxide scales on alu~ni t ia-f~~r~ni~ig metal 
sit bstrates. 

The effect of stress and strain on thc splittings and shifts of Ranian peaks of various materials 
was determined tlieoreticallj using a mathematical program and a [JNIX station at HTMI,. For 
polycrystalline cerain ics, it bas determined that piezo-Kaman can be used for measuring the ineaii 
hydrostatic stress within a material. The splittings of doubly and triply degenerate peahs are 
dependent upon tlie deviatoric strains (or stresses). ‘l’his is tlie first phenomenological description of 
piezo- Kaman for polycrystal I ine ceramics. 

I’ieLospectroscopy is particularly useful for analy~ing thc failure behavior of thermal barricr 
coatings since stress can be nieasured in both the Lirconia thermal barrier and the oxide scale that 
forms at high temperatures. For plasm-sprayed TBCs, thc bulk compressive stress i n  the zirconia 
gradually decreases with the number of cycles indicating cracking during cooldown. Tensile stresses 
normal to the interface at the peaks of asperities in the bond coat were measured indicating that 
cracking in the zirconia is highly dependent upon interface roughness. Similar results were obtained 
for TBCs produced by PVLI with the bulh compressive stress in tlie zirconia gradually decreasing with 
tlie number of thermal cycles. A bimodal stress distribution was measured i n  the oxide scale; either 
stress was close to zero or over 2 CiPa of compression for dclaminated or intact scales, respectively 
This shows that piezmpectroscopy can be used to measure damage accumulation nondestructivcly in 
thermal barrier coatings. This work was performed in  coiijunction with I f l M L  fellow Allen t laynes. 
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Michael Lance, Rutgers University-Dept. of Ceramics, “Piezospectroscopy of Ceramics, 
[FEL95-22( 14)-1 IC;] 

MCAUC 

Piezospectroscopy is a new field of stress measurement that applies spectroscopic techniques 
(luminescence, Raman, or FTlR spectroscopy) to measure stress in ceramics with a high spatial 
resolution. I n  the case of piezo-Raman and piezoluminescence, the spatial resolution is about 
1 micron, which is far superior to either X-ray or neutron diffraction. Also, data acquisition is fast 
and interpretation is relatively simple. ‘The theory of piezoluminescence has already been derived i n  
the literature. I n  this work, a similar analysis is used to extend the theory of piezo-Raiiian to 
polycrystalline ceramics. In addition. piezospectroscopy has been used to measure macro- and micro- 
stresses i n  tlierinal barrier coatings and tliermally grown oxide scales on alumina-forming metal 
substrates. 

was determined theoretically using a mathematical program and a IJNIX station at HTML. For 
polycrystalline ceramics it was determincd that piezo-Raman can be used for measuring tlie mean 
hydrostatic stress within a material. The splittings of doubly and triply degenerate peaks are 
dependent upon the deviatoric strains (or stresses). This is the first phenonienological description of 
piezo-Ranian for polycrystalline ceramics. 

Piezospectroscopy is particularly useful for analyzing tlie failure behavior of thermal barrier 
coatings since stress can be measured i n  both tlie zirconia thermal barrier and the oxide scale that 
forms at high temperatures. For plasma sprayed TBCs the bulk compressive stress i n  the zirconia 
gradually decreases with the number of cycles indicating cracking during cooldown. Tensile stresses 
normal to the interface at the peaks of asperities in the bond coat were measured indicating that 
cracking in the zirconia is highly dependent upon interface roughness. Similar results were obtained 
for TBCs produced by PVD with the bulk compressive stress in the zirconia gradually decreasing with 
the number of thermal cycles. A bimodal stress distribution was measured i n  the oxide scale; either 
stress was close to zero or over 2 GPa of compression for delaminated or intact scales. respectively. 
This shows that piezospectroscopy can be used to measure damage accumulation nondestructively in 
thermal barrier coatings. ’This work was performed in coiijunction with HTML fellow Allen Haynes, 

The effect of stress and strain on the splittings and shifts of Rainan pealis of various materials 

Sharon Robinson Mrotek, Rutgers University, “Microstructural Coiitrol of Silicon 
Carbide Via Liquid Phase Sintering” [FEIJ95-24(16)-13G] 

MAUC 

Silicon carbide ceramics with various inicrostructiires were fabricated by controlling the amount 
and coinposition of a Y1O3-AI2O3 liquid phase, the crystallographic phase of tlie starting powdcrs, 
the trace impurities in those powders, and the time and temperature of sintering and post-sintering 
heat-treatments. Alpha and beta S ic  “seeds” were used to control tlie phase conversion and grain 
growth during sintering. 

‘The grain size distribution and aspect ratio of the grains was determined through computer- 
assisted microstructural analysis on SEM images of polished and etched samples. TEM was used in 
conjunction with EDS to determine tlie distribution of the sintering aids in  tlie grains and tlie grain 
boundaries. Additionally, the final phase content of the samples was determined via X-ray 
diffraction. The fracture toughness and hardness were measured by the indentation method i n  order 
to evaluate the relative effects of the microstructural variations on the mechanical properties. 

Alpha silicon carbide samples exhibited a fine grained. equiaxed microstructure. Under 
appropriate conditions, samples prepared from beta SIC powders underwent a phase transformation 
to alpha SIC accompanied by the growth of elongated platelet grains. The addition of alpha seeds to 
the beta powder reduced the size of the platelets compared to unseeded samples of the same 
composition. If the beta to alpha phase transformation did not occur. samples prepared from beta 
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powders developed an eqiiiaxed microstructure. The grain s i x  of all samples decreased with increasing 
aniounts of sintering additives. 

and was catalyzed by the presence of a sufficient amount o f  aluminuni metal. If there was insufficient 
AI impurity present i n  the initial silicon carbide poLcder, purposeful additions of AI metal could induce 
tlie phase transformation. Examination of the sintering progression over time indicated that the 
phase transformation occurred late in the sintering process and appeared to occur via a 
solution/reprecipitation mechanism. 

Post-sintering heat treatments mere also used to encourage the beta to alpha phase 
transformation. Houever, heat treatments were accompanied by large weight loss and volatilizatioii 
of significant aniounts of alumina from the liquid phasc. ‘1 his resulted i n  large surface flaws that were 
expected to degrade the mechanical properties. 

Since fracture toughness was a function of the final grain morphology, the formulation of large 
interlocking platelets via either an AI catalyst or heat treatment was critical i n  obtaining the desired 
high toughness values. Tlic results of this project are currently being written u p  as a doctoral thesis 
and will be presented at the annual meeting of the American Ceramic Society. 

‘The beta to alpha phase transformation was required to obtain an elongated grain microstructure 

M. A. Stough, The Pennsylvania State University, “Diffusivity and Solid Solubility in an 
Alumina-Zirconia Binary System” [FEL95-25( 17)-14G J 

MAIJC 

In the high-temperature ceramic coinpositc field. polycrystalline zirconia (ZrO,) has been 
investigated as a potential interfacial barrier in thc sapphire-fiber-reinforced aliiinina (A1203) matrix 
system. Because of‘ their intimate contact at temperatures of fabrication and use between 1 000°C to 
1600°C. a fundamental understanding of the mutual solid solubility arid diffusivity between these 
oxides is important. This rcsearch project is one step i n  the process of understanding the solid-state 
behavior. 

Ion-implanted single crystal specimens and interdiffiision speciniens were used i n  conjunction 
ivitli field-emission analytical electron microscopy (AEM), energy dispersive spectroscopy (EDS), 
and secondary ion mass spectroscopy (SIMS, Penn State) to determine cation impurity diffusion 
coefficients and solid solution concentrations. The solubility of MI2 in sapphire between 1200°C 
and 1600°C was found to be approximately 0.014 to 0.027 wt% based 011 SIMS data but could be as 
high as 0.1 1 wt% based on AEM observations of precipitates in the sapphire. A higher solubility of 
AI20;  i n  cubic zirconia allowed a inore complete characterization o f  solubility using the Cliff- 
1,orimer analysis of EDS spectra; tlie results are presented in Fig. 5.1 2 below. 

Diffusion coefficients were determined by applying the Crank-Wicolson numerical solution of 
Ficli’s Second Law o f  diffusion to the SIMS data. Other analytical approaches uere modeled to fit the 
data, all assuming diffiisivitj is a constant at a given temperature. (3enerally. zirconium diffusion in 
sapphire was found to be of the order IO-’’ to 10 
aluminum diffusion iii cubic zirconia is nearly two orders of’ magnitude faster (1 0 
the same temperature region. Further work in thc area of diffusion coefficient niea~i~reinent is 
warranted as evidence cxists to suggest coiicetitration-dependent diffusion i s  probable in this binary 
system. 

cni*/s between 1200°C and 160O0C while 
to 10 ‘ I  cni2/s) in 
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Fig. 5.12. A portion of the  alumina-cnbic zirconia phase diagram as determined in this investigation. 
The solvus line was fit using a logarithmic curve. 

5.3 FACULTY FELLOWSHIPS 

5.3.1 Background 

Faculty fellowships are intended for faculty departments accredited by the Accrediting Board for 
Technology (ABET) to conduct special problem research in the HTML. The research problem must 
bc related to at least one of DOE‘S areas of interest as defined for the fellowship program. Thc 
research application for faculty fellowships must be reviewed and approved by the H‘IML Fellowship 
Keview Committee before the research can bcgin. 

E. C. Dickey, University o f  Kentucky, “Oxidation of  PtAl Bond Coats” [FEL97-54(36)-13F] 
(Sponsored by the Office of Industrial Technologies) 

MAUC 

This research program aims to understand the chcniical attributes that govern oxide scale 
adhesion on NiPtAl and PtAl alloys. These alloys are used as bond coats in therinal barrier coating 
sq steins and must therefore be resistant to severe oxidation. Furthermore, the oxide scale that does 
inevitably form must be well adhered to prcvent scale spallation. It is found that small additions of 
certain elements, termed “reactive elements,’. liabc a profound effect on tlie oxidation kinetics and 
scale adhesion i n  these sqstems. To understand the role of the reactive elements in the oxidation 
process. analytical electron microscopy studies were conducted. 

small additions of reactive elements (e.g., Zr or Hf). Both isothermal and cyclic oxidation studies 
were pcrfortned on the various bond-coat compositions to assess the oxidation kinetics. 
Complenicntary microstructural and chemical studies were carried out by SEM, EDS. and STEM to 
gain a pheno~nenological iinclerstanding of the different oxidation behaviors. 

Model oxidation studies were performed on cast NiPtAl and PtAl alloys, some of which contain 
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In the case of the Zr-doped PtAI, Zr segregation to the alumina grain boundaries was observed 
using spatially resolved EDS. Figure 5.13 presents a bright-field TEM image of the columnar Al2O3 
grains grown isothermally at I200"C on PtAl-Zr. EDS spectra, shown in Fig. 5.14, show that Zr is 
present at the A1203 grain boundaries but not in the bulk of the Al2O3 grains. The improved 
adherence of the oxide scale in the Zr-doped aluminides appears to be associated with segregation of 
the Zr to the A1203 grain boundaries. 

Similar studies on other doped alumindes will be conducted to gain a generalized understanding of 
the role of reactive elements in the oxidation process. This knowledge will enable us to design alloy 
compositions with improved oxidation resistance. 

M 
Fig. 5.13. Brigbt-field TEM image of alumina scale on isothermally oxidized PtAI+Zr. 
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Fig. 5.14. EDS spectra from alumina grains and grain boundary showing segregation of Zr to grain 
boundaries. The intensities of the three spectra are offset for clarity. Traces of Pt are also detected in the alumina 
grains and grain boundaries. 
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AI'PENDJX A. STANDARD NONYROPKIETARY USER AGREEMENTS 

.Al:ibrnia 

Monarch 'Tile. Inc. (Florence) 
linitcd Defense 1.P (Annistoii) 
Southerti Rewrch Institute 

(13irnimgham) 

Arizona 

Advanced C'eraniics Research (Tucson) 
AlliedSignal (Phoenix) 
kliiterials I7oc~ is  Inc. ('I'ucson) 

California 

,4lliedSigiial f!hlKC' (1.0s Arigcles) 
AlZePd Corp. (Santa Clara) 
Amercom Inc. (Chatsworth) 
Applied Matcrials. Iric. (Santa Clara) 
Ceradyiie. Inc. (Costa Mesa) 
('ER('0M. Inc. (Vl>t:l) 

Ind. (Woodland Ilills) 
IRbl Alniaden Research (.'enter 

(San Jose) 
I .ockhccd Martin Skunk Works 

(I'almdalc ) 
Membrane leclinology Research 

(Menlo Park) 
Nonhrop Corp (Pic0 Rivera) 
Nuclear &: Aerospace Matel ials Corp. 

I<ohr Inc. (Chula Vista) 
(Poway ) 

olar Turbines. Inc. (San Diego) 
R I  Intcruational (Menlo Park) 
ullivan Mining Gorp (San Diego) 

Sundstrand Power Systcins (San D i e p )  
Illtrainet (Pacoina) 

Colorado 

c'oors Ceramics Company (Goldeii) 
Golden Technologies Co. (Golden) 
Quantum Peripherals (Imuisville) 
Schuller liit.1. Inc. (I..ittleton) 
TDA Research lnc. (Wheal Ridge) 

Connecticut 

A R B  C-E Services. Inc. (Windsor) 
Steven Winter Associates. Inc. 

'I'orrinpton Co. (Torrington) 
United '1'~~linologies/Pratt & Wliitney 

( t a s t  Hartford) 

(Norwalk) 

DelawNY 

E. I. IluPont de Nenrours (Wilnnington) 
E. I .  DuPont de Nemours 

Guidance KL Control Systems-L.itton 
Rodel. Inc. (Newark) 

(I~luoruchemicails) 

IJ. S. Industrv--211 

District of Colunibi:i 

SPI/SPPD 

I;lurida 

GEILTECt I .  Inc./l.MIIS (Orlantloj 
Msiitin Marietta Elect. Info iPr Missile---- 

I.,MLS (Winter Garden) 
Pralt & Whitnoy (W. t'alm Beach) 
Wtstiiighouse Itlectric C'orp 

(W. l'alm Beach) 

Georgia 

Advaiiced Engineered Materials 

RRI 1. Inc -1LMES (I..awrence\,ille) 
Ceradyne. Inc (Scottdalc) 
Ionic Atlanta. Inc. (Atlanta) 
Inhtitute of Paper Science & 'Irch. 

(i\tlantn) 

(At I anta j 

IZ('f: Seals (Vidalia) 
Rolls Royce. Inc. (Atlanta) 

1-11 MOVAI'S--I.MI:S (tiCI1ncsaW) 

Illinois 

A. Fink1 R: Sons (Chicago) 
Adtech Nepth, I i ic .  (Oak I'ark) 
AlliedSignal (Des Plains) 
Alloy Eng. 6 ('astiny ((lhampagnc) 
Caterpillar, Inc.il-ech Ctr (I'eoriaj 
Wagner Castings Co. (Dccatur) 

Indbiia 

AlliedSignal (South Ijeiid) 
A l l  isoii Erigitie C ' o .  ( I  tidianapol is) 
C umini 11s lhgi  ne c'o. (Col umhus) 
Dana Corp. (Richrnond) 
GM C'orporationil3eI co Kern) 

(Andersonv ilk) 

Kent uekp 

Florida T'ile Industries (Lawreneeburg) 
Machining Kcsearch. Inc. (1:loi-cncc) 
Stoody Co. (Bowling Green) 

hlaryland 

Kisner Tech. (Rockvillc) 
Krispin Tech.. lnc. (Rockville) 
RCMA (ROckVilk) 
licfractory Composites Inc. 

(G Icn 13urnic) 
W. R. Grace & Co. /Colin. (Columbia) 

hlassach irsetts 

American Superconductor Corp. 

Uusek Co. (Natickl 
( Wes tborough) 

Ceramics Process Systems Corp. 

('hand tiare Tech. Ceramics 

Foster-Miller. Inc. (Waltham) 
GTC I..aboratories. Inc (Walthmi) 
Norton Co. (Northboru I 
Norloii/'l'KCV Ceramics (Nortliboro) 
I<eiiactorq Testing Associates 

Tevtron Specialty Materials (Lo~,e l l )  
Unilhrni Metal 'Tech. LI,C (Watertown) 

(Cambridge) 

( W-orccster) 

(Chcstntit H i l l )  

Wlicliigan 

Clirysler Corporation (Highland Park) 
/letroil Diesel Corp. (Detroit) 
Doiv C'oriiing C'orp. (Midland) 
Eaton Corp. (Southfield) 
L:iiei-gy Convtrsion rlcvices. I ne. (Troy) 
Ford Motor Conipany (Ann Arbor) 
GVI AC'-Kochcster (Flint) 
Givl Research R: Development (LVarrcn) 
Hoshiiis blt'g. (ttainhurg) 
F lowmet ( Wh itehall) 
Metallamics lnc. (Trawrsc) 
Valenite, I i ic. (Troy) 

Minnrsol:i 

3M (St. Paul) 
FMC' Naval Systems Division 

(Minneapolis) 

hlississippi 

Alpha Optical Systems (Ocean Springs) 

Missouri 

McDunneIl Ilouglas Corp. (St. I.ouis) 

Montana 

Anaconda I'oundry Fah. (Anaconda) 
Colurnbia Falls Alumin. (Columbia Falls) 

New tlarnpsliirr 

FLIJEN-I' Inc. (1-ebanon) 
Miniature Precision Bearings (Keene) 

hew dersq 

AlliedSignal ( Morristown) 
AT&r Liell 1.ahoratories (Murrary Hill) 
C'eraniic Magnetics. Inc. ( Fairfield) 
Engelhard Corp. (Edisanj 
Exxon Kcse:arcli 6 IJng. Co. (r2nnadell) 
INRAI:, (Northvale 1 
Materids fcclinology (Shiewsburyl 
NEC Research Inst. (Priiiceton) 
Phonc-Poulenc. Inc. (Cranbuty) 
IJnion Camp Corp. (Princeton) 
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Ne\\ \lexica 

flhcrline Instruments ( S a m  Fe) 

Rhodr Island 

Advanced Retractor> Tech . Inc. 

C'MI' Industries. Inc. (Alban!.) 
C'arhorundum Co. ( N i a y r a  I'alls) 
l-:astman Kodah Co. (Rochesteri 
General Hectric (Schnectedyi 
ReMauCo l~echnologies. I i i c .  (Kenmore) 
Sul7er-Mctcu (Wcstbury) 
X-Ra! Optical S!steiiis (Albany) 

( Buff;llo ) 

North Carolina 

Cree Research. Inc (Durham) 
Sclcc C'orp. (tkndcrsonvi l lc) 
Teledqne Allvac 1 Monroe) 

Ohio 

.Applied Sciences. Inc. (Yel lou Springs) 
Eaton C'orp. (Willoughby Hil ls) 
Edison Welding Institute (Coluiiibus) 
I)oeliler-Jarvis Tech (Toledo) 
(;E Aircraft tngines (Cincinnati) 
Goodyear Tires Cy. Rubber Co. (Akron) 
Lincoln Electric (Clcvcland) 
L T V  Steel Co (lndependencei 
O\vens Corning T e c h  Ctr. (Granville) 
Park-Ohio Trans. (Cleveland) 
I'roctor S Gamhlc. (Cincinnati) 
Sandush) Int'l. (Sandusky) 
Rheniuni Allo!.s. Inc  (El! ria) 
I'osoh SMD. Iiic. (Grove City) 
Ilniversal I:nergy Systems. Inc.  (Dayton) 
Western Environniental (Franhlin) 

Pennsylvania 

.AtU' .  Inc.  (Chicorai 
Advanced 'lechnology Materials Inc. 

Alcoa l'ecli. Ccntcr (Alcoa Center) 
Aluininum Co. of America (Alcoa Ctr.) 
Bethlchem Stccl Corp. (Bcthleheni) 
Calgon Corp. (Pittsburgh) 
Certainteed Corp (Valley Forge) 
Concurrent I echnologies Corp 

J&l Specialty Stccl (I'ittsburgh) 
tieiinametal. I i i c .  (1,atrobe) 
Leroy A. Landers (Philadelphia) 
PPCi Industries. Inc.  (Laneaster) 
SB&TD Business Systems (Lancacter) 
Thermacore. Inc. (Laneaster) 
Westinghouse Science & Tech Ctr 

(Universit! Parki 

(Johnstown) 

(Pittsburgh) 

Quadrau Corp. (Portsmouth) 

I'rnnrsscc 

Alliance Engines (hlar!.villc) 
.Anierican Matr i l .  Inc. (k;nov\ i l le) 
AMS (Ki io \v i I l e )  
Rarrctt 1,'ircarnis Mt'g.. Inc. 

( M  urlrees horo) 
B row ie  Tech. (Nashville) 
C'avin Consulting Services (Kno\vi l lc) 
Cliurch & Dwglit ( ~ o . .  Inc (t inoxvi l lc) 
Complete Machiiic Co. (Clinton) 
Computational Mcclianics Corp. 

C'omputational S! stems (Knosvi l lc) 
C'oor:, 1:lcctronic Package (Chattanooga) 
C'TI. I i ic .  (hnoxvi l le) 
D(; 'l'rim Products (Alcoa) 
Eastman k;odak/Chcmical ( Lingsport) 
Fnvironinent Systems Corp.-LhlES 

Forged I'erlbrmancc Pruducts. I i ic. 

Forblat Industr ics~--~LhlES (Oak Ridge) 
Gaylon's Machine Shop (Sweetwater) 
Great Lakes Research (Elizahetlion) 
IMTech Company (Knoxvi l le) 
InrraSpec. Inc. (Oah Ridge) 
J .  A. Mait in (t inoxvi l le) 
Jeffre! Chain C orp.  (Morristown) 
Materials t n g .  & Testing (Oak Ridge) 
Microbial Insight. Inc. (hnosvi l le) 
Nano Instrunients. Inc. (Knouville) 
Oak Ridge tlousing Authority 

Oxyrase (Knoxville) 
ReMauCo .I echnologies ( Kingqton) 
SENES Oah Ridze. Iiic. (Oak Ridge) 
Smith & Nephew (Memphis) 
Standard Aero (Maryvi l le) 
Status Technologics (Knoxville) 
7 echnology fbr Energ! Corp. (Knoxville) 
Testron Specialty Materials D i b .  Avco 

Tennessee Center for R&D (Knosville) 
Third Millenium Ted . .  Inc. (Kinouville) 
Vamistor Corp. (Seviervi lk) 

(Knouvillc) 

(Knosvi l le) 

(Oak Ridge) 

(Oak Ridge) 

( N a s h  il le i 

Texas 

Agrihoard Industries (Lllcctra) 
CarboMcdics. Inc. (Austin) 
Flectrospace S! stenis. lnc.-~-L.MES 

(Richardson) 
Esson Corp. (Houston) 
Ludlum Measurement Inc. 

(Sweetwater) 
Robert Ilageinan (Austi i i )  

Southwest Iksearcli Institute 

Stono Cy. Wcbster hig. (Houston) 
'I exas Instruiiients ( I la l las )  

(San Antonio) 

litah 

I.oTE('. Inc. (Salt I.ake ( ' l tyl  
Mantic C'orp. (Salt Labe City) 

L'irgi n ir 

B&W Nuclear Technologies (Lynchburg) 
Babcoch & Wilcox (Lynchhurg) 
Institute tbr Defense Anal!scs 

Energy Kccover). Inc.  (Virginia Beach) 
F. R. .lohnson Associates. Inc. (Fairfax) 
}I!- I'ech Res. Corp. (Kadlordi 
Materials 'l'echnologies o f  Virginia 

(Hlachsburg) 
Philip Morris (Richmond) 
Reynolds Metals <:ompany (Richmond) 
Soil and l a i d  Use Tech. (McLean) 

( A I e vandr i a ) 

Washington 

t i~c icera Industrial Ceramics Corp 

M;eyerhauser Co (I acoma) 
(Vancouver) 

\+'isconsin 

Wauhesha Electric Systems 

Other Govcrnment Farilities---LZ 

Federal Highway Administratioii 

NASA Langle) Research Ctr. (Virginia) 
NASA Lewis Research Ctr. (Ohio) 
National I l ighway Traffic Safety (DC) 
Naval Post Graduate School (California) 
Naval Research Laboratory (DC) 
NICT (Maryland) 
1J.S. .Army Research ILab 
(I.$. Bureau of Mines (Ne\\  York) 
IJ.S. FDA (Maryland) 
U.S. Naval Academ) (Maryland) 

( V i rg  ini a i  
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A I a Ii:iiii a 

IJnivcrsity of Alabaina (Hiriiiin~haini 

..2lahama A&M (Normal) 
Auburn I.!niversity (Auburn) 
l'uskcgec I!niv. ('I ushegee) 

' l ' l lscaloosa~ 

Arizona 

Universities-1 43 

Iridiriiia 

h r d u e  IJniv. Calumet (Hammond) 
t'orduc UIU\,. (West Laf:iyette) 
ilniv. oTNotre Dame (South Ljeiidi 

loWa 

Iowa State I!niv. (Anies) 

Kansas 

Moiitiina 

Univ. of blontana (Missoula) 

Nebraska 

Arizona State (Tempe) 
liniv. of- Arizona (Tucson) 

California 

C'alifomia Inst. of Tech. (Pasadena) 
California State I ~ I I I V .  ( L o s  Aiigeles) 
Staiirord IJniv. (,Stanford) 
Univ.  of Calif.., Bsrkcley 
Univ. of C-'alif,. Irvinc 
IJniq,. o f  Calif.. Los Angeles 
Univ. of Calif., San Diego 
IJniv. of C'alif.. Sama Barbara 
Univ. orCalii'.. Santa C'rur' 
Univ. ol'S. Calif. ( I A S  Angelcs) 

ColWddO 

i'olorado School of Mincs (Ciolden) 
Ilniv of Denver 

Connecticut 

Univ. (if Connecticut (Storrs) 
Yale Ilniv. (New Haven) 

Delaware 

liniv. of Delaware (Newark) 

District of Coluinbia 

I4oward IJniversity 

Florida 

Flvrida A&M Ilniv. (Tallahassee) 
Florida Atlantic l!niv. ( h c a  Raton) 
I-lorida International Ilniv. (Miami) 
Florida Solar Energy Center 

(Cape Canaveral) 
Florida State IJniv. (fallahassee) 
Univ of Central Fl. (Orlando) 
Univ. oi' Florida (Crainesville) 

Georgia 

Georgia Inst. of Tech. (Atl;inta) 

Hawaii 

IJniv. of Ilawaii (I loiiolulu) 

Illinois 

Illinois Inst .  of.l 'ech (Chicago) 
Northwestern IJniv.  (Evanston) 
S. 111. Univ. (Carbondale) 
IJniv of 111. (llrhana) 

Kansas State Univ. (Manliattcn) 

Kcntucky 

Berea ('ollege (Berea) 
Eastern Ky. State (Richmond) 
Ilniv. o f l iy .  (Lexington) 

Louisiana 

I.ouisiana State 1 Jniv./A&M College 

5outliern Univ. (Baton Rouge) 
(Baton Rouge) 

Maine 

IJniv. of Maine (Oroiio) 

Marylund 

Johns Iloptins Univ. (Baltiinore) 
I l n i v .  of Maryland (College Park) 

Massachusetts 

Hobton Univ. (lloston) 
Clark Univ. (Worccstcr) 
I larvard 1 Jniv. (Canibridge) 
Mass. Inst. ol'~lech. (Cambridge) 
Mt. I lolyoke College (South I-ladlcy) 
Northeastern (Hoston) 
Tufts IJniv. (Medford) 
llniv. of M a s  (Amherst) 

Vieliigan 

Michigan State Univ. (Last Lmsingj 
Michigan Tech. Univ. (lloughtoii) 
U i i i v ,  of Michigan (Ann Arbor) 
Wayne State IJniv. (Detroit) 
Western Michigan Ilniv. (kalaiiiai.oo) 

Xlirioesota 

llniv. of Minnesota (Minneapolis) 

Mississippi 

Mississippi College (Clinton) 
Mississippi State IJniv. (Starkville) 

Missouri 

Lincolii Univ. (.leWersoii City) 
[I II iv . of Missouri (Col iunbia) 
I Jniv. of fulissoiiri (12olla) 
CVashington 1Jniv. (St. ILouis) 

Univ. of Nebraska. 1,incoln 

Nevada 

lliiiv. o f  Nevada. Reno 

NCM Elam ps hi re 

Dartmouth Collge (Hanover) 

New Jersey 

Neu  Jersey Inst. of 'I ech. (Newark) 
Priiiceton IJniv. (Princeton) 
Rutgers Univ. (I'iscalaway) 
Stevens Inst .  o f  fcch (Ilohoken) 

New Alcriro 

N b l  Inst. of Mining Kr 'lech. (Socori-o) 
New Mexico Stale (Idas Cruces) 
Univ. of NM (Albuquerque) 

New York 

Alfred 1Jiiiv. College of Ceramics 
(!\I lied) 
('larkson Univ. (Potsdam) 
Cornel1 IJniv. (Ithaen) 
Polytechnic U n i v  (Broohlaiid) 
l<ensselaer t'olyteclinic I ns t .  (Troy) 
Ilochester Inst. of Tech. (Rochester) 
State Univ of N Y  (Stonybrook) 
Uiiiv. of Kochestcr (Kocliester) 

North Carolina 

Appalachian State [Jniv (Hoonej 
Duke Univ. (Durham) 
Nor-lh Carolina A&l' State liniv. 

North Carolina State Univ. (Raleigh) 
llniv. of North Carolina (Chapel Hill)  
l!N(.' School of Dentistry (Chapel Hill) 

(Greensboro) 

North DdkOta 

liniv. of North Dakota/Energy ei 
fhviroiiniental 12csearch (Ciratid Forhs) 

Ohio 

Case Western Reserve Univ. 
(Cleveland) 
Denison Ilniv. (Granvillc) 
John Carroll Univ. (University Heights) 
Kent State llniv. (Kent) 
Ohio State IJniv. (Columbus) 
Ohio b n i v  (Athens) 
liniv. of Cincinnati (Cincinnati) 
{Jniv. of Akron (Akroii) 
UIIW. of Daytoll (1)ayton) 
Wright State liiiiv. (Dayton) 

Okla hoei N 

Oklahoina State Ilniv. (Stillwater.) 
Univ. of Oklahoma (Ohlalioma City) 
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Oregon 

Oregon Graduate Institute (Poi-tland) 
Orepoii Ctate IJniv (Corvallis) 
I'ortlaiid Statc. Un iv  (I'ortland) 

Penns?lvania 

C'arncgic Mellon [ h i \ .  (Pittsburgh) 
Dre\cl (I%iladelphia) 
1 chip11 Ilniv. (Rethlchcm 1 
l 'ennr~l\.ania State U n i b  (Uni\erstt! 
Park) 
l inn . of Pcnnsqlvaiiia (PhiladelphlaJ 
Iliin 01' I'ittsburgh (Piusburghl 

Rhode Island 

'I cnncssee \'irginia 

\'PI & State Iiiiiv. (Rlachsburg) 
Univ. of Virginia (Charlottesville) 
Wasliingmn & Lcc h i \ .  (Lesiiigton) 

Washington 

Univ. of Washington (Seattle) 
Washin$on State I l n i v .  (Pullman) 

U ' e s t  F'irginia 

West Virginia Liniv. (Morgantown) 

\%'isconsin 

I3rou 11 L iiiv. ( i'rov ideiicc ) 

Sontli Carolina 

C'lemson Li i iv .  (Cleiiison) 
I J n n .  01's Carolina (Columbia) 

South Dakota 

S. Dakota Statc U n n .  (Rroohings) 

Last Tennessee State Univ .  

1,'ihh Uni\. (Nash\ille) 
.lachsboro State Area Vocation School 

(Iacksboro) 
Maryvillc Collc~c. (Mai-pille) 
Tennessee State I!niv (Nashville) 
I'eniic'sst'e '1-ecli. ('enter (Knoxville) 
fennessee rech. Ilniv (Cookeville) 
l i n iv .  of  Memphis (Memphis) 
I i i i i v .  of Tcnncsscc ( K n o n  i l k )  
Vanderhilt [ J i l l \ .  (Nashville) 

(.lohiison Cit!) 

Teras 

Rice Unit. (1-iouston) 
Te\as A&M 1 I i i i b .  (College Station) 
Univ .  of Houston (Houston) 
Ilniv. of- North 1 e\as (Denton) 
1Jniv. 01' I'rsas (Arlinptoii. Atistin) 

I ' t ah  

I J i i i \ ) .  of Utah (Salt Lake) 

Marquettr Univ. (Milwaukee) 
Ilniv. of Wisconsin (Madison) 
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APPENDIX 13. FY 1997 NONPROPKI ETAKY RESEARCH PKOPOSAIS 

97-001 N P  

97-002 NP 

97-003 N P  

97-004 NP 

97-005 N P  

97-006 NP 

97-007 N P  

SALIJ’T (01 ) 
SHASHIDI-IAR, NAGA 

UlJC 

DIVERSIFIED DIAMOND (01) MIRlJC 
D1LI.DN. MARY 

ARMCO INC. (01) MCAU 
DOU‘T’HET’T‘. JOSEPH A. C 
WHI‘T‘E, JAMES 

[JNIVERSAL ENERGY SYS. (02) MI R1 J C 
BH ATTAC H AKY A, RAHl 

ALFRED UNIVERSITY (09) 
TAYLOR, JENIFER 

GRACE, W.R. & CO (02) 
TOMCZAK. DOlJG LA S 

DUC 

MAlJC 

ADTECH NEPTH INC. (01) MAlJC 
SINI-IA, SHOME N. 

97-008 N P  STEVENS INST. OF TECH. (02) 
LIREKA, MATTHEW 
CHOU, TSENG 

97-009 N P  ADTECH NEPTI-I INC. (02) 
SIN HA, SHOME 

97-01 0 NP SO. ILLINOIS UNIV. (03) 
MAKX. DAVlD 

97-01 I NP IJNIV. OF MAINE (01) 
LAD, ROBERT’ 
MOULZOLF, SCOTT 

97-0 12 NP IJNIV. OF DAYTON (05) 
wci 1‘1, NORMAN 
RUH, ROBERT 

MAUC 

DUC 

TPUC 

MlRlJC 

DUC 

‘Thermal Expansion of 
Ettr i ng i te 

D i ani on d L i fe/tni 
Coatings--Advantages on 
Electroplated Products Versus 
Noli-Coated Electroplated 
Products 

The Strain Rate Sensitivit) of 
Various Stainless Alloys 

Tribological Properties of Solid 
Lubricant Coatings Over a Wide 
Range o f  Temperature 

Phase Identification of Metallic 
Impurities in Aluminum Nitride 
Pow der 

Sub-Micron EDSiEELS 
Characterization of FCC 
Catalysts Using HRES TEM 

Characterization of  Grain 
Boundaries and Interfaces in 
Interpenetrating YAG-Alumina 
Composites 

Mean Inner Potential 
Measurements by Quantitative 
Tran sin i ss ion Electron 
Holography 

111 Situ Observation of 
Formation of Orthorhombic 
YBa2Cu307-x (Y I23 
Superconductor) from BaCu02.5 
Contained i n  NEI’TH 

[Jse of the Fast Infrared Camera 
i n  the Measurement of Surface 
Temperatures During 
1)ynamorneter Brake Studies 

Tribology Studies of Oxide and 
Oxynitride Thin Filnis Grown by 
Molecular Beam kpitaxy 
Techniques 

The Investigation of a 
Mcthodology for Producing 
Nanophased Reinforced 
Composites from the SIC-AIN 
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System 

Stress Depth Profiles in  Shot 
Peened 20211 Series Aluminuni- 
Ikp th  Resolved X-ray 
Diffraction Measurement Using 
Deep Penetrating Radiation 

Residual Stress Variations in  the 
Interface Between a Fine 
Tempered Martensite Case and 
Large Grain Size Core 

An Experimental Observation 
of  Frictionally-Excited 
'Thermoelastic I nstabi I ity i n  
Automotive Disk Brakes 

Nano-Indentation 'Testing of 
Ox id ized Zircon i U I  t i  Surfaces 

Thermal Transport Properties 
of  Aluminum Metal matrix 
Composites Used for 
Automotive Brake Hardware 

Grinding of Combined 
Zirconia/M2 Tool Steel Using 
CBN Wheel 

Undergraduate Teaching of 
Electron Microscopy Using 
'1elePresence Microscopy 

Measurements o f  Residual 
Stresses in Components 
Manufactured by Laser Assisted 
Direct Rapid Prototyping 

Field-Induced Strain Mapping of 
Piezoelectric and 
Electrostrictive Materials Using 
Neutron Diffraction 

NiO-Y203 Interface Structure 
and Cheinistiy 

High Temperature Contact 
Fat ig lie 

Thermal Conductivity of  
Thermally Treated Zirconia 
Thermal Barrier Coatings 

Neutron Diffraction Study of 
High Strain Materials 

Nano-Indentation of IT0  Films 
Fabricated by Plasma Depositioii 

~~ 1 echnique 

97-013 N P  ADV. TEC€I. MA'fERIALS (03) 
KOZACLEK. KRlS 

97-014 N P  

97-016 N P  

97-017 N P  

97-018 NP 

97-019 NP 

97-020 NP 

97-021 NP 

97-022 N P  

97-023 N P  

97-024 N P  

97-025 N P  

97-026 N P  

97-027 NP 

CUMMINS ENGINE CO. ( I O )  
ENGLAND. ROGER 

GM/DELCO RFIMY (DELPHI) (02) 
LEE, KWANGJIN (MIKE) 

SMITH & NEPHEW (01) 
LONG. MARC 

FORD RESEARCH LAB (08) 
HECH'T, KENA 

CUMMINS ENGINE CO. ( 1  1 )  
SHIH, JAU-MIN 

LEHIGH UNIV. (02) 
WILLIAMS, DAVID B. 

UNIV. OF CENTRAL FL. (01) 
KAR. ARAVINDA 

ALFRED UNIVERSITY ( 1  0) 
MISTURE, SCOTT 
HALIISKA. MIKE 

UNIV. OF KENTUCKY ( 1  1 )  
DICKEY, E1,IZABETII 

KENNAMETAL INC. (01) 
Y ECKLEY, RUSSELL 

GENERAL ELECTRIC CORP. (05) 
M 0 G KO- C A M P E RO , A. 

UNIV. OF CINCINNATI (05) 
BLUE. CHARLES 1'. 

ALFRED UNIVERSITY ( 1  1 ) 
SPRIGGS, R. 

RSUC 

RSUC 

T P U C  

MCAU 
C 

T P U C  

MIRUC 

MAUC 

RSIJC 

RSIJC 

MAUC 

MCAU 
C 

T P U C  

RSUC 

MCAIJ 
C 
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97-028 N P  ILLINOIS INST. OF TECH. (01) 
SELMAN, J.  ROWEK'T' 

97-029 NP IJNIV. OF AIABAMA ( 1  0) 
KLEMMER, TIMOTIIY 
VARGA. 1 .AJOS 

97-030 N P  3M COMPANY (01) 
BESSER, MIC€lAEL 
LINK, BILI, 

97-031 N P  CORNING INC. (03) 
WIGHT, JOHN F. JR. 

97-032 N P  LEHIGH LJNIV. (03) 
WILLIAMS, DAVID B. 

97-033 NP IJNIV. OF AL,AHAMA ( I  1) 
I,I'T'1'LJE7'ON, I4 AK RY E. 
MOLIBOG, T. 

97-034 N P  UNIV. OF CINCINNATI (06) 
SINGH, RAJ N. 
WANG, Y U-LIN 

97-035 N P  N.C. STATE IJNIV. (13)  
KASICf IAINIJLA. JAG 

97-036 N P  IINIV. OF CONNFX'T'ICIJT (02) 
PEASt.  DOUGLAS 

97-037 NP  CATERPILLAR INC. (06) 
LONG, MICHAEL C. 

97-03s NP PPG INDUSTRIES (02) 
ZIBEKT, MICHAEL 

UNIV. OF MASS. (05) 
JAKIJS, KARL 

97-039 N P  

97-040 NP  rmw CHEMICAL CO. (0s) 
CISNEROS, MARK 
RIGHTOR, ED 

TPUC CharacteriLation of  Lithium Ion 
Battcry Components and 
Materials 

( 1  10) Oriented FeTaN Epitaxial 
Tliiii Films 

Quantification of  the Effects of 
Machining Variables, Water 
Fixturing Mcthods, and Residual 
Stress on the Properties 

IR Imaging of Refractory Foam 
Production and Thermal 
DifFusivity Measurements of 
Ccramic F o a m  

MCAU Analysis of Subsurface Plastic 
C Defonnation During Solid 

RSUC X-ray Diffraction Studies of 

MIRUC 

TPUC 

Particle Erosion of Ductile 
Alloys 

Refractory Sands and Coatings 
for the Lost Foani Coasting 
Process 

Damage on Elastic Properties of 
CFCC's Determined by 
Resonant Ultrasound 
Spectroscopy 

TPUC Thermal Diffusivily of 

MCAlJ Effect of Thermal Shock 
C 

TPUC Multilaycr I h i n o n d  Coatings 

RSUC An X-ray Diffraction Study of 
the Bond Coat i n  EB-PVD and 
Plasma-Sprayed Thermal Barrier 
Coatings 

Mag n cs i uni -% i rcon iu in - 
Phosphate (CMZP) Mechanical 
Properties 

MCA4U Determination of Calciuin- 
C 

MCAIJ Spalling of Glass Substrates 
C 

RSlJC High 'Temperature Residual 
Stress Measurernent of SIC- 
Reinforced BMAS Glass-Ccraniic 
Matrix Composite 

Catalyst Supports 
MAUC Metal Particle Growth on 
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97-041 N P  

97-042 N P  

97-043 NP 

97-045 NP 

97-046 NP 

97-047 N P  

97-048 N P  

97-050 N P  

97-051 N P  

97-052 N P  

97-053 N P  

97-054 N P  

97-055 N P  

97-057 N P  

GEORGIA TECI1. (26) 
MCDOWELL. DAVID L. 

WESTERN MICHIGAN UNIV. (01) 
OLOWE. AB1 

BROWNE 'I'ECHNOLOCY, INC. (01) 
BROWNE. JIM 

DREXEI, IJNIV. (01) 
BARSOUM. MICHEL W. 

ORNL (03) 
MATHIS, JOHN E. 

MATERIALS FOCIJS. INC. (01) 
LEASKEY, LORI A. 

LOUISIANA STA 1'E IJNIV. (06) 
LI AO. WARREN 

ORNL (04) 
DEPAOLI, DAVID 

-wuc 

DlJC 

'T'PUC 

DUC 

MAUC 

MAUC 

MIRUC 

DUC 

BlJSEK CO./S PONE & WEBS I'ER (01) 
CARNAHAN, DAVID L. C 
GONDOLFE, JOSEPH 

UNIV. OF WISCONSIN (04) MAUC 

SCHOFIELD, M. 

ClJMMlNS LNGINE CO. ( 1  2) 
KLEPSER, CI IEKYL, ANN 
ENGLANI). ROGER 

KYOCERA IND. CER. CORP. (01) 
KRAFT, t D W l N  H.  c 
ITALIANO. DAVID 

UNIV. OF TENN. (49) MAUC 
GEKAKD. DAVID 
MARKS, MURRAY 

HY-TECII RES. CORP. (01) MAUC 
KLEPPER. CI IRIS 

MCAIJ 

GAJDARDZISKA-JOSIFOV, M. 

MAUC 

MCAU 

I'he Effective Thermal 
Properties of Damaged 
Composites 

Thermal Stability of Conductive 
Layered Hydroxides 

Microscopic Thermal 
Conductivit] Analysis of a Die 
Attach i i i  ent Adh es i \ e 

High Temperature X-ray 
Characteri7atioii of Ti3SiC2 and 
Ti2AIN 

Surface CharacteriLation of 
S u perco nd it c t o rs and Buffer 
Lajcrs Deposited on Rolling 
Assisted Biaxial Textured 
Substrates 

Characterization of Silicon 
Carbide Composite Systems 

Wear Mechanisms of a Resinoid 
Diamond Wheel with Fine 
Abrasives and Associated 
Responses in Creep-Feed 
Grinding 

Synthesis and Charactcrization 
of Nanosized and Nanophast~ 
C eram ic Materials 

I ligh Temperature Properties of  
Superalloy to Silicon Carbide 
Braze Joints 

tnergy Filtered Off-Axis 
Electron Holography 

Characterization of Iron Nitride 

Effect of Grinding and Testing 
Procedures on Measured MOR 
of SN282 

Ilietary Reconstruction Based 
on Dental Microwear Analysis 

Fabrication of Ribbon Load for 
Soft-X-ray Sources 
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97-058 NP 

97-059 NE’ 

97-060 NP 

97-061 NI’ 

SOI.J’T‘HEKN UNIVEKSI’I’Y (03) 
MIRSI-IAMS, REZA A. 

MCAIJ 
C 

High Temperatiire Tensile 
Property of the Super Alloy 
IN 73 8 1 .c 
Residual Stress Measurement in 
Precision Bcaring Components 
at Various Stages of Manufacture 

€Iigh Speed Cylindrical Grinding 
of Silicon nitride Fuel System 
Component Using CHN Wheel 

Evaluation of Residual Stress in 
Silicon Nitridc Ground with a 
New “Innovative Grillding 
Wheel” 

X-ray Diffraction Studies of 
Active Phases i n  Fischer- 
1 ropsch Catalysts at t.,levated 
T’emperature in the Slurry 
Matrix 

Residual Stress Measurements on 
Rapidly Formed H-13 Die Steels 

TORRING’TON COMP. (02) 
WAL<TON, HARRY W. 

KSUC 

CUMMINS ENGINE CO. (13) 
SHIH, JAUMIN 

MlRlJC 

NORTON COMPANY ( 1  2) 
LICHT. ROBERT H. 

1iSlJC 

97-06? NP UNIV. OF NEW MEXICO (04) 
DATY E, AB€ IAY A 

DlJC 

97-063 NP ORNL (06) 
METALS AND CERAMICS 
MAZIASZ, PIIIL J. 

UNIV. OF PITTSBURGH ( 2 )  
J. R. BLACIHERE 

GEORGIA TECtI. (27) 
MILKOTE, SHREYES 

CA?‘F,Ri’IId1AR INC. (07) 
READEY, MICHAEL J.  

KSUC 

97-064 NP 

97-065 N P  

97-066 NP 

RSUC 

RSIJC 

MAUC 

Growth and Residual Stresses in 
TBC 

Surface Generation Mechanisms 
in Hard ‘Turning 

Self-Asscmhling Molecular 
Templates for Textured Thin 
Films 

Dcpth I’rofiling of Shot Peen 
Induced Residual Strcsses by 
Neutron Diffraction 

XRD Study of thc Stability and 
’T’herinal Properties of 
Perovsliitc-Type Materials at 
High l’emperat urcs 

Examination of Hot Spot 
Formation and Moverncnt in 
Automotive Brake Rotors 

Microwave Sensitive S i 1 icon 
Carbide Fiber 

Naiioindentation Studies of 
Phasc Trans formatio tis in 
Scniicoriductors and Ceramics 

97-067 NP ADV. TECH. MATERIALS (04) 
KOZACZEK, KRlS 

KSUC 

ORNL (05) 
C I1 EM IC A L TECHNOLOGY DI V. 
HIJ, MICHAEI,. %.-C. 

TPUC 97-068 NP 

97-069 NP FORD RESEARCH LAB. (09) 
HA R ‘TSOC K, D A 1, E 

’IE’UC 

97-070 NP 

97-071 NP 

REMAXCO TECHNOIdOGIES (05) 
NIXDORF, RICHARD DEAN 

UNIV. OF ILLINOIS ( 1  5 )  
GOGOTSI, YURY 

MAlJC 

MCAU 
c 
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97-0'72 NP INCO ALLOYS INTERNATIONAL, 
INC. ( 1  ) 

FAHKMANN, MICHAEL 

97-073 NP GEORGIA TECII. (28) 
DANYLUK. STEVEN 

97-074 NP RU.I'GERS UNIVERSITY (03) 
SAFARI. A. 

97-075 NP UNIV. OF N. DAKOTA (02) 
FOLKEDAtIL. BRUCE C. 

97-077 N P  PPG INDIJSTRIES (03) 
WALCK, SCOTT 

97-078 NP TEXAS A&M UNIVERSITY ( 3 )  
HAKTWIG, K. T. 
SIMONE LEIPERT 

MCAtJ Stress Effects 011 Dimensional 
C Changes of Age-Hardenablc 

MCAU 'The Mechanical and 
C Thermophysical Properties of 

Titani un i  Alum i ti ide (Gamma) 

DUC [-I igh Tern perat u re X-ray 
Diffraction Studies of Crystallite 
Size Effects in  Ferroelectric 
Powders 

Crystallization of Coal Ash Slags 
Near the Temperature of 
Critical Viscosity 

Mixed Cobalt, Iron, and 
Cliromiuiii Oxides Deposited on 
Glass Substrates 

'T'e xt u re D eve Io p m e ti t i t i  

Tantalum Processed Through 
Equal Channel Angular 
E xtr u s i o ti 

Superalloys 

DUC 

MAUC Thin Film Characterization of 

RSUC 
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APPENDIX C. FY 1997 RESEARCH PROJECT SIJMMAKIES 
INDUSTRIES 

Advanced Ceramics Research, Tnc., “The Thermal Conductivity of Zirconium and Hafnium 
DiborideBoron Nitride ‘Fibrous Monolithic’ Composites,” S Norveil and G. Hiimns, HTML No. 96- 
019 

TPUC 

Advanced Ceramics Rcsearch has completed a Phase I1 SBlR contract with NASA Marshall Space 
Flight Center to develop L1.132- and HfB2-based ceramics. These materials are required to withstand 
temperatures in the vicinity of 3000 K, while exhibiting excellent thermal shock resistance. Diboride 
based “fibrous monolith’’ ceramic matrix composite (CMC) materials were developed at Advanced 
Ceramics Research (ACR) Inc., as a relative11 inexpensive alternative to continuous fiber reinforced 
ceramic composites (CFCCs) for use by the aerospace industry in high-temperature applications. Thermal 
conductivitj of the composite? is very difficult to predict due to a verj complex microstructure and a high 
degree of tlicrmal anisotropy i n  the interpenetrating boron nitride niatris material. 

The thermal diffusivity of ZrBJBN and 1 iff32/BN “fibrous monolithic” composites was measured 
along three orthogonal axes, from room tenipcrature to 2 100°C. Rooin temperature measurements were 
made using the xenon flash apparatus, and elevated temperature measurements were made using tlic laser 
flash apparatus. IJsing published specific heat data for the individual phases. thermal conductivity was 
calculated in each orientation for both diboride/BN composite materials. The tlicrmal conductivity of the 
ZrB2/BN composite ranged from 95 W/m-I< I parallel to the long axis of the cells to 50 W/m-K I parallel 
to the hot pressing direction, at room temperature. Similar anisotropy was noted in the I-lfB-JBN 
compositc with values of 100 W/m-K and 56 W/m-K ’, respectively. ‘The nieasurcmcnt of the thermal 
properties of the composites in three dimensions, at elevated temperatures, allowed ACR to closer predict 
their values at service temperatures for numerous aerospace applications. 

Fibrous monolithic (FM) processing technology was eniploycd to improve the fracture toughness and 
reduce the thermal shock sensitivity of the diboride materials. ACR has produced prototype solar thermal- 
propulsion-related components, and other aerosbace-related components from di boride-based “fibrous 
monolithic” material. 

.AlliedSiPnal, “Machining-Tolerant Ceramics,” C. W. Li, HTML No. 95-024 

The reliability and lifetime properties of typical monolithic structural ceramic components are very 
sensitive to the flaw distributions, which are strongly correlated with the macliining conditions for the 
components. Consequently, reliability and lifetime prediction remains as one ofthe major challenges in  
applying monolithic ceraniics for structural components. 

Toughened ceramics present a promising solution to improve reliability and lifetime predictability. 
AS800 i s  an in situ toughened silicon nitride with R-curve behavior. It is anticipated that the material will 
show a better damage tolerance property, and its strength will be less sensitive to the machining condition 
variations when compared to the fine-grained. lowtoughness material. 

machining parameters affect the strength of AS80O. The two factors selected are the grit size of the 
machining wheel (resin bond, 100 concentration diamond grit) and its downfeed. A total of five grit sizes 
fi-om SO to 600 and five downfeed levels froin 0.0001 in. to 0.0033 in. were employed. Other niachining 

. 

The purpose of this study is to use the design-of-experimenl (DOE) approach to examine hoc\ 
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conditions such as crossfeed (0.071 in.). table speed (8 in.  per min) and spindle speed (5260 rpm) were 
lixed for all the runs. For each machining condition, a total of 20 MOR bars were machined in transverse 
direction so that the grinding direction was perpendicular to the long axis of the bars. To date, the 4-point 
bending strength data for all the bars have been collected. The preliminar? results indicate that the grit 
size has a significant effect on the average strength property, and the Weibull strength distribution is 
affected by the machining conditions. 

ATMI, “Depth Profiling of Shot Peen Induced Residual Stresses by Neutron Diffraction,” K. J. 
Kuzriczek, HTML No. 97-067 

RSUC 

The objective of this work was to determine subsurface profiles of residual stresses due to shot 
peening of aluminum alloq s. Deep penetrating M o  K-alpha radiation was used (mean absorption weighted 
penetration depth is 320 inicroiis) on 6061T6 aluminum alloy shot peened to Almen intensity 0.016 in. 
The penetration depth was controlled by changing the inclination angle of the incident X-ray beam with 
respect to the sample surface. An unpeened sample was used as a reference material in order to determine 
the unstressed lattice parameter. The poor quality of the X-ray diffraction signal hindered the 
measurements. The initial data analysis indicates that the results are not usable. Neutron diffraction stress 
mapping is planned. 

Browne Technology, Inc., “Microscopic Thermal Conductivity Analysis of a Die Attachment 
Adhesive,” J. M. Browtie, HTML No. 97-043 

TPUC/DUC 

Under a Small Business Innovative Research (SBIR) Phase I I  program sponsored by the Ballistic 
Missile Defense Organization, Browne Technology, Inc., is developing a high thermal conductivity 
polymeric adhesive for use as a die attachment adhesive to bond liigh power integrated devices to their 
packages. The goal is to have the high heat transfer capability of solder with a low processing temperature 
typical of epoxy adhesives. The adhesive consists of mesophase pitch-based carbon fibers that are 
anisotropically aligned through the thickness of an epoxy adhesive film. Initial thermal conductivity data 
on this adhesive is 20 to 50 times greater than current polymeric adhesives. Optimization of the heat flow 
properties ofthe adhesive will require understanding in detail how heat is transferred between the end of a 
fiber and the surface o f a  substrate. 

Feasibility work has been completed at I-ITML that indicates that the Scanning ’Thermal Conductivity 
Microscope (STCM) is an outstanding tool for examining thermal conductivity details on the surface of 
the adhesive. Adhesive films were cured in a iiianiier that duplicated die bonding and separated from the 
substrate surface. Scans on these samples showed a rich variety of thermal contrast details that could be 
correlated with features seen by optical and scanning electron microscope examination. The importance 
of many of these features to thermal conductivity performance was not appreciated before this work. 
Polished specimens were also examined by the STCM. Individual fiber ends clearly showed thermal 
contrast patterns indicating structural details and heat flow patterns. Examination of a copper-coated fiber 
showed changes in the heat flow in the fiber and into the surrounding matrix. 
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Rusek Company lnc. and Stone and Wehster Engineering Corp., “High Temperature Properties of  
Superalloy to Silicon Carbide braze Joints,” D. L. Ciirtiahati and D. Trihbcy, HTML No. 97-051 

MCAUCIRS UC 

To provide for the replacement of Jncoloy 800HT tubes in ethylene processing with silicon carbide, a 
suitable joining technique is required. Husck researched the use of six b rue  materials for suitability 
between €Iexolo) SA silicon carbide (Carborundum COT) and Incoloy 800IIT (Inco Alloys). These braze 
materials included binaiy compo~itions Au-Ni, Au-Pd. Pd-Co, Pd-Ni, Cu-Ni a5 well as pure nickel. 
Preliminary screening was conducted using silicon carbide to tungsten joints, then full joints wcre 
produced using the remaining brazes. Silicon carbide--tungsten--800Hrl joints were produced for shear 
testing at room temperature and bend testing at elevated temperatures. To quantify the stress state of the 
joint interface, an X-ray diffraction stress analysis technique was employed at Oak Ridge National 
J>aboratory (OIINL). Based on the results obtained. Busek concludes that thc suitable alloys for the high 
temperature brazing of silicon carbide are Nickel and thc Au-Ni alloys. The use of the gold-nickel alloy 
restricts the braze exposure temperature to 9OO”C, but tlicse are the strongest joints tested. The use of 
niche1 (T,,, = 1450°C;) is restricted to the joint between the tungsten and the silicon carbidc, as it is too 
high melting for tlic 800H7’ alloy. The other alloys are acceptable at the tungsten--800HT interface. The 
Au-Ni alloy is acccptable at both joint interfaces. Both the Au-Ni all01 and the nickel braze were tested 
extensively at OKNl,. 

Caterpillar, inc., “Self-Assembling Molecular Templates for Textured Thin Films,” 
J. E. Crumpacker, HTML No. 97-066 

MAUC/MCAUC/DUC 

The goal of this research is to deterininc whether textured thin film coatings offer improved 
tribological performance compared to coatings having a more uniform structure. For example. textured 
coatings could affect thc bearing ratio known to be important in wear of materials. To this end, we are 
studying a novel process of creating textured coatings using self-assembling organic molecules (SAMs) 
as a template, which is later removed by thermal decomposition. For simplicity, we are studying titania 
coatings on glass slides. a model system, with fatty acids acting as the SAM teniplate. However, before 
experimenting with the SAM teinplating process. it was necessary to deterniine the best coating 
parameters for the glass slides. Several slides were coated with titanium alhoxide solutions using a variety 
of coating temperatures and alkoxide concentrations. Aftcr drying, the coatings were characterized at the 
nanoscale level using Oak Ridge National Laborator} ’s Atomic Force Microscopc (AFM). The slides 
were examined to determine if the slides were successfully coated with titania and if the coaling was 
uniform. Using the results obtained from the AFM, identification of key coating/processing parameters to 
be used in further research can be accomplished. Without the use of an AFM. it would have been difficult 
to differentiatc between the coated glass slides and thus determine which parameters were appropriate for 
the desired results. Currentlj, the next step in developing the organic SAM template is bcing investigated. 

Concurrent Technologies Corporation, “Thermophysical Properties Measurements of HY-100 Steel 
and AI-Ni-Bronze,” J, Jo and L. S. Kfzipple, HTML No. 94-054 

TPlJC 

Thertnophysical properties of the basc metal, heat-affccted zone (HA7), and weld metal in an IIY- 
100 meldment (Fig. C.l) were needed by the Navy as input to the numerical simulation of welding. The 
thermophysical properties determined at H T’ML werc thermal diffusivity, specific hcat, and thermal 
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/ 5 cm 

Weld metal 

rxzy-l 
3ase metal 7 I 

Fig. C.1. The geometry and pass sequence of weld. 

expansion using the laser flash technique, differential scanning calorimeter and a dilatometer. respectively. The 
specimen of the laser flash system was heated in the 4-in. hot Lone provided bj the ultra-high temperature 
c eraphite furnace. For thermal diffusivity measureineiits at molten state. a special graphite sample holder 
ma? designed for this system. Eight small grooves were cut at the edges of the top and bottom sapphire 
windows. These grooves allowed excessive metal to escape in the molten region and kept the thichness of 
the specimen constant. 

As shown in Fig. C.2, from room temperature to 750"C, the thermal conductivities of the base metal. 
HAZ. and weld metal exhibit a decrease with temperature. From 750°C up to around 1 500"C, the thermal 
conductivitj increases with temperature, and then. between 1500°C and 1 550"C, it decreases rapidlj. 
Above 1 550°C. the thermal conductivitj slow ly increases. The thermal conductivities of the three metals 
nere  approximatelj 0.1 8 W h n K  at 650°C and was approximately 0.3 WkmK at about 1400°C. It is 
believed that the valleys in thermal conductivities around these two temperatures were generated by the 
ferrite-austenite and solid-liquid transformations. The variation of thermal conductivity with temperature 
was most influenced by thermal diffusivity, and as a result the thermal conductivity-temperature curve 
resembles the thermal diffusivitj-temperature curve. 
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Fig. C.2. Thermal conductivity of the base metal in an HY-100 weldment. 
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Corning, lnc., "Measurement of Stress Gradients in Metal Refractory Films on Glass Substrates," 
I€. J .  Holland, HTML No. 96-054 

KS [IC 

Sputtered films of refractory nietals are of importance to the video display industry for active matrix 
liquid crystal displays. From preliminarq experiinerital data, it \bas indicated that stress gradients were 
prcsent in Mo-Ta thin films sputtcred on glass. The stated object ofthe proposal submitted to HTML was 
to measure this gradient. 

A number of films were examined by XKD both at WIMI,, using the Scintag PTS goniometer, and at 
the OKNL/H I'ML synchrotron beam line. GIXD (grazing incidence X-ray diffraction) indicated the 
presence of stress gradients. The siii%f method showed the presence of large coinpressive and tensile 
stresses i n  film sputtered at low and high sputtering pressures, respectively. The direction of the XRD 
stress, but not the magnitudc, was found to be in agreement with photoelastic stress data obtained at 
Corning. The presence of two body-centered cubic (bcc) phases is likely. These and a number of issues 
remain regarding interprctation of some ofthe observed XRU data. Results from stress, composition, 
orientation. and morphology data from the films were presented arid will be published in the proceedings 
of the 1997 Deiivcr X-ray conference. 
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The diffraction pattern of a Mo-Ta film deposited at 15 mTorr as a function of tilt angle, psi. The selected 
2 0  regions show the (2 11) reflections. The unusual splitting (c.g., psi = -15 and below -50') indicates that two 
bcc phases coexist in the film. 



Cummins Engine Companv, “Ne~tron  Residual Strain Mapping of a Cuniniins Diesel Engine 
Forged Component,” R. Eiiglmtl, HTMI.. No. 97-014 

RSUC 

I n  the past. forgings have been normalized, and then quenched and tempered after the hot forging 
process. As a cost saving, industry i s  working toward the elimination of these heat treatment operations 
and going directly to the use of controlled cooling of the as-forged parts. This has produced parts with a 
very largc prior austenite grain size in the core and a fine-grained illduction-hardened martensite case 
microstructure. High tensile residual stresses are anticipated in tlie subsurface transition zone between the 
martensitic case and the ferritic/pearlitic core. These stresses have a high probability of reducing tlie 
fatigue endurance limit of the part. Neutron residual strain scanning has been used as a non-destructive 
method of mapping strain distributions at various depths. particularly in critical regions of a component 
with the objective of defining the residual stresscs operating i n  the region of the microstructural transition 
between the martensite and ferrite/pearlite. The presence of martensite is clearly revealed in double 
diffraction peaks arising froin the ferrite and maitensite phases. ‘The behavior of the residual stresses 
down to about 1/2 in., as indicated in one ofthe strain components. shows a clear tendency to vary 
between compressive character at the surfacc to a tensile character in the interior. The large size of the 
test sample presented a challenge offinding a way of probing this critical area. Without alteration to the 
test piece, neutrons would have to probe the critical region through so long a material beam path that no 
scattering signal could be measured. Neutron beam access was improved by drilling and milling small 
amounts of iiiaterial well away from the critical area. Results show that these machining operations 
affected measurements over a few millimeters and, in the present case, did not affect the residual strain 
measurement. Comparison of neutron strain measurements and X-ray residual stress measurements show 
reasonable consistency. More detailed work is to be continued. It is clear that the neutron scanning 
measurements will yield a clearer picture ofthe mechanical state of the case-hardened forging. Improving 
endurance limits for high performance forgings are expected through a better understanding of subsurface 
residual stress. 

Cummins Enpine Co., “Grinding of Combined Zirconia/MZ Tool Steel Using CBN Wheel,’’ Albert 
J. Sltilz. HTML No. 97-019 

MlRUC 

The objectives of this project arc to evaluate the potential benefits of high-speed grinding over 
conventional-speed grinding for production of heavy-duty diesel engine compoiients and to establish a 
production-viable. high-speed grinding process suitable for both ceramic and steel materials. using a 
vitreous-bond. cubic-boron-nitride (CBN) grinding wheel. 

experiments under controlled conditions on the instrumented Weldon cylindrical grinding machine at 
HTML. The variables investigated were grinding wheel speed (vM.), truing speed ratio (q,,). type of 
workpiece material, and coolant flow rate. The grinding process was evaluated by measuriiig the effect of 
each of the four input variables on specific normal and tangential grinding forces, specific grinding 
energy, surface finish. and roundness. 

As shown in the table below, 16 experiments were conducted for zirconia and M2 workpiece 
materials. Two additional experiments were conducted at a wheel speed of 137 m/s to investigate the 
effects of high coolant flow rate. 

The performance of a vitreous-bond CBN grinding wheel was evaluated by conducting a series of 
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127.0 grinding 
x:  Selected for the test; H: High coolant flow rate tested 

The grinding results have been reported i n  a paper and submitted to the 26th North Anicrican 
Manufacturing Rescarch Conference. ‘The benefits of using high speed grinding to reduce both normal 
and tangential grinding forces and the grinding force ratio were verified. It gave Cumniins valuable data 
to specify the requirements for ceramic grinding machines. The process of performing wheel truing 
operations at a slower grinding wheel speed was shown to reduce grinding forces, especially for M2 tool 
steel. A high coolant flow rate was shown to be important. ’The concept of using CBN to grind both 
ceramic and steel materials was verified. 

Cummins Engine Comgany, “Characterization of Iron Nitride,” R. Englunrl and C. A. Klqser ,  
HTML NO. 97-053 

RSIJC 

Gas and ion nitriding have become common practice in diesel engine components where wear is 
critical. The high hardness and the wear resistance of nitrided steels provide an attractive engineering 
alternative. The first stage of the nitriding heat treatment proccss involves building a nitrogen rich sink, or 
“nhite layer,” on the surface of the cornponcnt. Nitrogen from this white layer i s  driven into the substrate 
during the second stage of the process. ‘lhc M hite layer, a mixture of Fe and N, is often removed in post- 
heat treatment machining. thus very little physical property data has been collected or published. 

Cumniins Engine Company is seeking a better understanding of the crystal lographic nature and 
mechanical properties in iron nitride layers. as little information is available. Since several critical engine 
components are nitrided and other applications of nitriding are being evaluated. the physical properties of 
this white layer are necessary to the calculations for accurate life predictions of these components. 

A scientist from Ciunmins Engine Coinpany visited the Residual Stress llser Center to determine the 
phases, X-ray elastic constants, and residual stresses in the white layer o f  two different substrate steels, 
I I13 and 501. The components of interest to this study did not receive a post-heat treatment finish 
machining. The white layer is composed predominantly of  Fe;N. Our goal was to determine the X-ray 
elastic constants. ’1 o accomplish this, first a strain gage was mounted onto a nitrided sample. Ncxt, the 
sample was placed in four point flexure with a mechanical testing machine, and the load/strtlin calibration 
curve was gener-dted. Next, the sample was placcd in thc same flexure jig, lcmded, and then attached to the 
goniometer. ‘The X-ray elastic constant can be determined as it is the relation between the applied stress, 
determined from the calibration curve, and the resulting strain, measured via X-ray diffraction. Finally, 
the residual stresses were determined both LV ill1 the conventional sin% technique and grazing incidence 
X-ray diffraction and were found to be tensile in the white layer. Data collection and analysis are 
continuing on this interesting problem. 



Dana Corp., “Investigation of the Effects of Composition, Heat Treatment, and Finishing Method 
on Friction and Wear of Canishaft Alloys,” K. Kriiser, HTML 96-046 

MIRUC 

Became camshafts are currently manufactured with several different processes. there is a need to 
determine whether or not the manufacturing process affects performance and reliability. The objective of 
this project was to develop data to predict the life expectancy of camshafts for large diesel engines. 
Engine builders would like to increase the design stress of the cain but want to increase the life of the cam 
also. 

The Plint TE-53 tcster was used to load sample camshaft materials under conditions similar to their 
true operating conditions. A disk on disk configuration was used with 5.1% and 22.22% sliding ratios. I n  
every case but one. the results did not produce the type of failure expected in real life. In the one case, the 
failure began i n  the matting component and not the cam material. Figure C.3 shows data from published 
literature and tlie most significant data point generated from testing. To date. the test results are surprising 
i n  that they indicate the materials performance greatly exceeds expected performance. ’The fact that we 
can not replicate real world wear condition has prevented us reaching our gold of developing data to 
predict performance and reliability of various cam processing methods. Currently w e  are exploring 
additional information to improve the testing procedure so the data can be generated. 

8620H and 25Mn-Ti-B-Re Steels 

Run out point for 
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3 

I 

t 

I 
t 

0 01 0 1  1 10 100 1M30 

Cycles (N10*6) 
8 8620H N(l O”6) 25Mn-TI-€3-Re - N(IO”6) -0RNLTest 

Fig. C.3. Shows failure data points for two different niaterials and a run-out point (not a failure) from the 
current testing method. 
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The Dow Chemical Company, “Metal Particle Growth oil Catalyst Supports,” M. Ci.sneros, HTML 
NO. 97-040 

MAIJC 

‘Thc activity and selectivity of catalytic processes arc directly coupled with the dynamics of the 
catalyst morphology. Many of these processcs use suplmrted metal catalysts. and understanding the 
interaction that the metal has w ith local environmcntal parameters is essential for the eiiergq efficiency of 
the process. In  particular, metal sintering or1 catalyst supports is the focus of this study, and cx situ 
transmission electron microscopy (TEM) analj sis was chosen to simulate the local environment of 
specific catalytic processes. 

and initial data on 0.5 wt% Pt and I’d on alumina, silica, and carbon wzrc coinplcted. l’he initial 
observations indicated the need for further background study using the ex sitti ’ E M  cell. Specifically, a 
tcmperature calibration of the cell was required and coinplctcd during a second visit. Also, the ex situ cell 
TEM grid holder material of construction was required to change fi-om copper to nickel or other suitable 
metal. 

Our next scheduled visit will be during the first quarter of 1998. Our initial experimental design will 
be repeated to evaluate the benefits from the temperature calibration and the change in the grid holder 
material of construction. Work will proceed on the determination ofthe required local environment to 
inducc and extend metal sintering on catalyst supports. 

111 1997, our project team visited the HTML twice. The establishment of the experimental protocol 

Edison WeldinP Institute, “Stress-Free Lattice Parameters IhAermination for A1 Welded 
Specimens,” 2. Feng, HTML No. 96-029 

RSUC 

Ncutron diffraction was used to determine the stress-free lattice parameters in an aluininum welded 
specimen prepared for rcsidual stress analysis. Because the base plate and filler metal uwd in the weld 
specimen are different aluminum alloys, there is a compositional change in the heat-affected zone, which 
results in  a change in  the stress-free lattice parameters. f Iigh resolution neutron powder diffraction 
patterns were recorded for I O  coupons cut at various positions and depths from the weld specimen. The 
diffiaction data were analyzed using the Rietveld analysis method to yield the lattice parameters for each 
coupon. Results from this study, shown in Fig. C.4, confinned that the stress-lattice parameter in the heat- 
affected Lone is substantially different from that in the base metal. This difference, if not corrected. will  
lead to a false strain value by as much as 1 x 10 ’, ten times the typical precision in strainhtress mapping 
experiment‘;. l‘he stress-free lattice parameters obtained here allow the correction for the strain maps 
measured in an earlier experiment, so that an accurate comparison w,ith finite element calculations can be 
made. 
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Fig. C.4. Lattice strains due to change in composition in the aluminum weld specimen. 

Ford Motor Company, Ford Scientific Research Laboratories, “Tliermal Transport Properties of 
Aluminum Metal Matrix Composites Used for Automotive Brake Hardware,” R. Hecltt, HTMI, No. 
97-018 

TPUC 

For several years, aluminum metal matrix composite (AI MMC) materials have been considered for 
automotive brake applications. driven by the possibility of vehicle weight reduction and of lower brake 
operating temperatures. Currently, AI MMCs are used for several low-volume commercial brake 
applications, but their viability for more widespread use has yet to be demonstrated. A key step in the 
development of brake systems is modeling thermal events; material properties such as thermal diffusivity, 
thermal conductivity. and heat capacity are inputs to most finite element and analytical models for brakes. 

At HTML, thermal diffusivity and specific heat were measured on several AI MMC materials 
currently used or suggested for use in automotive brake hardware. The goal was to investigate the effects 
of particle reinforcement type. particle volume fraction, and elevated temperature exposure on thermal 
transport in these materials. Specimens were cut from brake hardware provided by two manufacturers, 
representing six different materials: 4 S ic  particle-reinforced MMCs and 2 A1103 particle-reinforced 
MMCs. (Four additional materials will be investigated in the coming months.) Thermal diffusivity was 
measured by the laser flash technique from room temperature up to 475°C. The specific heat capacity was 
determined via differential scanning calorimetry. Using these quantities, thermal conductivity as a 
function of temperature was calculated. 

Room temperature thermal diffusivity varied from 0.89 cm’ls for the Sic-reinforced materials to 0.43 
cm’ls for the A1203-reinforced materials. Themial di ffusivities of both types of materials dropped by 35% 
froin their room temperature values at 475°C. as seen in Fig. C.5. The specific heat capacity of the AI 
MMCs measured via differential scanning calorimetry ranged from approximately 0.2 I2  callgl”C at 
100°C to 0.256 callgPC at 425°C. This collection of thermal transport data provides materials properties 
for finite element and heat transfer modeling of new AI MMC automotive brake components. 
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Thermal Diffusivity of AI MMCs 

0.40 

0.30 

0 I00  200 300 400 500 

Temperature, 0 

Fig. C.5. Average values of thermal diffiisivity for several AI MMCs measured via laser flash. 

General Electric Corporate Research and Development, “Effect of Cas Pressure on the Thermal 
Conductivity of Zirconia Cuatings,” A. Mogro-Cmipero, HTML No. 96-021 

TPUC 

Thermal barrier coatings (7’HCs) are used in tirrbines at elevated teniperatures and at gas pressures 
exceeding 1 atm. Because ‘I’WCs contain open porosity, their ct’f‘ective thermal conductivity is a function 
of gas pressure. There is no recent data on this effect and on its consequence for high gas pressures. This 
study addressed these issues. 

This project originated in the last fiscal year and was completed during this fiscal year. Air plasma- 
sprayed samples were prepared in free-standing form, and thermal diffusivitq was measured i n  the laser 
tlash equipment as a function o f  temperature and gas pressure. 

The results showed that a definite increase in thermal conductivity was observed when comparing 
data taken i n  vacuum to that at 1 atin of nitrogen. For example. the increase was 10% at 500°C. A model 
in the literature was used to extrapolate results to the high pressures of interest, with the result that a 30% 
increase can be expected at 10 atm of nitrogen. ‘Thus, a significant effect has been shown to exist and 
should be taken into account when considering 1‘SC thermal conductivity at high gas pressure. 
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The results have been written u p  and will appear shoi-tlj ( A .  Mogro-Campero, C.A. Johnson, P.J. 
Bednarcqh, R.R. D i m  iddie, and H. Wang, “Effect of Gas Pressure on Thermal Conductivity of Zirconia 
Thermal Barrier Coatings,” Surfice und Couting:.c lechnolog:,!, 94-95, pp. 102-1 05 ( 1997). 

General Electric Corporate Research and Development, “Thermal Condiictivily of Curved 
Zirconia Thermal Barrier Coatings,” A.  Mogro-Cmnpero, HTML No. 96-041 

TPUC 

Thermal barrier coatings are typically applied to parts with various radii of curvature, such as nozzles 
and buckets. ‘I‘he deposition of zirconia coatings by air plasnia spraying results in different 
microstructures of the coating depending on the radius of curvature ofthe part. I n  turn, microstructure is 
known to affect thermal conductivity. Published values for thermal conductivity of zirconia ‘I’HCs are for 
planar samples. Values of thermal conductivity for curved samples and their variation with radius of 
curvature are much closer to application needs, and thus more useful to designers. 

Before TBCs were measured, the laser flash technique had to be tested to verify whether thermal 
conductivity of samples with the same microstructure but different radii of curvature give the same value. 
The best way to obtain these samples has been by tape casting zirconia, starting with zirconia powder, 
These tape cast samples proved that the laser flash method is capable of producing the same value of 
thermal conductivity down to at least a radius of curvature of 1 cm. 

TBC samples from curved surfaces were prepared as free-standing samples and measured in the laser 
flash apparatus. The precision of the method is not as good as with planar samples due to polishing 
difficulties with curved samples. Nevertheless, the measurements showed that within experimental error. 
there was no difference in thermal conductivity between samples with radius of curvature down to 3 cm 
(the lowest that could be handled i n  this experiment). This conclusion applies whether the samples came 
from a concave or convex surface. 

are still of concern. but w e  were not able to address these in this study. Nevertheless. the results obtained 
apply to most of the areas of interest and are important for applications. In view of the results, no 
publication is planned. 

In actual parts of interest, there are some areas with a radius of curvature smaller than 3 cm, and these 

Kennametal, Inc., “High Temperature Contact Fatigue,” R. Yeckky, HTML No. 97-024 

MCAUC/MAUC 

Cutting tool performance depends on a number of material characteristics such as hardness. chemical 
stability, toughness, creep resistance, and thermal expansion. Cutting tools experience temperatures in 
excess of 1000°C at the tool tip. Currently, high temperature deformation is evaluated by hot hardness. 
This technique uses a vicker indenter. Stresses with this technique are 14 GPa. These stresses are much 
higher than the cutting tool experiences during metal cutting. The relationship of these hot hardness tests 
to cutting performance is questionable. In this project, the mechanical properties group will develop a 
high temperature contact fatigue technique. Contact fatigue stresses in the range of 2 to 10 GPa will be 
used. A 1/2 in.  diam S ic  pin hith a hemispherical end will be the indenter. Sample heating may be done 
with a furnace or quartz lamps. The quart/ lamps would develop a tcniperature gradient in the sample 
similar to the actual application. Contact diameter dependence on time at applied stress or load will be 
measured. 7 he contact fatigue stress field is similar to the stress in the cutting application. The new 
contact fatigue test will enable observation of fatigue differences between cutting tool materials. The 
fatigue performance will be compared to cutting performance. The microstructural mechanisms will be 
investigated using SEM and TCM. This user program will focus on evaluation of deformation resistance 
of silicon nitride cutting tools. The technique developed will not be limited to silicon nitride. This 
technique ma} provide unique insights into the coated cutting tool performance. 
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Project activity is limited to experimental setup. Room temperature evaluation of the loading rig and 
extensometer setup has beeii completed. High temperature tests will begin during the first quarter of 1998. 

Kvocera Industrial Ceramics Corporation, “Effect of Grinding and Testing Procedures on 
Measured MOR of SN 282,” D. Itdimto, HTML No. 97-054 

MCAUC 

The purpose of this wlork was to perform a preliminary assessment of the sensitivity of RT MOR 
testing results on the test bar preparation and tcsting facility. Though our material SN 282 is 
niaiiufactui-ed in on]) two locatioiis, ground surfaces may be either prepared and/or evaluated by a third 
party, such as a customer or outside vendor. When trying to provide a product having a critical inaterial 
propertj, it is important to bc certain that all evaluations ofthat property are accurate. For this reason, we 
have analy7ed this issuc by using Kyocera Industrial Ceramics Corporation (KICC). Chand Kan-e. and 
Kyocera Corporation (KC) as test bar preparation facilities, and KICC, KC, and ORNI,  as evaluation 
sites. 

procedure of the grinding facility. In each casc, the grinding prodedure is better than or equal to the 
surface quality intended by the ASTM C 1 16 1-94 standard. 

microscopy was used to image subsurface cracking due to grinding. I t  was deterinincd that surface 
roughness limits imaging ability. Improved sainple preparation is expected to iniprove resolution and 
future analysis results. Resonant ultrasound spectroscopy was also unable to detect the prcsence of 
machining damage. 

C.l shows that room tcniperature MOR is essentially independent of grinding 
This data represents lot 1 of the inaterial tested at KICC with the same JIS fixture. 

Flexural strength was measured at three locations using two fixture types: the ASTM C 1 16 1-94 
design was used at ORNL, and KICC, while the Japanese Industrial Standard (JIS) design was used at KC 
and KICC. ‘The data represent material lot 2. ‘rhe difference in rneasured flexural strength was 2 I MPa for 
the JIS fixture and 79 MPa for the AS TM test fixture, as shown i n  Table C.2. I-Iowever, this levcl of 
disagreenient is not surprising. as it was found tG be typical, as reported i n  the 1993 ORNI, publication, 
’*Study of Flexural and Tensile Strength of U S  Silicon Nitrides.” The Uaytronics/micl-ostrain gage method 
used i n  that study was employed in this study to show the effcct offixture alignment on true strcss 
distribution. It has been determined that fh-ther analysis of this type is needed on all fixtures used in this 
study. 

All of the test bars used in this study were longitudinallj ground according to thc standard grinding 

1 he presence of potential machining damage was investigated using tn o methods. Scanning accoustic 

Grinding was evaluated by measuring surface profiles perpendicular to the grinding direction. Table 
ithin the reported range. 

Table C.l. Surfwe profilometry 

Grinding location Profilometry, Ra (mic) R?’ MOR (MPa) 
Avg. s 1) n 

KC 0.448 648 81 10 
KICC 0.0705 634 1 1  10 
Chand Kare 0.4 175 69 I 88 10 

Table C.2. Test 

1 esting Location 
Avg. SD n Avz. SD n 

KC 684 59 10 
KlCC 728 80 10 705 76 10 
ORNIJHTML 649 59 9 

AS‘I’M RT MOR (MPa) JIS RT MOR (MPa) 
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Materials FOCIIJ, IIIC., “Characterization of Silicon Carbide Composite Systems,” L. A. Leaskey, 
HTML NO. 97-047 

MAUC/MCAUC/TPUC/DUC 

The pui.pose ofthe visit to the H’l’ML IJser Center was to evaluate two different Sic-based systems as 
fo I I ows : 

First system: Commercial Sic-Si products 

1 .  

2. to further refine processing 

to evaluate the progress relating to development of intended commercial products through 
measurement of strength and microstructural analyses and 

. Second system: Potential new Sic-molybdenum silicide composites 

1. 
2. 

perform phaqe analyses to establish the presence of molybdenum silicides and 
compare diffiision of iron (Fe) through silicon (Si) vs molybdenum disilicide (MoSi?) to evaluate 
potential for long term purity 

For the first system. information was obtained that verified that the product development is 
progressing as expected and Qithin the development schedule. The data obtained using the STA regarding 
volatilization of organics i n  our preforms allowed for modification of furnace cycles, resulting in faster 
and more cost effective pyrolyzation runs. 

silicides. 

coated kbith be and heat-treated at 1200°C for 1 h. As showii i n  Figs. C.6 and C.7 for MoSi, and Si, 
respectivelj. the concentration of Fe decreases rapidly in both substrates. Also. Fe is detected in MoSi2 
(as represented by data points above “0 counts.’) only to -50 pm below the surface. with no evidence of 
diffused Fe beyond that depth. For Si, be is detected to depths of at least 130 pin but i s  also clearly 
evident to depths of even 300 pm. Accordingly. the diffusion rate of Fe in Si is greater than through 
MoSi?. These results could indicate improved long term purity for MoSi2 as compared to Si in 
applications where diffusion of contaminants such as Fe is critical 

For the second system, XRD analyses verified the presence of MoSi? without an) other molybdenum 

The diffusion stud) using the electron microprobe was conducted with Si and MoSiz diTks that were 
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Fig. C.6. Diffusion of iron iiito MoSi2 substrate. 
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1200 C, 1 t i  heat treatment, scans 1,2 
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Fig. C.7. Diffusion of  iron into Si substrate. 

Oak Ridge National Laboratory, “Surface Characterization of Superconductors and Buffer Layers 
Deposited on Rolling Assisted Biaxial Textured Substrates (R4BiTSTp1),” J. E. Muf/iisl HTML No. 
97-046 

MAUC 

High temperature superconductors hold great promise in significantly reducing this nation’s energy 
consumption. Methods are now being developed to fdbricatc wires of practical lengths employing these 
superconductors. The problem of producing H‘PSC wires is that the high temperature superconductors 
must be laid down epitaxially onto a flevible substrate. Recently, researchers ar ORNL developed a 
method for cold rolling nickel such that the required biaxial texture is achieved. This method is called 
RABiTSTM for Rolling- Assisted Biaxial Textured Substrate. One of the HTSCs currently being 5tudied at 
OKNI, as a candidate for deposition onto KARi’WM is barium jttriutn cuprate, YBa2CuIO7, alqo known 
as YBCO. 

Because nickel reacts with Y HCO, buffer layers must be inserted between the two. These buffer 
layers must bc nonreactive and have nearly the same lattice constants as the YBCO’s. Presently, we are 
using CeO? capped with yttriurn-stabilized zirconia (YSZ) as the buffer layers. ‘The YHCO layer is 
deposited by pulsed laser ablation. However, the degree of 001 alignment as revealed by XRD in the 
YBCO is not as great with RABi‘IWM as with a control substrate such as SrTiO;. Moreover. the amount 
ofcurrent per unit area (J,) that the YBCO/RABiTSfv combination can carry is less than for 
YBCO/Srl’iO:. It is thought that sulfur contamination on the nickel surface might be a contributing factor, 
as well as iinpcirities in  the buffer layers. 

To detcrmine the effect of contamination on the 001 orientation and the current-carrying capability of 
the HTSC, it is proposed to use Auger spectroscopy to examine the surfaces ofthe metal and the buffer 
layers before the YACO is deposited. T’he plan coiisisists of three bteps. First. after the nickel is rolled. the 
surface w i l l  bc examined by auger spectroscopy for the presence of sulfur or other impurities. Second, thc 
buffer layers will be applied and also subsequently examined by auger spectroscopy and XKD. Finally, 
the YBCO n i l 1  be laid down onto the buffcr layers, processed. and characterized a5 to its superconducting 
properties. hamination of the YHCO surface by SEM is also lihelj . 

A negative correlation between the degree of contamination on the various surfaces and the critical 
current of the superconductor is expected to be observed. ‘The contaminants probably will create 
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discontinuities and weak links in the Y HCO layer, reducing the amount of current the superconductor can 
carry. 

I hus far. we have deterniined by scanning auger spectroscopy that some of the nickel does indeed 
have contaminants on the surface. We are still evaluating whether these contaminants have a deleterious 
effect on the transport properties of the superconductor. We are also examining the chemical composition 
of the buffer layers by auger depth protile analysis to determine the degree of chemical reactivity between 
them. 

~. 

Oak Kidpe National Laboratory, “Synthesis and Characterization of Nanosized 
and Nanophase Ceramic Materials,” Midiriel 2.-C. Hii, I-ITML No. 97-050 

The proposed research is a pro-iect supported by a BES materials sciences program titled “Nucleation. 
Growth, and Transport Phenomena in Homogeneous Precipitation.” This research program involves ( I  ) 
fundamental studies of chemical reactive systems for synthesis of ultrafine (nanosized), monodispersed 
particles/powders via mainly sol-gel and chemical processing and (2) characterization of the resulting 
powders, gels/glasses. and nanostructured materials that are derived from the powders and gels under 
controlled conditions. It is anticipated that the results of this project will have significant impact upon 
development of advanced materials for structural and electronic applications. 

The current research goal is focused on developing a new zirconia particle synthesis process that 
allows higher kinetics and good capability in particle morphology control. Forced hydrolysis of aqueous 
solutions of zircony 1 salt shows the potential of generating nanocrystalline zirconia powders. Our recent 
studies showed that under thermal hydrolysis conditions, the aqueous-alcohol mixture solutions of 
inorganic salts can be analog (or alternative) systems to alkoxide systems that are usually kinetically 
efficient for sol-gel processing. Preliminary results showed that the addition of isopropanol into zirconyl 
salt aqueous solutions improved dramatically the process kinetic performance by decreasing induction 
period and increasing particle growth rate. Second, addition of alcohol solvent can be a method to control 
particle morphology. Instead of cube-shaped particles, perfect spherical particles can be produced from 
thermal hydrolysis aqueous-alcohol solutions. In addition. alcohol introduction into aqueous solution 
decreased the process thermal energy requirement because the temperature to induce the homogeneous 
nucleation/precipitation dropped significantly \\ ilh increasing alcohol concentration. This new alternative 
powder synthesis route by inorganic salts opens up great opportunity i n  efficient production of diversified 
ceramic precursor powders. The microstructure and properties of the resulting powders or nanophase 
ceramics are closely related to the synthesis methods and processing conditions. 

homogeneous precipitation routes. including hydro1 ysis/condensation of al koxide, forced hydrolysis. and 
homogeneous nucleation and growth in inorganic salt solution of mixed alcohol-water system. The 
sample powders may be either amorphous or crystalline, depending on the synthesis conditions. We need 
to know the similarities or differences among these powder samples, in terms of ( 1  ) phases existing for 
various nanosized ceramic precursor powders. (2) size determination of primary crystallite if the particles 
are polycrystalline, and ( 3 )  phase transformation with temperatures. 

‘The results showed that cube-shaped zirconia powder from forced hydrolysis is monoclinic, while the 
m’icrosphere powders from alkoxide or from the mixed solvent system are amorphous. With increasing 
temperature from room temperature to 1 200”C, the cube-shaped powder showed unique nucleation and 
monoclinic nanocrystal growth. No tetragonal phase was observed until 1200°C. This new finding on the 
monoclinic phase evolution with temperature is different from the traditional zirconia phase 
transformation pathway. For the microsphere powders produced by alkoxide/etlianol, only tetragonal 
phase appeared during heating from 600 to 1400°C. Phase transformation of microsphere powders 
synthesized by the homogeneous precipitation in inorganic salt solutions of mixed alcohol-water strongly 
delxmds on the synthesis conditions. Less aged powders or gels (produced at short incubation and low RH 

The HTXRD is extensively utilized for characterization of powder materials produced froin various 
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conditions) showed the evolution of co-existing monoclinic and tetragonal phases with increasing the 
calcination temperature from 400 to 14OOOC. However, the well-aged powders (produced after long 
incubation and at high RH conditions) showed the evolution of only tetragonal phase from -400 to 
1400°C. This work was presented in the 22nd Annual Cocoa Beach Conference 8z Exposition, 
January 20-24,1998, Cocoa Beach, Florida. 

Oak Ridpe National Laboratory, “Residual Stress Measurements on Rapidly Formed H-13 Die 
Steels,” P. J.  Maziasz, HTML No. 97-063 

Rsuc 

Direct fabrication of functional tooling and die components with superior properties from commercial 
die-steels like H-13 is one of the objectives of a unique joint effort involving the ORNL, Sandia National 
Laboratory (SNL), and the Idaho National Environmental and Engineering Laboratory (INEEL). INEEL 
has developed a process for spraying molten metal, while SNL has developed a process based on laser 
welding of fine powder sprays [laser engineering net shaping (LENS)]. ORNL characterizes and 
interprets the properties behavior of these new directly fabricated steel parts. 

There is a distinct need for optimizing the combination of deposition rate and final surface detail 
when the two direct fabrication processes combined, with LENS material being deposited on spray- 
formed material. However, despite good properties for steel made by each native process, there has been a 
tendency toward cracking at the interface when the two are combined. The objective of this project has 
been to use the unique neutron-diffraction residual strain measurement facilities at ORNL to determine 
the role that residual stresses might play in such interFacial behavior. A piece of spray-formed H-13 steel 
with LENS deposits of the same material on both surfaces is shown in Fig. C.8. Neutrondiffraction 
measurements of micro-strains across this specimen show very large strain (and hence stress) differences 
across the interfaces in Fig. C.9, which would contribute to cracking. These H-13 die-steel have yield- 
strengths at lower temperatures of 240-270 ksi (1660-1 $70 MPa), so that enormous elastic strains can 
build up due to processing-induced thermal gradients. This project will conclude by comparing these 
measured strains to the native processing-induced residual strains found in monolithic LENS and spray- 
formed materials. 

Fig. C.8. Composite sample of spray-formed h-13 steel (center) with LENS deposits of H-13 on polished 
(left) and as-formed (right) spray-formed surfaces. 
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Residual Stress in Rapidly Formed H-13 Steel 
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Fig. C.9. Kesidual stresses determined by neutron diffraction in LENS-spray-LENS composite. The streqs 

gradients are much higher at the polished interface (left) than the as-formed interface (right) between the LENS- 
formed and qpray-formed material. 

Oak Ridge National Laboratory, “XRD Study of the Stability and Thermal Properties of 
Perovskite-Type Materials at High Temperatures,’’ M. Z-C. Hu, HTML No. 97-068 

TPUC/DUC 

I’he perovskite-type materials have many uses ranging from structural to functional ceramics. Many 
technological devices or processes that utilize the perovskite-type materials operate at elevated 
tempcratures. The pei-ovskite-type materials incorporate oxide sublattices required to sustain high oxygen 
fluxes. At elevated temperatures, perovskite-type membranes are semipermeable to oxygen N hile being 
impervious to other gaseous components. Examples include mixed conductors for ceramic membranes 
designed to separate oxygen from air. oxide electrodes for solid oxide fuel cell, electrolyses, oxygen 
pumps, and amperometeric oxygen monitors. 

The stability and thermal properties of these perovskite-type materials at high temperatures are verj 
important. Generally, the perovskite-type materials are not very stable at high temperatures and havc large 
thermal expansion coefficients. During preparation of inorganic membranes used in membrane reactors 
for simultaneous catalysis and separations, chemical compatibility of perovskite-type material top layer to 
the support material is another challenging issue. These properties of perovskite-type materials have 
1 imited their applications. 

lo\\ thermal expansion coefficients by optimization of composite powder preparation and material 
compositions. 

prepared by solid reactions and citric acid coprecipitation routes. The powder size and size distribution 
were controlled. The powders were then calcined at high temperature to form the specimens to be 
characterized b j  HTXRD in order to investigate the following issues: 

The current research goal is focused on developing perovskite-type materials with good stability and 

Various powders of Lal.,Sr,Col.,FeyO;-based perovskites with different compositions have been 
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the stability of materials in air at different temperatures (30 to 1400°C); 
the effects of oxygen concentration on the stability of materials at different temperatures; 
the effects of preparation method of powder on the stability of materials; and 
the thermal expansion of materials. 

Data analysis showed that the presence of zirconia in the perovskite materials seems to improve the 
thernial stability. In oxygen-deficient atinospliere, the perovskile lost its stability after sequential heating 
from room temperature to 13 50°C. The lattice thermal expansion coefficicnts were determined by 
analyzing XRD data. However. further data are needed to elucidate the mechanisms that are responsible 
for the thermal stability and expansion. 

The proposed research is one of the projects that are supported by a BES niaterials sciences program 
titled ‘-Nucleation, Growth. and Transport Phenomena in Homogeneous Precipitation.” ‘1 he results of this 
study will help improve the lifetime and catalytic property ofthe perovskite-based inorganic membrane 
reactor. 

PPG Industries, Inc., “Compressive Creep Testing of Fusion-Cast Alpha-Beta Alumina Material,” 
G. ‘4. Pecorwo, HTML No. 94-061 

MCAUC 

‘There has been a need to rate competitive magnesite (MgO) refractory products for resistance to 
lincar subsidence under load because of more aggressivelq operated glass furnace regenerators (crowns 
and checker packing). Because these materials are subjected to elevated temperatures and stresses during 
service, cngineering data representing the deformation behavior are needed for accurate superstructure 
design and confident prediction of furnace life expectancy. The test conditions ofrered by each refractor) 
supplier are sometimes not comparable to others, and often there is the question of precision and 
credibility of the published results. The H‘I‘ML user gave PPG materials engineers the resources to 
accomplish this work using state-of-the-art equipment and highly qualified personnel. The cornpressive 
creep responses of commercially available magnesia refractories were measured in ambient air in excess 
of 1400°C (2550’F). 

The creep measurements were taken using a high-temperature extensometer in conjunction with a 
load-train rack. ‘ l le resolution of the extensometer was approxiniately 0.00004 in. at temperature. Much 
time and effort was expended to achieve a stable signal. A closed-loop, self-dedicated water chiller was 
installed into the cooling system. 

The creep resistance of so-called equivalent magnesia refractories was found to vary substantially. At 
the lowest stress level, the creep rate of the most resistant refractory was more than an order of magnitudc 
belter than the worst. At the highest stress, the slowest creep rate was still about four times slower than 
the fastest. The stresc; exponents for all the magnesite rcfractories was approximately unity. The two most 
creep-resistant brands had the combination of largest grain size and widest gain size distribution. 

The impact of this research is a screening out of inferior products from the subsiclence-under-load 
standpoint. PPG now has more information on which to base its selection of magnesite refractories for 
checker applications. 

Quantum Peripherals Colorado, lnc., “Measurements of Intrinsic Film Stress, Crystallographic 
Texture, and Crystallite Size in Sputtered Permalloy-Based Thin Films,” J.  Doyle and E. L. Brown, 
HTML NO. 95-055 

RSUC 

Magneto-restrictive heads are often fabricated with PernialloyThl, which is a permanent magnet 
material. ’Thin-film (4 pm) Permalloy-based compositions are deposited in inultilayer configurations. As 
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device technology advances, production tolerances become more stringent, and demands upon material 
performance increase. ‘Thus. crystallographic texture and residual stress all impact the magnetic properties 
of these thin films and are of concern to device fabricators. The objective of this research was to 
determine the orientation. intrinsic film stress and crystallite size of NiFe-based sputtered thin filnis as a 
function of chemical composition and film thickness. 

I n  this study, the Ta layers in NiFc/Ta, NiFeMo/Ta and Ta/NiFe/Ta/NiFeMo/’l‘a thin-film specimens 
were characterized at ORNLJHTML‘s X-14A beamline at the National Synchrotron Light Source at BNL. 
The high intensity of the synchrotron X-ray source allowed for adequate signal froin the thin Ta layers in 
these specimens, which could not be achieved with conventional laboratory sources. The ‘Ta layers 
deposited on an alumina substrate (NiFe. NiFcMo) possess either an cx or 0-Ta crystal structure in either a 
( 1  I O )  or (202) preferred orientation, respectively. In contrast, deposition of Ta on a ( 1  1 I ) NiFe(Mo) 
substrate would seem to result in the formation of a (200) F-Ta texture component. This result represents 
either a crystal structure or orientation transition with substrate type. This information will be correlated 
with magnetic property and E M  measurements in an effort to understand and manipulate deposition 
conditions to obtain film with enhanced magnetic properties. This study is complete. 

Soil and Land Use ’T’echologies, Inc., “Thernial Expansion of Ettringite,” IV. Slzaslridlirir, HTML No. 
97-001 

DUC 

The thermal expansion ofthe mineral ettringite is thought to contribute to the deterioration of 
concrete structures. Consequently, temperature-dependent changes in the ettringite crystalline lattice are 
of interest to organimions such as the Federal Highways Administration in order to understand the 
contributing factors to the high maintenance of the national transportation network. 

t ITXRD mas used to examine the lattice parameters of the mineral at temperatures from 25-80°C. At 
higher temperatures. or at moderate temperatures over time, dehydration of the crystal collapsed the 
structure. Refineinent ofthe lattice parameters was possible over a limited temperature range. Additional 
XRU experiments will be undertahen at temperatures from 0-25°C. utilizing a newly acquired 
tliermoelectric cooling stage for the X-ray diffractometer, in order to more fully characterize the thermal 
expansion. 

TEC, Inc., “Near-Surface Neutron Residual Stress Measurements in a 40-mm Diameter Fatigue 
Test Reference Specimen,” E. B. S. Pnrdue, HTML No. 96-043 

RSUC 

One materials test used in the development of heavy equipment calls for an SAE standard fatigue test 
of large diameter steel rods. The steel fatigue specimens under investigation are induction-heat-treated to 
form a partially penetrating martensitic layer. The presence of heat-treating residual stress in the fatigue 
specimen has a big influence on fatiguc test results. Hole drilling methods for determination of residual 
stress below the surface have recently been developed. The present work is part of a residual stress 
validation effort with intercomparison of X-ray diffraction. holographic hole drilling methods. and 
neutron residual stress methods. 

Neutron measurements can give results that overlap the near surface X-ray residual stress 
measurements and the relatively new interior measurerncnts with holographic hole-drilling methods. With 
a 30-mm diam fatigue specimen, a novel geometry must be used to achieve the required spatial resolution 
in the neutron method to make comparison with the X-ray and holographic methods. Two perpendicular 
strains parallel to the surface were measured with a plate-like gage voluine 3 x 3 inm by 0.5 mm thick, 
with the plate parallel to the specimen surface. The strain perpendicular to the surface was measured with 
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a tall gage volunie 1 x 1 m m  by 5 min tall. Test points were chosen at dcpths to 2.5 nim and at several 
positions along the length of the fatigue specimen in the gage section. 

of the gage section. The axial and circumferential strcss coniponentc were about 550 k 100 MPa in 
compresion with no obvious difference between the two coiiiponents. The surface normal stress was Zero 
within a spread o f i100  MPa. There were two neak trends in the rcsidual stresses within the estimated 
variance. The circumferential stre was slightly less compressive than the axial stres,  and both these 
stresses became less compressive with depth. 

I he X-ray and holographic residual stresses differ from neutron results in several ways. In the X-raq 
results. axial stresses are about 850 MPa, and the circumferential stresses are about 450 MPa. 
Holographic hole drilling strcss results were measured over I m m  depth. ’The ratio ofthe two orthogonal 
in-plane stresses was about half the equivalent ratio lbund in the X-raq results. The holographic stresses 
(SO0 MPa to more than 800 MPa) uere larger than the neutron stresses. The absence of differences 
betwecn the axial and circumferential stresses measured with neutrons suggests that further consideration 
of the use of a plate-like sampling volume parallel to a cjlindrical surface may be required. 

The neutron residual stresses showed small variation with dcpth and little variation along tlie length 

UES, Inc., “Tribological Properties of Solid Lubricant Coatings Over a Wide Range of 
Temperature,” R. S. Bltnttnckuryrr, HTML No. 97-004 

MIRUC 

Advanced jet engines require lubricants that can function over a wide range of temperature, 
subambient to 800°C. Lubrication at such wide temperature range can only be attained by using 
appropriate solid lubricants. The maximum useful temperature for most common solid lubricants such as 
MoS2, WS2, etc., are limited to about 400°C under favorable conditions i n  air atmosphere. Some oxides 
and fluorides have been identified for higher temperature applications. These are: MOO?, TiO,, Coo, 
ZnO, %rOL, I S ,  CaFI, and RaF2. llsc of oxides and fluorides has been limited because of their lubricating 
ability within a narrow temperature range. Also, the friction coefficient of most of these oxides even at 
high temperatures is rather high, -0.2-0.4. The objective of this work is to explore the concept of 
encapsulation of low temperature lubricants such as MoS? and WS: with high-temperature oxide 
lubricants. It is expected that the oxide lubricant phase will protect MoSz or WS2 from oxidation at high 
temperature, while providing a low-friction corresponding to that of MoS? or WSZ by dynamic exposure 
of these materials in the contact region. Also, it is possible that a metal-molybdatc or tungstate can form 
in the contact region during friction at high temperatures. Some of these molybdates and tungstates are 
quite stable at high temperature under oxidizing environment and can provide low friction. 

Thin films of MoS2-ZnO were prepared by sputtering on high-speed steel and S IN+ substrates. Both 
unifornily mixed and layered structures n ere prepared by using deposition from two sputter sources. The 
films werc characterized for composition by auger electron spectroscopy. Selected films were subjected to 
friction tests at temperatures in the range room tcrnperature to 700°C in  air utilizing the controlled- 
atmosplicre high-temperature tribometer at HTML. Kesults obtained so far indicate that layered 
ZnO+MoSZ/%nO coating pcrforined better at high temperature than the mixed composite coatings. 
Friction coefficients were i n  the range 0.2 to 0.3 at temperatures below 400°C for coated M50 substrate 
against uncoated ball. At higher temperatures, the friction coefficient increased to 20.4 for coated Si3Nt 
substrate against uncoated SilN4 ball. Further measurements of friction and wear will be performed at 
I ITML using films with optimum compositions of oxides and sulfides. 
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Westinghouse Power Generation, “Thermal Conductivity Measurements on Thermal Barrier 
Coatings,” Evrin Liirl~ntciii, K. Slociit, and Rumesh Siihrrmiatiirin, HTML No. 96-027 

TPUC/KSUC 

Westinghouse Power Generation conducted thermal diffusivity measurements on their alternative 
TBCs at TPUC. Eighteen specimens were tested by the laser flash diffusivity system. The specitnens were 
free-standing coatings, about one-half inch in diameter and 300 pin to 500 pm thick. Submicron graphite 
coatings were applied to both sides ofthe specimen to make it opaque. At room temperature, the as- 
sprayed specimens showed very low thermal diffusivity values, ranged from 0.005 to 0.006 cm’/s. 
Thermal aging at 1200°C to 1300°C for 24, 72, and 240 hours were performed at Westinghouse. Thermal 
diffusivity of the thermally-aged specimens were found to be increased as a function of aging temperature 
and time. 

The as-sprayed coatings and thermally-aged coatings were both tested to 1200°C in argon. The 
effects of aging were observed on these alternative coatings. Thermal diffusivity decreased as a function 
oftemperature up to 600°C and showed a slight increase after 600°C dependent on the previous heat 
treatment. Thermal diffusivity vs temperature curves of a stabilized zirconia are shown in Fig. C. IO. The 
hysterisis effect was observed in as-sprayed specitnens. Thermal diffusivity increased nearly 60% after 
aging. l h e  thermal aging is believed to be a result of grain growth and further densification ofthe ceramic 
coatings at elevated temperatures. Understanding of the aging effect on thermal conductivity of TBCs is 
very important to the engine designers. The results provided valuable information to Westinghouse in 
selecting the best candidate for high pcrfortnance TBCs. 

Specimens consisted of 4-mm diam, 2-min thick disks that were heated at 20”C/min. Heat capacities were 
calculated using the ratio method with sapphire as the reference standard. 

determined for as-received and heat-treated samples. 

Specific heat capacities were measured at HTML using the differential scanning calorimeter (DSC). 

In  RSUC, the phases within the ceramic top coats deposited via EB-PVU and air plasina spray were 
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Fig. C.10. Thermal diffusivity of APS coatings before and after therinal aging. 
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Westinghouse Electric Corporation, “Life Determinn tion of Thermal Barrier Coatings in Fatigue,” 
M.Arrma,HTML No.96-047 

R’ICAUC 

Thermal Harrier Coatings (1’BCs) are an integral technological componcnt of advanced energy 
cfticient lowemission combustion turbine technology. As design strategies progress from using TBCs 
primarily for the life extcnsion to taking full advantage of the TBC i n  thermal design, requirements for 
THC reliabilitj will increase markedlq . 1’0 address the development of advanced, high reliability TBC 
systems. Westinghouse has been contractcd by DOE to develop improved compositions, application 
processes, and life prediction models. The subject of this user project is to generate fatigue life data on 
TBC speciinens to assist in development and validation of the TBC life prediction model. 

coadtliermally grown oxide (TGO)/TBC in a strain controlled mode to a series of preselected strains at 
two temperatures. Failures are expected to consist of coating spallation. Failure detection will be by 
infrared camera system. The principle data required will be cycles to failures vs strain range. 

fatiguc and diffusion-induced failure modes. This is a key step in the futiirc dcvclopment of a life 
prediction niodel. Simultancouslq, determination of the cycles to ‘TRC spallation under fatigue conditions 
will form the baselinc of a database to determine refurbishing and inspcction pcriods. 

The approach taken here will use a compression/compression fatigue 011 a tubiilar substratelbond 

SuccessfLil acquisition of these data points will imply a step forward to the final decoupling between 
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UNIVERSITIES 

Alabama A&M Universitv, “X-ray Study of MeV Ion Bombarded GaAsJAIGaAs Quantum 
Layers,” A. T. Tfljdor and D. I h ,  HTML No. 96-014 

RSUC 

A scientist from Alabama A&M Univcrsity visited the Residual Stress IJser Center to measurc 
changes in lattice parameter5 of GaAs single crystal due to 8.0 MeV C bombardment and relate these 
changes in the rneasurcd index o f  refraction. The region of interest is the electronically damaged region 
(top 5 pin) of the iinplanted crystal. Mechanisms for these changes could be atomic mixing duc to 
localized heating from the implantation event. defects, and/or residual stress. After sample orientation, the 
GaAs peak positions of (220), (3 I I), and (520) were measured for the ion-implanted and the as-received 
sample. This project is complete. 

Alfred, “Characterization of Fe Impurities in AIN llsing EXAFS,” T. C. Brims, 
S. T. Misfure, and J. A. Trcylor, HTML No. 97-005 

DUC 

Alunlinum nitride is of great interest i n  the ficld of electronic ceramics because of its unique 
combination of high thermal conductivity and high electrical rcsistivity. Direct nitridation of A1 is a low 
cost alternative to traditional sol-gel processing. However, this processing technique typically produces 
AIN powders with Fc impurities that originate i n  the AI metal. Metallic impurities have a detrimental 
cffect on the aforcnictitioned properties. A first step in removal of these impurities is ideiitilication of the 
chemical state of the impurities. Since the impurity levels are rather small ( 4 0 0  ppm), X-ray diffraction 
techniques from laboratory instruments were unable to detect Fe or any Fe-containing compound, 
possiblq because the phase is amorphous. 

Extended X-ray Absorption Fine Structure (EXAFS) is a powerful techniquc for identification of 
phases and compounds containing a specific element as wcll as determination of the local structure (short- 
range order) about a given atomic center i n  all states of matter. EXAFS has been used to detect Fe 
impurities in silicon nitride and Ti impurities in AIN, for example. EXAFS data was collected at 
ORNLA ITML’s XI  4A bcamline located at the National Synchrotron Light Source at Brookhaven 
National Laboratory. EXAFS analysis and absorption edge positions were used to unambiguously 
determine that metallic iron is present i n  AIN produced by direct nitridation. Based on these results, 
vapor-phase acid leaching was used to remove the Fe without significant degradation of the AIN. 

Alfred Ilniversitv, “Field-Induced Strain Mapping of Piezoelectric and Electrostrictive Materials 
Using Neutron Diffraction,” 5’. Misture, HTML No. 97-022 

Universiw of Cincinnati, “Neutron Diffraction Study of High Strain Materials, ” C. T. Blue, HTML 
NO. 97-026 

KSUC 

Recent studies on electrostrictive materials have led to the use of Pb(MnlliNb2 ?)O1-PbTiO1- 
(Ra.Sr)’TiO3 (PMN-PT-RT) in major transducer systems. Such eleclrostrictive materials are considered 
good candidatcs to replace piezoelectrics because of their increased strain response with electric field. 
However, the application of these materials has been limited by poor electromechanical coupling, and 
there are many unanswered questions regarding the performance and power generation capabilities of the 
PMN material. 
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‘These two projects were very similar in scope, arid, with the agreement of both users. a collaborative 
experimental plan was established. Experiments were undertaken using the neutron strain-mapping 
facilities at the High Flux Isotope Reactor to determine the dc field dependent strains under applied 
electric fields for piezoelectric PZT and electrostrictive PMN samples produced by Imkheed Martin 
Ocean, Radar, 8: Sensor Systems Company. Neutron diffraction provides a means of deteriiiiiiitig strain 
as a function of direction and hki within bulk electrostrictive materials under applied dc fields, which was 
used to correlate microscopic strains with macroscopic strains measured using strain gages. Strain 
components normal and parallel to the field were measured as a function of applied field up to 1.2 
kV/mm. The (400), (220)  ( 3  I O ) ,  and (222) reflections of PMN were measured and used to determine the 
maxinium microscopic strain response of polycrystalline PMN. The neutron diffi-action strain data has 
been compared to the macroscopically-measured strains determined using strain gauges as an initial step 
towards understanding the poor electromechanical coupling of PMN materials. 
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Fig. C. l l .  Experimental layout. Fig. C.12. Strain in the <220> direction measured 
norinal and transverse to the applied field direction. 

Drexel Ilniversitv, “High Temperature X-ray Characterization of Ti3SiC2 and Ti2AlN,” M. W. 
Rnrsouut? and T. EI-Rngliy, HTML No. 97-045 

DUC 

The objectives of this proposal are twofold. The first is to refine the structures of Ti:SiCz and Ti?AIN 
using X-ray and neutron diffraction studies. The second is to measure the lattice parameter changes in 
these compounds as a function of temperature. 

therefore its potcntial for high temperature applications was unknown. Recentl) we fabricated fully dense. 
predominately single-phase samples of TiiSiC?, and preliminary characterization has shown it to be a 
ternarj compound with a unique set of properties: machinability similar to that of graphite; oxidation 
resistance at 1000°C comparable to chromium; a compressive yield strength of about 500 MPa at 1300°C 
accompanied by significant high tcinperature ductility; and nonsusceptibility to thermal shock. Needless 
to say. this combinatioti of properties render this material an attractive candidate for a variety of high- 
temperature structural applications and creates the immediate need for a detailed characterization study to 

’ 
Until recently, Ti:SiC2 had not been available in fully dense form, single-phase bulh quantitier, and 
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understand the physical origin of these properties. Clearly, knowledge of the exact crystal structure and 
h m  it varies with teniperaturc is of great value for understanding the structure/propertj relationships in 
tliesc materials. 

Since our firyt  reports on 'TilSiC1 we have also shown that, as a class, the closely related 21 1 phases 
or MZBX. where M is a transition metal, €3 is B-group elernent. and X is cither carbon or nitrogen, have a 
lot in coiniiion with 'I'i:SiCL. 'lhe tmo structures are compared in Fig. C'.l3; both are hexagonal with one 
or two layers of the transition metal carbide or nitride alternating with two dimensional hexagonal nets 
comprised of thc B-group element. 

C 

Si 

C 

Fig. C.13. Unit cells o f  (a) 312 and (h) 21 1 phases. I n  the 312 phases, there are three layers of the 
transition metal; in the 21 1 phases, there are only two. 

'The initial aim of this work was to carry out a detailed X-ray diffraction study on Ti3SiC'2 and 'fi2AIN. 
Fabrication of the lattcr, however. was complicated by its dissociation. Consequentlq , 'Ti2AlC, 'I& hich was 
much less pronc to dissociation, was chosen instead. The X-ray powder diffraction data for Ti3SiCz and 
Ti2AIC have been collected and are currently beirig analyzed. 

Using X-ray powder diffraction, we have identified that both samples contain at least three phases. 
The Rietveld analysis of TiiSiC7 has confirmed the known structure. It is worth noting that we have 
confirmed discrepancies between the observed X-ra) powder di ffractioii pattern and the ICDD-PDF card. 
Our X-ray powder diffraction pattern calculated from the structure fits our collected data. Thus the 
Rietveld analysis with a new powder diffraction pattern will result in at least one archival journal 
publication plus a revised rcference pattern for the PDF'. At this stage, it is premature to explore site 
occupancies. The latter will be determined from the planned synchrotron X-ray and neutron diffraction 
studies. 

results indicated that the lattice expansion is quite linear with: 
The effect of temperature on the lattice parameters is shown in Fig. C. 14. A least square lit of the 
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a, = 7.9 x I O  "C ' and Q ,  = 6.7 x 10 (' "C ' 
It is not too surprising that there is an anisotropy i n  the lattice thermal expansion coefficients. 

However, given the extent of anisotropy in elastic constants, that preliminary results have shown to be at 
least an order of magnitude lower along the c-direction than along the a-direction. the anisotropy in 
thermal expansion is quite modest. The reason for this state of affairs is unclear at this time. 

'li;SiC2 is = 7.1 x 10 (' "C I .  This value is lower than the thermal expansion coefficients we have 
previously measured for bulk samples of Ti3SiC2. Another important conclusion of this work is that we 
have ruled out any high-temperature structural transformations in Ti;SiC?. at least up to 1200°C. 

Based on these results, the average calculated polycrystalline linear thermal expansion coefficient of 
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Fig. C.14. Lattice parameter changes as a function of temperature for Ti3SiCz. 

Georgia Institute of 'I'echnology, T h e  Effective Thermal Conductivity of Damaged Composites," 
D. MCDOIVCN, HTML NO. 95-092. 

TPUC 

Continuous fiber-reinforced ceramic composites are currently under development to extend the 
performance and efficiency of gas turbine and rocket engines. Even under normal operation. these 
materials undergo irreversible deformation processes or damage. These processes act to dissipate stored 
strain-energy in the material, thus providing a measure of toughness. Such inherent processes not only 
affect the mechanical properties. but also the thermal properties of the material. Hecause of the high 
temperature applications of these materials, it is desirable to understand the changes in thermal 
conductivity with damage. The degradation of thermal conductivity may lead to increased temperature 
gradients and thermal stresses in these materials. The augmentation of thermal stresses may influence 
crack stability in damage-affected zones. For accurate life prediction, it is imperative to understand the 
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role that degraded thermal conductivity plays i n  the coupled thernwnechanical behavior of advanced 
materials at high temperatures. 

An experimental program is under waq that will characterize the change in thernial conductivity for 
carbon-coated Nicafon "I-rcinforced Iithiiini aluminosilicate glass and silicon carbide-boron nitride-coated 
Nicalon-reinforced bariiim niagnesium aluminosilicate glass composites. Damage in the form of matrix 
microcracking. fiber matrix debonding, and fiber breaks are bcing introduced into the materials through 
fatigue deformation. 

A new experimental procedure has been developed at H'TML, based upon the radial flash techniqiie 
whereby the in-planc thcrmal properties of a composite can be measured nondestructively. The technique 
involves numerically fitting the temperature ratio of two points as a function of time following localized 
heating ofthe sample. This procedure will facilitate unique experiments whereby the diffusivity of 
fatigue-damaged samples can be measured while under static and fatigue loading. 

An experimental validation of the in-plane thermal diffusivity measurement technique has been 
completed. Measurements were then made on Sic-RN-Nicalon/RMAS to determine the principal in-plane 
thermal diffiisivities (see Fig. C.15). A comparison oftlic experimental rcsults were made with the 
standard flash thermal dif'usivity techniques. The experimental data were obtained at room temperature 
using the xenon flash system. 7 he in-plane diffusivity method predicted a diffusivitj value ofU.0099 
cni'is in the fiber direction, while thc one-dimensional techniquc provided a value of 0.0098 cm2/s. 
Transverse to the fibers. the in-plane method predicted a thernial difl'usivity of 0.0086 cin'/s, whereas the 
one-dimensional technique provided a value of 0.0085 cni'/s. These results show that the nondestructive 
in-plane diffusivity measurement technique i s  a viable procedure whereby the thermal diffiisivity can be 
obtained for principal in-plane directions. 
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Fig. C.15. Experimental and predicted in-plane temperature ratios of Sic-HN-NicalonlBMAS. 
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Illinois Institute of Technolopy, “Thermal Properties of Lithium Ion Battery and Components,” 
Hosseiii Makki, Suid AI Hallrj, .Jotig-Suiig Hong, and .I. K. Selniart, HTML 97-028 

TPUC 

Illinois Institute of Technology conducted studies of the thermal properties of lithium ion battery 
materials at TPUC. Thermal properties values (Cp and u or k )  are needed i n  order to model the thermal 
behavior of a batteiy system for high-power applications. To our knowledge, no detailed experimental 
thermal dirfusivity or thermal conductivity data are available in the public domain for the Sony US-1 8650 
lithium-ion battery and components. 

The main objective of thermal analysis is to arrive at designs that avoid significant heat accumulation, 
in particular when scaling up to sizes suitable for power tools and electric vehicles. This means that the 
heat traiisport properties of electrode materials of the candidate battery should be determined. Battery 
systems of 1 OOWh/kg density and 1 OOW/kg power density suitable for electric vehicle applications are 
being developed. The lithium-ion system of (Li,C/Li I.,CoOi) would be suitable if the capacity could be 
two/three orders of magnitude higher than its present value of 1.37Ah. 

lithium-ion battery (rocking chair cell). This cell consists of a negative electrode (NE). a positive 
electrode (PE) and a porous separator (Sp). On charging. lithium ions deintercalate from the PE and 
intercalate into the NE; the reverse takes place on discharging. 

Two different methods of Cp measurement applied to the Sony battery were used: transient 
temperature measurement and adiabatic calorimetry. Two methods were used to obtain k values for 
components of the same battery. In the first method, the cross-sectional k was determined by applying a 
known heat flus across the surface of PE/Sp/NE layers, and sampling the temperature difference at a 
known location between the stacked layers. In the second method. both cross-sectional and in-plane k 
values were calculated from cross-planar and planar-thermal di ffusivity values measured by the xenon 
flash t ec hn i q ue with and without e I ec t rol y t e. 

The heat capacity of this battery depends on its state of charge and increases by 8% as open circuit 
voltage (OCV) changes from 2.75 V to 3.75 V. Thermal conductivity of the NE material depends more 
strongly on the state of charge than that of the PE material. The cross-sectional thermal conductivity of an 
electrolyte-filled PEISpINE assembly is 3.4 W/mK. Thermal conductivity along the planar direction of 
the stacked layers of all the battery components is higher than that in the perpendicular direction by nearly 
one order of magnitude. This increase may be attributed to a higher thermal conductivity, related to the 
electrical conductivity along the basal plane of flake-like particles of the N E  material (in this case. 
possibly a graphitizable carbon, but not necessarily graphite) and presence of the current collector. Finally 
electrolyte [EC-DMC ( 1 : I  wt%)/l M LiPF6] increases the thermal conductivity of the stacked layers of 
PE/Sp/NE by nearly 55-70%, and eliminates the OCV effects. 

A successful rechargeable battery technology of high-energy density has been developed based on the 

Louisiana State Universiw, “Wear Mechanisms of a Resinoid Diamond Wheel with Fine Abrasives 
and Associated Responses in Creep-Feed Grinding of Alumina,” T. Warren Liuo, HTML No. 97-048 

MIRUC 

The state ofthe wheel surface is a ver) important factor in machining ceramic materials. 
Unfortunately, the effect of wheel wear on ground workpiece quality has not been fully investigated. This 
project intends to study the wear mechanisms of a resinoid wheel with 320 mesh and 100 concentration 
diamond abrasives in creep-feed grinding of AlliedSignal GS44 silicon-nitridc material. The grinding 
conditions of 36.84 m/s wheel speed, 5.08 mm/s work speed, 1.5- and 1 . O - m m  depth of cut and 13.2-mm 
grinding width (full width of the wheel) were used. Wheel wear states were captured using the lead tape 
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imprint technique, followed bj SKM exaniinations in backscattered electron mode. Five states werc 
traced during the transitioii stage including the as-dresed state and after grinding 2.14, 6.41, 10.68, and 
17.09 cmi volumes of material. ’1’0 investigate the difference in the wear mechanisms, six additional ytates 
during the steady stage were also traced after continuously grinding 46.80,49.65, 52.50, 55.35, 58.20, 
62.47 ctni volumes of material. 

The results obtained indicatc that the wear meclianistns during the transition stage diffcr from those 
during the stead) stage. During the transition stage, wheel preparation plays a major role other than the 
wheel specification, niaterial properties. and grinding conditions. Wheel preparation weahens the grit 
bonding force leading to a high percentage of grit dislodgemcnt. Due to the large protrusion after wheel 
preparation, the number of grits not involving in cutting is also high. The wear mechanim during the 
steady stage is dominated by erosive wear, caused by thc abrasion between the grit and the workpiece. 
This is supported by the increased percentages of grits showing wear-tlats and wear-llat area as more 
materials are removed. 

Also studied is the effcct of grinding width on uneven wear un wheel surface, which in  turn might 
have an effect on thc resultant workpiece quality i n  terms of strength and surface texture. 7 he ceramic 
material studied in this case is Coors AD995 CAP-3. 

Michigan State University, “Modeling Heat Transfer for Parameter Estimation in Flash Diffusivity 
Experiments,” R. RrlcMmters, HTML No. 96-053 

Carbon-hoiidcd carbon fibcr (CBCF) is produced at ORNL for use as an insulator in atmosphere re- 
entry applications. Measuretnent of the thermal diffiisivitj of this material, using the flash heating 
method, is somewhat difficult due to its semiporous nature. The goals of this research were as follows: 

to determine the thermal properties of the material, specifically thermal diffusivity, from transient 
temperature measurements, 
to investigate the possibility of internal radiation as an ancillary means of heat transfer to Fourier 
conduction and to investigate penetration of the laser flash beyond the surface of the specimen. and 
to investigate nonradiative effects that may havc been responsible for systematic disparities betwecn 
the nicasured data and the n~tthematical model for the tlash measurement method. 

The com~non underlq ing motivation behind each of the abovc objectives was to develop and utilize a 
heat transfer riiodel for flash ditTusivity experiments ihat would accurately confomi to the physical 
phenomenon observed, therebq giving greater confidence in the parameter values rcported. The primary 
means of evaluating the degree of success achieved i n  this endeavor was the extent to which reductions 
were achieved in the residual signatures, from those evident in previous analyses. These signatures 
indicated an inadequacy in the models used previously that, in turn, implied some unreliability i n  the 
estimated parameters. 

The nonpenetrating model utilized ordinary lcast squares to minimize the difference between 
calculated and measured temperatures froin the flash diffilsivity experiments. Three simultaneous 
parameters were determined using this model: thcrnial diffusivity (mni’/s), heat tlux magnitude 
Cjoules/mni’), and the dimensionless heat transfer coefticient, biot number. Table <’.3 shows the thermal 
diffusivity and biot number along with the residual standard deviation of fitting the tempcraturc rise data. 

c-33 



Table C.3. CRCF samples measured at ORNL 800°C analysis 
with the nonpeneti-ating model 

Sample Diffusiviiv Biot number Residual std. dev. 
I .Omm(a) 0.294 2.164 0.0 I7 

I .Omni(b) 0.263 2.436 0.0 14 
1.2mm(a) 0.352 2.300 0.0 I8 
1.2mtn(bl 0.3 17 2.706 0.013 

The penetration model assumed an exponentially distributed temperature profile in the material at the 
instant of flash, due to the penetration of the flash. l h e  same least squares method was used to determine 
the extinction coefficient of the laser flash as well as the same three parameters of the nonpenetrtion 
model fit (see Table C.4). This new analysis method. incorporating a correction for penetration. achieved 
a higher level of agreement between samples when comparing the estimated parameters measured at one 
temperature. In contrast, the results obtained using the simpler model produced a wider range of values 
under the same conditions. ’lhe observed reduction in the magnitude of the residuals is a validation of the 
higher order model. 

Table C.4. CBCF samples measured at ORNL at 800°C analysis 
with the penetrating model 

Sample D i ffu s i v it?; Biot number Penetration Residual std. dev. 

1 .Omm(a) 0.252 2.999 0.080 0.009 

I .2mni(a) 0.3 13 2.959 0.085 0.006 
1 .Omm(b) 0.228 3.307 0.077 0.013 

1.2nim(b) 0.288 3.327 0.075 0.008 
_I 

7 he value of the main parameter of interest, thermal diffusivity, is shown to be sensitive to the type of 
model used. Approximatel) a 12% reduction in a was found for these CBCF specimens when the 
penetration model was employed. The magnitude of the estimated value can be affected by as much as 
20%. The results generated by the refined models can be reported with greater confidence, as 
demonstrated by the improvements noted above. and are therefore more reliable for use in design-related 
worh with these materials. 

North Carolina State University, “Residual Stresses in Diamond and Diamond Composite Films,” 
J. K d c l i a i m t k  HTML No. 95-039 

KSUC 

The purpose of this work was to determine the sign and magnitude of residual stresses in a system of 
coatings on molybdenuin. Single-layer diamond films and multilayer diamond films were scanned using 
the PI’S-rotating anode X-ray diffraction instrument. The diffraction patterns showed the presence of a 
carbide layer between the molybdenum substrate and the diamond layer. Texture was observed within the 
carbide layer and the diamond layer. and pole figures were measured to quantify this observation. The 
diamond layer and the carbide intermediate layer were found to be under tensile residual stress while the 
molybdenum substrate was under a compressive residual stress at the interface (e.g., see Fig. C. 16 below). 
This interesting and unexpected result fostered a further study (97-035). 
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Fig. C.16. A sin%) plot showing tensile stresses in the Mo2C layer using the (213) reflection. 

North Carolina State University, “Residual Stresses in a Multilayer System of Coatings,” 
‘4. J.  McGinnis and J. Kusiclzciinuin, HTML No. 97-035 

RSUC 

Residual  tresses present i n  coatings may adverselj affect coating adhesion and wear resistance, 
particiilarly in diamond coatings. Insertion of an appropriate intcrinediate layer between the coating and 
Substrate has been used to improve adhesion and wear resistance. In this studj - the multilayer structures 
consistcd of diamond/molybdenum carbideltnolybdeiiuin (substrate) and dianiond/diamond-aluminum 
nitr~de-inolybdenuiii carbide/molybdenuni (substrate). Diamond was deposited via hot filament chemical 
vapor deposition (HFCVD), and AIN was deposited by laser physical vapor deposition (PLD). Ranian 
analysis was used to measurc thermal residual stress within diaiiiond. X-ray diffraction (XRD) was used 
to measure thermal residual stresses within Mo and Mo,C phases. The residual stresses measured with 
XRD were coinpared to theoretical calculations. 

i n  the diamond, Mo2C, and Mo were all consistent with tlie expected sign based on tlie phase thernial- 
expansion mismatch and estiinated temperatiirc of dcposition. I‘urther, an interposing AIN layer in  a 
multilaycr diamond sample provided a benefit for a given stress level relative to a sainple without this 
interposing layer. Empiricallj , thc multilayer diamond sample did not delaminate, suggesting enhanced 
adhesion between the diamond coating and the MozC/Mo substrate. The data also suggests that in the 
singlc-layer diamond samples. the residual stress increases with coating thickness. The residual stresses in 
the discontinuous diamond sample are the smallest measured, lihelj because of the lack of a n  in-plane 
constraint between the islands of diamond 

The residual stresses were measured using the PTS 4-axis goniometers. The sign of residual stresses 

‘Table C.S. Sample identification and layer description 
5nmple ID  

MU It i layer d iani ond 
Discontinuous diamond Diamond islands/MoX/Mo substrate 
Single diar-nond I>iainond/Mo$3Mo substrate 
A IN idi amond 

Microstructure ( I  op/ ... /bottom) 

Didrnond/AlN diamond islandslMo2C/Mo substrate 

AIN/diamond islands/Mo2CIMo substrate 
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Table C.6. Hydrostatic stresses measured by X-ray diffraction and macro-Ranian spectroscopy 

Mean hydrostatic stress (GPa) 

Diamond la> er Unidentified 
Sample ID thichness ( u n i )  phase * (32 I )  M o  (2 13) Mo2C Diamond’ 

M u  It i layer d 1 amond 5 0.63 (0.1 I ) * *  0.07 (0.06) 0.49 (0.06) 3 . 5  

Single diamond 2 0.76 (0.13) -0. 10 (0.06) 0.39 (0.09) -3.0 
Single diamond 8.5 0.17 (0.07) -0.08 (0.07) 0.53 (0.05) 3.5 

Discontinuous diamond I 0.33 (0.07) - 0.14 (0.06) 0.38 (0.06) I .5 

AlNidiamond 1.5 0 3 2  (0.07) -0.07 (0.07) 0.46 (0.05) - 

*Young’s Modulus and Poisson’s ratio for Mo2C were used 
’ Macro-Raman data. 
**( )Denotes standard deviation. 

Pennsylvania State University, “The Effects of Grain Size, Porosity, and Yttria Content on the 
Thermal Conductivity of Nanocrystalline Zirconia,” S. Rqlznvtin and M. M q w ,  HTML No. 95-094 

TPUC 

Thermal conductivity of nanocrystalline zirconia with varying grain size, porosity, and yttria content 
has been determined in an effort to evaluate its potential for thermal barrier applications. In pure. dense 
monoclinic zirconia (grain size -63 nm), the temperature dependence ofthe thermal conductivity 
indicates that phonon-phonon scattering still controls thermal conductivity, even down to such small grain 
sizes. The temperature dependence of thermal conductivity in doped zirconias (grain size = 30 nm4OO 
n m  and 60-1 00% dense) is flat, which is representative of phonon scattering by defects. Subsequent 
comparison of data for different grain sizes and yttria contents shows that the responsible defects are 
yttria-induced oxygen vacancies, not grain boundaries. A comparison of the thermal conductivities of 
nanocrystalline zirconia doped with 8 wt.% yttria and currently available thermal barrier coatings shows 
approximately equal values. 

‘.l’heriiial diffusivities. a. were measured by the laser flash technique at HTML on a flash thermal 
diffusivity system. Prior to measuring the thermal diffusivity, all the samples were sputter coated with 
1000 A of platinum or gold-palladium alloy on both sides to make them opaque and then with a thin layer 
of colloidal graphite to ensure complete and uniform absorption of the laser pulse and similar surface 
emissivity in all samples. All the measurements were carried out from 100 to 1000°C in 100 degree 
intervals, in nitrogen. 

Specimens consisted of 4-nim diam. 2-inin thick disks that were heated at 20”C/min. Heat capacities were 
calculated using the ratio method with sapphire as the reference standard. 

The effect of yttria content on the tliermal conductivity vs temperature plots is shown in Fig. C. 17. 
Atomic defect scattering is responsible for the insensitivity of thermal conductivity to temperature in the 8 
and 15 wt.% yttria samples. At a given temperature, the decrease in thermal conductivity with larger yttria 
contents is consistent with oxygen vacancies playing the dominant role in phonon scattering. I t  is 
noteworthy that while tliere is a relatively large drop in conductivity in going from 5.8 to 8 wt.% yttria, 
further increase in yttria content to about 15 wt.% does not cause a proportionate decrease in conductivity. 
Thermal conductivity values for the monoclinic zirconia were calculated using values of specific heat 
from the literature. It is stressed that the monoclinic zirconia is pure zirconia with a grain size o f63  nm, 
with no stabiliLer additions and having impurity contents similar to the indigenously produced 5.8 wt.% 
nanocrystalline tetragonal zirconia. The strong temperature dcpendence of thermal conductivity in the 
monoclinic material shows that i n  the absence of oxygen vacancies, defect scattering is not the dominant 
mechanism. 

Specific heat capacities were measured at HI‘ML using the differential scanning calorimeter (DSC). 
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Fig. C.17. Effect of yt t rh  content on thermal conductivity. 

Southern University, “High Temperature Tensile Property of the Super Alloy TN738LC,” R. A. 
M ~ ~ S ~ U H Z S ,  HTML NO. 97-058 

MCAUC 

IN7381,C is a Ni-base prccipitate strengthened superalloy. The prccipitate phase in this alloy is the y’, 
Ni;(AI,Ti) with the L11 superlattice. This superalloy has promising features for applications in gas 
turbines and aerospace engines. The yield strength of the superalloy increases with increasing temperature 
aiid reaches a peak value around 750°C. The morpholoa and distribution of the precipitates in the matrix 
affect tlic mechanical properties. For this reason, different precipitate microstructures were developed to 
test for tensile properties at high temperatures i n  the range 650-1200°C. The study contines the 
microstructure development and the effect of the microstructure on the selected high ternperaturc 
mechanical properties. The microstructures developed are the ones containing: (1 ) fine ppls. (50-70 nm), 
(2) medium ppts. (450 nm), ( 3 )  coarse ppts. (700 nm), and (4) duplex-size ppts., a mixture of 1 and 2 
1N7381,C shows a stable fine precipitatc microstructure at 1200°C. Thercfore, it is pobsiblc that this 
microstructure may shou sonic good mechanical properties at this high temperature. Because of this 
distinct feature of the superalloy, collecting the tciisile and creep data at 1200°C would be very beneficial 
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to contribute to the development of IN738LC superalloq . Currently, no mechanical property data are 
available on this superalloy at this temperature. 

Four specimens Mere tested at 1200°C in the tensile tcst facilities at the H‘I’ML at ORNL. The iound 
tensile speciniens were machined and heat-treated to produce the fine ppt. microstructure. Two different 
strain rates \cere used, and two specimens mere tested at each strain rate. Some other lower ternperaturc 
testings  ere conducted at Southern University. Baton Rouge, Louisianna. 

The prcliminarq studq on the tensile test data Mas done, and it Mas observed that the tensile strength 
ofthe superalloy is almost 1 / I  00 at 1200°C compared to the strength obtained in the range 650-850°C. 
Further analysis is in progress. 

Texas A&M University, “Texture in Cubic Metals Processed Through Equal Channel Angular 
Extrusions,” K. T. Hartwig and M. A. Gibbs, HTML No. 95-093 

KSIJC 

A novel method of modifying the microstructure of metals. called equal channel angular extrusion 
(ECAE). has been developed recently. This new processing method has the capability of introducing large 
amounts of plastic strain into bulk tnaterial in a relatively uniform manner without a reduction in 
workpiece cross section. The processing concept is elegant: press a block of solid material through a 
constant cross-section tunnel composed of two intersecting channels. The material undergoes simple 
shear in a thin zone at the crossing plane ofthe channels. Because workpiece dimensions are nearly the 
same before and after processing. multiple extrusions of the same workpiece in the same tooling are 
possible. By controlling workpiece orientation relative to the tooling crossing plane during multiple 
cxtrusion operations, different microstructures can be developed. The purpose of this HTMI., project is to 
determine which kinds of texture are developed by three basic schemes of multipass ECAE. 

investigation included extrusions at rooin temperature on 25 x 25 x 120 mm blocks of annealed relatively 
untextured polycrystalline material. Billet orientation was controlled during multiple extrusion steps in 
order to promote the development of conventional textures similar to those arising from rolling, drawing, 
and torsion. These textures were confirmed. Continuing work (HTML Proposal No. 97-078) involves 
comparing texture in ECAE processed materials with those found in rolled and drawn products. Early 
results demonstrate another dimension of the versatility possible with this innovative method for 
introducing large effective strains to bulk material by simple shear. 

Pure iron was ECAE-processed and examined by X-ray diffraction analysis for texture. The 

The Universitv of Alabama, “X-ray Diffraction Studies of (110) Oriented FeTaN Epitaxial Thin 
Films,” L. Vnrgcr, T. J. Klernnzer, and H. Jiatirg, HTML No. 97-029 

RSUC 

f-ligh moment soft magnetic FeTaN films are proinising candidates for pole materials in the next 
.- ceneration inductive write heads used with high-density media. ‘There has been a great interest in this and 
other reactively sputtered polycrystalline FeXN materials during the last few years, and much information 
has been accumulated on its nanocrystalline state. However, the effect of nitrogen on the fundamental 
magnetic properties, magnetocrystalline anisotropy ( K I )  and magnetostriction (hloo,hl I I ) ,  has not been 
studied experimentally. 

with very few crystallographic orientations and these orientations must be completely characterized. In 
this investigation epitaxial FeTaN films (-1 500 A) were grown by reactive sputtering and as a function of 
nitrogen flow rate on epitaxial Cu(OO1) buffer layers (-2000 A) on Si(OO1) single crystal substrates. The 
crystallographic orientations and the relationship between the films and the substrate were thoroughly 

I n  order to study these fundamental physical properties, a film of the Fe‘l’aN material must be grown 
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characterized using pole figure analysis carried out on a Scintag four-circle X-ray diffractometer The 
Fe'I'aN filnis werc fouiid to obey the l'itrch orientation relationship with the buffer layer 
[feTaN(I lO)llCu(OOI) and I'e'l'aN<Il I>j/Cu(l IO)]. which allows four different in-plane variants to 
coexist in the film (shown in Fig C.18). These four variants can be observed distinctly in thc Fe ( 1  IO)  
pole figure in Fig. C .  19a and the in-plane spread of the orientations increases with incrcasing nitrogen as 
shown i n  Figs. C. 19a-d. 

B j  tahiiig into consideration the different orientations present in the films, thc fiindanicntal magnetic 
properties could be measured. The values ol'K1 dccreascd slightly Lvith increasing nitrogen fioin -5 to 4 x 
10' ergdcc. Thc magnetoitriction constant hlno also decrcased slightly. staying around t 2 0  x 10" while 
hill increased and eventually changed sign from -20 x 10 ' to t-2 x I O  'I. The change in  these intrinsic 
properties along with the microstructure (Le., grain siLe and stress) of the nanocrystalline Fe'TaN films 
should give a more complete understanding of the soft magnetic propcrties observed i n  these materials. 

n u- cu 

@ -Fe 

Fig. C.18. The atomic configurations consistent with the Pitsch orientation relationship between Fe and 
Cu, where A, B, C, and D denote the four possible in-plane orientations. 
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Fig. C.19. Comparison of the ( 1  10) pole figures for (a) Fc, (b) FeTa, and (e)-(d) Fe'TaN epitaxial films. 

University Of Alabama at Birniingham, 'Thermal Diffusivity of Refractory Sands and Coatiiigs for 
the Lost Foam Casting Process," T. Mulibug, I-ITML No 97-033 

TPUC 

Computer modeling of the lost foam (LF) casting process requires the thermophysical properties of 
refractory coatings and foundry sands over a wide temperature range ( R l -  1400°C). The thernio-physical 
properties required are density, thermal heat capacity, and thermal conductivity. 

The purpose of this work was to study the thermophysical properties of coatings used in the 1,F 
casting process and foundry sands i n  the temperature range RI'--I 000°C. The coatings studied were 5 10 
and 533,  whose main component was aluminum silicate, and StyroCoat 27 and StyroCoat 400, whose 
main components were silica and mica, respectively. The sands studied were Mullite 30/50, Mullite 
30/60, 01 ivine. and silica sands. The thermophysical properties studied in the experiments were thermal 
diffusivity and specific heat capacity. Thermal diffusivity and specific heat capacity were later used to 
calculate thermal conductivity. The diffusivity measurements were conducted on the laser flash thermal 
diffusivity (LFTD) apparatus. The specific heat measurements were done by the use of the differential 
scanning calorimeter (DSC). and the results for the casting sands are shown in Fig. (2.20. 

The thermal conductivity data of these coatings (Fig. C.21) show that coating composition may 
change the value of thermal conductivity by a factor of 2-3. Thernial conductivity of LF coatings controls 
the heat transfer from the metal to the sand that in  turn has significant effect on the solidification rate and 
fluidity of metal and defect formation in the casting. 

The thermal diffusivity of sands was not possible to measure by the 1,FD method mainly because of 
the physical properties of loose sand (low thermal diffusivity, transparency to laser light, etc.). 
Experiments based on the hot disk method are currently being designed to obtain conductivity values for 
sands. 
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Fig. C.21. Specific heat capacity of casting sands. 
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Universitv of Central Florida, “Measurements of Residual Stresses in Components Manufactured 
by Laser Assisted Direct Rapid Prototyping,” A. Ktrr and F. Kcrlifetz, HTML No. 97-021 

KSIJC 

A scientist from University of Central Florida (UCF) visited the Residual Stress llser Center to 
measure the residual stresses in the walls of 3-D structures fabricated by a new rapid prototyping process. 
At UCF, a metal powder is fed to the laser beam where the powder is melted. As the substrate is moved 
horizontally under the laser beam. planar, two-dimensional geometries are formed. After completing the 
geometry i n  the plane. the substrate is displaced iii the vertical direction, and a new layer of material is 
placed on top of the just coinpleted deposit. By continuous repetition of this process. 3-13 parts are 
created. The goal is to develop a new metal-based rapid prototyping process. 

deposited metal contained ferritic and austenitic phases. The overall stress in the surface of the sample 
was tensile. ‘The specimens contained very large grains, extremely rough sample surface (*OS mm). and 
thin walls (-1 mm). These features obtained in the first deposition studies precluded meaningful X-ray 
and neutron stress measurements. A future visit is planned to look at an improved sample. 

Several of the stainless steel samples were examined with both X-ray and neutron diffraction. The as- 

University of Connecticut, “X-ray and Neutron Diffraction Study of Thermal Barrier Coating 
Material,” D. Petise and V. Krislznakimtnr, HTML No. 96-026 

RSUC 

The Residual Stress and Diffraction User Centers worked with two users fiom the University of 
Connecticut at the X 14A beamline within the National Synchrotron Light Source (NSLS) at Brookhaven 
National Laboratory to further explore methods to characterize nondestructively the long range residual 
stresses in the ceramic top coat and the metallic bond coat in a TBC-protected super alloy turbine blade 
specimen. Here, proof-of-principle was sought to show that diffraction peaks from the bond coat could be 
observed in situ underneath 300 pm of yttria stabilized zirconia. Both high flux and energy (or 
wavelength) tuneability were required in order to succeed. X-rays having an energy just below the 
absorption edge ofzirconia were successfully used to observe diffraction peaks from the in situ bond coat. 
Further work is planned at NSLS. 

Universitv of Davton, “The Investigation of a Methodology for Producing Nanophased Reinforced 
Composites from the Sic-AlN System,” A. Luhi.s, HTML No. 96-036 

MAIJC/HSUC 

Solid solutions of SIC-AIN (25 ,  50. and ’75 mol% AIN) were formed via hot pressing at 2100°C for 1 
h soaking time under a ptessure of 35 MPa i n  vacuum. € k a t  treating these three 2H-wurtzite Sic-AIN 
specimens at 1750°C for 150 hours in a flowing nitrogen atmosphere resulted in modulated tweed-type 
structures indicative of a spinodal deconiposition process. The spinodal decomposition process is also 
expected to produce compositional modulation accompanying the modulated tweed-type structures. N o  
qualitative or quantitative evidence on the presence of the nanosiLed compositional modulation on the 
heat-treated Sic-AIN sq stem has ever been reported. 

In this work, high resolution transmission electron microscopy (IHRTEM) nas  used to resolve the 
presence ofthe nanosized modulated feature that occurred on the three heat-treated specimens. l he  
combination ofthe HRTEM and a very fine EDS probe with I-nm resolution was used to resolve 
nanosked compositional modulation throughout the modulated tu eed-tj pe structure. Nan0 precipitates 

with typical modulated tmeed-type structures were found through the [ 2-i-101 zone axis on the three 
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heat-treated compositions. Compositions associated with the modulated structurcs were also successfully 
found to inoddate around average compositions within nanointervals. 'These two significant results 
strongly confirmed the forination of in  situ nanophased reinforced composites from the Sic-AIN system. 

Two significant finding5 associated with characterization oftlie niodulated structures M. ere 
established. The first significant finding was a method for precise determination of modulation orientation 
that occurred on each heat-treated composition. This method requires: (1 Khachatuiyan-Mayo- 
Tsakalakos approach that predict\ one of the possible modulation orientation minimizing elastic energy 
function, Y(n) i s  lying on a cone surface that makes an angle to [OOOI];  (2) ' E M  images and their 
corresponding selected area diffraction (SAD) patterns; and ( 3 )  lattice paraincter data. The modulation 

orientations observed for the three test specimens were orthogonal to { 0 1 T2 1 planes that tnakz angles of 
46.70". 46.90", and 47.12" towards [OOOl]  for 25, SO, and 75 mol% AIN, respectively. 7 he second 
significant finding was utili7ing the combination ofthe € IRTEM and the EDS probe data to successfully 
resolve the compositional modulation. I n  addition, X-ray diffraction residual stress measuremeiits werc 
also conducted on the hot-pressed and the heat-treated specimens. '1 hc results showed no significant 
differences between the specimens and little spot-to-spot variations as indicated by the replicate 
niea~urenients. Further, the level of residual stress is ver) low in all samples. Although more study is 
needed. spinodal decompositions may bc a way to produce inacroscopically uniform samples without 
significant residual stress. 

produced b j  heat treatment within the spinodal decoinpositiori zone. 
Based on thc results obtained, nanophased reinforced composites from the Sic-AlN system can be 

Sic-25 moM" AIN 

Sic-25 mol% AIN 

Sic-50 mol% AIN 

Sic-50 mol% AIN 

Sic-75 mol% AlN 

Sic-75 mol% AIN 

Material I Condition I Residual stress (MPa) 

As-hot pressed -2 (140)* 
-10 (220) 
- I4 (It-22) 

- 5 (+20) 
-22 (&!I) 

As-hot pressed 31 (i29) 
---5 (&I 7) 
9 (1:19) 

As-heat treated ---26 (529) 

As-heat treated -24 (+.25) 
-30 (+- 17) 

2 (f19) 
As-hot pressed 24 (h29) 

--24 (*I 7) 

-- --27 (k 1 7) 
As-heat treated 6 (127) 

-39 (*19) 
-25 (+17) 

Fig. C.22. Results summary of residual stress analyses of the hot-pressed and the heat-treated SIC-AIN 
specimens. 



0 1 2 3 4 5 e 
keV 

Fig. C.23. Lattice image of the heat-treated Sic-25 mol% AIN with its corresponding EDS spectra from 
different locations. 
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Fig. C.24. Differences in lattice parameters and g for the hot pressed and the heat-treated SIC-AW 
specimens. 
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Ilniversity of Kentuckv, “High Temperature X-ray Diffraction Studies of Metals Promoted Zr02,” 
R. Sritiivciscin and B. H. Davis, HTML, No. 96-013 

DUC 

Sulfated zirconia superacid catalysts exhibit activity and selectivity for skeletal isoineri7ations of 
alkanes at Ion temperatures. The prescnce of noble nictal crystallites (such as Pt) in the sulfated zirconia 
catalyst formulation enhances their activity and stability, but why this is so is not well understood. 
Attempts have been made to utiliLe less expensive metals bvi th  a similar activity and stability. A new class 
of solid superacid catalysts with Fe and Mn impregnated onto sulfated zirconia has been reported to have 
sui tab1 e act i vi ty . 

The states of iron and manganese, impregnated onto sulfated zirconia, were studied using the in situ 
high temperature X-ray diffraction technique, in both activated and reducing conditions. The aim of the 
investigation was to study the states of iron and manganese on these catalysts after activation and during 
reaction conditions. When the catalyst is activated in air at 725°C for 1-2 h, Fe207 forms and has been 
found to be a stable phase during and after cooling to room temperature. 

After activation, the catalyst was heated i n  flowing hydrogen at 100, 150. 200 and 250°C. At 
temperatures up to 200°C. the catalyst retained the Fez07 phase and only at 250°C was the FezO: phase 
reduced to metallic Fe. The activation energy for the crystallization is 468 hJ/mol for the sulfated 
zirconia, while this is -23.2 kJ/mol for Lirconia without sulfate. 

species in this study. 
No X-ray diffraction peaks were observed to permit characterization of the state of manganese 

University of Kentucky, “Interface Structure and Chemistry of NiO-Y203 Directionally Solidified 
Eutectics,” E. C. Dickey, HTML No. 97-023. 

MAUC 

Presently, thc factors that govern the atomic structure of crystalline intcrfaces between two dissimilar 
ionic materials are not thoroughly understood. This research program a i m s  to elucidate the structural and 
chemical aspects of internal interfaces in a model ionic heterophase system, NiO-Y20: directionally 
solidificd eutectics. 

identify the morphology and atomic structure of the intedaces. HRTEM images taken along the 
[l 10 ]~ ; ,0 / / [010]~~~~?  zone axis (see Fig. C.25) show a11 abrupt transition between NiO and Y20; at their 
interface. Although iriterfacial defects such as steps are present to accommodate global variations in the 
interface plane normal, the local interface plane along the step ledges is (1 1 1 )N,O//( 1 00)y207 suggesting 
that this is a lowenergy interface plane. 

Bared on the initial 1IRI‘EM data, a model ofthe NiO-Y?O? was developed (see Fig. C.26). As a 
consequence of tlie crystallographic orientation relationship and the local interface plane orientation, 
alternating planes of cations and anions lie parallel to the interface i n  both phases. As proposed i n  tlie 
interface model, this anion-cation sequence is maintained across the interface plane via a coniimon oxygen 
plane that is shared by both phases. This scenario. similar to that observed at NiO-ZrO? interfaces. 
facilitates electrostatic bonding across the interface. 

Initial studies on the NiO-Y203 interface were performed by HRTEM on a 400-hV JEOL-4000EX to 
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Fig. C.25. HREM image cfWO-Y2O3 interface showing an atomically abrupt transition between tbe two 
phases. 

Fig. C.26. Model of NiO-Y203 interface in which the phases share a common oxygen plane. 



University of Massachusetts at Amherst, "High-Temperature Residual Stress Measurement of S ic-  
Fiber-Reinforced HMAS Class-Ceramic Matris Composite," K. fnkus and S. Wk@ju, HTML No. 
97-039 

RSUC 

When a fiber-reinforced ceramic matrix composite is creep-conditioned such that the applied load 
transfers from the matrix to the fibers and when the composite is cooled under load, a compressive 
residual stress is induced i n  the matrix as a result of a con5trained clastic rebound. This compressive 
residual stress increases the ultimate matrix cracking strcss of tlic composite (see H?'ML, Proposal No. 95- 
043). X-ray diffraction residual strcss analysis results show that tlic residual stress i n  the matrix of 
NicalonTM/RMAS glass-ceramic matrix composite increased from -7 1 MPa (as-received specimen) to 
-1 24 MPa for a specimen creep-conditioned at 1 100°C for 12. h under a stress of 75 MPa, and to -1 90 
MPa for a specimen treated at 1 1 0 0 T  for 30 h under a stress of 90 MPa. The residual stress nieasurement 
of the BMAS matrix was based on the peak shift ofthe (8 2 4) plane of barium osumilite phase. The 
compressive residual stress i n  the as-received specimen is because ofthe thermal expansion mismatch 
between the fibers and matrix upon cooling. The increase in the residual stress in the matrix of creep- 
conditioned specimens is attributed to the effectiveness of creep-load transfer technique. 

l'he purpose of this studq was to better understand the behavior of residual stress induced in the 
NicalonlM/HMAS glass-ceramic matrii composite at high temperature. High temperature residual stress 
measurenicnts would provide data to characterizc the compressive residual stress in the matrix with 
respect to temperature. The H'I'XKD residual stress nicasurenients were done at temperatures o f  300% 
and 550T, where the matrix does not creep. A problem arose at elevated temperature in that the barium 
osutnilite (8 2 4) reflection was no longer observable i n  the X-ray pattern because of the thermal motion 
of the a tom reducing the scattered intensity. Further work is being considered for NSLS. 

Universitv of Massachusetts at Amherst, "Creep-Induced Residual Stress Strengthening i m  Fiber 
Reinforced Ceramic Matrix Composites," K. Jnkirs and S. lVi&iju, HTML No. 95-043 

MCAUC/RSUC 

High temperature creep-conditioning of continuous fiber-reinforced ceramic matrix composites, i n  
mhich the fiber? are more crcep-resistant than the matrix, causes the matrix to transfer its load to the 
fibers. Upon removal of the load after cooling to rooni temperature, a compressive residual stress is 
induced in the matrix by the elastic recovery ofthe iibers. This compressive residual stress in the matrix 
causes an increase in the matrix cracking stress ofthe composite, improving the reliability of the 
materials. The objective of this research was to study the effkctiveness of high teniperature creep 
conditioning in improving the matrix cracking stress. 

Laminated 0"/9O0NicalonTk1 fiber-reinforced HMAS glass-ceramic matrix composite specimens were 
creep-conditioned i n  tension at 1 100°C under constant stress. cooled uiidcr load to rooni temperature, and 
then unloaded. 'Thc applied crcep strcss ranged from 35 MPa to 90 Mf'a, and the creep times varied from 
12 h to 100 h. The resulting room temperature tensile stress-strain behavior was determined, and acoustic 
emission activity was monitored during the tensile test to detect cracking activity. The residual stresses i n  
the matrix of the as-received and creep-conditioned specimens were independently measured with X-ray 
diffraction. 

significant matrix cracking) of the creep-conditioned speciinens mas attributed to the effectiveness of the 
creep-load transfer treatment in inducing a compressive residual stress in the matrix. Figure C.27 
illustrates the tensile stress-strain behaviors of the as-received and crept specimens, showing a significant 
increase in  the proportional limit ofthe specimen creep-conditioiicd under 75 MPa for 12 h. The acoustic 
cmission and X-ray diffraction data confirmed that the increase i n  thc observed proportional limit of the 

Creep-load transfer results showed that the increase i n  the proportional limit (Le., the onbet o f  
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crept specimens was due to an increase in the compressive residual stress in the matrix. ‘Ihe compressive 
residual stress in the matrix was found to be dependent upon the applied creep stress: however, it was not 
significantly affected by the creep time. Fractography using SEM revealed that the creep-conditioned 
specimens exhibited similar fiber pull-out behavior to that of the as-received specimens. indicating that 
the creep-load transfer trcattnent did not embrittle the tiber/niatrix interface. and hence. the “graceful” 
failure behavior of the composite was preserved. 
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Fig. C.27. Tensile stress-strain behaviors of the as-received and crept specimens. 

University of Maine, “’Tribology Studies Of Tungsten Trioxide ‘Thin Filnis Grown By Molecular 
Beam Epitaxy Techniques,” 0. D. Greewwood and R. J. Lad, HTML No. 97-011 

MIRUC 

Tungsten trioxide (WO;) thin films offer potential as tribological coatings for use in high 
temperatures and oxidizing environments. Friction and wear experiments were performed on well- 
characterized WO; films i n  order to determine the effect of film microstructure upon tribological 
perfonnance. 

Five hundred-nm-thick WO? films were grown b j  electron cyclotron resonance (ECR) plasma- 
assisted e-beam evaporation of WO;, and analyzed in situ using RHECD and XPS. Stoichiometric WO3 
films grown on R-sapphire exhibited amorphous, polycrystalline or epitaxial microstructure, depending 
on the substrate temperaturc in the range 50°C to 600°C. Pin-on-disk tests were pcrforrned on film 
having these different microstructures using sapphire and stainless steel ball bearing sliders. a 1 -N load, 
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and a sliding speed of 0.1 m/s. Friction inicroprobc linear single pass tests for the same slider-film 
combinations were also carried out (0.1-N load, 1 0  p/s sliding speed) to study initial sliding beliavior. 

Pin-on-disk experiments shorn ed that the friction coefficient for sapphire sliders 011 amorphous WO: 
films (p - 0.6) was twice that of epitaxial WO? f?lms ( c i  - 0.3). In addition, the friction coefficients were 
higher for steel sliders than for sapphire sliders on all the films. Microprobe friction coefficients. which 
empliasi7e the initial stages of sliding contact, were loucst for epitaxial films (p - 0 2), varicd strongly 
with slider material on amorphous WO: f i lma (p - 0.2. to 0.4), and were highest on polycrystalline WO: 
films (p - 0.3 to 0.5). Optical micrographs and profilometry of wear tracks indicate that greater tilni wear 
occurred for the steel/WO; system than for sapphire/W07. In all cases, the lowest friction coefficients and 
wear rate occurred for epitaxial W 0 3  films, indicating a strong elrect of microstructure upon WO; thin 
film tribology. 

University of Maine, “Tribology Studies of Zirconia Thin Films Crown by Molecular Ream Epitaxy 
Tectiniques,” S. C. Moulzolfand R. J. L d ,  HTML No. 97-011 

MTRUC 

Zirconia films have great potential for advanced materials applications since they possess many 
desirable characteristics such as a high melting point, resistance to oxidation, low thernial conductivity, 
and high hardness. I n  addition to these characteristics, the tribological properties (friction and wear) of a 
zirconia coating may deterininc whether it  is suitable for a particular application. ‘The microstructure of a 
synthesized zirconia film is determined by the particular substrate. deposition method, and deposition 
parameters. In this study. the Friction and Wear Analysis Facilitj at HTML, wa5 utilized to study the 
microstructural effcct on the fiictioii and wear of scveral zirconia films grown at the University of Maine. 

Stoichiometric zirconia film of varying microstructure characterized by in situ RHEED were 
deposited on r-cut sapphire via elcetron beam evaporation of %r in the presence of an ECK oxygen 
plasma. Polycrystalline films u ith nanometer-sked grains are formed at deposition temperatures below 
300°C. Above 475”C, highly textured zirconia films are produced that contain coexisting phases of cubic 
and monoclinic zirconia. 

A pin-on-disk tribometer at IiTML was used to measure friction coefficients and wear rates ofthe 
zirconia films using sapphire and stainless steel pins in air at 25°C. The polycrystalline films exhibited 
low friction coefficients (0.2-0.3) but appear to be unsuitable for unlubricated tribological applications 
because of high wear rates (> 2.5 x IO-’ mm’ N I i i i?) .  The wear rates on the highly textured films were 
extremely small; the wear tracks were too shallow to be measured by profilometry. The textured tilnis 
also had dramatically different pin-on-dish friction characteristics depending on the relative percentage of 
cubic vs monoclinic phase. For the film containing primarily the monoclinic phase, the pin-on-disk 
traces exhibited abrupt transitions to high friction coefticients ( X . 8 )  due to the generation of third-body 
particulates. However, highly textured films containing primarily the cubic phase had low, relatively 
constant friction cocfticicnts ( 4 . 3 )  and exhibited anisotropic microcracking during scratch testing at the 
I-ITML with a conical diamond at a 10-N load. The initial friction characteristics for the same pin/filin 
combinations were also studied using the friction microprobe at the I ITML. Friction microprobe traces 
from the films reveal qualitatively different initial fiiction coefficients and features related to stick-slip 
events. 

c-49 



University of Nevada-Reno, Departnient of Chemical and Metallurgical Engineering Mackay 
School of Mines, “Thermal Conductivities of Plastic Crystals,” D. Clianclm, HTML No. 95-036 

‘1‘1’ u c 

The electrical conductivity of polyalcohols and amines show an increasing trend froin 10 ‘) to IO-’ 
ohm- ‘cm 
energy storage as there is a low temperature ordered and a high temperature, disordered transformation 
The specific heat capacity jumps significantly at the transition. The objective of this research is to 
measure the thermal conductivity of these materials and to correlate the thermal conductivity. electrical 
conductivity, ionic mobility, and temperature. We have already published the electrical conductivity data, 
which show ail increasing trend from 10 ‘’ to 10-i ohm-’ cm- I with increasing temperature. a beliavior 
opposite to that in metals. We would like to develop a K/cT=+T type relationship, where 11 is the ionic 
mobility factor for a family of plastic crystals such as polyalcohols, and T is the temperature. 

Polyalcohols, such as pentaerythritol (C5H 1204), pentaglycerine (C5H 1203), neopentylglycol 
(CsHl702). neopentylalcohol (C5H~?O?),  and amines such as 2 amino-2methyl,I .3 propanediol 
(C4H, ,02N) .  and .Tris-hydrosymetliyI aminoinethane (C41-ll IOjN) are some of the plastic crystals that are 
being considered for thermal energy storage. The low temperature phase I I  structure of these plastic 
crystals is either layered or chain type and is ordered, whereas the high temperature phase I is cubic and is 
orientationally disordered. 

the summer of 1997 with Dr. Ralph Dinwiddie. However, we experienced problems with the very low 
thermal conductivity of the samples. Although some experiments were performed on neopentylglycol 
(C5HI2O2) and neopentylalcohol (C5H120). we had difficulty in obtaining data. In these feasibility tests, 
powders ofthe samples were compacted and used for measurements. I t  was concluded that the saiiiple 
thickness, approximately 2 to 3 mm, was too thick. However, it will be possible to make measurements 
with thinner samples. We are now in a process of developing new methods to prepare v e y  thin samples 
for thermal conductivity experiments. We will resume our studies in June 1998. 

with increasing temperature. Select polyalcohols and amines are being considered for thermal 

We initiated the thermal conductivity studies using the laser flash thermal diffusivity method during 

Universitv of North Dakota-Energy and Environmental Research Center, “Transmission Electron 
Microscopy of Nanometer-Scale Inorgarlic Components in Coal and Char Enriched in Selected 
Organic Microstructures,” J. Hiirky, F. Kariier, and C. G. Tomforde, HTML No. 94-009 

MAUC 

Sticky ash, which may- cause filters in coal-fired power plants to malfunction, is dependent on size 
distribution and compositional variation of ash particles. These depend on the occurrence of inorganic 
components in coal. In addition, inaceral content may play a major role in ash characteristics. We 
examined how natural assemblages of macerals and Iithotypes influenced combustion. 

particles in coal. The organic microstructures are affected by the original plant matter and coalification 
processes, and may contain voids that are filled by the precipitation of nanometer-scale inorganic 
components. Secondly, some macerals are more reactive, and produce porous or vesicular charforms after 
partial combustion. Less reactive macerals may produce dense charforms. During combustion, dense 
charforins may shed tine ash particles that produce a sticky cake on hot-gas cleariup filters. Fine ash 
might adhere to the surface of porous char where coalescence of ash particles occurs. In a combustion 
system. this will produce coarser as11 that is easier to remove than fine ash. 

and dull lithotypes of different rank coals and on char produced froin bituminous and subbituminous 
coals. Energy dispersive spectroscopy (EDS) determined elemental information on inorganic inclusions. 
’I’hin sections of dull and bright Iithotypes of bituminous, subbituminous, and lignitic coals were prepared 

First. organic microstructures concentrated in certain macerals may affect nanometer-scale inorganic 

The HF-2000 Field Emission Gun Analytical Electron Microscope was used at HTML to study bright 
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to determine with the I EM if there were certain mineral t j  pes and s i~es ,  specifically nanometer-scale 
inorganic components that were enriched i n  each sample. Char produced from the bituminous and 
subbituminous coals was also examined to ascertain with AEM char inorphology and the phj sical and 
chemical characteristics of iianometcr-scale inclusions. 

at Ilniversity ofNorth Dakota (IJND) were riot cvident at Oak flidge. ?‘hey were apparent in the char 
samples. The char produced by the UND-Encrgy and Environmental Research Center (EERC) 
pressurked fluidized-bed reactor \$ere named: bituminous bright, bituminous dull, subbituminous bright, 
and subbituminous dull char. The sinall inclusions range in size from 5 to 70 nni in  diameter. fhey are not 
abundantly disseminated in the char particles. but occur as groups of I O  to 30 inclusions within isolated 
areas of each char particle. 7 itaniuin peaks are dominant on all EDS spectra obtained from analysis of 
nanometer scale inorganic components in bright and dull bituminous char. Aluminum appears to be bery 
significant in thc small inorganic components occurring in  the bituminous bright char. Iron peaks are 
prevalent on all ofthe EDS spectra obtained from nanometer-scale inorganic coinponcnts i n  bright and 
dull subbituminous char. Calcium peaks are characteristic of the tiny inorganic components in all of the 
char particles. 

morphologies, coal lithotypes have little impact on the formation of fine ash i n  a pressurized fluidized-bed 
combustor. and nanometer-scale inclusions are present in  coal and char. I’he small inclusions examined in  
the char are inorganic components, but may be rnesophase inclusions (liquid crystals. an intermediate 
phase in the conversion of vitrinite to cohe by healing) in the subbituminous bright lilhotype. Although it 
appears that lithotype reactivity does not intluence ad1 liberation in a PFBR. it may influence ash 
liberation in othcr inodes of combustion (Le., pulverixd coal combustion). 

Nanometer-scale inclusions observed in the siibbituminoiis bright lithotj pe with a nonanalytical TEM 

The work conducted at Oah Kidge and at UND shows that coal lithotypes and coal rank control char 

Universitv of Wisconsin-Milwaukee, “Residual Stress Analysis in Cryogenically Treated Steels,” 
J. J. Bruckrter and T. L. Barr. HTML No. 96-042 

RSUC 

Cryogenic treatment of steel is a growing industry in the United States. Although an improved part 
lifetime and performance is often attributed to stress relief, the effects of this treatment on the residual 
stresses arc poorly documented. In this ncutron rind X-ray difli-action study, samples of 4140 steel, 416 
stainless steel, and 6061 alurninuin alloy were examined. In each case, one sample was prepared by 
300Belotv Ltd using their coniinercial cryogenic process, and one sample was untreated. No discernable 
differences in the diffraction peak profiles or positions were observed between the treated and untreated 
samples. This implies that any diffcrences i n  the scrvicc lifetimc of these materials cannot be attributed to 
alteration of the micro- or macro-stresses. Additional characterizitions of hardness and microstructure are 
being undertahen by the user, and additional measurements on austenitic and ferritic steel samples are 
planned. 

Western Michiran Universitv, “Thermal Stability of Conductive Layered Hydroxides,” A. A. 
O~OWL‘, HTML NO. 97-042 

Sandwiched Layered Hydroxides (SLHs) are inorganic materials that have a general formula: 
[M’+I~,M”,(OH)I]‘’[X” xin mHrO] wherc X is an anion and x varies from 0 to 0.333. The cations MI’’ 
are usually from Cu, Ca, Al, Mg, Mn, Zn, Ni, Fe, Cr, Ni, and Co. Several SLHs have been found as 
naturally occurring minerals (e.g., pyroaurite and liydrotalcite). as corrosion products (e.g., green rusts), 
but most nust be synthesized. A variety of nanics have been used to refer to them; some are “pyroaurite- 
type compowds,” or “hydrotalcites,” or Ohydrotalcite-like compounds (HTLC),” although the general 
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use of specific mineral names to describe SLHs is not quite appropriate. I‘he crystal structure of SLHs 
have common features: ( I )  they form classes having a similar X-ray diffraction pattern with comparable 
lattice parameters and ( 3 )  they possess positively charged metal hydroxide blocks separated by negatively 
charged mobile layers of the hydrated anion X” . The two most widely studied classes of SLI-Is are the 
pyroaurite and sjogrenite types where the hydroxide blocks are single and the anion. X ” ~ .  is COj’~ in each 
case; both coinposed ofthe same elements with the same M”:M” ratio. The main difference between the 
pyroaurite and sjogrenite type structures is that the former is rhombohedral 3-R polytype,while the latter 
is hexagonal 2-1-1 polytype. 

the hydration water niolecules are removed froin the interlayer. H-I‘XRD shows that the a-lattice 
paraineter is nearly constant, whereas the reduction in the c-lattice parameter is quite significant as the 
temperature increases. The hydration water appeared to be completely removed at about 175°C for all the 
three samples studied. confirining previous results. Also. at around 400°C. a new crystal starts to form 
froin the collapsed structure. This information is important for application of these inaterials as thermally 
activated catalysts. 

High temperature X-ray diffraction at I-ITML confirmed that the pyroaurite type structure collapses as 
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