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Introduction

INTRODUCTION

The DOE Energy Materials Coordinating Committee (EMaCC) serves primarily to
enhance coordination among the Department’s materials programs and to further the
effective use of materials expertise within the Department. These functions are accom-
plished through the exchange of budgetary and planning information among program
managers and through technical meetings/workshops on selected topics involving both DOE
and major contractors. Four topical subcommittees are established and dre continuing their
own programs: Structural Ceramics, Electrochemical Technologies, Radioactive Waste
Containment, and Superconductivity. In addition, the EMaCC aids in obtaining materials-
related inputs for both intra- and inter-agency compilations.

Membership in the EMaCC is open to any Department organizational unit;
part1c1pants are appointed by Division or Office Directors. The current active membership
is listed on the following four pages.

The EMaCC reports to the Director of the Office of Energy Research in his capacity
as overseer of the technical programs of the Department. This annual technical report is
mandated by the EMaCC terms of reference. This report summarizes EMaCC activities for
FY 1990 and describes the materials research programs of various offices and divisions
within the Department.

The Chairman of EMaCC for FY 1990 was Scott L. Richlen; the Executive Secretary
was Dr. Jerry Smith.

Dr. Jerry Smith .
Office of Basic Energy Sciences
Chairman of EMaCC, FY 1991
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Organization of the Report

ORGANIZATION OF THE REPORT

The first part of the Program Descriptions consists of a funding summary for each
Assistant Secretary office and the Office of Energy Research. This is followed by a summary
of project titles and objectives, including the program/project manager(s) and principal
investigator.

The second part of the Program Descriptions consists of more detailed project
summaries with project goals and accomplishments.

The Table of Contents lists two (2) page numbers for each entry: the first page number
gives the funding summary or first program description; the second page number gives the first
detailed program description.

The FY 1990 Budget Summary Table for materials activities in each of the programs
within the DOE is presented on pages 7-9.



FY 1990 Budget Summary Table

FY 1990 BUDGET SUMMARY TABLE FOR
DOE MATERIALS ACTIVITIES

(These numbers represent materials-related activities only. They do not include that portion

of program budgets which are not materials related.)

fi Building Technologi
Office of Building Energy Research
Buildings Systems and Materials Division
Office of Industrial Technologies
Office of Waste Reduction Technologies

Industrial Energy Efficiency Division
Waste Material Management Division

Office of Industrial Processes

Improved Energy Productivity Division
Advanced Industrial Concepts Division

Office of Transportation Technologies

Office of Transportation Materials
Office of Propulsion Systems
Office of Alternative Fuels

ffice of Utility Technologi

Office of Solar Energy Conversion

Solar Thermal and Biomass Power Division
Photovoltaic Energy Technology Division

EY 1990
$ 860,000
860,000
860,000
$17,668,000
6,251,000

2,788,000
3,463,000

11,417,000

1,732,000
9,685,000

$26,801,000
15,036,000

11,765,000
0

$33,847,788
19,250,000

850,000
18,400,000



FY 1990 Budget Summary Table

FY 1990 BUDGET SUMMARY TABLE FOR
DOE MATERIALS ACTIVITIES (Continued)

Office of Utility Technologies (Continued)

6ffice of Renewable Energy Conversion
Geothermal Technology Division
Office of Energy Management

Utility Systems Division
Advanced Utility Concepts Division

ffice of En R h
Office of Basic Energy Sciences
Division of Materials Sciences
Division of Engineering and Geosciences

Division of Advanced Energy Projects

Office of Fusion Energy
Small Business Innovation Research Program

Office of Environmental Restoration and Waste Management

Division of Waste Management Projects

*No submission was received from this office for FY 1990.

FY 1990

599,700
599,700
13,998,088

125,000
13,873,088

$227,437,657
205,653,806
198,400,000
6,481,806
772,000

0
21,783,851

$ 10,750,000
10,750,000



FY 1990 Budget Summary Table

FY 1990 BUDGET SUMMARY TABLE FOR
DOE MATERIALS ACTIVITIES (Continued)

FY 1990
ffice of lear Ener ’ ‘ - $128,634,000
Office of Uranium Enrichment , f . . .20,513,000
Office of Civilian Reactor Development 29,786,000
Office of Advanced Reactor Programs o | | 3,430,000
Division of High Temperature Gas-Cooled Reactors | ~ 3,430,000
Office of Technology Support Programs (LMRs) | . 26,356,000
Office of Space and Defense Power Systems ' 1,335,009
Office of Naval Reactors 77,000,000
Qtﬁce of Civilian Radioactive Waste Management | $ 12,640;100
Office of Civilian Radioactive Waste Management/Yucca _Mbuntain |
Site-Characterization Project Office (OCRWM/YMPO) : - 12,640,100
Office of Defense Programs - - $ 42,761,000
Office of Research and Advanced Technology T 42761000
Research and Technology Division : . o 42,‘761,0..002
Office of Fossil Energy | - $ 7,031;000
Office of Technical Coordination 7,031,000
Office of Coal Technology 0
Division of Clean Coal Technology 0
TOTAL $508,430,545
"Approximate



Program Summaries

PROGRAM SUMMARIES

Brief summaries of the materials research programs associated with each office and
division are presented in the following text, including tables listing individual projects and the
FY 1990 budgets for each. More details on the individual projects within the divisions and the
specific tasks or subcontracts. within the various projects are given in the paragraph
descriptions.

10



Office of Conservation and Renewable Energy

OFFICE OF CONSERVATION AND RENEWABLE ENERGY

The Office of Conservation and Renewable Energy seeks to develop the technology
needed for the Nation to use its existing energy supplies more efficiently, and for it to adopt,
on a large scale, renewable energy sources. Toward this end, the Office conducts long-term,
high-risk, high-payoff R&D that will lay the groundwork for private sector action.

A number of materials R&D projects are being conducted within the Conservation and
Renewable Energy program. The breadth of this work is considerable, with projects focusing
on coatings and films, ceramics, solid electrolytes, elastomers and polymers, corrosion,
materials characterization, transformation, superconductivity and other research areas. The
level of funding indicated refers only to the component of actual materials research.

11

-



Office of Conservation and Renewable Energy

~ The Office of Conservation and Renewable Energy conducts materials research in the
following offices and divisions:

1, Offi ildin hn
.a. Office of Building EnergyrResearch-
(1) Buildings Systems and Materials Division
2. Office of Industrial Technologies

a. Office of Waste Reduction Technologies
(1) Industrial Energy Efficiency Division
(2) Waste Material Management Division
b. Office of Industriai Procésse_s |
(1) Improved Energy Productivity Division

(2) Advanced Industrial Concepts Division

3. Office of Transportation Technologies

12

a. Office of Transportation Materials

b. Office of Propulsion Systems

FY 1990
$ 860,000
860,000

860,000

$17,668,000
6,251,000
2,788,000
3,463,000
11,417,000
1,732,000

9,685,000

$26,801,000
15,036,000
11,765,000



Office of Conservation and Renewable Energy

FY 1990

4. Office of Utility Technologies | $33,847,788
a. Office of Solar Energy Conversion ‘ 19,250,000

(1) Solar Thermal and Biomass Power Division - - 850,000

(2) Photovoltaic Energy Technology Division ™~ -~~~ 18,400,000

b. Office of Renewable Energy Conversion o ' $ 599,700

(1) Geothermal Technology Division 599,700

c. Office of Energy Management L o 13,998,088

(1) Utility Systems Division ' 125,000

(2) Advanced Ultility Concepts Division _ 13,873,088

13



Office of Building Technologies

14

OFFICE OF BUILDING TECHNOLOGIES

Unguarded Thin Heater Tester

Energy Savings with Advanced Building Materials
Recommended R-Levels - ZIP Program

CFC Foam Characterization

Foam Insulation Research

Development of Non-CFC Foam Insulations
Compact Vacuum Insulation

Evacuated Powder Panel Insulation

FY 1990
$860,000
$860,000
$860,000
$860,000

150,000
150,000
40,000
70,000
75,000
100,000
125,000

* 150,000



Office of Building Technologies

OFFICE OF BUILDING TECHNOLOGIES

ffi ilding Ener: rch

The Office of Building Energy Research works to increase the energy efficiency of the
buildings sector through performance of R&D on building systems and building equipment.
In addition, the Office carries out the statutory requirements of appliance standards and
labeling and building energy performance standards.

Specific objectives include providing the technology to:

+ reduce energy consumption in existing buildings, and in new buildings;

+ increase the energy efficiency of oil and gas combustion heating systems and of oil-
and gas-fired heat pump systems; '

« improve the energy efficiency of advanced electric heat pump and refrigeration
systems, and of light systems; and

Buildi ms an rials Division

The goal of this Division is to provide a scientific and technical basis (including model
standards) for reducing the use of energy in residential and commercial buildings by 35 percent
by the year 2000 from that used in 1975, while maintaining existing levels of human comfort,
health and safety. The Division’s primary objectives are to support research that advances the
scientific and technical options for increased energy efficiency in buildings, to promote the
substitution of abundant fuels for scarce fuels in buildings, and to promulgate standards for
increased efficiency of energy use. To accomplish a portion of this, the Building Materials
Program seeks to develop new and improve existing insulating materials; to develop and verify
analytical models that are useful to building designers and researchers for predicting the
thermal performance characteristics of materials; to develop methods for measuring the
thermal performance characteristics; and to provide technical assistance and advice to industry
and the public. The DOE contact is Peter Scofield, (202) 586-9193.

I rizati in

1. Unguarded Thin Heater Tester - DOE Contact Peter Scofield, (202) 586-9193; ORNL
Contact Tom Kollie, (615) 574-7463

« Study of transient and steady-state properties of insulation materials including
mineral fiberboard and powdered insulations.

15



‘Office of Building Technologies

16

- DOE Contact Peter Scofield, (202)

586-9193 "LBE, Contact Ron Kammerud (415) 486-6620

» Assess the energy savings potential in commercial buildings of high R-value and
variable R-value insulations, selective surface coatings and switchable enuttance
films.

- DOE Contact Peter Scofield, (202) 586-9193;
NIST Contact Steve Petersen, (301) 975 6136

+ Provide recommendations for insulation levels in residences for each Zip Code area

in the USA.

+ Release version 2.0 of ZIP, the eomputer program that was used to calculate the
recommended insulation levels.

CFC Foam Characterization - DOE Contact Peter Scofield, (202) 586-9193; NIST
Contact H. Fanney, (301) 975-5864

« Determine the sensitivity of variations in thermal conductivity and test specimen
thickness in calibrating the R-matic and K-matic test apparatuses. |

Foam Insulation Research - DOE Contact Peter Scofield, (202) 586-9193; MIT Contact
Dr. Leon Glicksman, (617) 253-2233

+ Investigation of new concepts which reduce overall thermal conductivity of common
foam insulations.

» Develop foam thermal'conductivity aging models.

Development of Non-CFC Foam Insulations - DOE Contact Peter Scofield, (202) 586-
9193; ORNL Contact Tom Kollie, (615) 574-7463

- Develop and evaluate with foam insulation industry and EPA new foam insulations
that are blown with non-CFC gasses. ‘

«  Determine thermal properties and aging characteristics with laboratory testing.

« Determine mechanical properties with application field testing.



Office of Bullding Technologies

7. Compact Vacuum Insulation - DOE Contact Peter Scofield, (202) 586-9193; SERI
Contact Tom Potter, (303) 231-1083

o

Develop super insulation concepts using a hard vacuum in a panel formed by two
metal sheets separated with spacers.

8. Evacuated Powder Panel Insulation - DOE Contact Peter Scofield, (202) 586-9193;
-ORNL Contact Tom Kollie, (615) 574-7463 :

(-]

Develop super insulation concept using a soft vacuum in a layer of powder encased
in flexible films.

17



Office of Industrial Technologies

OFFICE OF INDUSTRIAL TECHNOLOGIES

logies - Grand Total
R ion hnologies

Industrial Energy Efficiency Division

ials Pr ies, Behavior, Characterization
or Testing
Advanced Heat Exchanger Material Technology
Development

Assessment of Strength Limiting Flaws in Ceramic
Heat Exchanger Components

National Laboratory Support to Assessment of
Strength Limiting Flaws in Ceramic Heat
Exchanger Components

Ceramic Fiber Residue Measurement

Characterization of Beta Alumina for a Sodium
Heat Engine Application

Device or Component Fabrication, Behavior or Testing

Ceramic Composite Heat Exchanger for the Chemical
Industry

HiPHES System Design Study for Energy Productlon
from Hazardous Wastes

HiPHES System Design for an Advanced Reformer

Ceramic Components for Stationary Gas Turbines in
Cogeneration Service

18

FY 1990
$17,668,000
$ 6,251,000

$ 2,788,000

$ 1,168,000

445,000
200,000
63,000
0
460,000

$ 1,620,000

0

465,000
800,000

355,000



Office of Industrial Technologles

OFFICE OF INDUSTRIAL TECHNOLOGIES (Continued)

Office of Waste Reduction Technologies (Continued)
W rial M. ment Division
Waste Utilization and Conversion

Materials Preparation, Synthesis, Deposition,
Growth or Forming

Wood Wastes to Adhesives

Waste Rubber-Polymer Composite

Zinc-Contaminated Steel Conversion

Silicon Oxide Recovery-Conversion

Waste Food Carbohydrates to Lactide Copolymer
Plastics

Solar Materials Research

Materials Preparation, Synthesis, Deposition,
Growth or Forming

Materials Processing Using High Solar Photon
Flux

Catalysts for Solar-Assisted Water
Detoxification

Office of Industrial Processes

Improved Energy Productivity Division

Materials Preparation, Synthesis, D ition.
Growth or Forming

Composite Cathode Material Development
Cerox Inert Anode Material

Lightweight Alumina Aggregate

High Temperature Fiber Insulation

FY 1990

$ 3,463,000

$ 2,463,000

$ 2,463,000
545,000
417,000
150,000
851,000
500,000

$ 1,000,000
$ 1,000,000

300,000
500,000
$11,417,000

$ 1,732,000

$ 1,370,000

910,000
460,000
0
0

19



Office of Industrial Technologies

20

OFFICE OF INDUSTRIAL TECHNOLOGIES (Continued)

Office of Industrial Processes (Continued)

Improved Energy Productivity Division (Continued)

Materials Properties, Behavior, Characterization

or Testing
Expand and Control Inert Electrode Cell Operating
Conditions
Advanced Industrial Concepts Division

Materials Preparation hesis, Deposition

Growth or Forming

Aerogel Thermal Insulators

Chemical Vapor Deposition of Ceramic Composites

Thin-Wall Hollow Ceramic Spheres from Slurries

The Role of Inert Gas Entrapped in Rapidly
Solidified Materials

Biobased Materials - Composites

Microwave-Driven Spray Drying

Magnetic Field Processing of Polymers

Electrochemical Synthesis of Conducting
Polymers and Electrocatalysts

Polymers with Improved Surface Properties

Materials Structures-and Composition

Modeling and Development of Ordered
Intermetallic Alloys " ‘

Thermosetting Resins with Reversible Crosslinks

Biobased Materials - Packaging Plastics

Innovative Approaches to the Chemical
Recycling of Plastics

Recycling of Sheet Molding Compounds

$ 362,000

362,000
$ 9,685,000

$ 3,750,000

300,000
850,000
150,000

700,000
150,000
350,000
350,000

800,000
100,000

$ 3,400,000
1,200,000
150,000
350,000

500,000
0



Office of Industrial Technologies

OFFICE OF INDUSTRIAL TECHNOLOGIES (Continued)

ffi ri (Continued)
Advanced Industrial Concepts Division (Continued) ..
Materials Structures and Composition (Continued)

Laser Deposition of Thin Films for High
Temperature Superconductors

Microwave Sintering and Joining of Advanced
Ceramics (Zirconia-Toughened Alumina (ZTA)
and Microwave Joining of Ceramics)-

Biomimetic Thin Film Ceramic Coatings

Materials Properti h rizati chavior

or Testing

X-Ray Tomography for Ceramic Composites
Variable Insulation Concepts
~Ordered Intermetallic Alloys for Corrosion
Resistance (FeAl Development)
Characterization of SiC Whisker - MoSi, Composites for-
Elevated Temperature

Applications
Device or Component Fabrication, Behavior or Testing

Chemically Specific Coatings

Development of High-Temperature Superconducting Magnets
for High-Efficiency Motors and Power Electronics

Bulk Ceramic BiSrCaCuO and TIBaCaCuO Superconductors
for Trapped-Flux Permanent Magnets

iliti

Multiple Frequency Microwave Energy Source
and Furnace

300,000

. 600,000
300,000
$ 1,435,000

300,000
150,000

185,000

800,000
$ 900,000
350,000
200,000

350,000

$ 200,000

200,000

21



Office of industrial Technologies

OFFICE OF INDUSTRIAL TECHNOLOGIES

This Office supports a broad range of research, including long-term, high-risk, high pay-
off R&D in the Advanced Industrial Concepts Division to shorter-term engineering in other
divisions.  Cost-shared research and development for industrial energy conservation
technologies that offer large potential for saving scarce fuels is promoted. It also encourages
the private sector to implement and deploy such technologies as they are developed. Materials
research is done in support of the téchnologies under development, to develop materials with
lower embodied energy and to provide materials for use in equipment/systems which can
improve energy efficiency.

Waste Reduction is concerned with the efficient conversion of fuel to a more useful
energy form and with the utilization of energy embodied in waste products—solids, liquids, and
gases. This office conducts research to develop advanced waste energy recovery technologies
for the industrial sector.

I i ner. icien ivision
Behavi haracterization or Testin

9. Advanced Heat Exchanger Material Technology Development - DOE Contact
S. Richlen, (202) 586-2078; ORNL Contact M. Karnitz, (615) 574-5150

. Development of improved matenals and fabrication processes for advanced ceramic
heat exchangers

« Expanding the material data base for advanced ceramic heat exchangers.

» Evaluation of the effect of corrosive waste stream constituents on candidate ceramic
materials.

* Development - of advanced wet forming techniques for monolithic ceramic
components.

22



Office of Industrial Technologles

10.

Contact S. Richlen, (202) 586-2078; Baboock & Wilcox Contact J. Bower, (804) 522-
5742

« Evaluation of the effect of operaung environments on flaw populations of ceramic
heat exchanger components using advanced NDE methods.

11.

- DOE Contact S. Rlchlen, (202) 586. 2078; Idaho National
Laboratory Contact W. Reuter, (208) 526-1708

« Development of advanced NDE, test methods, and other key technologies to
support Babcock & Wilcox studies of strength limiting flaws in ceramics.

12. Ceramic Fiber Residue Measurement - DOE Contact S. Richlen, (202) 586-2078;
ORNL Contact M. Karnitz, (615) 574-5150

» Determination if health hazards could be caused by the handling, processing, or
machining of continuous ceramic fiber components.

13.

Contact W Parks (202) 586-2093 ANL Contact RValentm (708) 972-4493

« Assess state of the art in fabrication and quality control of beta alumina tubes.
« Assess alternative processing methods to improve commerciai tubes.
« Model stress profiles during Sodium Heat Engine (SHE) operation.
» Determine stress limits for SHE components.
Device or Component Fabrication, Behavior or Testing

14.  Cerami¢c Composite Heat Exchanger for the Chemical Industry - DOE Contact
S. Richlen, (202) 586-2078; Babcock & Wilcox Contact D. Hindman, (804) 522-5825

+ Design and field test of heat exchanger for the chemical industry.

+ Evaluation of composite systems in industry environment.

23



Office of industrial Technologies

15. i i i ASTCN
Contact S. chhlen, (202) 586-2078 Solar Turbines Incorporated Contact B. Harkins,
(619) 544-5398 A
+ Development of preliminary design for high pressure heat exchange systems
. (HiPHES) to produce heated pressurized air to a turbine.
. Identrﬁcatlon of critical material and design problems
16. HiP D i f r R I - DOE Contact S. Richlen,
(202) 586-2078; Stone & Webster Engmeenng Corp. Contact J. Williams,
(617) 589-7197
« Development of r)relinﬁnary design for high pressure heat exchange system
(HiPHES) for an advanced convective reformer.
. Identification of critical material and design problems.
17. i » C iona i : ice - DOE
- Contact W. Parks (202) 586-2093 Battelle Contact D Anson, (614) 424 5823
. Assess current ceramic cornponents for stationary gas turbines for use in
_cogeneration systems.
Waste Material Management Division

ion an nversi

Industrial waste solid, liquid, and gaseous materials are waste because they have
insufficient economic potential, thus:they are landfilled or discharged to the environment.
Economically useful wastes are termed by-products and constitute the objective of the Waste
Utilization and Conversion program. ‘Materials research can provide technologies to upgrade
wastes or create new commodity materials so that wastes can have economiic, i.e., added, value
to become by-product materials of value to industry or commerce. The DOE contact is Jerome
Collins (202) 586-2369.
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19.

20.

Wood Wastes to Adhesives - DOE Contact Alan Schroeder, (202) 586-1641; SERI
Contact Helena Chum, 303 231-7249.

. Convert wood wastes to adhesrves and moldrng compounds via pyrolysis and
blending with phenols.

« Test resins for manufacture of 1nsulat10n foam using lrmestone-COZ as the blowing
agent mstead of CFCs. .

Waste Rubber-Polymer gqmpgs';g DOE Contact Stuart Natof, (202) 586-2370; Air
Products & Chermcals, Inc Contact, Dr. Bernard Bauman, (215) 481-6053.

. Convert finely ground waste tire rubber to chemically active feedstock to be used
by plastics molders to reduce cost and/or improve properties of the molded parts.

» Surface activation of waste tire rubber is achieved by blends of ﬂuonne and
chlorine. v

Zinc-Contaminated Steel Conversion - DOE Contact Stuart Natof, (202) 586-2370;
Argonne National Laboratory Contact, Edward J. Daniels (708) 972-5279.

. Smgle-step process removes zinc from galvanized scrap steel results in clean steel
and zinc for recycling.

+ Hot sodium hydroxide, anodic stripping/simultaneous'electrowinning process. -

Silicon Oxide Recovery-Conversion - DOE Contact Bruce Cranford (202) 586-9496;

Dow Corning Contact, James May, (517) 496-6047

+ Develop closed silicon furnace to capture CO and 810 and return the SiO to the
furnace as carbrde feed.

. Convert CO to methanol.
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22. Waste Food Carbohydrates to Lactide Copolymer Plastics - DOE Contact
Alan Schroeder, (202) 586-1641; Argonne National Laboratory Contact
Dr. Robert Coleman, (708) 972-3268.
+ Convert waste food industry carbohydfates to lactide copolymers.
-+ Develop applications as plastics which biodégrade to CO2 and water.
Solar Materials Research
* The objective of solar materials research is to identify and develop viable materials
processes that take advantage of the attributes of highly concentrated solar fluxes. Solar
technology is able to supply concentrated radiant energy to surfaces with high efficiency and
without many of the environmental liabilities of conventional power supplies.

Materials Preparation. Synthesis. Deposition. Growth or Formin

23. Materials Processing Using High Solar Photon Flux - DOE Contact Frank Wilkins,
(202) 586-1684; SERI Contact Meir Carasso, (303) 231-1353

< Demonstrate diamond-like carbon film growth, and charactenze processes for
different substrate matenals

« Demonstrate high-temp‘erature superconducting film growth on different substrates.

« Modify alloys to obtain high corrosion resistance, hardness, and tribological
properties by a variety of deposition and surface modification techniques.

24. Catalysts for Solar-Assisted Water Detoxification - DOE Contact Frank Wilkins,
(202) 586-1684; SERI Contact Daniel M. Blake, (303) 231-1202

« Characterize and improve the performance of metal oxide semiconductors for use
as catalysts in solar photocatalytic oxidation of organic contaminants in water.

Office of Industrial Processes
This office conducts research and creates new energy conserving processes for ore

reduction, metals production, and basic shape processing; sensing and control instrumentation;
separation processes; and new coatings.
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Energy Pr ivity Division
ials Preparation hesis, Depositio GrthhorF rmin

25. Composite Cathode Material Development - DOE Contact M. J. McMonigle,
(202) 586-2082; Great Lakes Contact L. A. Joo, (615) 543-3111

« Testing of TiB,-graphite retrofit design in commercial cells to determine optimum
factors mﬂuencmg useful life and cell operation.

26. Qe_m_gp_ﬂ_&nggj_c_Ma@_a_ - DOE Contact M. J. McMonigle, (202) 586-2082;
EL TECH Contact Tom Gilligan, (216) 357-4066

« Evaluation of operating conditions that affect the formation, characteristics and

stability of a CeO, coating that forms in-situ from molten cryolite on an oxygen
evolving electrode.

27. Lightweight Alumina Aggregate - DOE Contact M. J. McMomgle (202) 586-2082;
Alcoa Contact Al Pearson, (412) 337-2706

« Phase I was initiated to develop an alumina aggfegate that would be 30 percent less
dense, 80 percent of compression strength and not cost 20 percent more.

28. High Temperatures Fiber Insulation - DOE Contact M. J. McMonigle, (202) 586-2082;
Manville Contact Phil Martin, (303) 478-5252

+ Initiated Phase I of project to develop improved high performance refractory fibers
with 200° C higher service temperature, lower shrinkage and greater microstructural
stability.

ials Pr ies, Behavior, Charac rizin r T

29. Expand and Control Inert Electrode Cell Operating Conditions - DOE Contact
M. J. McMonigle, (202) 586-2082; PNL Contact Larry Morgan, (509) 375-3874

- Development of cermets for inert anodes.

« Phase I - characterize present high temperature insulation. Phase II - develop new
insulating fiber that has increased service temperatures of 200°C.
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Advan Ind strial Con 'DivisiOn'

The mission of AICD is to support generic, long-term, high-risk appliéd R&D in those
processes and technologies that underpin industrial unit operations. The AICD output provides
a technology base to improve energy use efficiency and advance industrial capability to use
alternative energy resources. Materials-related research in AICD is conducted in the Advanced
Industrial Materials (AIM) Program. . The AIM Program develops generic materials
technologies brought to a stage for pnvate industry or other governmerit programs to advance
further towards technology and engineering demonstration. The Program emphasizes materials
as an enabling technology for industrial energy conservation and focuses on six areas:
Structural Engineering Matenals, Thermally Insulating Materials, Other Unique Materials
(entirely superconducting ceramics at this time), Innovative Processing Technology, Lightweight
and Biobased Materials (pnnc1pa11y plastics recycling and environmental compatibility), and
Materials System Reliability. The contact for the AIM Program is Marvin E. Gunn,
(202) 586-5377.

Materials Preparation, Synthesis, Deposition, Growth or Forming

30. " Aerogel Thermal Insulators - DOE Contact Marvin E Gunn (202) 586-5377; LBL
Contact Arlon Hunt, (415) 486-5370

. Development and production of controlled por051ty matenals with tallored thermal
opt1ca1 and physical characteristics.

e Prope_r’ties of finisheéd material determined and related to preparation technique.

31. Chemical Vapor Deposition of Ceramic Qompbsites - DOE Contact Marvin E. Gunn,
(202) 586-5377; ORNL Contact Peter Angelini, (615) 574-4565; SNL-L Contact

- Mark Allendorf, (415) 294-2895 Thermoelectron Technologles Contact Peter Reagan,
(617) 622-1347

« Explore novel ceramic matrix composites produced by chemical vapor deposition
(CVD) of a dispersed phase and a matrix phase.

Develop a'single step process for fabrication of ceramic comp051tes wh1ch are stable
in air at high temperatures.
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32.

33.

34,

35,

Office of Industrial Technologies

Thin-Wall Hollow Ceramic Spheres from Slurries - DOE Contact Marvin E. Gunn,
(202) 586-5377; ORNL Contact David L. McElroy, (615) 574-5976; Georgla Institute
of Technology Contact J. Cochran, (404) 894- 6104

. Develop processes for economically fabncatmg hollow, 'thin wall spheres from

conventional ceramic powders using dispersions.

e+ Use pac1fiers to reduce high temperature thermal conductivity and provide high-

thermal resistance, cost-effective insulating material without ecological and health
dangers. : ,

1h§ Role Qf Inert Gas Entrapped in Rgpldly §thlflgg Materials - DOE Contact

~ Marvin E. Gunn, (202) 586-5377; INEL Contact John Flinn, (208) 526-8127; SNLL

Contact W. G. Wolfer, (415) 294-2307

« Determine property modifications for rapidly solidified materials containing |
entrapped inert gases. .

+ Determine strengthening provided by supersaturation of vacancies that are stabilized
by internal oxidation.

Biobased Materials - Composites - DOE Contact Marvin E. Gunn, (202) 586-5377;
SERI Contact Helena Chum, (303) 231-7249; Umversny of Wisconsin Contact

Ray Young, (608) 262-0873; U.S. Forest Products Laboratory Contact Roger Rowell,
(608) 264-5816; University of Southern Mississippi Contact Lon Mathias,
(601) 266-4868; Virginia Polytechnic Institute & State Umver81ty Contact
Wolfgang Glasser, (703) 231-4403

e Develop cost-effectlve and enwronmentally compatlble materlals w1th sufficient

strength and fabricability for use in the automotive industry.

« Tailor plastic properties by design of specific chemical modifications of wood
- materials. :

Microwave-Driven Spray i)gang DOE Contact Marvin E. Gunn, (202) 586-5377,

LANL Contact F. Gac, (505) 667-5126

« Development of a generic microwave-driven spray drying process for aerosol
preparation of fine, homogeneous powders.

+ Initial effort on simple metal oxide systems with work on complex metal ox1de
systems to follow.

29



-Office of Industrial Technologies

. 36.

37.

38.

M

39.

30

ic Field Pr ing of Polymers - DOE Contact Marvin E. Gunn, (202) 586-5377,
INEL Contact Alan Donaldson, (508) 526-2627/FTS 583-2627; LANL Contact Gerald
Maestas, (505) 667-3973/FTS 843-3973

» Exploratory studies of organic and inorganic polymers formed in magnetic fields to
achieve unique structural and mechanical properties. .

Electrochemical Synthesis of Conducting Polymers and Electrocatalysts - DOE Contact
Marvin E. Gunn, (202) 586-5377; LANL Contacts Gerald Maestas, (505) 667-3973/
FTS 843-3973 and S. Gottesfeld, (505) 667-0853

+ Growth of conducting polymer films on dielectric substrates for wide range of
applications—battery electrodes, corrosion resistant coatings, sensors, and electric
circuitry.

- » Development of ion-exchange techniques to fabricate carbon-supported platinum

electrocatalyst particles less than 2nm in average diameter for fuel cell electrodes.

Polymers with Improved Surface Propertiecs - DOE Contact Marvin E. Gunn,

(202) 586-5377; ORNL Contact Peter Angehm (615) 574-4565 and L. K. Mansur,
(615) 574-4797 '

» Development of innovative technology based on ion-beam or coating modification
of polymer surfaces for improved wear, corrosion resistance, and strength.

ial res and Composition

Modeling and Development of Order Intermetallic Alloys - DOE Contact
Marvin E. Gunn, (202) 586-5377; LANL Contact A. D. Rollett, (505) 667-6133/
FTS 843-6133; ORNL Contacts Peter Angelini, (615) 574-4565, C. T. Liu,
(615) 574-4459, V. K. Sikka, (615) 574-5112, M. L. Santella, (615) 574-4805, and D. M.

' Nicholson, (615) 574-5873; Impenal College (U.K.) Contact D. G. Petnfor 011-441-589-

5111, ext. 5756

« Atomistic modeling efforts to relate the role of boron at grain boundanes in Ni,Al,
and experimental corroboration.

+ Micromechanical modeling of role of second phase on toughness of composite
microstructures.
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40.

41.

42,

43.

» Development and use of theoretical tools to determme alloy additions whlch will
ductilize intermetallics. ,

+ Experimental verification of theoretical design.

ing Resins with Reversible Crosslinks - DOE Contact Marvin E. Gunn,
(202) 586-5377; Polytechnic of New York Contact Giuliana Tesoro, (718) 643-5244

. Deterxmne techmcal fea51b111ty of developlng thermosettmg resins w1th 'reversible
crosslinks." : :

o Produce plastics with the strengths, toughness, temperature capabilities and
corrosion resistance typical of thermoset reins but which can be easﬂy reprocessed
like a thermoplastic.

Bi Materials - Packaging Plastics - DOE Contact Marvin E.. Gunn,
(202) 586-5377; SERI Contact Helena Chum (303) 231-7249; Michigan Blotechnology
Institute Contact Ramani Narayan, (517) 349-2970

S Develop cost-effective and enwronmentally degradable packaging plastics whlch

incorporate high levels of inexpensive, renewable polymers but still have the
strength of synthetic thermoplastxcs

nngvg_tlvg Approaches to the Qhermggl Recycling of Plastics - DOE Contact Marvin E.
Gunn, (202) 586-5377; SERI Contacts Helena Churn, (303) 231-7249 and Robert Evans
(303) 231-1384

- Develop cost-effective and environmentally benign processes for recovering mixed
plastics from various sources (auto plastic shredder waste, carpet waste), and other
source separated plastic streams.

Recycling of Sheet Molding Compounds - DOE Contact Marvin E. Gunn,
(202) 586-5377; Stevens Institute of Technology Contacts K. E. Gonsalves,

(201) 420-5779 and S. S. Stivala, (201) 420-5529

» Develop flnal flow sheets and assess the techmcal and economical feasibility of
recycling thermoset composites.

« Recycling requires mechanical operations (chopping, grinding and filtration), and
chemical processes (solvent extraction, hydrolysis, separation).
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44,

45.

46,

32

« Automotive sheet molding compounds (SMC) chosen for study. -

+ Technical collaboration with General Motors and Ashland Chenucal Company
established.

Laser Deposition of Thin Films for High Temperature Superconductors - DOE Contact
Marvin E. Gunn, (202) 586-5377; ORNL Contacts Peter Angelini, (615) 574-4565, D.
H. Lowndes, (615) 574-6306 and D. M. Kroeger, (615) 574-5155

« Develop laser deposition methods for films and coatings of hrgh ‘temperature
superconductor composites, wires and tapes. .

« Study microstructures capable of hlgh critical current density and superior
mechanical properties.
Microwave Sin 'n n inin Avn ramics (Zirconia-Tough in
nd Micros - DOE Contact Marvin E. Gunn,

(202) 586-5377; ORNL Contacts Peter Angehm (615) 574-4565 and Ron Beatty,

(615) 574-4536; Technology Assessment and Transfer, Inc. Contact R. Silberglitt,
(301) 261-8373

'« Evaluate the effectiveness of microwave sintering as opposed to conventional

sintering techniques' in Zirconia Toughened Alumina (ZTA).

+ Explain moreé rapid kinetics of gram growth with microwave heating than
conventional heating. .

« Demonstrate the applicability of m1crowave joining of ceramics to materials of
industrial interest.

. Joints made with no surface preparation or interlayer—joints were stronger than
base material.

Biomimetic Thin_Film gzgrgntlg" Coatings - DOE Contact Marvm E. Gunn,

(202) 586-5377; PNL Contact Gary McVay, (509) 375-3762

« Develop energy conserving, novel processing methods (mimicking natural or
biological processes) for the nucleation and growth of ceramic oxide thin films on
metal, ceramic, and polymer surfaces from aqueous solutions.
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Materials Properties, Characterization, Behavior or Testin

47. X-Ray Tomography for Ceramic Composites - DOE" Contact Marvirl E. Gunn,
(202) 586-5377; LLNL Contact J. Kinney, (415) 243-6669/FTS 532-6669

Use of high intensity monochromatic X-rays at Stanford Synchrotron Radiation
Laboratory to monitor chermcal vapor mflltratlon of fiber-remforced ceramic
composites.

* Variable Insulation Concepts - DOE Contact Marvin E Gunn, (202) 586 5377; SERI
Contact T. R. Penney, (303) 231-1754/FTS 327-1754

49,

.

Concept definition and exploratory R&D on modification of compact vacuum
insulation to provide controlled and thermal insulation vs. transmission.

Contact Marvin E. Gunn, (202) 586- 5377 ORNL Contacts Peter “Angelini,
(615) 574-4565 and C. T. Liu, (615) 574-4459 ‘ .

Identify an FeAl composition with the best combination of room temperature
ductility and corrosion resistance in oxidizing molten nitrate sale environments.

Minor alloying additions to FeAl led to room temperature tensﬂe ductlhty greater
than 10 percent (a flve-fold increase over pure bmary alumlmde)

FeAl compositions with excellent corrosion resistance in molten nitrate salts were
also 1dent1fied

50. Characterization of SiC Whisker - MoSi, Composues for Elevated Tgmpgrgtg e
Applications - DOE Contact Marvin E. Gunn, (202) 586-5377; LANL Contact

3. T. Petrovic, (505) 667-0125

Develop SiC wh1$ker-M0812 matrix composites for elevated temperature structural
applications in oxidizing enwronments .

Solid solution alloying of the composite matrix yielded strengths at 1500° that were

8-10 times higher than pure MoSi,, with retent1on of ductlhty and oxidation
resistance.

33



Office of Industrial Technologies . .

Device or Component ngncatlon, thgvxgr or Tgstmg .

51. Chemically Specific Coatlng - DOE Contact Marvin E. Gunn, (202) 586-5377, SNLA
Contact A. C. Frye, (505) 844-0787 _

+ Develop a new class of chemical sensors for process monitors that wxll 1mprove
~ process energy efficiency. :

« Use of sol-gel cheniistry and surface modification technidiies to develop?uxide
coatings with controlled pore sizes and tailored chemical prqpcrties.

» Obtain films with chemical selectivity based on both molecular size and chermcal
interactions.

52. Development of High-Temperature Sup' erconducting Magnets for High- -Efficiency
. Motors and Power Electronics - DOE Contact Marvin E. Gunn, (202) 586-5377; ORNL

Contacts Peter Angelini, (615) 574-4565 and R. A. Hawsey, (615) 574-8057

 Identify applications for HTSC magnets for switching motors, heat pumps, ‘étc., and
develop general design requirements for magnets in these applications. -

53. - Bulk Ceramic BiSrCaCuO and TiBaf Superconductors for Tra
Permanent Magnets - DOE Contact Marvin E. Gunn, (202) 586-5377; PNL Contact
Larry R. Pederson, (509) 375-2731; Boeing Aerospace Contact Thomas Luhman, (206)
234-2683

» Design and demonstrate a trapped-flux permanent magnetic device using bulk,
polycrystalline superconducting ceramics in the BiSrCaCuO and/or TIBaCaCuO
systems that have critical current densities of at least 10°A/cm’ at 77°K.

Facilities

54. Multiple Frequency Microwave Energy Source and Furnace - DOE Contact Marvin E.
Gunn, (202) 586-5377; ORNL Contact Peter Angelini, (615) 574-4565/FTS 624-4565

. De51gn and construction of a furnace perrmttlng sintering of ceramics w1th tailored
microwave frequencies.
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OFFICE OF TRANSPORTATION TECHNOLOGIES

Office of Transportation Technologies - Grand Total

ion Material
i ropulsion_
" Advanced Propulsion Division

Electric and Hybrid Propulsion Division
* Office of Al;grng;iveiFuglg "

" or Forming

ials Preparation iD_iin rowth

High Temperature SX Silicon Carbide (WBS No. 1113)

* Turbomilling of SiC (WBS No. 1116) :

TiB, Whiskers (WBS No. 1117)

Powder Characterization (WBS No. 1118)
Sintered Silicon Nitride (WBS No. 1121)
Si,N, Powder Synthesis (WBS No. 1123)

"~ . Microwave Sintering (WBS No. 1124)

" Novel Si;N, Process (WBS No. 1126)

Advanced Processing (WBS No. 1141)

Improved Processing (WBS No. 1142)

Advanced Processing (WBS No. 1143)

Processing Science for Reliable Structural Ceramics
Based on Silicon Nitride (WBS No. 1144)

Dispersion Toughened Si;N, (WBS No. 1221)

Dispersion Toughened Si,N, (WBS No. 1223)

Composite Development (WBS No. 1224)

Advanced Composites (WBS No. 1225)

Dispersion Toughened Oxide Composites (WBS No. 1231)
Transformation Toughened Ceramics Processing (WBS No. 1232)

Development of Toughened Ceramics (WBS No. 1237)
Low Expansion Ceramics (WBS No. 1242)
Vapor-Phase Lubrication System

FY 1990

" $26,801,000

$15,036,000

$11,765,000

$ 4,551,000

381,000
110,000
0

- 110,000
- 145,000
0
332,000
545,000
0
690,000
0

185,000
532,000
0

0
205,000
360,000
128,000
0
253,000
75,000
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OFFICE OF TRANSPORTATION TECHNOLOGIES (Continued)

Office of Alternative Fuels (continued)

Materials Preparation, Synthesis, Deposition, Growth
or Forming (continued)

Ion-Beam-Assisted Deposition of Lubricious Compounds
. Ton Implantation/Mixing of Lubricious Oxides

HRRS Hard Coatings

Additives for High-Temperature Liquid Lubricants

IBAD of TiN and Cr,0,

Self-Lubricating Ceramic Surfaces

| Materials Properties, Behavior, Characterization or Tgs;ing

Microstructural Modeling of Cracks (WBS No. 2111)
~ Adherence of Coatings (WBS No. 2212)

' Dynamic Interfaces (WBS No. 2221) .

Advanced Statistics Calculations (WBS No. 2313)

Microstructural Analysis (WBS No. 3111)

~ Microstructural Characterization of Silicon Carbide and

Silicon Nitride Ceramics for Advanced Heat Engines
(WBS No. 3114) . . :

Project Data Base (WBS No. 3117)

Characterization of Transformation-Toughened Cerarmcs
(WBS No. 3211)

. Fracture Behavior of Toughened Ceramics (WBS. No. 3213)
Cyclic Fatigue of Toughened Ceramics. (WBS No. 3214)
Tensile Stress Rupture Development (WBS No. 3215)
Rotor Materials Data Base (WBS No. 3216)

Toughened Ceramics Life Prediction (WBS No. 3217)
Ceramic Durability Evaluation AGT,
Environmental Effects in Toughened Ceramics (WBS No. 3314)
.. LHR Diesel Coupon Tests (WBS No. 3315) .
~ High Temperature Tensile Testing (WBS No. 3412)
- Standard Tensile Test Development (WBS No. 3413)

36-

. 200,000
60,000
90,000

0
75,000
75,000

$ 4,931,000

82,000
22,000
109,000
0
50,000

205,000
105,000

100,000
.. 290,000
286,000
321,000
315,000
327,000
80,000
109,000
150,000
218,000
125,000
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OFFICE OF TRANSPORTATION TECHNOLOGIES (Continued)

Office of Alternative Fuels (continued)
Materials Properties, Behavior, Char. ization
or Testing (continued)

Development of a Fracture Toughness Microprobe (WBS No. 0x15)

Non-Destructive Evaluation (WBS No. 3511) =

Computed Tomography (WBS No. 3515)

Nuclear Magnetic Resonance Imaging (WBS No. 3516)

Powder Characterization (WBS No. 3517)

Spectroscopic Characterization (WBS No. 3518)

Surface Adsorption (WBS No. 3519)

Thermodynamics of Surfaces (WBS No. 3520)

Effect of a Lubricating Surface Layer on the Wear Mechamsms
in Silicon Carbide-Whisker-Reinforced Silicon Nitride

IBAD Process Characterization

Wear-Machinability Relationships in Intermetallic Alloys

Thermochemical Surface-Damage Model for Cerarmcs :

Additive Response of Base Oils -

Advanced Materials/Lubricant Interactions

Liquid Lubricants for Advanced Heat Engines

Chemiluminescence of High-Temperature Additives

Technology Transfer Managemen ordination

Management and Coordination (WBS No. 111) -

International Exchange Agreement (IEA) Annex II
Management and Support (WBS No. 4115)

Standard Reference Materials (WBS No. 4116) -

Device or Component Fabrication, Behavior or Testing

Ceramic Component Design Technology

Life Prediction Methodology (WBS No. 3222)"
Life Prediction Methodology (WBS No. 3223)
Component Testing (WBS No. 3316)

FY 1990

72,000

" 360,000
65,000

. 136,000
100,000
76,000
138,000
82,000

130,000

~ 250,000

153,000
50,000
50,000

135,000

160,000
80,000

-+ $1,842,000

- 825,000

708,000
309,000

~ $15,477,000

100,000
763,000

- 546,000
39,000
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OFFICE OF TRANSPORTATION TECHNOLOGIES (Continued)

FY 1990
Office of Alternative Fuels (continued)
Device or Component Fabrication, Behavior or Testing (continued) °
Component Testing (WBS No. 3317) : : R 27,000
Component Testing (WBS No. 3318) - - = S 53,000
Component Testing (WBS No. 3319) . - 33,000
Ceramic Component NDE Technology - 100,000
Ceramic Mechanical Property Test Method Development
(WBS No. 4121) . - 200,000
Advanced Coating Technology (WBS No. 1311) 175,000
Advanced Coating Technology AGT (WBS No. 1312) 415,000
Wear Resistant Coatings (WBS No. 1331) ' 112,000
Wear Resistant Coatings (WBS No. 1332) 0
Active Metal Brazing PSZ-Iron (WBS No. 1411) 243,000
Metal-Ceramic Joints AGT (WBS No. 1412) 296,000
Metal-Ceramic Joints AGT (WBS No. 1413) 43,000
Ceramic-Ceramic Joints AGT (WBS No. 1421) 350,000
Thick Thermal Barrier Coatings 25,000
Thick Thermal Barrier Coatings 135,000
Advanced Diesel Engine Component Development Project 75,000
Advanced Piston and Cylinder Component Development 500,000
Advanced Piston and Cylinder Component Development 500,000
High Temperature Solid Lubricant Coatings 50,000
Advanced Turbine Technology Applications Project
(ATTAP, AGT-5) 5,100,000
Advanced Turbine Technology Applications Project
(ATTAP, AGT-101) 5,100,000
IBAD Tribological Characterization 260,000
Energy-Efficient Gear-Lubrication Model 50,000
Lubrication Model 75,000
Wear Mechanism Modeling . 72,000

38



Office of Transportation Technologies

OFFICE OF TRANSPORTATION TECHNOLOGIES (Continued)

EY 1990
Office of Alternative Fuels (continued)
Device or Componen rication, Behavior or Testing (continued)
Advanced Laser Fluorescence Measurements of Lubrlcant
Film Behavior in a Diesel Engine o 0
Effect of Cycle-to-Cycle Variations on Instantaneous
Friction Torque : 0
Surface Roughness Wear Model for Ceramics 40,000
Glassy-Carbon Materials for Severe Wear Environments 0
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OFFICE OF TRANSPORTATION TECHNOLOGIES

The Office of Transportation Technologies has estabhshed a number of programs to
conserve energy used for transportation and to shift transportauon energy demand to
nonpetroleum fuels. The Office of Transportation Technologies is divided into the Office of
Propulsion Systems Office of Alternative Fuels, and Office of Transportation Materials with
each having program responsibility for specific technology and program areas. The
organization of the Office of Transportation Technologies is shown in the following chart.

Organization of the Office of Transportation Technologies
) OFFICE OF
_ TRANSPORTATION TECHNOLOGIES
A Chesnes
L Divone
OFFICEOF OFFICE OF OFFICE OF
PROPULSION SYSTEMS - . -ALTERNATIVE FUELS . TRANSPORTATION MATERIALS
J. Brogan ; . J. Asup : ' J. Eberhardt '
+ CERAMIC TECHNOLOGY
+ MATERIALS TECHNOLOGY
, ELECTRIC BIOFUELS SYSTEMS + TRIBOLOGY T
j—{ PROPULSION SYSTEMS - + HIGH TEMPERATURE MATERIALS
K. Barber R. Moorer LABORATORY.
" ADVANCED FUEL UTILIZATION DATA
|__| PROPULSION SYSTEMS | | AND ANALYSIS
R. Alpaugh . J. Russeil

Office of Transportation Materials
The Office of Transportation Materials conducts research programs to develop an

industrial technology base in new transportation-related materials and materials processing in
support of the Office of Transportation Technologies mission. Materials development activities
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consist of four main programmatic elements: Ceramic Technology (formerly Advanced
Materials Development), Materials Technology (other than structural ceramics), Tribology, and
the High Temperature Materials Laboratory.

. The Ceramic Technology Program’s objective is to establish an industrial technology
base capable of prov1d1ng reliable and cost-effective structural ceramics for apphcatlons to
advanced heat engines. A balanced program is conducted in the areas of materials processing,
design methodology, and data base and life prediction. A majority of the research is conducted
by industry, The Ceramic Technology for Advanced Heat Engines (CT AHE) Project is
managed by the Oak Ridge National Laboratory (ORNL) The DOE contact is Robert Schulz
(202) 586-8051.

The Materials Technology Program seeks to identify and :resolve transportation
materials problems other than those addressed under the Ceramic Technology Program. In the
near-term, the program emphasizes improvements to available industry technology for materials
problems in the fuel system, engine components and exhaust system of alternative-fueled
(alcohol, natural gas) engines. For the mid- and long-term, the program will identify
transportation-related materials requirements for electric propulsion, vehicle structure, and the
transportation infrastructure. The DOE contact is James Eberhardt (Acting), (202) 586-5377.

The Tribology Program’s objective is to provide a technology base for other
transportation technology programs in the areas of lubrication, wear of lubricated solids, the
friction and wear of ceramics, and tribological surface modifications and coatings. The
Tribology Program is managed by Argonne National Laboratory (ANL) The DOE contact is
James Eberhardt (Actlng) (202) 586-5377.

The High Temperature Materials Laboratory (HTML) at Oak Ridge, Tennessee, is a
research and user facility which supports Government and industry efforts in high temperature
materials research and serves as a unique technology transfer vehicle through its user program.
The HTML comprises six user centers: materials analysis, high temperature mechanical
properties, high temperature x-ray diffraction, physical properties, ceramic. specimen
preparation, and residual stress measurements, The DOE contact is’ Ted Vojnovich,
(202) 586-8060.

Office of Propulsion Systems

The Office of Propulsion Systems is comprised of the Advanced Propulsion Division and
the Electric and Hybrid Propulsion Division. Programs supported by this office are focused on
developing, in cooperation with industry through cost-shared contracts, the technologies that
will lead to the production and introduction of advanced vehicle propulsion systems and
electrlc vehicles in the nation’s transportatlon fleet. : :

a1,
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A ed Propulsion Division

The Advanced Propulsion Division has two major programs: Light Duty Engine
Development focused on gas turbines through the Advanced Turbine Technology Applications
Project (ATTAP) and Heavy Duty Engine Development focused on diesel engines through the
Heavy Duty Transport Technology (HDTT) project. Materials activities supported by this
Office and managed through the NASA Lewis Research Center for component and coating
applications are included in this report. The DOE contacts are: Saunders Kramer, (202) 586-
8000 for ATTAP and John Fairbanks, (202) 586-8012 for the HDTT project. '

Electric and Hybrid Propulsion Division

The Electric and Hybrid Propulsion Division has three major programs: Battery
Development, Fuel Cell Development, and Systems Development for electric vehicles.
Materials work supported by this division is carried out by other DOE organizations and is thus
not included in this section. The DOE contact is Pandit Patil, (202) 586-8055.

Offi Alternative Fuels

The Office of Alternative Fuels has three major programs: Biofuels Production,
Alternative Fuels Utilization, and the Alternative Motor Fuels Act (AMFA) fleet test program.
Materials technologies for alternative fuels are being addressed by the Office of Transportation
Materials and other DOE offices. The DOE contact for biomass is Richard Moorer,
(202) 586-5350, and the DOE contacts for alternative fuels are John Russell, Rlchard Wares
or Steve Goguen, (202) 586-8053. .

In this report, ceramic material (CTAHE) and component development (ATTAP,
HDTT) projects are emphasized along with several tribology, lubricant development, and
metals research projects. - Not included in this report are biomass and other alternative fuel
projects. Battery, fuel cell, semiconductor, electromagnetic, and other electrochemical matenal
research that may support thls office is sponsored by other DOE offices.

Materials Pr . h 1sD osnnGr h or Formin

55. Hi Temperatur X Sili i No, 111 - DOE Contact
Robert B. Schulz, (202) 586-8051; ORNL Contact E. L. Long, Jr., (615) 574-5172;
Carborundum Contact Roger S. Storm, (716) 278-2544

+ Establish a property database and analysis for the current best SX material.
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56. .-

57.

58.

59,

» Optimize the processing conditions of that matenal via a des1gned expenmental
method :

. Optlmlze the second generation SX materlal w1th supenor hlgh temperature

. material propertles

| anbgmgllmg of SiC (WBS No, 1116) - DOE Contaet Robert B. Schulz, (20Q) 586-8051;
ORNL Contact T. N. Tiegs, (615) 574-5173; Southern Illinois Umvers1ty Contact

Dale E. Wittmer; (618) 536-2396

« Design and fabricate prototype turbomilling units and investigate the turbomllhng
process as a means of improved processmg for SlC whisker-ceramic matrix

composnes

'TiB, Whiskers (WBS No. 1117) - DOE Contact Robert B. Schulz, (202) 586-8051;

ORNL Contact R. L. Beatty, (615) 574-4536; Keramont Contact J. C. Wlthers,
(602) 746-9442 S

+ The objective of this effort was to investigate the feasibility of developing a basic
process to grow TiB, whiskers by the VLS method, characterize the whisker product,
and evaluate the potent1al of the whiskers as reinforcements for high temperature‘
ceramic composites and metal matrix composites.. : .

Powder Characterization (WBS No. 1118) - DOE Contact Robert B. Schulz,
(202) 586-8051; ORNL Contact D. Ray Johnson, (615) 576-6832; National Institute for
Standards and Technology (NIST) Contact S. Malghan, (301) 975-2000

. Develop a fundamental understandmg of surface chem1ca1 changes whlch take place

when silicon nitride powder is attrmon-mﬂled in an aqueous environment.

Sinter ilicon Nitri WBS No, 1121) - DOE Contact Robert B. Schulz,

(202) 586-8051; ORNL Contact D. Ray Johnson, (615) 576 6832 AMTL Contact
G. E. Gazza, (617) 923-5408

+ Determine optimum sintering aid and time-temperature-pressure for sintered Si;N;
containing yttria/silica and small additions of Mo,C.

+ Ceradyne, Inc., has been selected to carry out a scale-up and database generatxon
and evaluatlon of a silicon nitride-yttria-silica base composition containing
molybdenum carbide to be transitioned from AMTL to commercial prototype
components in a test engine. :
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60..
S (202) 586-8051; ORNL Contact E L. Long, Jr, (615) 574-5172; Ford Contact

Si;N, Powder - DOE Contact Robert B. Schulz,
Gary M. Crosbie, (313) 574- 1208

. ‘Develop 1mproved smterable high-purity, and low-cost silicon mtnde powder
involving a low temperature reaction of silicon tetrachloride with liquid ammonia

... ... toform a diimide silicon nitride  precursor.

" '+ To achieve major improvemerts in the quantitative understanding of how to

61

62.

produce sinterable Si;N, powders having highly controlled particle size, shape,
. surface area, impurity content, and phase content. :

* Microwave Sintering (WBS No. 1124) - DOE Contact Robert B. Schulz, (202) 586-8051;

ORNL Contacts D. Ray Johnson, (615) 576-6832 and T. N. Tiegs, (615) 574-5173

Identlfy those aspects of microwave processmg of silicon mtnde that might

1) accelerate densification, 2) permit sintering to high density using much lower
"levels of sintering aids, 3) lower the sintering temperature or 4) produce unique

microstructures.
Ngvel Si i,N, Process (1 S _Ng, 11261 DOE Contact Robert. B Schulz, (202) 586-8051;

ORNL Contact E. L. Long, Jr., (615) 574-5172; Sullivan Mlmng Corporatlon Contact

o Thomas M. Sulhvan -(619) 692-1180

63.

'« Demonstrate scalablhty of the Sullivan Process for makmg silicon mtnde, develop

unique high- and low-temperature versions of the silicon nitride, determine the net-
. shape capability of the process, and characterize the microstructural, mechanical,
_'trlbologlcal and physwal propertles of the Sulhvan ‘Process silicon nitride.

Advanced Processing (WBS No, 1141) - DOE Contact Robert B. Schulz, (202) 586-8051;

.. ORNL  Contact R. L. Beatty, (615) 574-4536; Norton Contact. D. M. Tracey,
".(508)3935811 SR

44.

« Develop and demonstrate mgmficant 1mprovements in processmg methods, process
controls, and nondestructive evaluation (NDE) which can be commercially
1mp1emented to produce high reliability silicon nitride components for advanced

"heat engine applications at temperatures to 1370°C.



64.

65.

66. A
- - (WBS No, 1144) - DOE Contact Robert B. Schulz, (202) 586-8051; ORNL Contact
‘R. L. Beatty, (615) '574-4536 Umversrty of Cahforma Contact Fred F Lange,

_ Office of Tra'nsportatlon Technologles

mprgvgg! Processing (WBS No, 1142) DOE Contact Robert B. Schulz, (202) 586-8051

 ORNL Contacts D. Ray Johnson, (615) 576-6832 and R.L. Beatty, (615) 574-4536

* Determine and develop the rehablhty of selected advanced ceramic processing

"methods o R .
Advanged Processing (WBS No, 1143) - DOE Contact Robert B. Schulz, (202) 586-8051;

ORNL Contact R L. Beatty, (615) 374-4536; GTE Laboratones Contact L.J. Bowen,

" (617) 466-2536

« Develop the powder, process 1mprovements and controls needed to enable the
reproducible fabrication of silicon nitride ceram1cs whlch demonstrate program goals

e for strength and We1bu11 modulus

Processing Science for Reliable Structural Ceramics Based on Silicon Nitride

L (805) 961-8248"

67.

« Obtain a basic understandmg of relevant problems associated with forrmng powder
compacts from slurrles which will densrfy to produce rehable structural cerarmcs

Dispersion Toughened Si,N, (WBS No, ~1221) 'DOE- Contact Robert B. Schulz,
(202) 586-8051;, ORNL Contact T. N. Tiegs, (615) 574-5173; Garrett Ceramic

: Components Dmsron Contact H. C. Yeh (213) 618-7449

Develop high toughness, high strength refractory ceramic matrix composrtes whlch
dre ‘amenable to low-cost, near-net-shape ‘forming for application as structural
,.components in automotrve engines.

« Maximize the toughness in a high strength hlgh temperature SiC whisker/Si;N,
matrix material system that can be formed to shape by slip casting and densified by
a method amenable to complex shape mass production.
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68. .

69.

70.

71.

46

Dispersion Toughened Si,N, (WBS No, 1223) - DOE Contact Robert B. Schulz,
(202) 586-8051; ORNL Contact M. A. Janney, (615) 574-4281; GTE Contact
S. T. Buljan, (617) 890-8460

« - Develop silicon nitride composites of enhanced fracture toughness and strength,
utilizing particulate and whisker dispersoids, for AGT applications.

« Evaluate UBE, Toyo Soda Si;N,, and American Matrix, Tokai, and Tateho SiC
- whiskers as alternative precursor materials for composite preparation.

+ Optimize the process for near-net-shape part fabrication through optimization of
binders and the compounding step of the process, injection molding, and
densification parameters. ‘

mposite Development (WBS No. 1224) - DOE Contact Robert B. Schulz,
(202) 586-8051; ORNL Contact D. Ray Johnson, (615) 576-6832; Norton Contact
N. D. Corbin, (508) 393-6600

. Develop fully dense Si,N, matrix SiC whisker composnes utilizing the ASEA HIP
(hot isostatic pressure) process.

+ Tailor the whisker/matrix interface and determine the optimum whisker morphology

for fracture toughness improvements for candidate Si;N, matrix SiC whisker
composites developed in Phase L

Advanced Composi ;gs (WB_S_ NQ, 1225) - DOE Contact Robert B. Schulz,

- (202) 586-8051; ORNL Contact D. Ray Johnson, (615) 576-6832; University of Michigan

Contact T. Y. Tien, (313) 764-9449

. Obtain dense silicon nitride composites containing silicon carbide whiskers by liquid
phase sintering.

Dispersion Toughened Oxide Composites (WBS No. 1231) - DOE Contact
Robert B. Schulz, (202) 586-8051; ORNL Contacts D. Ray Johnson, (615) 576-6832 and
T. N. Tiegs, (615) 574-5173

« Development and characterization of SiC whisker-reinforced oxide composites for
improved mechanical performance.
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7.

. Transformation Toughened Ceramics Processing (WBS No, 1232) - DOE' Contact
Robert B. Schulz, (202) 586-8051; ORNL Contact P. F. Becher, (615) 574-5157;

Norton Contact Giulio A. Rossi, (508) 393-5829

+ Develop zirconia toughened ceramics that exhibit high toughness and high strength
at temperatures up to 1000° C and can be fabricated by pressureless sintering to full
densnty

« Optimize the properties of two. classes of transformatlon-toughened ceramics,
Y-TZP (Y,0,) stabilized tetragonal zirconia polycrystals and Ce-ZTA (CeOz-ZrO2
toughened Al,O,), studied in Phase 1.

Development of Tgughgngg Ceramics (WBS No, 1237) - DOE Contact

Robert B. Schulz, (202) 586-8051; ORNL Contact D. Ray Johnson, (615) 576-6832;
Ceramatec Contact R. A. Cutler, (801) 486-5071-

+ Develop layered ceramic composites which incorporate zirconia as a second phase
to achieve improved strength and toughness at temperatures of up to 1000°C.

. Study processing methods for fabricating these layered composites via sintering.

» Increase the use temperature of three-layer composites by substituting HfO, for
Zr0,.

. Develop aqueous and nonaqueous slip casing techmques for three-layer comp051tes
in order to obtain better layer uniformity and to maximize residual compressive
stress by optimizing the outer layer thickness.

» Superimpose temperature stresses on transformation-induced stresses in three-layer
composites.

. Demonstrate improved thermal shock re51stance and damage resistance in optlmlzed
composites. ‘ :
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74." ‘Low Expansion Ceramics (WBS No, 1242) - DOE Contact Robert B. Schulz,
(202) 586-8051; ORNL Contact Victor J. Tennery, (615) 574-5123; Virginia Polytechnic
_ Institute and State University Contact J. J. Brown, Jr., (703) 961-6777

+ Develop an economic,’ is‘otropic, ultra-low thermal expansion ceramic¢ material
having stable properties above 1200°C.

« Continue investigation of two promising materials, a zircon (NZP) cornpOSition and
a beta-eucrypnte composmon

75. XauﬂMQanQn_Sm;_ DOE Contact J. J. Eberhardt, (202) 586 1694 The
Pennsylvama State Umvers1ty Contact E. E. Klaus (814) 865-2574

« Develop system for depositing vapor-phase lubricants and producmg ﬁlms onto
metal and cerarmc substrates for lubrication of heat englnes and industrial
machinery. :

76. Ion-Beam-Assisted Deposition of Iubricious Compounds - DOE " Contact
I R N Eberhardt (202) 586-1694; ANL Contact Fred N1chols, (312) 972- 8292 '

* Develop processes for ion-beam-enhanced deposmon (IAD) of low fnctlon
" lubricious coatmgs on engmeered surfaces.

77. Ion_Implantation/Mixing ‘of Lubricious Oxides - DOE Contact J.J. Eberhardt,
(202) 586-1694; ANL Contact Fred Nichols, (312) 972,8292

« Assess feasibility of formlng a lubricious compound of boron in near-surface regions
‘of metalhc alloys and ceramics by ion implantation or ion-beam mixing.

78. HRRS Hard Qggtmgs DOE Contact J. J. Eberhardt, (202) 586-1694; BIRL Contact
Raymond Fessler (708) 491-4941

« .« Investigate the fnctlon, wear and fatigue propertles of nitride’ and carblde coatings

of Ti, Zr and Hf deposited on steel and ceramic substrates by the high-rate reactive-
sputtering process.
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79. Additives for High-Temperature Liquid Lubricants - DOE Contact J. J Eberhardt,
~(202) 586-1694; JPL Contact Emil Lawton, (818) 354-2982 ' .

« Evaluate precursor dinitrile compounds as lubncant addltlves for hlgh temperature
applications. C

+ Determine compatibility of proposed componnds' with ceramic surfaces and lubricant
additives that are commonly used in lubricating oils.

80. IBAD of TiN and Cr,Q, - DOE Contact J. J. Eberhardt (202) 586-1694 NRL Contact
Fred Smidt, (202) 767-4800 , :

+ Determine the mechanism by whicn IBAD prodnces beneficial modifications of
tribological coatings on steel and silicon substrates.

« Establish the necessary correlations between IBAD processing and tribological
properties such as friction, wear, and adhesion

81. _S_elf;l_sybmti_ng_g_er_amg_s_miages- DOE Contact J. J Eberhardt (202) 586-1694
Universal Energy Systems Contact Rabi Bhattacharya, (513) 426-6900

 Establish optlmum conditions for i 1on 1mplantatlon and jon-beam mixing of suitable
additives into the surfaces of bulk ZrO, Al,O,, and hardened steel for obtaxmng
self-lubricating low friction and wear charactenstlcs S

Material i jor, Characterizati osting
82. Mlgrgstmgm;g! Modeling of Cracks (WBS No, 2111) DOE Contact Robert B. Schulz;

(202) 586-8051; ORNL Contact D. Ray Johnson, (615) 576- 6832 Umversrty of
Tennessee Contact J. A. M. Boulet, (615) 974-2171 : .

« Develop mathematical procedures by which enstlng design methodoiogy for brittle
fracture could accurately account. for the influence of non-planar crack faces on
fracture of cracks with realistic geometry under arbitrary stress states.

83. Adherence of Coatings (WBS No, 2212) - DOE Contact Robert B. Schulz,
(202) 586-8051; ORNL Contact C.J. McHargue, (615) 574-4344

- Financial support is provided for a graduate research assistant to conduct studies on
adherence of coatings deposited on substrates subjected to ion beam mixing.
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84. - Dynamic Interfaces (WBS No. 2221) - DOE Contact Robert B. Schulz, (202) 586-8051;

8s.

86.

87.

50

ORNL Contact E. L. Long, Jr., (615) 574-5172; Battelle Contact K. F. Dufrane,
(614) 424-4618 :

» -Develop an understanding of the friction and wear processes of ceramic interfaces
based on experimental data.

. Address the performance of advanced toughened monolithic ceramics, thermal-spray
coatings, surface modifications, and high temperature lubricants.

Advanced Statistic Calculations (WBS No. 2313) - DOE Con_tact Robert B. Schulz,
(202) 586-8051; ORNL Contact ' MK. Ferber, (615)576-0818; GE Contact
C. A. Johnson, (518) 387-6421

« To advance the current understanding of fracture statistics in the following areas:
optimum testing plans and data analysis techniques, consequences of time-dependent
crack growth on the evolution of initial flaw distributions, and confidence and
tolerance bounds on predictions that use the Weibull distribution and function.

Microstructural Analysis (WBS No. 3111) - DOE Contact Robert B. Schulz,
(202) 586-8051; ORNL Contact D. Ray Johnson, (615) 576-6832; National Institute for
Standards and Technology (NIST) Contact S. M. Wiederhorn, (301) 975-2000

« Identify the mechanisms of failure in structural ceramics subjected to mechanical
loads in various test temperatures and environments.»

Advanced Heat Engines (WBS No. 3114) - DOE Contact Robert B. Schulz,

(202) 586-8051; ORNL Contacts D. Ray Johnson, (615) 576-6832 and T. A. Nolan,
(615) 574-0811

« Determine the microstructure of monolithic and composite ceramics and relate that
microstructure to mechanical properties and material performance.

. Materials of interest are silicon carbides and silicon nitrides developed by U. S.
manufacturers as part of this program and A'I'I‘AP

+ Relate microstructural observations to avallable mechanical test data.
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88.

89.

90.

91.

92.

Project Data Base (WBS No, 3117) - DOE Contact Robert B. Schulz, (202) 586-8051;
ORNL Contacts D. Ray Johnson, (615) 576-6832 and B. P. Keyes, (615) 574-5113

Develop and maintain a comprehensive computer data base containing mechanical

property data for ceramic materials generated in the overall program effort.

Characterization of Transformati Q_Q-Tgughgnegl Ceramics (WBS No, 3211) - DOE

Contact Robert B. Schulz, (202) 586-8051; ORNL Contact D. Ray Johnson,
(615) 576-6832; AMTL Contact J. J. Swab, (617) 923-5410

Define the extent and magnitude of potential losses in strength and toughness after
long exposures to elevated temperatures tetragonal zirconia polycrystal materials
(TZP) and toughened composite ceramics.

Fracture Behavior of Toughened Ceramics (WBS No., 3213) - DOE Contact
Robert B. Schulz, (202) 586-8051; ORNL ContactsD Ray Johnson, (615) 576-6832 and
~ P. F. Becher, (615) 574- 5157 .

Conduct studies to determine the meéha_niéal'properties (creep, delayed failure,
strength, and toughness) at elevated temperatures for toughened ceramics. ‘

Gain an understanding of how microstructure and composition influence the
mechanical performance of these materials at elevated temperatures and the
stability of these properties for extended periods of time.

Cyclic Fatigue of Toughened Ceramics (WBS No. 3214) - DOE Contact

Robert B. Schulz, (202) 586-8051; ORNL Contacts D. Ray Johnson, (615) 576-6832and
K. C. Liu, (615) 574-5116 .

Develop and demonstrate the capability of performing uniaxial tension-tension
dynamic fatigue testing of structural ceramics at elevated temperatures.

Establish a data base for design 'and analysis applications.

Tensile Stress Rupture Development (WBS No, 3215) - DOE Contact Robert B. Schulz,
(202) 586-8051; ORNL Contacts D. Ray Johnson, (615) 576-6832 and K. C. Liy,
(615) 574-5116

Develop the test capability for performing uniaxial tensile stress-rupture tests on
candidate structural ceramics.
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94,

95

96.

- 97.

Rotor Materials Data Base (WBS No. 3216) - DOE Contact Robert B. Schulz,
(202) 586-8051; ORNL" Contacts D. Ray Johnson (615) 576-6832 and M. K. Ferber,
(615) 576-0818

“+" To systematically study the tensile strength of a silicon’ nitride and a silicon carbide

ceramic as a function of temperature and time in an air environment.

ics Li i - DOE Contact Robert ‘B. Schulz,
(202) 586- 8051 ORNL ContactD. Ray Johnson, (615) 576-6832; NASA-Lewis Research
Center Contact Stanley R. Levine, (216) 433-3276 ‘

"« Determine the behavior of toughened ceramics, especially SiC whisker-toughened

" Si,N,, as a function of tlme and, temperature as the basis for developing a life
prediction methodology.

mi r Ev. 1 jon _ AGT - DOE Contact Sauders B. Kramer,
(202) 586-8000; NASA Contact Suml Dutta, (216) 433-3282; Garrett Turbine Engine
Contact Nancy Campbell; (602) 220-7006 .

+ Assess the capability of ceramic materials to perform sansfactonly at temperatures
* and exposure times defined for automotlve turbine engmes )

Environmental Effects in Toughened Ceramics (WBS No. 3314) - DOE Contact
Robert B. Schulz, (202) 586-8051; ORNL Contact V. J. Tennery, (615) 574-5123;
‘University of Dayton Contact N.’L. Hecht, (513) 229-4341

+ Develop test equxpment and procedures for measuring the strength and creep
' resistance of ceramic materials at elevated temperatures to assist in the
‘development of a reliable data base for use in the structural design of heat engines
for vehicular applications.

i - DOE Contact Robert B. Schulz,
(202) 586-8051; ORNL Contacts D. Ray Johnson, (615) 576-6832 and C. R. Brinkman,
(615) 574-5106 :

« Subject &  number of candidate advanced ceramic matenals and metal-ceramic joints
to diesel "adiabatic" erigine environments where the effects of a number of variables
(e.g., temperature, fuel type, and engine operating conditions) can be determined.
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98.

99.

100.

101.

102, .

. High Temperature Tensile Testing (WBS No, 3412) - DOE Contact Robert, B. Schulz,

(202) 586-8051; ORNL Contact D. Ray Johnson, (615) 576-6832; North Carolina A&T
State University Contact V. S. Avva, (919) 334-7620 ,

» Test and evaluate advanced ceramic matenals at temperatures up to 1500°C in
umaxlal tension.

ndard Tensile Test D - DOE Contact Robert.B. Schulz,
(202) 586-8051; ORNL Contact D. Ray Johnson, (615) 576-6832; National Institute of

Standards and Technology (NIST) Contact S. M. Wlederhorn, (301) 921-2901

+ Develop test- equlpment and procedures for ‘measuring the strength and creep
resistance of ceramic materials at elevated temperatures to assist in the
development of a reliable data base for use in the structural design of heat engines
for vehicular applications.

‘Development of a Fracture i be - DOE Contact
Robert B. Schulz, (202) 586- 805 1 ORNL Contact W C. Ollver (615) 576-7245; Rice
University Contact G. M. Pharr

. To develop a techmque for measuring fracture toughness in thln fllrns and small
volumes on a spatially-resolved basis. ~ :

NQn-Dgsxrugnvg Evaluangn (WBS_No, 3511) - "DOE Contact Robert B Schulz,
(202) 586-8051; ORNL Contacts D. Ray Johnson, (615) 576- 6832 and D. J. McGuire,

(615) 574-4835

- Develop nondestructive evaluatlon (N DE) techmques for quanntatwe deterrmnatlon
of conditions in ceramics that affect the structural performance using hlgh-frequency
ultrasonics and radiography.

Tom WBS N .- DOE Contact Robert B. Schulz,
(202) 586 8051; ORNL Contact D. Ray Johnson, (615) 576-6832 Argonne National Lab
Contact W. A. Ellingson, (312) 972-5068 : :

» Develop techniques for reliable use of polychromatlc X-ray computed tomography
to characterize structural ceramics relative to den51ty distributions, presence of
voids, inclusions, and cracks.

* Develop calibration methods for CT scanners for ceramic materials.
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103.

104.

10s.

lear M ic_Resonance Imaging (WBS No. 351 - DOE Contact
Robert B. Schulz, (202) 586-8051; ORNL Contact D. Ray Johnson, (615) 576-6832;
Argonne National Lab Contact W. A. Ellingson, (312) 972-5068

-« Establish the feasibility of using NMR 1mag1ng systems to map organic B/P

distributions in injection-molded green ceramics.

- +. Examine potential for NMR spectroscopy to determine if there are any chemical

variations within and/or between batches of organic binder whlch impact process
reliability.

"« - Determine the sensitivity of NMR imaging methods to injection molding process

variables as manifested in distribution of the organic.

Powder Ch rization (WBS No. 3517) - DOE Contact Robert B. Schulz,

(202) 586-8051; ORNL Contacts D. Ray Johnson, (615) 576-6832 and O. O. Omatete,

(615) 576-7199

.« Identification, characterization, and modification of those aspects of the chemistry

and physics of a ceramic powder and of the powder/solvent interface that control
processing.

. ‘Development of standard methods of analysis for achieving the above.

» Development of procedures for writing -specifications for ceramic powders that
include any of the methods of analysis developed during this project. -

ctr i erization (WBS No. 3518) - DOE Contact Robert B. Schulz,
(202) 586- 8051 ORNL Contact M. A. Janney, (615) 574-4281; Umver51ty of Wisconsin
Contact M. A. Anderson, (608) 202-2470

«. Develop an understanding of the critical characterization parameters for powders
to be used as the starting materials for high-performance ceramics.

-« Perform a thorough spectroscopic analysis and characterization of selected ceramic

powders and/or whiskers in non-aqueous suspension.
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106.

Surface Adsorption (WBS No, 3519) - DOE Contact Robert B. Schulz, (202) 586-8051;
ORNL Contact M. A. Janney, (615) 574-4281 Pennsylvania State Umversny Contact

J. H. Adair,(814) 863-0857

+ Develop an understanding of the critical characterization parameters for powders
to be used as the starting materials for high-performance ceramics:

+ Conduct a study of the basic mechanisms of adsorption from non-aqueous solvents
- onto ceramic surfaces, and the modification of those surfaces to make them
uniformly processable. S

107.. Thermodynamics -of Surfaces (WBS No. 3520) - DOE Contact Robert B. Schulz,

108.

109.

(202) 586-8051; ORNL Contact M. A. Janney, (615) 574-4281; Rutgers University
Contact D. J. Shanefield (201) 932-2226

« Develop an understanding of the critical characterization parameters for powders
to be used as the starting materials for high-performance ceramics.

» Determine the thermodynamlc nature of the ceramic powder surface in non-aqueous
- powder suspension. :

ff Lubricatin rf; ron th hanisms in Sili ide-
Whisker-Reinforced Silicon Nitride - DOE Contact J. J. Eberhardt, (202) 586- 1694
ORNL Contact Peter Blau, (615) 574-1514

. Study relationship between surface lubricating layers and wear mechanisms in the
silicon carbide whisker-reinforced silicon nitride composites.

« Perform crystallographic modification of zirconia particles by altering the heat
treatment process to improve the wear of zirconia-toughened cor‘nposite over400°C.

IBAD Process Characterization - DOE Contact J. J. Eberhardt (202) 586-1694; ANL
Contact Fred Nichols, (312) 972-8292 -

~+ Correlate film properties (adhesion, grain size, porosity, composition, etc.) with

deposition parameters (ion type, ion-beam intensity, ion energy, deposition rate,
substrate, etc.).

 Characterize wear scars of worn surfaces to determine wear mechanism(s).
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110. W

111,

112.

113.

56

ar inabili ationships i .- DOE Contact
J J Eberhardt (202) 586-1694 ORNL Contact Peter Blau, (615) 574-1514 -

« * Study machinability of new intermetallic alloys such as mckel and iron alummides.

) - . Charactenze high-speed sliding effects hlgh load effects frictional heating, and

~ other aspects of component fabrication processes.

Thermochemical Surface-Damags. Model for Cerarnics - DOE Contact J. J. Eberhardt
(202) 586-1694; Georgia Institute of Technology Contact Ward Winer, (404) 894-3270

i Investrgate the effect of lubncant composmons on the \ wear of several advanced

ceramics, including partially stabilized zirconia, silicon nitride, silicon carbide, sialon,
and a superconducting ceramic.

Develop surface-damage-control maps for various combmatrons of shdrng speed and
contact stress. '

. Aﬂgmlr_e_&e_spggg_e_gt_’_l?@ge_gu DOE Contact J. J. Eberhardt (202) 586-1694

National Institute for Standards and Technology Galthersburg Contact, Stephen Hsu,

- (301) 9212113

. Separate lubncatmg base oils into their major fractions and subfractlons, identify the
molecular structures and chemical composition of the fractlons and subfractions, and
characterize the tribological performance of compound classes

» Test additives with fractions to identify causes of synergistic and antagonistic effects.
ials/Lubricant I ctions - DOE Contact J. J. Eberhardt,

(202) 586-1694; National Instltute for Standards and Technology Garthersburg Contact
Stephen Hsu, (301) 921-2113 . . A

 Investigate fundamental mechamsms mvolved in mteractlons between synthetlc base
oils and additives, and ceramics such as silicon nitride, silicon carbide and alumina.

. Develop a test procedure for evaluating the performance of ceramic coatings for
tribological apphcatrons in low heat re]ectron engines.
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114, .Lagmd_Lnbrmms_iQr_Admge.dM - DOE Contact J..J; Eberhardt,
(202) 586-1694; National Institute for Standards and Technology Ga1thersburg Contact
Stephen Hsu, (301) 921-2113

+ Develop the necessary- knowledge base for the selection and formulation of future
. lubricants for low heat re]ectlon engmes, 1nclud1ng the base 011 and the additives.

+ Develop test methods to identify key structural and chermcal reqmrements for super
- stable, hrgh temperature lxqmd lubncants

115.

i Hi I itives - DOE Contact J. J. Eberhardt,
(202) 586-1694 Natlonal Instltute for Standards and Technology Galthersburg Contact
Stephen Hsu, (301) 921-2113

. Explore use of chemiluminescence techmques for momtorlng generation and control
of lubncant oxrdatlve stability, and the effects of catalysts and inhibitors.

1 ,Trnf. | ) ent C 1

116. Management and Coordination (WBS No. 111) - DOE Contact Robert B. Schulz,
(202).586-8051; ORNL Contact D. Ray Johnson, (615). 576-6832

Assess the ceramic technology needs for advanced automotive heat engines,
formulate technical plans to meet these needs, and pnontlze and 1mplement a long-
range research and development program.

117.

( S EQ. 115) DOE Contact Robert B Schulz (202) 586 8051 ORNL Contacts
D. Ray Johnson, (615) 576-6832 and chtor J Tennery, (615) 547-5 123

Assrst and encourage international cooperatlon in the development of voluntary

standard methods for determining mechamcal physrcal and structural properties of
advanced ceramic matenals '
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118. Standard Reference Materials (WBS No. 4116) - DOE Contact Robert B. Schulz,
(202) 586-8051; ORNL Contact D. Ray Johnson, (615) 576-6832; National Institute of
Standards and Technology (NIST) Contact S. Malghan, (301) 975-2000

. Develop standard reference material from the ceramic powder chosen by the U.S.
consulting committee for the IEA agreement.

. Critical assessment and modeling of ceramic powder characterization methodology
toward the establishment of an international basis for standard materials and
methods for the evaluation of powders prior to processing.

Device or Component Fabrication, Behavior or Testing

119. rami mponent Design Technol - DOE Contact Saunders B. Kramer,
~ (202) 586-8000; NASA Contact John Gyekenyesi, (216) 433-3210

» Develop probabilistic computer codes for ceramic component design.

120. Life Prediction Methodology (WBS No, 3222) - DOE Contact Robert B. Schulz,
_ (202) 586-8051; ORNL Contact C. R. Brinkman, (615) 574-5106; Alhson Gas Turbine
Division Contact D L. Vaccan (317) 2304313

. Develop and demonstrate the necessary nondestructive examination (NDE)
technology, materials data base, and design methodology for predlctmg the useful
life of structural -ceramic components of advanced heat engines.

121. Life Prediction Methodology (WBS_ No. 3223) - DOE Contact Robert B. Schulz,
.- (202) 586-8051; ORNL Contact C. R. Brinkman, (615) 574-5106; Garrett Aux111ary'
- Power Division Contact John Cuccio, (602) 220-3600

» Develop the methodology required to adequately predict the useful life of ceramic
components used in advanced heat engines.

122. Component Testing (WB§ No, 3316) - DOE Contact Robert B. Schulz, (202) 586-8051;

-ORNL Contact D. Ray Johnson, (615) 576-6832; Garrett Ceramic Components Division
Contact M. V. Mitchell, (213) 618-6579

« Fabricate fuel pump push rod ends, valve spring seats, and tappet rollers from GS-
44, a gas-pressure sintered silicon nitride.

« Test components in race car engines, analyze results, and prepare a report.
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123.

124.

125.

126.

127.

Component Testing (WBS No. 3317) - DOE Contact Robert B. Schulz, (202) 585-8051;

ORNL Contact D. Ray Johnson, (615) 576-6832; Carborundum Contact Roger S. Storm,
(716) 278-2544

« Fabricate fuel pump push rod ends using Carborundum’s sialon comrnosition.

+ Test components, aualyze wear rate data, and prepare a report.

Component Testing (WBS No. 3318) - DOE .Contact Robert B. Schulz, (202) 586-8051;

ORNL Contact D. Ray Johnson, (615) 576-6832; Detroit Diesel Allison Contact
K. E. Weber, (313) 592-7224 ,

+ Inspect and test 100 domestically-produced silicon nitride cam-roller followers. .

+ Compare test results with results from foreign-produced cam-roller followers and
prepare a report.

Component Testing (WBS No. 3319) - DOE Contact Robert B. Schulz, (202) 586-8051;
ORNL Contact D. Ray Johnson, (615) 576-6832; Norton/TRW Contact T. G. Kalamasz,
(603) 894-6775

 Fabricate two engine sets of intake and exhaust valves using a pressureless sintered
silicon nitride material.

+ Perform dynamics, performance, wear, and durability testing and compare with
results from metal valves.

Qgrah mic _Component NDE Technology - DOE Contact Saunders B. Kramer,
(202) 586-8000; NASA Contact Alex Vary, (216) 433-6019

Identify and develop NDE techniques for ceramic heat engine components.

Ceramic Mechanical Property Test Method Development (WBS No, 4121) - DOE
Contact Robert B. Schulz, (202) 586-8051; ORNL Contact D. Ray Johnson

(615) 576-6832; National Institute of Standards and Technology (NIST) Contact
G. Quinn, (301) 975-5765

Define and develop test methods in support of the Advanced Materials
Development and the Advanced Turbine Technology Applications Programs.
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128. Advanced Coating Technology (WBS No. 1311) - DOE Contact ‘Robert B. Schulz,
. (202) 586-8051; ORNL Contacts D. Ray Johnson, (615) 576- 6832 and D. P. Stinton,
(615) 574-4556

+ . Develop an adherent coating that will prevent sodium corrosion of silicon nitride,
silicon carbide, or other ceramics used as components in-gas turbine engines.

129. Advanced Coating Technology AGT (WBS N¢, 1312) - DOE Contact
: - Robert B. Schulz, (202) 586-8051; ORNL Contact D. P. Stlnton (615) 574-4556 GTE
Contact H. Rebenne, (617) 466-2528 y

+ "Develop oxidation-resistant, high toughness, adherent coatings to reduce.contact
stress in silicon-based ceramic substrates, namely reaction bonded Si;N,, sintered
SiC, and Hiped Si;N, for use in an advanced gas turbine engine. Multiple/graded
coatmgs will be apphed by computer controlled CVD process

130. Wegr Resistant Coatmgs (WBS No. 1331) DOE - Contact Robert B. Schulz,
(202) 586-8051; ORNL Contact D. P. Sttnton (615) 574-4556 Caterplllar Contact
C. D. Weiss, (309) 578 8672

. Develop wear-resistant coatlngs for apphcatlon to metallic components of low-heat-
loss diesel engines, spec1f1cally piston rings and cylinder hners

131. Wear Res1stant Cgatmgs (WBS . No 1332) - DOE Contact Robert B. Schulz,
(202) 586-8051; ORNL Contact D. P. Stinton, (615) 574-4556 Cummms Contact

Malcolm Naylor, (812) 377-7713

- Develop wear-resistant coatings for apphcatwn to metallic components of low-heat-
loss diesel engines, specifically piston rlngs and cyl1nder 11ners

132. Active Metal Brazing PSZ-Iron (WBS No. 1411) - DOE Contact Robert B. Schulz,
' (202) 586-8051; ORNL Contacts D. Ray Johnson, (615) '576- 6832 and M L Santella,

(615) 574-4805

. Develop strong reliable joints contalmng cerannc components for apphcatlons in
advanced heat engines. :
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rami 1412) - DOE Contact Robert B. Schulz,
(202) 586 8051; ORNL Contact M. L. Santella, (615) 574-4805; GTE Contact S. Kang,
(617) 890-8460

+ Demonstrate analytical tools for use in designing ceramic-to-metal joints including
_ the strain response of joints as a function of the mechanical and physical properties
of the ceramic and metal, the materials used in producing the joint, the geometry
of the joint, externally imposed stresses both mechanical and thermal in nature,
temperature, and the effects on joints exposed for long times at high temperature

in an oxidizing (heat engine) atmosphere.

Metal-Ceramic Joints AGT (WBS No, 1413) - DOE Contact Robert B. Schulz,
(202) 586-8051; ORNL Contact M. L. Santella, (615) 574-4805 Battelle Contact
A. T. Hopper, (614) 424-4567

« Develop analytical tools necessary to design reliable high strength ceramic oxide-to-
ceramic oxide and ceramic oxide-to-metal joints.

Ceramic-Ceramic Joints AGT (WBS No. 1421) - DOE Contact Robert B. Schulz,
(202) 586-8051; ORNL Contact M. L. Santella, (615) 574-4805 Norton Contact
G. A. Rossi, (508) 393-5829 . .

« Develop techniques for producing reliable ceramic-ceramic joints and analytical
modeling to predict the performance of the joints under a variety of environmental
and mechanical loading conditions including high temperature, oxidizing
atmospheres.

Thick Thermal Barrier Coatings - DOE Contact John W. Fairbanks, (202) 586-8066;
NASA Contact M. Murray Bailey, (216) 433-3416; Cummins Contact
Thomas M. Yonushonis, (812) 377-7078

. Develop a thermal bamer coating with enhanced durability for apphcatlon in
advanced dlesel engines.

Thick Thermal Barrier Coatings - DOE Contact John W. Fairbanks, (202) 586-8066;
NASA Contact M. Murray Bailey, (816) 433-3416; Caterpillar Contact H. J. Larson,
(309) 578-6549

» Develop a thermal barrier coating with enhanced durability for application in
advanced diesel engines. :
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138.

139.

140.

141.
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Advanced Diesel Engine Component Development Project - DOE -Contact
John W. Fairbanks, (202) 586-8066; NASA Contact Richard Barrows, (216) 433-3388;

- Detroit Diesel Corporation Contact Karen Weber, (313) 5§92-7224

» . Develop advanced technology diesel engine components and integrate into test bed
engine to demonstrate reduced emissions and improved fuel economy.

» Investigate use of advanced ceramic and metallic matenals in structural msulanve,
and tribological component apphcatlons .

Advanced Piston_and _Cylinder Component Development - DOE Contact
John W. Fairbanks, (202) 586-8066 NASA Contact J. J. Notardonato, (216) 433-3908;
Caterpillar Inc. Contact H. J. Larson, (309) 578-6549

« Develop advanced technology diesel engine components and integrate into test bed
engine to demonstrate reduced emissions and improved fuel economy.

« Investigate use of advanced ceramic and metallic matenals in structural insulative,
and tribological component applications. : o

Ady_a’ncgd_ Piston and Cylinder Component Development - DOE Contact

John W. Fairbanks, (202) 586-8066; NASA Contact J. J. Notardonato, (216) 433-3908
Cummins Engme Contact D. H Relchenbach (812) 377-7041

. Develop advanced technology dlesel engme components and mtegrate into test bed
engine to demonstrate reduced ermssxons and 1mproved fuel economy

« Investigate use of advanced ceramic and metallic matenals in structural msulatlve
and tribological component applications. :

High Temperature S olid Lubriggnj; g;ggg. ngs - DOE Contact John W Falrbanks

(202) 586-8066; NASA Contact Hal Sliney, (216) 433-6055; Case Westem Reserve
University Contact Joseph Prahl, (216) 368-2000 .

» Develop and evaluate high temperature wear resistant’ coatmg systems for use in the
range of 500°C in diesel engines.



Office of Transportation Technologies

142

143.

144.

145.

146.

van ine Techn icati j TTAP, AGT-5) - DOE Contact
Saunders B. Kramer, (202) 586-8000; NASA -Contact Paul Kerwin, (216) 433-3409;
General Motors, Allison Gas Turbine Division, Contact Phil Haley, (317) 230-2272

+ Develop an advanced ceramic . component technology base applicable to a
competitive automotive gas turbine. : . ‘

1 Turbi - Applicati ject (4 A 101) - DOE Contact
Saunders B. Kramer (202) 586 8000 NASA Contact Thomas N. Strom, (216) 433-3408;
Garrett Turbine Engme Contact Jim thwell (602) 220-3463

.« Develop an advanced ceramic component technology base apphcable to a

competitive automotive gas turbine.

IBAD Tribological Characterization - DOE Contact J. J. Eberhardt (202) 586-1694;
ANL Contact Fred Nichols, (312) 972-8292 o

+ Evaluate tribological performance of surface-modified substrates as a function of
temperature, load, sliding velocity and sliding distance.

Energy-Efficient Gear-Lubrication Model’ - .DOE Contact J. J. Eberhardt,
(202) 586-1694; Northwestern University Contact HerbertCheng, (312) 491-7062

« Model friction and wear in the partial elastohydrodynarmc lubrication regime.

« Calculate power loss and wear loss in spur gears and perform experimental
validation of fnctlon and wear models.

Lubrication Model - DOE Contact J. J. Eberhardt (202) 586-1694; Natronal Institute
for Standards and Technology Gaithersburg Contact Stephen Hsu, (301) 921-2113

» Model the lubrication limits and predtct wear hfe of 51mple matenals under
idealized contacting conditions. - :

» Develop a conceptual model to link all critical factors- 1nvolv1ng chemical and
material-property control in the contact zone.
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148.

149,

150.
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N

- Wear Mechanism Modeling - DOE Contact J. J. Eberhardt,. (202) 586-1694 Cambndge

. " University-Contact M. F. Ashby, 0-223-33-2 2622

« .. Use normalized coordinates to correlate, in a consistent manner, large and varied
data base on steel-on-steel StlldleS

. Extend the treatment to mclude arbltrary combmatlons of wear/fnctlon pairs with
differing material properties.

\/ I M. I Lubricant Film Behavi

Engine - DOE Contact J. J. Eberhardt, (202) 586-1694, MIT Contact John Heywood,
(617) 253-2243

» Establish a model of lubricant flow and residence time at top-ring reversal and in

the top-ring zone of a typical top-tight-land-piston configuration similar to those
used in prototype low heat rejection engines.

« Use advanced laser fluorescence to determine basic differences in oil-film
characteristics of a production diesel engine with different lubricants and piston-ring
designs. ~

Effect of Cycle-to-Cycle Variations on Instantaneous Friction Torque - DOE Contact
J. J. Eberhardt, (202) 586-1694; Wayne State University Contact Naeim Henein,
(313) 577-3887

» Develop techniques to evaluate instantaneous friction torque in an operating,
reciprocating internal combustion engine.

« Conduct in-engine testing of surface-modified components using experimental test
engine.

Surface Roughness Wear Model for Ceramics - DOE Contact J. J. Eberhardt,

(202) 586-1694; SKF-MRC, Inc. Contact John McCool, (215) 889-1300

« Develop a personal computer-based software package (RUFFIAN) which predicts
wear and load-bearing area, and aids in surface finish selection for ceramic bearings.
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151.  Glassy-Carbon Materials for Severe Wear Environments - DOE Contact J. J. Eberhardt,

(202) 586-1694; Burton Technologies, Inc. Contact R. A. Burton, (919) 839-8287

» Evaluate tribological performance of a low-wear, vitreous-carbon material.

Compare behavior of the glassy carbon to that of metals and ceramics subjected to
the same severe conditions.
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*" - OFFICE OF UTILITY TECHNOLOGIES

Office of Utility Technologies - Grand Total
ffice of | Ener nversi n
lar Thermal and Biomass Power Division -
ration, Synthes's, Deposition, Growth or Formin

Silver/Polymég Reflector Reséérch
voltaic Energy Technol "Diviion
Ii ep ation thesis, De oilon h or Formin
' Amorphous Silicon for Solar Cells
Polycrystalline Thin Film Materials for Solar Cells
Deposition of III-V Semiconductors for High- Efﬁc1ency
Solar Cells o
| Ml Pro B h v10r Ch racterizati L T
' Materials and Device Chargctenzatlon
D'vi r Componen an ion, Behavior or Testin
ngh-Efﬁaency Crystal Slhcon Solar Cells N
: Qf_figg of Rgngwghlg_Engrgy g;gnvgrglon |
Geothermal Division - - | C
| fate Pr | ion, Synthesis, D si‘i'o-n Growth or Formin
- Materials for Non-Métallic Heat Exchangers

_ Biochemical Concentration and Removal of Toxic
Components from Geothermal Wastes -

-$33,847,788

$19,250,000
$ 850,000
$ 850,000

850,000
$18,400,000
$13,500,000

: 8,000,000
3,500,000

2000000

$2900000

2,900,000
$ 2,000,000
2,000,000

$ 599,700

§ 599,700
$ 285,000
85,000 -
200,000
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OFFICE OF UTILITY TECHNOLOGIES (Continued)

.- Office of Renewable Ener rsion (Continued)
Geothermal Division (Continued)

ffi

Materials Properties, Behavior, Characterizati
or Testing o

Advanced High Temperature Geothermal Well

Cements ISR,

Corrosion in Binary Geothermal Systems '

Advanced High Temperature Chemical Systems for Lost
Circulation Control

Corrosion Mitigation in Highly Ac1d1c Steam Condensates '

Energy Managemen

ili ms Division

Materials Properties, Behavior, Characterization or Testin
Gaseous Dielectric Decomposition, Detection, and
Mitigation of S,F;, -
Pre-Breakdown Events in quuxd Dxelectncs o

ili ncepts Divi

~ Materials Preparation, Synthesis, Deposition, Growth

or Forming

Corrosion-Resistant Coatings for High-Temperature,
High-Sulfur Activity Applications '

$314,700

155,000
4,700

95,000
60,000

$13,998,088
$ 125,000
$ 125,000

o
125,000

7$13,873,000

$ 137,000

137,000
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OFFICE OF UTILITY TECHNOLOGIES (Continued)

A}

Office of Energy Management (Continued) '
Advanced Utility Concepts Division (Continued)
ial re and Compositi

Molten Salt Cell Research

New Battery Materials - -

Spectroscopic Studies of Passive Films on Alkah and :
Alkaline Earth Metals in Nonaqueous Solvents

Raman Spectroscopy of Electrode Surface in
Ambient-Temperature Lithium Secondary Battery

ngh-Temperature Superconductmg Materlals Pilot -
Centers =
Microfilamentary Superconductmg Comp051te
Practical Superconductor Development for Electric
Power Applications
, ..+ Bulk Conductor Development/Device Technology . . . -
Development 4
Thin Films Superconductors for. Electric Power
Applications
Bulk and Thin-Film Materials Process Résearch
for High-Temperature Superconductor and
Power Deyvice Development : ~
Development and Fabrlcatxon of ngh-Temperature
Superconductors ' '
Bulk Conductor Processing and Powder Development
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$§ 477,000

275,000
150,000

52,000

© $11,293,088

6,000,000
288,000

1 246,000
527 000
384,000

767,000

575,000
670,000
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OFFICE OF UTILITY TECHNOLOGIES (Continued)

Office of Energy Management (Continued) - .

Advan ili ncepts Division (Continued) -
rials Properties, Behavior r ization or -
Testing (Continued)

Materials Durability in the Zinc-Bromine System ‘
Solid-Electrolyte Cell Research -
Zinc Electrode Morphology in Acid Electrolytes :
Zinc/Air Battery Development for Electric Vehicles:
Polymeric Electrolytes for Ambient-Temperature
Lithium Batteries
Exploratory Cell Research and Study of Fundamental'
Processes in Solid State Electrochemical Cells
Corrosion, Passivity, and Breakdown of Alloys Used in
High-Energy-Density Batteries '
Advanced Chemistry and Materials for Fuel Cells
Electrocatalysts for Oxygen Reductlon and -
Generation S

Device or Component Fabrication, Behavior or Testing

Processing Methods of HTS Thin Films for Metal
Tape Conductors
Proton-Exchange-Membrane Fuel Cells for Vehicles
Solid Polymer Electrolytes for Rechargeable Batteries
Advanced Membrane Development for the ch/Bromme
System
Improved Chromium Platings for Sodlum/ Sulfur
Containers S

19,000
225,000
100,000
149,000

47,000

0

88
100,000

196,000

- $ 1,966,000

384,000
1,300,000
97,000
125,000

60,000
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OFFICE OF UTILITY TECHNOLOGIES

The Office of Utility Technologies formulates, articulates, executes, and evaluates a
national program of technology planmng, research and development, and test and evaluation
for utility technologies. . - - :

In addition, the Office is responsible for the development, execution, and evaluation of
program specific technology transfer programs and activities to effect timely transfer of
technology from Federal laboratories to energy production concerns, and facilitate informed
decision-making within the energy utilization community.

Materials research within the Office of Utility Technologies is carried out by the Office
of Solar Energy Conversion, the Office of Renewable Energy Conversion and the Office of
Energy Management.

ffice of Solar Ener nv i

The mission of the Office of Solar Energy Conversion is to provide overall direction,
interpret policy objectives, and establish management procedures for a balanced program of
technology planning, research, development, test, analysis, evaluation, and communication that
will: foster the establishment of solar energy supply options for use by utilities and allied
industries and institutions. : :

The Office represents, as the national programmatic expert, the photovoltaic and solar
thermal and biomass power—-technologies in the formulation and execution of national energy
policies and programs. The Office is responsible for the establishment of program balance and
priorities among subordinate Divisions.

Solar Thermal and ‘Biomg§§ Powgr Drylsrgg

The mission of the Solar Thermal and Biomass Power Division is to plan and :.1anage
a balanced program for technology research, development, testing and evaluation which will
foster the establishment of solar thermal energy. and biomass power technology supply options.

, The Division serves as the national federal technical expert for the purpose of
formulating and executing national energy pOhCICS and programs relating to solar thermal and
biomass power technologies. : :
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ials Preparation hesis, D ition, Gr r Formi

152. Silver/Polymer Refl - DOE Contact Martin Scheve, (202) 586-8110;
SERI Contact Gary Jorgenson, (303) 231- 1226

. Understand degradatlon mechamsms in candtdate polymer/sﬂver combinations.

.+ Identify silvered polymers that have a useful hfe of 5-10 years, at least a 90 percent
reflectance, and low cost. e

. Modif& polymers using two approache's: bulk stabilization and surface modification.

+ Improve durablhty of polymers in solar thermal applications.

Phgtgvgltgxg Energy Technology Division

The mission of the Photovoltaic Technology Division iS to plan and mange a balanced
program for technology research, development, testing and evaluation which will foster the
establishment of photovoltaic energy technology supply options.

, The Division serves as the national federal technical expert for the purpose of
formulatmg and executing national energy pohc1es and programs relatmg to photovoltalc
technology.

rials Preparation hesis, D ition h or

153. Amorphous Silicon for Solar Cells - DOE Contact Morton B. Prince, (202) 586-1725
SERI Contact Richard Crandall, (303) 231-1913

 Plasma enhanced chemical vapor deposition (CVD), thermal CVD, and sputtering
techniques with goal of developing 12 percent efficient cells of area of 1000 cm?

154. Polycrystalline Thin Film Materials for Solar Cells - DOE Contact Morton B. Pnnce
+ (202) 586-1725; SERI Contact Kenneth Zweibel, (303) 231-7141

- - Investigation of chemical and physical vapor deposition, electrodeposition, and
sputtering techniques for depositing stoichiometric films of CulnSe, and CdTe.

+ Large area (1000 cm?) control of interlayer diffusion, lattice matching and
stoichiometry for long-term enhancement of 15 percent efficient large area solar
cells.
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155. Deposition of ITI-V_Semiconductors for High-Efficiency Solar Cells - DOE Contact
Morton B. Prince, (202) 586-1725; SERI Contact John Benner, (303) 231-1396; SNLA
Contact David Hasti, (505) 844-8161

« Deposition by CVD, liquid phase epitaxy (LPE), and molecular beam epitaxy

(MBE) of III-V’s in order to study interfaces between layers and for precise control
of thickness and uniformity.

« Long-term goal of 35 percent efficient multi-junction concentrator cells and
24 percent efficient 100 cm? flat plate cells.

Materials Properties, Behavior, Characterization or Testing

156. Materials and Device Characterization - DOE Contact Morton B. Prince,
(202) 586-1725; SERI Contact Larry Kazmerski, (303) 231-1115

 Surface and interface analysis, electro-optical characterization and cell performance
evaluation.

 Critical materlal/cell parameters study of such things as xmpuntles, layer mismatch
and other defects using a wide variety of instruments.

Device or Component Fabrication, Behavior or Testing

157. High-Efficiency Crystal Silicon Solar Cells - DOE Contact Morton B. Prince,
(202) 586-1725; SERI Contact John Benner (303) 231-1396; SNLA Contact
David Hasti, (505) 844-8161 -

« Investigation of new coatings and/or dopants and other treatment that reduce
electron-hole recombination at cell surfaces or in the bulk.

« Research to optimize silicon material type, material resistivity, cell thickness, surface
. passivation, light trapping, cell metallization, and cell processing procedures.

+ Study of fundarﬁental problems of ribbon growth.
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fi f Renewable Ener Conversion

The mission of the Office of Renewable -Energy Conversion is to provide overall
direction, interpret policy objectives, and establish management procedures for a balanced
program of -technology planning; research, development, test, analysis, evaluation, and
communication that will foster the establishment of renewable or alternate energy supply
options for use by utilities and allied industries and institutions.

The Office represents, as the national programmatic expert, the wind, hydropower,
oceans and geothermal technologies in the formulation and execution of national energy
policies and programs. The Office is responsible for the estabhshment of program balance and
priorities among subordinate Divisions. S -

Geothermal Division

The mission of the Geothermal Division is to plan and manage a balanced program for
technology research, development, testing and evaluation which will foster the. establishment
of geothermal technology supply options.

The Division serves as the national federal technical expert for the purpose of
formulating and executing national energy. pohces and programs relating to geothermal
technology.

Materials Prggaration, Sm;hesig, Deposmon, Grow;h or Fgrmmg

158. . Ma;gnglg for Ngn- etallic Heat Exgt_lgnggrg - DOE Contact R LaSala, (202) 586-4198;
BNL Contact L. E. Kukacka, (516) 282-3065

s . Development- of silicon carbide-filled composites for use as corrosion and scale-
resistant tubes or liners for steel tubes in heat exchangers used in binary geothermal
processes.

159. 'Bigghemicgl Q_Q. ncenxraxiog ‘and Rgmg\}g'l of Toxic Cgmpgrig’ nts from Geothermal
Wastes - DOE Contact G. J. Hooper, (202) 586-1146; BNL Contact E. T. Premuzw,
(516) 282-2893

+ Analyses of biochemical techniques for concentrating and subsequent removal of
toxic metals from waste.

« Establishment of optimum conditions for microorganism-metal interactions.
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Materials Properties, Behavior, Characterization or Testing

160. Advanced High Temperature Geothermal Well Cements - DOE Contact R. LaSala,
(202) 586-4198; BNL Contact L. E. Kukacka, (516) 282-3065

« Development of lightweight, CO, resistant high temperature well cements.

« Characterization of well completion materials under placement and downhole
environmental conditions.

161. Corrosion in Binary Geothermal Systg-mg - DOE Contact R. I..éSé.la, (202) 586-4198;
BNL Contact D. van Rooyen, (516) 282-4050

« Quantitative corrosion data from plant tests for metals presently used in bmary
plants and other more potentially resistive metals.

162. Advanced High Temperature Chemical Systems for Lost Circulation Control - DOE
Contact R. LaSala, (202) 586-4198; BNL Contact L. E. Kukacka, (516) 282-3065

« Chemical and mechanical property characterization of advanced i morgamc chemical
systems added to bentonite-based drilling fluids.

« Field characterization of lined downhole and above ground equipment.

163. Corrosion Mltlgapon in Highly Acidic Steam Condensates - DOE Contact R. LaSala,
(202) 586-4198; BNL Contact L. E. Kukacka, (516) 282-3065 ,

* Development of high temperature acid resistance polymer matrix composite liner
formulations.

« Field characterization of lined downhole and above ground equipment.

Office of Energy Management

The mission of the Office of Enérgy Management is to provide federal leadership' for
the research and development of new technologies and processes that promote efficiency,
reliability, and flexibility in the nation’s utility energy delivery systems. The Office manages

programs in utility systems and advanced utility concepts and is responsible for leading R&D

centers consistent with DOE and CE policies, establishing S-year program goals, consolidating
organizational units to focus resources, and pursuing leveraging opportunities with industry,
utilities, and other government agencies. by providing technology transfer assistance,
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encouraging Cooperative Research and Development Agreement (CRADA) establishment, and
implementing cost-shared research programs.

ili ms Division

The Utility Systems Division supports research and development directed toward solving
mid- to long-term problems in electric energy transmission and distribution and promotes the
development and integration of new materials, advanced controls, and new design concepts into
the utility network. The program supports research activities in the following areas: Integrated
Resources Planning, Electric Field Effects, Transnnssxon and Distribution Technologies, and
District Heating and Cooling.

Materials Properties, Behavior, Characterization or T

164. Gaseous Dielectric Decomposition, Detection, and Mitigation of S,F,, - DOE Contact
R. Eaton, (202) 586-1506; Oak Ridge Natlonal Laboratory Contact D. R. James,

; (615) 574-0266

+ Develop detection techniques permitting sensitive detection of S,F,, gas in
dielectrics, and determining toxicity of S,F;, in SF, environments.

165. Pre-Breakdown Events in Liquid Diglgc;rigs - DOE Contact R. Eaton, (202) 586-1506;
University of Tennessee Contact M. O. Pace, (615) 974-5419 C

-+« Gain a better understanding of pre-breakdown events in 11qu1d dielectrics to
improve liquid insulated power equipment.

Advanced Ultility Concepts Division

The Advanced Utility Concepts Division supports research and development of
advanced energy storage and electrochemical conversion systems that will facilitate the
substitution of nuclear and renewable energy sources for oil and gas fuels; measures that will
increase the reliability and efficiency of the energy economy. The goal is to provide reliable,
inexpensive devices to mitigate the temporal and spatial mismatches between energy supply and
energy demand. The research is divided into four subprograms: Superconductivity Systems,
Utility Battery Storage, Thermal Storage, and Hydrogen Energy.
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Materials Preparation hesis, Deposition, Growth or Formin

166. ion-Resi in i igh: i
_Qphcanong - DOE Contact A Landgrebe (202) 586-1483; Illmons Instltute of
Technology Contact J. R. Selman, (312) 567-3037. ; C

» Explore electrodeposmon and chemical vapor depdsition techniques used to prepare
" corrosion-resistant coatings for high-temperature batteries.

Material re an m

167. Molten Salt Cell Research - DOE Contact A. Landgrebe, (202) 586-‘1483; Argonne
National Laboratory Contact C. Christianson, (312) 972-7563

« Investigate high-temperature immobilized electrolyte materials to improve the Li-
alloy/metal disulfide cell.

168. New Battery Materials - DOE Contact A. Landgrebe (202) 586-1483; Stanford
University Contact R. Huggins, (415) 723-4110

s Characterize high-sodium-activity alloys and low-meltmg-pomt molten salts for
sodium metal chloride cells. -

169. Spectr i i f P il; n_Alkali line E Is i
~ Nonagueous Solvents - DOE Contact A. Landgrebe, (202) 586-1483; Case Western
Reserve University Contact D. G. Scherson, (216) 368-5186 ;

+ Prepare and characterize submonolayer deposits of alkali and alka.lme earth metals
on metal surfaces and develop understanding of passive surface layers in
rechargeable alkali batteries.

170 Raman Spectrosc f Electrode Surface in Ambient-Temperature Lithium
Battery - DOE Contact A. Landgrebe, (202) 586-1483; Jackson State Umversny Contact
H. Tachikawa, (601) 968-2171 : : _

. Investigate lithium and zinc electrode surface in solutions using in situ Raman
spectroscopy.
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Materials Properties, Behavior, Characterization or Testing

171.-

4

172.

173.

174. .

175.

High-Temperature Superconducting Materials Pilot Centers - DOE Contact R. Eaton,

(202) 586-1506; Oak Ridge National Laboratory Contact A. C. Schaffhauser,

(615) 574-4826; Argonne National Laboratory-Contact E. Kaufmann, (312) 972-3606
Los Alamos National Laboratory Contact R Qumn (505) 665-3030

. Aggresswely continue HTS research and development by encouraging technology
transfer between laboratories and industry through pllot centers.

Microfilamentary Superconducting Composite - DOE Contact R. Eaton, (202) 586-1506;
Ames Laboratory Contact D K. Flnnemore (515) 294-3455

» Develop materlals processing techmque to make stablhzed rmcroﬁlamentary
-superconducting wires for magnets operating at 35K

Practical Superconductor Development for Electric Power Applications - DOE Contact

~R. Eaton, (202) 586-1506; Argonne Natlonal Laboratory Contact. R Poeppel,

(708) 972-5118

"« Develop methods to fabricate HTS long wires and tapes and develop devices such

as electrical contacts, coils, and windings.

nductor Development/Device Technology Devel - DOE Contact
R Eaton -(202) 586-1506; Brookhaven Natlonal I_aboratory Contact D. Welch,
(516) 282-3517 .

.- Develop composite conductor fabrication methods for large-scale production for
electrical power systems applications.

Thin Films Superconductors for Electric Power Applications - DOE Contact R. Eaton,

(202) 586 1506 Solar Energy Research Institute Contact R. McConnell (303) 231-1019

. Identxfy and develop thm-ﬁlm fabncatlon techmques sultable for manufacture of
high-current carrying long wires and tapes for use in maklng components of electric
- power system devices. - :

77



Office of Utility Technologies

176. Bulk Thin-Film Materials Process Research for High-Tem

and Power Device Development - DOE Contact R. Eaton, (202) 586- 1506 Sandla
National Laboratory Contact T. Bickel, (505) 844-2392

~ ¢+ Develop bulk and thin-film : high-temperature  superconducting materials and
processes with properties suitable for use in electric energy systems.

177. Development and Fabrication of High-Temperature Superconductors - DOE Contact

R. Eaton, (202) 586-1506; Los Alamos National Laboratory Contact D. Peterson,
(505) 667-3973

+ Fabricate a bulk superconductor with critical current density of 10* A/cm? at 35K
and 2T using efficient and reproducible approaches enabling fabrication of pieces
appropriate for use in power apphcatlons

178. Bulk_Conductor Processin ng and Powder Development - DOE Contract R Eaton,
(202) 586-1506; Oak Ridge National Laboratory Contact D. Kroeger, (615) 574-5177

» Develop materials information and processing techniques applicable to production
of high-T, oxide superconductors in bulk form with high current density.

179. Materials Durability in the Zinc/Bromine System - DOE Contact -A.- Landgrebe,

(202) 586-1483; Sandia National Laboratory Contact C. Arnold, (505) 844-8728

« Improve chemical durability of materials in zinc/bromine battery environments.

180. Solid-Electrolyte Cell Research - DOE Contact A. Landgrebe, (202) 586-1483; Argonne
National Laboratory Contact C Christianson, (312) 972-7563

. Develop glass to-header seals that are mechanically stable and prov1de hermetic
seals for use in sodium/sulfur cells.

181. | Zinc Electrode Morphology in_Acid FElectrolytes - DOE Contact A. Landgrebe,
(202) 586-1483; Brookhaven National Laboratory Contact J. McBreen, (516) 282-45 13

. Study zinc electrode morphology in acidic zinc chloride and zinc brormne

electrolytes to provide the fundamental information needed to improve the design
and performance of zinc/halogen batteries.
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182.

183.

184.

18S.

186.

187.

Zinc/Air Battery Development for Electric yghiglg s - DOE Contact A. Landgrebe,
(202) 586-1483; Metal Air Technology Systems International Contact R Putt,
(404) 876-8203

- Investigate electrode structure and coating techmques for use in zinc/air battery for
electric vehicles.

- Polymeric Flectrolytes for Ambient-Temperature Lithium Batteries - DOE Contact

A. Landgrebe, (202) 586-1483; University of Pennsylvania Contact G. Farnngton,
(215) 898-6642

» Determine the effects of hydration/dehydration on polymenc electrolytes for lithium
batteries.

Explor. Cell R rch an dy of F mental Processes in Soli
Electrochemical Cells - DOE Contact A. Landgrebe, (202) 586-1483; University of
Minnesota Contact W. Smyrl, (612) 625-0717 '

» Develop high-performance sohd-polymer-electrolyte rechargeable cells for use in
electric vehicles or utility load-leveling systems.

ion, Passivi Breakdown of All in High-Energy-Density B ies -

DOE Contact A. Landgrebe, (202) 586-1483; Johns Hopkins University Contact -
J. Kruger, (301) 338-8937

« Investigate the passivation behavior of iron in anhydrous propylene carbonate
_ containing 0.5M LiCIO,.

Advanced Chemistry and Maxgnglg for Fuel Cells - DOE Contact A. Landgrebe,
(202) 586- 1483 Brookhaven National Laboratory Contact J. McBreen (516) 282-4513

« Investigate oxygen reduction in new acidic electrolytes and evaluate new fuel cell

electrocatalysts
Electrocatalysts for Oxygen Reduction and gigggrapg - DOE Contact A. Landgrebe,

(202) 586-1483; Case Western Reserve University Contact E. Yeager, (216) 386-3626

« [Examine monolayers of absorbed iron and tetrasulfonated phthalocyanine on
nitrogen-containing polymers using ex sifu and in situ Fourier transform infrared
reflectance absorption spectroscopy.
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Device or Component Fabrication, Behavior or Testing

188.

189.

190."
-~ (202) 586-1483; SRI International Contact D. MacDonald, (415) 859 3195

191.

192.

80"

Processing Methods of HTS Thin Films for Metal Tape Conductors - DOE Contact

R. Eaton, (202) 586-1506; Lawrence Berkeley Laboratory Contact N. E. Phillips,
(415) 486-4896

+ Investigate methods for producing thin films of high-Tc superconductors with
" "appropriate substrate, buffer, and passivating materials to provide a basis for the
fabrication of practical tape conductors.

PI'Q‘ ton-Exchange-Membrane Fuel Cells for Vehicles - DOE Contact A. Landgrebe,

(202) 586-1483; Los Alamos National Laboratory Contact S. Gottesfeld, (505) 667-0853

~ . Research proton-exchange-membrane fuel cells, including developing batter

electrodes and membranes, and measuring operatmg characterlstlcs to determine
conditions providing optimum performance. :

Solid Polymer Electrolytes for Rechargeable Batteries - DOE Contact ‘A. Landgrebe,

» Develop high-conductivity polymeric electrolytes for rechargeable lithium cells.

Advanced Membrane Development for the ngZBermQ System - DOE Contract
. A. Landgrebe, (202) 586- 1483 Sandla Natlonal Laboratory Contact C. Arnold,

(505) 844-8728

» Select and evaluate chemical pretreatment techniques for use on the silica-
microporous polyethylene separators used in zinc/bromine battery technology.

Improved Chromium Platings for Sodium/Sulfur Containers - DOE Contact

A. Landgrebe, (202) 586-1483; Sandia National Laboratory Contact J. W Braithwaite,

(505) 844-7749

e Identify techmques to 1mprove the quallty and eff1c1ency of platmg chroxmum onto

the inside of sodium-sulfur containers.
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ffice of E

OFFICE OF ENERGY RESEARCH

rgy Research - n 1

Office of Basic Energy Sciences
Division of Materials Sciences

Divisi

n of Engineeri n ien

rial ies, Behavi haracterization or T

New Ultrasonic Imagmg and Measurement Techmques
for NDE

Bounds on Dynamic Plastic Deformation

Continuous Damage Theory

Transport in Porous/Disordered Media

Micromechanical Viscoplastic:Stress-Strain Model with
Grain Boundary Sliding

A Micromechanical Viscoplastic Stram—Straln Model w1th
Grain Boundary Sliding

In-Flight Measurement of the Temperature of Small
High Velocity Particles .

Plasma-Particle Interaction

- Modeling of Thermal Plasma Processes ‘

Nondestructive Evaluation of Superconductors
Intelligent Control of Thermal Processes

Elastic-Plastic Fracture Analysis Emphasis on Surface Flaws |

Heat Transfer to Aqueous Polymer Solutions
Pulse Propagation in Inhomogeneous Optical Flbers
High-Temperature Gas-Particle Reactions

Mathematical Modeling of Transport Phenomena in Plasma "

Systems
Multivariable Control of the Gas-Metal Arc Welding Process
Metal Transfer in Gas-Metal Arc Welding
Modeling and Analysis of Surface Cracks
Thermal Plasma Processing of Materials
Thermophysical Property Measurements in Fluid Mixtures

' FY 1990
$227,437,657

© $205,653,806

$198,400,000

'$ 6,481,806
'$ 6,358,806

254,388
127,194
-.53,000

66,650

47,804
46,048

182,137
568,805
0

177,371
-.480,000
385,706
70,144
76,091
123,110

92,806
152,467
124,057
188,453
129,723
509,486
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OFFICE OF ENERGY RESEARCH (Continued)

FY 1990
Division of Engineering and Geosciences (continued)
Materials Properties, Behavior, Characterization or Testing (continued)

Low Resistivity Ohmic Contacts Between Semiconductors and

High-Tc Superconductors : 94,700
Transport Properties of Disordered Porous Media from the

Microstructure . 91,859
Effects of Crack Geometry and Near-Crack Material Behavior

on Scattering of Ultrasonic Waves for QNDE Applications - 80,921
Inelastic Deformation and Damage at High Temperature 122,541
Flux Flow, Pinning, and Resistive Behavior in '

Superconductmg Networks 63,594
Energy Changes in Transforming Solids - - 161,000
Nondestructive Testing 252,549
Effective Elastic Properties of Cracked Solids ‘ S 53,987
Laser Diagnostics of Plasma Assisted Chemical Vapor

Deposition (PACVD) Processes : Coe o 175,217
Thermodynamics of High Temperature Brines 98,600
Studies of the Interactions Between Mineral -

Surfaces and Ions in Solutions 88,740
Thermodynamics, Kinetics, and Transport in -

Aqueous Electrolyte Solutions , . 147,900
Thermodynamic Properties of Aqueous Solutlons at .

High Temperatures and Pressures : - 108,460
Solubilities of Calcite and Dolomite in .

Hydrothermal Solutions 98,600
Salinity Effects on Oxygen and Hydrogen Isotope -

Partitioning Between Geothermal Brines and Other

Phases at Elevated Temperatures : 63,104
Advective-Diffusive /Dispersive Transport of Chemically

Reacting Species in Hydrothermal Systems 120,000
Rock Mechanics: Thermal Stress Microfracturing of

Crystalline and Sedimentary Rocks 108,460
Diffusion of Silicate Materials 88,740

Rheology of Melts 167,620

Microcrack Growth in Crystalline Rock 69,020
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OFFICE OF ENERGY RESEARCH (Continued)

Division of Engineering and Geosciences (continued)

rials Properties, Behavior, Characterization or Testing (continuéd) °

Experimental Database and Predictive Theories for
Thermodynamic Properties of Aqueous Solutions

Physical Characterization of Magma Samples

Investigations of Ultrasonic Surface Wave Interaction
with Porous Saturated Rocks

Zircons and Fluids: An Experimental Investigation
with Applications for Radioactive Waste Storage

PVTX Properties of Fluid Systems: NaCl-CaCl,-H,0O

Material re an mposition

Silicate Thermochemistry
Division of Advanced Energy Projects

Materials Preparation, Synthesis, Deposition, Growth
or Forming

_ Gas Jet Deposition of Metallic, Semiconducting and
Insulating Films
Growth of High Tc Superconducting Fibers Using a
Miniaturized Laser-Heated Float Zone Process

Materials Properties, thavigr, Characterization or Testing

Production of Fuels and Chemicals From Methane

55,943

54,000

59,811
78,000

123,000
123,000
772,000

525,000

150,000

375,000

247,000
247,000
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OFFICE OF ENERGY RESEARCH (Continued)

R FY 1990
1l Business Innovation Research Program . $21,783,851

ials Preparati hesis, Deposition h

or Forming _ $ 9,022,090
Phase 1 Prgjggﬁ

Low Cost Iron Mrcropartlcles for Slurry Catalyzed Coal

Liquefaction 49,994
Improved Enhanced Oil Recovery Processes Using Novel ~

Synthetic Copolymers Contalmng Large Amounts of .

Acrylamide ' 47,890
Single Crystal Molybdenum Mrrrors for High Power Vacuum

- Ultraviolet and X-Ray Radiation - ‘ o 49,827

Ultrafine Grained Molybdenum Silicide with Ultrafine
Hafnium Carbide Dispersoids for Improved Superplastic

Formability 50,000
A Large Area, Position Sensitive Detector for Synchrotron -

X-Ray Diffraction 50,000
Gas Jet Injection of Clusters into Liquids 49,642
Silicon Carbide Coatings for Synchrotron Optics : 49,966
Innovative Mirror Technology for X-Ray Reflective Optics 47,836
A Method of Producing Carbon'Clusters : ‘ ' 48,921
Strength, Reliability, and Surface Hardness Improvement

of Structural Ceramics Through-Ion Implantations 49,983
Thin Film Tungsten Diselenide Photoelectrodes : ‘ 50,000
Development of High-Performance Chemically Re51stant 4

Composite Membranes - 50,000
Molecular Recognition in Metal Ion Sensors ' 50,000
Ultrathin Metal Membranes -~ - 49,974
Development of Oxidation-Resistant Mosaic Membranes with

‘Enhanced Transport Properties - 49,999
A Diamond X-Ray Detector 4 ' 50,000

“Includes 78 new Phase I and 27 new Phase II projects initiated in FY 1990 and 9 Phase
II projects initiated in FY 1989. The funding shown for each Phase II project is the total
allocated for the duration of the project (up to two years).

84



Office, of Energy Research

OFFICE -OF ENERGY RESEARCH (Continued)

EY 1990
Materials Preparation, Synthesis, Deposition, Growth or Forming (continued) .

Phase I Projects: (continued) - - . -~ .~ . .
Changes in Niobium Tin Conductors Made by the Internal Tm

Method to Improve Magnet Performance Lo 49,975
Alternative Fabrication Processes for Ultrafine Fllament

Metal Matrix Microcomposites - , S 49,978
A Novel Carbon First Wall Material . 49,827
Development of Radiation-Resistant Copper Matrix Comp051tes, ... 50,000
Initial Exploration of Amorphous and Polycrystalline Silicon

Thin Film Transistors as Preamplifiers for Particle ;

Detector. Applications oo 49,945
Development of New Radiation Resistant Fluors with Large cen

Stokes Shift and High Quantum Efficiency S .~ 50,000
Low Cost, Large Area Epitaxial Silicon Detectors for Samphng S

Calorimeters . 49,950
Economic Low Loss Niobium Tin for Pulsed Field Apphcatlons, T

Made by a Modified Internal Tin Process : : 49,951
Development of Practical Multifilamentary Superconductors ‘ ~

Using Chevrel Phase Materials for Magnet Apphcatlons RO

at More Than 20 Tessla o ' 49,971
A Thallium-Barium-Calcium-Copper Ox1de Thm Fllm, g :

Superconducting Radio Frequency Cavity . : . 49,999
Superconducting Radio Frequency Cavity Coatmgs by - s

Metallorganic Chemical Vapor Deposmon o - - 49,907
New Scintillator Materials S 49,940
Scintillating Optical Fibers of Barium Fluonde for Nuclear

Instrumentation : L0 49921
A New Semiconductor Photosensor for Sclntlllatxon : S

Spectroscopy . L - 50,000
Highly Parallel, ngh Bandw1dth Optical Holographlc : g

Analog-to-Digital Convertors D 49,991
Electrodeposition of Silicon Films from L1qu1d Metal

Solutions for Photovoltaic Applications ' 50,000
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OFFICE OF ENERGY RESEARCH (Continued)

Phase 1 Projects: (continued)

Magnetically Enhanced Plasma Deposition of Intrinsic
Hydrogenated Amorphous Silicon Layers in Roll-to-Roll
Systems _

Thermally Conductive, Solid-State Thermal Energy Storage
Materials With High Latent Heats

Innovative Methods for the Production of Polymers from
Biobased Materials

Development of a Low Cost, Continuous, Elastic, Reservoir
Process to Produce Composite Sandwich Panels

A Novel Precursor Yarn for Advanced Automotive Composite
Structures :

Structural Tannin-Based Lumber End-Joint Adhesives for
Existing Product Lines

Polypropylene Composites Reinforced with Biobased Graft
Polymer :

Property-Enhanced Composites from Lignocellulosic Fibers

Fiber Optic Bus-Organized Systems for Sensor Data
Acquisition and Validation

Phase II Projects: . (First Year)

Low Temperature Processing of High T, Superconductor Films
for Integration of Detector Arrays with Silicon Circuitry
Improved Thin Film Multilayer Coatings for Thermal
Neutron Guides
Development of a Fabrication Process which Demonstrates
the Commercial Feasibility of Supermirror Coatings
for Neutron Guides
Thallium Bromoiodide Detectors for Scintillation Spectroscopy
Development of Internal Tin Nb,Sn Conductors by Novel
Manufacturing Techniques
Ultrafine Filament NbTi Superconductors

EY 1990

Materials Preparation, Synthesis, Deposition, Growth or Forming (continued)

49,981
50,000
49,932
50,000
49,798
47,200

48,900
45,227

49,220

499,782
500,000
500,000
500,000

499,798
499,950



Office of Energy Research

OFFICE OF ENERGY RESEARCH (Continued)

FY 1990
ials Preparation hesis, Depositi I , or Forming (continued)
Phase II Projects: (First Year) (continued) -

A Radiation Resistant Cryogenic Temperature Sensor for the -

4K to 80K Range : 499,454
Highly Conducting/Irradiation Resxstant Carbon-Carbon o

Composites for Fusion Devices ' 499,059
Copper Infiltrated Graphite for Improved Brazed Joints - 500,000
Recyclable Molds for Casting Nuclear Fuel" 499,955
Ceramic Composite Materials for Pyrometallurglcal '

Reprocessing : ‘ 500,000
Corrosion Resistant Catalyst Supports for Phosphonc Acid

Fuel Cells ' 499,737
Corrosion Resistant Carbons for Air Cathodes in Phosphonc :

Acid Fuel Cells . 490,910
High Rate Polymer Electrolyte-Based Rechargeable Lithium . :

Batteries 499,800
Highly Conductive Polymer Electrolytes ' 499,991
Polymer Solid Electrolytes with Specific Cation Conduction - 499,373

Phase II Projects: (Second Year)

A Mass Production Facility for Plastic Scintillating Optical
Fibers with Radiation-Hardened Properties for the

Superconducting Super Collider = - . 500,000
A Ceramic Membrane for Gas Separations 492,660
Radiation-Modified Pyroelectric Conversion Materials ' - 499,972

. The Development of Multifilamentary Superconductmg -
Composites , : - 500,000
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OFFICE OF ENERGY RESEARCH (Continued)

Materials Properties, Behavior, Characterization or Testing

Phase 1 Projects:

| Development of Computer-Controlled Scanning Electron

Microscopy Techniques for Predlctmg the Cleamng
Behavior of Coal . :

Utilization of Fluidized Bed Residuals for Producing -
Synthetic Aggregate by Vacuum Extrusion

An Evaluation in a Simulated Fluidized-Bed Combustion
Environment of Erosion Resistance of Coatings Applied
Using a Hypersonic Spray Process :

A Holographic and Reflection X-Ray Laser Microscope for
Lithographic Inspection

Subsurface Gamma Ray Backscatter Scanning Microscopy -

Three-Dimensional Inspection of First Wall Surfaces for the
Compact Ignition Tokamak

A Techmque for Measurmg Diffusion of Hydrogen Isotopes
in Oxides

Failure Criteria for Drawmg and Extrusmn of Tnmetal
Superconducting Composite Wire

Piezoelectrically Driven Micropositioners for-Rotation :
at Normal and Cryogenic Temperature in High Magnetic
Fields

Nondestructive Evaluation of Superconducting Magnet Wire
Using a Scanning Acoustic Pulse Spectroscope

A Novel, Robust, High Repetition, High Brightness Cathode

‘An All-Solid-State Titanium-Doped Sapphire Laser Source

for Production of Polarized Electrons _
In-Situ Diagnostic Technique for Process Monitoring and
Control of the Plasma Deposition of Amorphous .
Hydrogenated Silicon
Thermal Energy Storage Using Perlite Saturated w1th a-
Phase Change Material

A New, Off-Peak Electric Storage Appliance for. Commercxal :

and Residential Use

A Computer Model for Procéssuig of Thermoplastlc Comp051tes |

\ !

A

FY 1990

49,846

49,428

50,000

49,937
49,938

46,092
50,000
50,000

48,529

50,000
49,999

49,789

49,736

45,589

49,742
49,160
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OFFICE OF ENERGY RESEARCH (Continued)

FY 1990
Material i havi har. ization or ing (continued)
Phase II Projects: (First Year) |
A Position Sensitive Neutron Detector Using Boron .

Phosphide Semiconductor Sensors - ' 500,000
Photoconductive Semiconductor Switch Flashover Suppression 499,864
The Effect of Polymer Additives and Residual Elements on the

Cryogenic Performance and Radiation Resistance of

Insulators for High-Field Magnets 500,000
Application of Neural Networks for Automated Inspection of

Nuclear Power Plant Piping 486,896
Electrochemical Natural Gas Conversion to More Valuable

Species 499,997
Novel Membranes-for Natural Gas Liquids Recovery 500,000
Low Cost and Improved Carbon Composxtes for Phosphonc

Acid Fuel Cells 498,415
Characterization of Phase 1 Preform/Composxtes in Ceramic

Matrices Inserted by Chemical Vapor Infiltration and :

Other Alternative Infiltrating Processes 499,330
Phase II Projects: (Second Year)

(none)

Device or Component Fabrication, Behavior, or Testiri $4,997,478
Phase 1 Projects:
A Ceramic Filter for Removal of Particulates from Flue Gas 49,844
A Ceramic Filter for Removal of Particulates from Hot Gas

Streams 49,844
A Facilitated Transport Membrane for Hot Coal Gas

Desulfurization 50,000
Development of a Flue Gas Desulfurization Process Using a

Novel Regenerative Hydrogen Bromide System 49,999
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OFFICE OF ENERGY RESEARCH (Continued)

Device or Component Fabrication, Behavior, or Testing (continued)

Phase I Projects: (continued)

Perovskite Solid Electrolytes for Intermediate Temperature
Fuel Cells

An Advanced Design and Technique for a Low Cost, ngh
Performance, Planar Solid Oxide Fuel Cell

Dehydration of Natural Gas by a Membrane Process

An Ultrafast Scintillator for Well Logging Applications

Development of Flexible Super-Lattice Artificial Crystals for
Use in Fixed-Source Johann X-Ray Spectrometers with
Application to Analytical Transmission Electron Microscopy

An Efficient X-Ray Wavelength Spectrometer for Improved
Elemental Analysis on the Analytical Electron Microscope

Holographic Nano-Lithography. of Semiconductors w1th the -
X-Ray Laser

Saddle Toroid Array Homogenizing Mirrors for Synchrotron
Based X-Ray Lithography

Time and Position Sensitive Detectors for Instrumentation

Multilayer Coated X-Ray Diffraction Structures

Development of a Reliable and Safe Cryogenic Coupling with
Automatic Check Valves and Insulating Overlap

An Application Specific, Discrete Junction Field Effect
Transistor for Use in Large Particle Detector
Preamplifier Circuitry

A Multi-Wavelength Holo-Fiber Optical Bus

A Fiber Optic Long Counter

Advanced High-Concentration High-Efficiency Tandem
Photovoltaic Assemblies

Advanced Electrical Safety Components for Alternative
Energy Power Systems

A Rugged Fiber Optic Connector Array for Severe Nuclear
Plant Environments

49,785
50,000
49,993
46,012
49,984
49,855
49,999
49,500
49,108
49,581
50,000
50,000
49,944
45,184
49,902
48,500

49,955
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OFFICE OF ENERGY RESEARCH (Continued)

FY 1990
Device or Component Fabrication, Behavior, or Testing (continued)

Phase II Projects: (First Year)
A Low Damage SiC Grating for Synchrotron Radiation by

Photoelectrochemical Etching 500,000
A Fast Direct Encoding Position-Sensitive Detector 499,148
A Superconducting Magnet for a Quasi-Optical Gyrotron 500,000
Phase II Projects: (Second Year) |
Large Area Hydrogenated Amorphous Silicon Thin Film

Particle Detectors ' 500,000
Ultra High Resistivity Silicon Crystals for Radiation ‘

Detectors A ‘ 467,558
A Laser Surface Profilometer for Steep Aspheric Surfaces ' 496,452
A Non-Contacting Dimensional Profiler S 497,331
The Development of a Method for Greatly Increasing the

Count-Rate Capability and Endurance of Position-Sensitive

Detector Systems ' 500,000
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OFFICE OF ENERGY RESEARCH

The Director of Energy Research is responsible for three major outlay programs: Basic
Energy Sciences, High Energy and Nuclear Physics, and Magnetic ‘Fusion Energy. The
Director of Energy Research also advises the Secretary on DOE physical research programs,
university-based education and tralmng activities, grants, and other forms of financial
assistance. - The Director also carries out additional duties assigned to the Office related to
‘basic and ‘advanced research, and monitors the well-being and management of the
multlprogram laboratories under the Junsdlctlon of the Department )

Four multiprogram and seven single-purpose laboratories are - administratively assigned
to the Office of Energy Research. The multiprogram facilities are Argonne National
'Laboratory, Oak Ridge National Laboratory, Brookhaven National Laboratory, and Lawrence
Berkeley Laboratory. The single-purpose or specialized laboratoriés are the Bates Linear
Accelerator Facility at the Massachusetts Institute of Technology, the Ames Laboratory at the
Iowa State University, the Fermi National Accelerator Laboratory, the Notre Dame Radiation
Laboratory, the Princeton University Plasma Physics Laboratory, the Michigan State University
Plant Research Laboratory, and the Stanford Linear Accelerator Center. The multiprogram
laboratories conduct significant research activities for other DOE programs (Conservation,
Nuclear, etc.) and other Federal agencies, while the seven specialized laboratories are funded
almost totally by the Office of Energy Research.

The Office of Energy Research conducts materials research in the followmg offices and
divisions: '

. Ofﬁce of Basic Energy Sciences: Division of Engineering and Geosciences; Division
of Materials Sciences; Division of Advanced Energy Projects

. Office of Health and Environmental Research: Division of Physical and
Technologies Research

« - Office of Fusion Energy

« Small Business Innovation Research Prdgram’
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fi ic En
Divisi f Materials Sci

Thls basic research program has several roles One is to increase the understanding of
materials propertles, behavior, and phenomena in those classes of materials that either
presently or in the future might be important to the mission of the Department of Energy.
Another concerns the development of new forefront analytical instruments and facilities that
are used to probe the structure and behavior of matter. Thus this program carries a major
responsibility for many of the nation’s premler research facilities including several neutron
sources, a synchrotron radiation source, processing facilities, and frontier electron microscopes.
Some of the materials research has a specific relationship to an identified energy technology
(e.g., photovoltaic phenomena for solar energy. conversion, fast-ion diffusion for solid
electrolytes in fuel cells and batteries); some is related to many energy technologies simul-
taneously (e.g., hydrogen embrittlement, corrosion, high temperature structural metals and
ceramics); and some is important to fundamental understanding of new experimental and
theoretical research. tools.

This research is conducted at DOE laboratories, ﬁmversmes, and to a lesser extent at
industrial laboratories by metallurgists, ceramists, solid state physicists, and matenals chemists
in about 100 different 1nst1tut10ns :

There are three subprograms:

"« Metallurgy and Ceramics seeks to understand the synergistic relatiohship between
properties/behavior, structure, and processing parameters of materials.

« Solid State Physics is concerned with understanding the Ainterac‘tidhs.of electrons,
atoms, and defects and their role in determining the structure and properties of
.condensed matter.

« Materials Chemistry focuses on understanding the chemical properties of materials
and their relationship to composition, structure,.and specimen environment.

The operating funds for FY 1990 for the Division of Materials Sciences were
$198,400,000. This was allocated to 434 projects. Many projects cross the traditional categories
and, for example, involve property-structure relationships. Nevertheless, the approximate
funding distribution for FY 1990 was:
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. 3 (Millions)
Materials Preparation, Synthesis, Deposition, Growth or Forming . 215
Materials Structure and Composition ' ; 28.6
Materials Properties, Behavior, Charactenzatron or Testing - 84.1
Device or Component Fabncatlon, Behavror or Testmg -
Facilities , 64.2

Division of Engineering and Geosciences

. Materials research in the Division of Engineering and Geosciences is sponsored by two
different research programs, as described below. .

The BES Engineering Research Program was started in 1979 to help resolve the
numerous serious engineering issues arising from efforts to meet U.S. energy needs. The
program supports fundamental research on broad, generic topics in energy related engineering
topics not as narrowly scoped as those addressed by the shorter term engineering research
projects sponsored by the various DOE technology programs. Special emphasis is placed on
projects which, if successfully concluded will beneﬁt more than one energy technology

The broad goals of the BES Engmeermg Research Program are: (1).To extend the
body of knowledge underlying current engineering practice so as to create new options for
enhancing energy savings and production, for prolonging useful -equipment- life, and for
reducing costs without degradation of industrial production and performance quality; and (2)
To broaden the technical and conceptual base for solving future engineering problems in the
energy technologies. The DOE contact for thlS Program i is Oscar P. Manley, (301) 353-5822.

The BES Geosciences Research Program supports. research that is fundamental in
nature and of long-term relevance to one or more energy technologies, national security, energy
conservation, or the safety objectives of the Department of Energy. It is also concerned with
the extraction and utilization of such resources in an environmentally acceptable way. The
purpose of this program is to develop geoscience or geosciences-related information relevant
to one or more of these Department of Energy objectives or to develop the broad, basic
understanding of geoscientific materials and processes necessary for the attainment of long-
term Department of Energy goals. In general, individual research efforts supported by this
program may involve elements of several different energy obJectlves The DOE contact for this
Program is William C. Luth, (301) 353-5822. : :
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ial ies, Behavior, Ch izati in
193. New Ultrasonic Imaging and Measurement Techniques for NDE - DOE Contact Oscar

P. Manley, (301) 353-5822; Ames Laboratory, Iowa State University Contact D. O.
Thompson, (515) 294-5320

« Demonstrate a composite multiviewing NDE transducer.
« Approach uses recent advances in ultrasonic'scattering and inversion theories. -

.+ Reconstruction protocol fits acqulred data to an "equivalent" ellipsoid (3 axes and
3 angles). . ' : '

194. Bounds on Dynamic Plastic Deformation - DOE Contact Oscar P. Manley, Contact
(301) 353-5822; Argonne National Iaboratory Contact C. K. Youngdahl (312) 972-6149

» Devise load characterization parameters using welghted mtegrals of time-space
distributions without requiring detalled numencal analy51s :

195. Qananng Damage Theory - DOE Contact Oscar P. Manley, (301) 353-5822 Arizona
State University Contact D. Krajcinovic, (602) 965-8656 '

. Phenomeﬁological description of the nucleation -and growth of microdefects in a
metallic solid and their mﬂuence on the mechamcal response :

+ Investigation of the mteractlon of fiscuous effects (reﬂectmg boundary slip) and the
brittle effects (growth of microcracks). Problems in creep rupture and fatigue will
be considered using the continuum damage model developed.

196. Transport in_Porous/Disordered Media - DOE Contact Oscar P. Manley,
(301) 353-5822; Boston University Contact Thomas Keyes, (617) 353-4730

» Apply modern nonequilibrium statistical mechanics methods to traxtsport with large
disorder. o

. Calculate transport coefficients, correlatlon functions and lattlce v1bratlons inseveral
disordered systems.
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197.

Micromechanical Viscoplastic Stress-Strain Model with Grain Boundary Sliding - DOE

- Contact Oscar P. Manley, (301) 353-5822; University of Connecticut Contact E. H.

Jordan, (203) 486-2371

. Development and verification of a model of the time and history dependent
viscoplastic deformation behavior of polycrystalline metals.

..+ Usedata from high temperature experiments on polycrystalhne Hastelloy-X to verify

198.

199.

96

the model.

~ « Illuminate the role of grain boundary shdmg in the overall deformation during

- complex load histories.

A Micromechanical Viscoplastic Stress-Strain Model with Grain Boundary Sliding -
DOE Contact Oscar P. Manley, (301) 353-5822; Engineering Science Software, Inc.,

Contact K. P. Walker, (401) 231-3182

. Develop a viscoplastic constitutive model, with accompanying FORTRAN software,

to model the deformation behavior of polycrystalline metals comprised of an
aggregate of face centered cubic single crystal grains whose crystallographic axes are
oriented at random.

n-thh]; Measurement of the Tgmpgrgm e of Small, High Velocity Particles - DOE
Contact Oscar P. Manley, (301) 353-5822; Idaho National Engineering Laboratory
Contact J. R. Fincke, (208) 526-2031

i '-Measure particle temperatures and sensitivities while electrodynamically suspended.

« Develop analog and digital signal processmg techniques for in-flight property
evaluation.

« “Application of developed té_ch_niques to measure pé.rticle temperatures in a high-
temperature plasma.
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- 200.

201.-

202.

" 203.

Plasma-Particle Interactions - DOE Contact Oscar P. Manley, (301) 353-5822 Idaho
National Engineering Laboratory Contacts C. B. Shaw, x(208) 526-8818 S C Snyder,
(208) 526-1507 and L. D. Reynolds, (208) 526-8335 ‘

"~ -« Describe, quantltatlvely, the heat, mass and momentum transfer w1th metallic or

oxide particles in thermal plasmas.’

e Usé expenmental results to validate and correct theoretical models for plasma

processing and for optimal torch and fixture design.

‘Modeling of Thermal Plasma Prc - DOE Contact Oscar P. Manley,
(301) 353-5822; Idaho National Engineering Laboratory Contacts J. D. Ramshaw,

 (208) 526-9240 and C. H. Chang, (208) 526-2886

« Develop a comprehensive computational model of thermal plasma processes and
plasma-particle interactions to provide an unders'tanding of the space- and time-
resolved flow and temperature distributions in the plasma plume and of the
‘interaction between the plasma and partlculate phase

. Optumzatlon of thermal plasma processing techmques

Nondestructive Evaluation of Superconductors - DOE Contact Oscar P. Manley,
(301) 353-5822; 1daho National Engmeermg Laboratory Contact K. L. Telschow
(208). 526-1264 A

+ Perform fundamental research leading to the development and application of new
- nondestructive evaluation (NDE) techniques and devices for the characterization of
high temperature superconductors.

- Empbhasis is on correlation of AC induced and DC transport current measurement

_ data with material microstructure information and other measurements, using
London and "Critical State" models of supercurrént flow

Intelligent Control of Thermal Processes - DOE Contact Oscar P. Manley,
(301) 353-5822; Idaho National Engineering Laboratory Contacts H. B. Smartt,
(208) 256-8333 and J. A. Johnson, (208) 526-9021

« Develop model of gas metal arc welding process suitable for real-time process
control

» Develop optical sensing capability to provide weld-bead geometry data.
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204

205.

206.

207.

208.

.. Elas ftig—Plast‘ic Fractiite _Analysis Emphasis on Surface Flaws - DOE Contact

Oscar P. Manley, (301) 353-5822; Idaho National Engineering Laboratory Contact
W. G. Reuter, (208) 526-0111

- Improve design and analytical techniques for predicting ‘the integrity of flawed
structural components.

» Experimental research with analytical evaluation guiding the direction of
experimental testing. - Tests are conducted on a modified ASTM A-710 material
exhibiting a range of fracture toughness but essentially constant yield and ultimate
tensile strength. ‘

+ Use of metallographxc techniques to measure crack tip opening displacement for
_ comparison with analytical models. Laser mterferometry and infrared thermography
~ will be used to evaluate and quantify the deformation in the crack regxon

Heat Transfer to Aqueous Polymer Solutions - DOE Contact Oscar P. Manley,
(301) 353-5822; University of Illinois at Chicago Contact J. P. Hartnett, (312) 966-4490

+ Investigate the fluid mechanical and heat transfer behavior of viscoelastic aqueous
polymer solutions in order to predict the behavior of such fluids.

Pulse Propagation in Inhomogeneous Optical Fibers - DOE.Contact Oscar P. Manley,
(301) 353-5822; University of Maryland Contact C. Menyuk, (301) 455-3501

. Study the effects of slowly varying inhomogeneities and localized imperfections in
optical fibers on their transmission properties.

High-Temperature Gas-Particle Reactions - DOE Contact Oscar P. Manley,
(301) 353-5822; MIT Contacts J. F Eliott, (617) 253-3305 and P. P. Bolsaitis,

(617) 253- 5069

« Examine the physicochemical behavior of industrial orgamc particles in conditions
simulating exposure to arc plasmas.

Mathematical Modeling of Transport Phenomena in Plasma Systems - DOE Contact
Oscar P. Manley, (301) 353-5822; MIT Contact J. Szekely, (617) 253-3305

» Develop a comprehensive mathematical representation of the electromagnetic force
field, velocity field, temperature field, and chemical composition of plasma flames,
together with their interaction with solid particles.
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209. Multivariable Control of the Gas-Metal Arc Welding Process - DOE Contact
Oscar P. Manley, (301) 353-5822; MIT Contact David E Hardt, (61‘7),253‘-2429

Cast the GMAW process into its most genéral sense and examine the use of
multivariable control methods.

210. Metal Transfer in Gas-Metal Arc Welding - 'DOE Contact Oscar P Manley,
(301) 353-5822; MIT Contact T. W. Eagar, (617) 253-3229

e Develop sensing and control methods fpr gas-metal arc welding p_r'oce‘sses'

« Model forces controlling metal transfer.

.v21_1.ﬁ" Modeling _and Analysis of Surface Cracks - DOE Contact Oscar P. Manley,

(301) 353-5822; MIT Contacts David M. Parks, (617) 253-0033 and F. A. McClintock,
(617) 253-2219 |

» Analyze ductile crack initiation, growth, and mstablhty in part- through surface-
cracked plates and shells.

212. Thermal Plasma Processing of Materials - DOE Contact Oscar P. Manley,
(301) 353-5822; University of Minnesota Contact E. Pfender, (612) 625-6012

»  Develop and diagnose a new plasma reactor to solve problems of particle injection,
particle confinement, and particle dwell times. -

213. Thermophysical Property Measurements in Fluid Mixtures - DOE Contact
Oscar P. Manley, (301) 353-5822; National Institute of Standards and Technology
Contacts R. Kayser, (301) 975-2483 and J. M. H. Sengers, (301) 975-2463

« Develop accurate measurement capabilities for the thermophysical pro'pe,rtie's:of
complex, multiphase fluid mixtures containing hydrocarbons.

99



Office of Energy Research

214.

215.

216.

217.

100

_Symduﬁm . DOE Contact Oscar P. Manley, (301) 353-5822 Natlonal Instltute
" of Standards and Technology Contacts J. Moreland, (303) 497-3641 and J. W. Ekin,
(303) 497-5448

. 'Fabncate and charactenze hlgh-Tc superconductors/sermconductor contacts.

+ Develop a method for optimizing the current capacity of such contacts to extend the
application of hrgh-Tc superconductors to hybrid superconductor-sermconductor

technologies.
Transport Properties of Drsgrdgrgg Porous Media from the Microstructure - DOE

Contact Oscar P. Manley, (301) 353-5822; North Carolina State University Contact
S. Torquato, (919) 737-2365

4

. Develop quantrtatrve relatlonshlp between propertles of a drsordered porous

medium and its microstructure.

Effec Crack_Geom Near-Crack Materials Beh zvror . cattering of

Ultrasonic. Waves for ONDE Applications - DOE Contact Oscar P. Manley,

(301) 353-5822; Northwestern University Contact J. D. Achenbach, (312) 491-5527

~+ Application of the scattered field approach to the detection of a cracklike flaw, and

to the determination of its location, size, shape and orientation. Interior, as well as
surface-breaking and near-surface cracks, are considered.

"« Mathematical modeling of ultrasonic wave scattering by cracks adjusted to account

for several typical characteristics of fatigue and stress-corrosion cracks, and the
environment of such cracks.

- Investigation of local anisotropy and inhomogeneity due to near-trp voids and the
effect of a zone of plastic deformation near a crack tip.

Inelastic . Deformation Dam High Temperature - DOE Contact

Oscar- P Manley, (301), 353-5822 Rensselaer Polytechnic Institute Contact

Erhard Krempl, (518) 266-6432

. Characterlze matenal behavror in mathematrcal forms for use in melastrc stress and
life prediction.

+ Develop a finite element program to calculate, directly, the life-to-crack initiation
of a component under a given load history.
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220.

221.
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223.
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inni isti ior i ing Nétworks - DOE Contact
Oscar' P. Manley, (301) 353-5822; Umvers1ty of Rochester Contact S. Teitel,
(716) 275-4039

« Numerical simulations of finite temperature current carrying networks to provide
a characterization of vortex response in non-equilibrium situations.

Energy Chan Tr ing " Solids - DOE Contact Oscar P. Manley,
(301) 353-5822; Stanford Umvers1ty Contacts George Herrmann, Dav1d M. Barnett,
(514) 723-4143

+ Generalize configurational forces in deformable solids to charactenze state changes
accompanied by energy changes.

Nondestructive Testing - DOE Contact Oscar P. Manley, (301) 353-5822 Stanford

- University Contact G. S. Kino, (415) 497-0205

« Develop techniques for contactless nondestructive testing and range sensing in air.

Effective Elastic Properties of Cracked Solids - DOE Contact Oscar P. Manley,
(301) 353-5822; Tufts University Contact Mark Kachanov, (617) 628-5000, ext. 2821

+ Evaluate elastic propertles of sohds w1th cracks mcludmg effects of crack location
and density.

r Di f Plasma Assisted Chemical Vapor Deposition (PACVD) Pr
DOE Contact Oscar P. Manley, (301) 353-5822; United Technologles Research Center
Contact W. C. Roman, (203) 727-7590
« Diagnose nonequilibrium reactive plasma.

« Application of PACVD processes to hard face coatings.

Thermodynamics of High Temperature Brines - DOE Contact William C. Luth,
(301) 353-5822; Lawrence Berkeley Laboratory Contact K. S. Pitzer, (415) 642-3472

» Theoretical and experimental studies of the thermodynamic propertles of aqueous
electrolytes at high temperatures.
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225.

226.

102

» Heat capacities and-heats .of mixing are being measured to temperatures exceeding
300°C and pressures to 1 kbar. :

+ Equations have been developed for the near critical and supercritical properties of
' NaCl-HZO. o .

Contact William C. ‘Luth;. (301) 353-5822 ‘Lawrence Berkeley Labraory Contact
D. L. Perty, (415) 486-4819

« Use of fluorescence ' techniques, together with synchrotron radiation to probe
surface/solution interface reactions between galena (PbS). and copper (II) and
chromium (VI) aqueous solutions.

 Focus is on understanding of reduction chermsorptlon of a metal ion from solution
as a function of parameters such as pH, ion concentrations, temperature and
pressure.

i - DOE
Contact Wllham C. Luth (301) 353-5822 Lawrence Livermore Natlonal Laboratory
Contact D. G. Miller, (415) 422-8074

* Measurement of diffusion coefficients for aqueous solutions at 25°C using optical
interferometry. Systems studlcd 1nc1ude bnne salts and m1xtures of NaCl with SrCl,
and with MgCl,. :

+ Measurement of osmotic/activity coefficients and solubilities for a variety of
- aqueous electrolytes and their mixtures up to saturation or supersaturation at 25°C.,

Therm mic Pr i ' luti High Temper ‘ nd Pr -
DOE Contact William C. Luth, (301) 353-5822; Los Alamos National Laboratory
Contact P. S. Z. Rogers, (505) 667 1765

» Determination of the act1v1ty coefficients of geochemically important ionic species
in aqueous solutions.

+ Measurement of heat capacities of concentrated electrolyte solutions to 673 K and
40 MPa with an automated flow calorimeter. Work to date on NaCl-Na,SO,-H,0,
NaOH-H,0 and Na,CO,-NaHCO,-NaCl-H,O to 39 MPa and 598 K.
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227.

228.

229.

230.

Solubilities of Calcite and Dolomite in Hydrothermal Solutions - DOE Contact
William C. Luth, (301) 353-5822; Oak Ridge National Laboratory Contact D. R. Cole,

(615) 574-5473

Determination of equilibrium constants for the principal reactions that control the
solubility of dolomite and calcite in hydrothermal solutions. Co-solubility approach
~ is used; equal molar proportions of dolomite and calcite are reacted with aqueous

solutions:with CO, concentrations varying from 0. 04 to 2. 3 m and ionic, strengths less
than 0.03. :

“Brines an g Othor Proses ot Eloveted Igmpgxamggs DOE ContactWﬂham C. Luth,

(301) 353-5822; Oak Ridge National Laboratory Contact D.J. Wesolowski,
(615) 574-6903

. Study of D/H ratio of water vapor in NaCl -H,O at 100°C and seven salinities

ranging from 0 to 5.5 molal NaCl.

. Results suggest a small but fundamental change in the nature of bonding or the

ratios of "free" versus "hydrated" water molecules in brines as temperature increases.

This can lead to gross changes in the interpretation of isotopic data from natural
systems.

ive-Di

Hydrg;hgrmal Syg;g s - DOE Contact William C, Luth, (301) 353-5822 University of
California, Berkeley Contact H. C. Helgeson, (415) 642-1251

.

Rock Mechanics: Thermal Mi rin lin

Project goal is quantitative understanding of chemical mass transport attending fluid
flow and water-rock interaction in geochemical processes.

Molal stei)wise dissociation constants for triple ions of 14 alkali metal halides were
computed for temperatures from 400 to 800°C at pressures from 500 to 4000 bars,

indicating that triple ions predormnate in low-pressure supercritical aqueous
solutions at total concentrations >1.0 m.

imen

Rocks - DOE Contact William C Luth (301) 353 5822 LLNL Contact B. P. Bonner,
(415) 422-7080

Acoustic emissions in brittle materials.

Frequency dependent ultrasonic velocity.
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231. Diffusion in Silicate Materials - DOE Contact William C. Luth, (301) 353-5822; LLNL
Contact F. J. Ryerson, (415) 422-6170 ' S

-« Diffusion profiles m silicate nﬁnerals at 600C<T<900C.

» Using ion implantation;

« Radiation damage increased diffusion coefficients. -

« Activation energies comparable to published data. |

232. Rheology of Melts - DOE Contact William C. Luth, (301) 353-5822; University of

California at Santa Barbara Contact F. J. Spera, (805) 893-8649; University of
Minnesota Contact D. A. Yuen, (612) 624-1868

« Rheology of silicate melts and crystal-liquid mixtures.

» Presence/absence of dilute concentrations of gas bubbles.

- - Directed toward understanding caldera-type volcanic eruptions.

+ Involves modeling using a large-amplitude Lagrangian formulation.

233. Microcrack Growth in Crystalline Rock - DOE Contact William C. Luth,
(301) 353-5822; Lawrence Berkeley Laboratory Contact L. R. Myer, (415) 486-6456

» Mechanism of microcrack growth in brittle rocks.

» Compressive triaxial stress.

« Role of pore collapse and compaction.
234, Experimental Database and Predictive Theories for Thermodynamic Properties of

Aqueous Solutions - DOE Contact William C. Luth, (301) 353-5822; University of
Delaware Contact R. H. Wood, (302) 451-2941

» Measurements of apparent molar heat capacity of aqueous solutions of H,S, CO,
and CH, at twelve temperatures from 25 to 450°C and at pressure near 350 bar.
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235.

236.

* . Measurement of apparent molar volume of same solutions at same temperatures
and two different pressures.

+ Investigation of theoretical models capable of representing these data and
extrapolating them to higher temperatures and pressures.

| Characterization of Magma Samples - DOE Contact William C. Luth,
(301) 353-5822; University of Hawaii at Manoa Contact M. H. Manghnani,
(808) 948-7825

- Application of ultrasonic interferometry to measure zvelocity and attenuation in
- natural and synthetic silicate melts. .

"+ Investigation of interrelationships. between physical, elastic and anelastic, and

thermodynamic properties of silicate melts.

« Development of a Brillouin scattering technique for measuring the elastic and.
anelastic properties of melts.

Investi ns of Ultr urface Wave Inter. ith Porou I R
DOE Contact William C. Luth (301) 353-5822; Oth State University Contact L. Adler,
(614) 292-1974

» . Investigation of the interaction of ultrasonic waves with fluid-saturated porous solids.

+ Numerical calculations of energy transmission and reflection coefficients for
interface formed by two porous media with different porosities. Demonstration that
the reflected or transmitted slow wave is strongly affected by pore interface
conditions.

» Theoretical and experimental investigation of leaky Lamb wave interaction with a
fluid-saturated porous plate,
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237.

238.

239.

Zir nd Fluids; An Experimental Investigation with Applications for
Waste Storage - DOE Contact William C. Luth, (301) 353-5822; Virginia Polytechnic
Institute and State University Contact A. K. Sinha, (703) 231-5580

Study of the relaﬁonship between hydrothermally induced mobility of uranium and
lead isotopes and the chemical and mechanical properties of small populations of
zircons (ZrSiO,).

Demonstrated removal of 30-40 percent of uranium from the zircon by treatment
with 2M NaCl, as compared with less than 10 percent by treatment with 2 percent
HNO,.

PVTX Properties of Fluid Systems: NaCl-CaCl.-H,O - DOE Contact William C. Luth,
(301) 353-5822 Virginia Polytechmc Institute and State Umver51ty Contact R. J Bodnar
(703) 961-7455

rial

Goal is to accurately and completely determine the PVTX prope'rtles of geologically

important fluid systems over the complete range of conditions relevant to the
Earth’s crust.

Completed studies of NaCl-H,0 and NaCl-KCI-H,O. Near completion for
NaCl-H,0-CO,. Planned studies of phase equilibria and volumetric propertles of
NaCl-CaCl,-H,0.

re_an mposition

Silicate Thermochemistry - DOE 'Contact William C. Luth, (301) 353-5822; Princeton
Umversny Contact A. Navrotsky, (609) 452-4674
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Examination of the effects of the charge coupled substitution Sl4+ = T**Na!* (T =
Al, B, Fe and Ga) on the overall stabilization of framework silicate glasses in-the
systems xNaTO, (1-x)SiO,.

Development of a technique for solution caldrimetry of oxides of highly charged
cations in molten 2PbO-B,0,. Measurement of thermodynarmc rmxmg properties
of glasses of the system K,0-SiO,- 121203

Investigation of the structural and thermodynamic effects of aluminum substitution
on tri-octahedral Fe-free micas.
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Division of Advanced Energy Projects L SR
rials Preparation hesis, Deposition, Growth or Formin

240, Gas Jet Deposition of Metallic, Semiconducting and Insulating Films - DOE Contact
Walter - M. Polansky, (301) 353-5995; Schmitt Technology Associates Contact
Bret Halpern, (203) 432-4376

« . Deposition of films by "seeding" atoms or molecules into a free jet expansion, e.g.,
of helium, and directing the jet at a substrate at relatively high pressure

« Fundamentals of gas jet deposition being explored, in partlcular 1ts high rate and
© - impact energy control :

24‘1. Gr g'ﬂh of High T, erconducting Fibers U in a Mini urized Laser-He
Zone Process - DOE Contact Walter M. Polansky (301) 353-5995; Stanford Umversrty
.‘Contact Robert S. Feigelson, (415) 723-4007 -

. Evaluate the laser-heated pedestal growth method for the preparation of wires using
copper-oxrde ceramic high temperature superconductors

Empha512e bismuth-containing compounds.

Materials Properties, Behavior, Characterization or Testing

242. Production of Fuels and Chemicals From Methane - DOE Contact Walter M. Polansky,
+ (301) 353-5995; Argonne National Laboratory Contact Victor ‘A. Maroni, (708) 972-4547

« Novel bifunctional catalyst materials are being developed that can convert methane
. into fuels and industrial chermcals under moderate conditions of temperature and
_pressure. - .

» The types of catalysts under investigation are molecular sieve materials that are
incorporated with transition metals having umque oxidation state chemistries and
- coordination geometry.

Small Business Innovation Research Program

The Small Business Innovation Research (SBIR) program was established in compliance
with the Small Business Innovation Development Act of 1982, Public Law 97-219. The
program is designed for implementation in a three-phase process, with Phase I determining,
insofar as possible, the scientific or technical merit and feasibility of ideas proposed for
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investigation. The period of performance in this initial phase is about six months and awards
are limited to $50,000. Phase II is the principal research or research and development effort,
and awards can be as high as $500,000 for work to be performed in periods of up to two years.
Under Phase III, commercial applications of the research or research and development are to
be pursued by small businesses with non-Federal capital or, alternatively, Phase III may involve
follow-on non-SBIR Federal contracts for products or processes desired by the Government.

The materials-related projects, like all other pro_]ects in the DOE SBIR program, were
selected using the specific evaluation criteria listed in the program solicitation. Conclusions
were reached on the basis of detailed reports returned by reviewers drawn from DOE
- laboratories, universities, private industry, and government. In the case of Phase II, if several
proposals were judged to be of approximately equal technical merit, preference was given to
those proposals that had demonstrated third phase, non-Federal capital commitments.

The work supported in this program ;epresenfs high-risk research, but the potential
benefits are also high if the objectives are met. Brief descriptions of all DOE SBIR projects
(not just those of interest in materials research) are given in the following publications:

Abstracts of Phase 1 Awards, 1990 (DOE/ER-0472), A f Phase II Aw
(DOE/ER-0467), and Abstracts of Phase IT Awards, 1989 (DOE/ER 0418). Copies of these
publications may be obtained by calling Mrs. Gerry Washington on (301) 353-5867.

Materials Preparation, Synthesis, Deposition, Growth or Forming
Phase 1 Projects:

Low Cost Iron Microparticles for Slurry Catalyzed Coal nguefggtlo - DOE Contact
William Peters, (412) 675-6597; ElectroChem, Inc. Contact - Dr. Vinod Jalan,

(617) 932-3383

Improved Enhanced Qil ‘Recov Processes Using Novel thetic_Copol

I
Containing Targe Amounts of Acrylamide - DOE Contact Jerry Casteel, BPO,
(918) 337-4412; R. L. Clampitt and Associates Contact M. L. Clampitt, (918) 333-3020

Single Crystal Molybdenum Mirrors for High Power Vag;um‘ Ultraviolet and X-Ray
Radiation - DOE Contact Jerry Smith, (301) 353-4269; INRAD, Inc. Contact

Dr. Warren Ruderman, (201) 767-1910

Ultrafine Grained Molybdenum Silicide with Ulg'rgfi'ng- Hafnium Cgfbige Dispersoids

for Improved Superplastic Formability - DOE Contact Jerry Smith, (301) 353-4269;
Marko Materials, Inc. Contact Dr. Ranjan Ray, (508) 663-2210
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1ge Ar ition Sensitive Detector for Synchrotron X-Ray Diffraction - DOE
Contact Jerry Smith, (301) 353-4269; Radiation ‘Monitoring Devices, Inc. Contact
Dr. Michael R. Squillante, (617) 926-1167

Gas Jet Injection of Clusters into Liquids - DOE Contact Jerry Smith, (301) 353-4269:
Schmitt Technology Associates Contact Dr. Bret L. Halpern, (203) 786-5130 -

ilicon Carbid ings for hrotron Optics - DOE Contact Jerry Smith,
(301) 353-4269; Spire Corporation Contact Lawrence Stelmack, (617) 275-6000

Innovative Mirror Technology for X-Ray Reflective Optics - DOE Contact Jerry Smith,
(301) 353-4269; Superior Vacuum Technology Contact Dr. Peter Chow, (612) 941-1929

A Method of ' Producing Carbon Clusters - DOE Contact Jerry Smith, (301) 353-4269;
TDA Research, Inc. Contact Dr. J. Thomas McKinnon, (303) 422-1338

Strength, Reliability, and Surface Hardness Improvement of Structural Ceramics
Through Ion Implantations - DOE Contact Jerry Smith, (301) 353-4269; Universal

Energy Systems, Inc. Contact Dr. Rabi S. Bhattacharya, (513) 426-6900

Thin Film Tungsten Diselenide Photoelectrodes - DOE Contact Robert Marianelli,
(301) 353-5804; Advanced Technology Materials, Inc. Contact Dr. Walter P. Kosar,

(203) 355-2681
Development of High-Performance Chemically Resistant Composite Membranes - DOE

Contact Robert Marianelli, (301) 353-5804; Bend Research, Inc. Contact
Dr. Scott B. McCray, (503) 382-4100 ‘

Molecular Recognition in Metal Ion Sensors - DOE Contact Robert Marianelli,
(301) 353-5804; Marko Materials, Inc. Contact Dr. Ranjan Ray, (508) 663-2210

Ultrathin Metal Membranes - DOE Contact Robert Marianelli, (301) 353-5804;
Membrane Technology and Research, Inc. Contact Dr. Amulya Athayde, (415) 328-3338 .

Development of Oxidation-Resistant Mosaic Membranes with Enhanced Transport

Properties - DOE Contact Robert Marianelli, (301) 353-5804; Separation Systems
Technology, Inc. Contact Robert L. Riley, (619) 581-3765

A Diamond X-Ray Detector - DOE Contact Charles Finfgeld, (301) 353-3421;
Advanced Technology Materials, Inc. Contact Dr. Charles P. Beetz, Jr., (203) 355-2681
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in Niobium. Tin Con rs M he Internal Tin h m
Magnet Performance - DOE Contact T. V. George, (301) 353-4957; IGC Advanced
Superconductors, Inc. Contact Gennardy M. Ozyeransky, (203) 753-5215

Fabrication. Processes _for Ultrafine .Filament, Metal
Microcomposites - DOE Contact T. V. George, (301) 353-4957; Supercon, Inc. Contact
Charles Renaud, (508) 842-0174

A NQvgl g;g bon First Wall Mg;gng - DOE Contact Robert Price, (301) 353-3565;
Apphed Sciences, Inc. Contact Max L. Lake, (513) 767-1477 .

f Radiation-Resistan r_Matrix - DOE Contact
Robert Price, (301) 353-3565; Materials and Electrochermcal Research Corporatlon
Contact Dr. J. C. Withers, (602) 574-1980

Initial Exploration of Amorphous and Polycrystalline Silicon Thin Film Transistors as
Preamplifiers for Particle Detector Applications - DOE Contact Jay Benesch,

(301) 353-4993; Glasstech Solar, Inc. Contact Dr. Dashen Shen, (303) 425-6600

Development of New Radiation Resistant Flugrs with Large Stokes Shift and High

Quantum Efficiency - DOE Contact Jay Benesch, (301) 353-4993; Nanoptlcs Inc.
Contact Dr. J. Harmon, (904) 392-7105

Low Cost, Targe Areg Epitaxial Silicon Detectors for Sampling Calorimeters - DOE
Contact Jay Benesch, (301) 353-4993; Spire Corporatlon Contact Orlando DeSilvestre,

(617) 275-6000

Economic Low Niobium Tin for Pulsed Field Applications, Made by a Modifi
Internal Tin Process - DOE Contact Gerald Peters, (301) 353-5228; IGC Advanced
Superconductors; Inc. Contact Dr. Eric Gregory, (203) 574-7988

velopment of Practical Multifilamen rcon I, ing_Chevrel Ph

Materials for Magnet Applications at More Than 20 Tessla - DOE Contact
Gerald Peters, (301) 353-5228; Supercon, Inc. Contact Dr. James Wong, (508) 842-0174

Frequency Cavity - DOE Contact Stanley Whetstone, (301) 353-3613;. Advanced
Technology Materials, Inc. Contact Dr. Peter S. Kirlin, (203) 355-2681 - ‘

rconducting Radio Fr vi ings by Metallorganic Chemi
Deposition - DOE Contact Stanley Whetstone, (301) 353-3613; Spire Corporatlon
Contact Dr. Anton C. Greenwald, (617) 275-6000
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New Scintillator Materials - DOE Contact Stanley Whetstone, (301) 353-3613; ALEM
Associates Contact Dr. A. Lempicki, (617) 236-1025

Scintillating Optical Fibers of Barium Flugrigg for Nuclear Insxmmgnm;'g - DOE

Contact Stanley Whetstone, (301) 353-3613; LaserGenics Corporation Contact
Dr. Richard G. Schlecht, (408) 433-0161

AN i P r for Scintillation T - DOE Contact
Stanley Whetstone, (301) 353-3613; Radiation Momtonng Devices, Inc. ‘Contact
Dr. Gerald Entine, (617) 926-1167 '

DOE Contact Richard Rmkenberger (301) 353-3613 Physwal Optlcs Corporatlon
Contact Dr. Freddie Lin, (213) 320-3088

_Electrodeposition of Silicon Films from Liquid-Metal Solutions for Photovoltaic

Applications - DOE Contact Alec Bulawka, (202) 586-5633; AstroPower, Inc. Contact
Dr. Michael G. Mauk, (302) 366-0400

11 nhan Plasma D ition Intrinsic Hydrogen Amorph

. Magnetically Enhanced Plasma Deposition of Intrinsic Hydrogenated Amorphous
-Silicon Layers in Roll-to-Roll Systems - DOE Contact Alec Bulawka, (202) 586-5633;

Iowa Thin Film Technologies, Inc. Contact Dr. Frank R. Jeffrey, (515) 294-7732

- Thermally Conducti lid- Therm rage Materials With Hi

Heats - DOE Contact Sam Tagore, (202) 586-9210; Cape Cod Research, Inc. Contact
Dr. Brian G. Dixon, (508) 759-5911

Innovative Methods for the Production of Polymers from Biobased Materials - DOE

~ Contact Stanley Wolf, (202) 586-1514; Advanced Fuel Research, Inc. Contact Dr.

Michael A. Serio, (203) 528-9806

evelopment of w_Cos ntin Elastic, Reservoir Process to Produ
Composite Sandwich Panels - DOE Contact Stanley Wolf (202) 586- 9806 Foster-Miller,
Inc. Contact Jack Woods, (617) 890-3200

A Novel Precursor Yarn for Advanced Automotive Composite Structures - DOE
Contact Stanley Wolf, (202) 586-9806; Pepin Associates, Inc. Contact John N. Pepin,
(207) 883-8338

ral Tannin-B Lumber End-Joi hesives for Existing Pr Lines - DOE
Contact Stanley Wolf, (202) 586-9806; Roland E. Kreibich Consultmg Service Contact
Dr. Roland E. Kreibich, (206) 838-0964
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Polypropylene Composites Reinforced with Biobased Graft Polymer - DOE Contact
Stanley Wolf, (202) 586- 9806 Southeastern Reduction Company Contact John D. Nizio,

(912) 244-1324

- Property-Enhanced Composites from Lignocellulosic Fibers - DOE Contact

Stanley Wolf, (202) 586-9806; Xylan, Inc. Contact Laura L. Jelle, (608)238-4600
Fiber Optic Bus-Organized Systems for Sensor Data Acquisition and Validation - DOE

Contact John Lewellén, (301) 353-3684; American Mrcro-Optrcal Inc. Contact Dr.
Marcos Kleinerman; (508) 765-1228

Phase 11 PI'QJQQI§ (Frrst Year)

- Low Temperature Procgssmg of ngh Tc Superconductor F11ms for Integratron of

112

Detector Arrays with Silicon Circuitry - DOE Contact Walter Polansky, (301) 353-5995;
Advanced Fuel Research, Inc. Contact Dr. David G. Hamblen, (203) 528-9806

Improved Thln Film Multllayer Coatings for Thermal Neutron Guides - DOE Contact

Jerry Smith, (301) 353-4269 Opto-Lme Associates, Inc. Contact John H Bradshaw,

- (508) 470-3275
Development of a Fabrication Pr whithn'r'eh mmercial Feasibili
f rmirror Coatings for Neutron Gui - DOE Contact Jerry Smith,

(301) 353-4269; - Ovonic - Synthetlc Matenals Cornpany Contact James L. ‘Wood,
(313) 326-1290

Thallium Brgmmodrde Detectors for Scintillation Spectr Qscopy - DOE Contact

- Stanley Whetstone, (301) 353-3613; Radiation Momtormg Devices, Inc. Contact

Dr. Michael R. Squillante, (617) 926-1167 °

Development of Internal Tin Nb,Sn Conductors by Novel Manufacturing Techniques -
DOE Contact Earle Fowler, (301) 353-4801; IGC Advanced Superconductors Inc.

Contact Dr. Eric Gregory, (203) 574-7988

Ultrafine Filament NbTi Superconductors - DOE ‘Contact Jay ' F. Benesch,
(301) 353-4993; IGC Advanced Superconductors Inc. Contact Dr Hem Kanithi,

.(203) 753- 5215
- ‘A Radiation Resrgtgn; erggemc Tgmperature Sensgr fgr the 4K to 80K Range - DOE

Contact Jay Benesch, (301) 353-4993; Lake Shore Cryotronics, Inc. Contact
Dr. Philip R. Swinehart, (614) 891-2243
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ﬂlghly Conducting/Irradiation Resistant Carbon-Carbon Composites for Fusion
Devices - DOE Contact Marvin M. Cohen, (301) 353-4253; Nuclear and Aerospace
Materials Corporation Contact Glen B. Engle, (619) 487-0325

Infil hi r I i - DOE Contact
Marvin M. Cohen, (301) 353-4253; Technical Research Associates, Inc. Contact
Joseph K. Weeks, (801) 582-8080

~ Recyclable Molds for Casting Nuclear Fuel - DOE Contact Clinton Bastin,
(301) 353-4259; Advanced Technology Materials, Inc. Contact Dr. Ward C. Stevens,
(203) 355-2681

i i ial 11 1 R - DOE Contact
Clinton Bastin, (301) 353-4259; Materials and Electrochermcal Research Corporatlon
Contact Dr. R, O. Loutfy, (602) 574- 1980 . AT A o

orrosion Resi 1 for Ph ph_mg_ég_d_ljue!_(}e_l_s DOE Contact
James Carr, (301) 353-6519; Giner, Inc. Contact Dr. John A. Kosek, (617) .899-7270

i Ai i ic A el Cells - DOE
Contact James Carr, (301) 353-65 19 The Electrosynthesxs Company, Inc. Contact Dr.
Normal L. Weinberg, (716) 684-0513.

High Rate Polymer Electrolyte-Based Rgghg;gggb' le Lithium Batteries - DOE Contact
Albert Landgrebe, (202) 586-1483; Covalent Associates, Inc. Contact

Dr. Victor R. Koch, (617) 938-1140

Highly Conductive Polymer Electrolytes - DOE Contact Albert Landgrebe,
(202) 586-1483; EIC Laboratories, Inc. Contact Dr. K. M. Abraham, (617) 769-9450

Polymer Solid Electrolytes with Specific. Cation Conduction - DOE Contact
Albert Landgrebe, (202) 586-1483; Moltech Corporatmn Contact Dr. Terje A.. Skothelm,
(516) 282-4490

Phase II Projects: (Second Year)

Hardened Properties for the Superconducting Super Collider - DOE Contact
Jay Benesch, (301) 353-4993 Bicron Corporatlon Contact Charles R. Hurlbut,
(216) 564-2251

113



Office of Energy Research

A Ceramic Membrane for Gas Separations - DOE Contact Dan Cicero, METC,
(304) 291-4826; CeraMem Corporation Contact Dr. Robert L. Goldsmith,

(617) 899-0467

Radiation-Modified Pyroelectric Conversion Materials - DOE Contact Richard Kelley,
(301) 353-3426; Chronos Research Laboratories, Inc. Contact Dr. Randall B. Olsen,

(619) 455-8200

The Development of Multifilamentary Superconducting Composites - DOE Contact
Walter Polansky, (301) 353-5995; EIC Laboratories, Inc. Contact Dr. Stuart F. Cogan,

(617) 769-9450

Materials Properties, Behavior, Characterization or Testing
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Phase I Projects:

Development of Computer-Controlled Scanning Electron Microscopy Techniques for

Predicting the Cleaning . Behavior of Coal - DOE Contact Gino Irdi, PETC,
(412) 892-5956; R. J. Lee Group, Inc. Contact Gary S. Casuccio, (412) 325-1776

ilization of Fluidized Bed Residuals for Producin hetic Aggr m
Extrusion - DOE Contact Jerry L. Harness, METC, (304) 291-4835; Valley Forge
Laboratories, Inc. Contact Robert J. Collins, (215) 688-8517

An Evaluation in a Simulated Fluidized-B ombustion Envirohm nt of Er
Resistance of Coatings Applied Using a Hypersonic Spray Process - DOE Contact

_ Gary A. Nelken, METC, (304) 291-4216; Holtgren, Inc. Contact

Dr. Edward R. Buchanan, (201) 686-2332

A Holographic and Reflection X-Ray Laser Microscope for Lithographic Inspection -
DOE Contact Walter Polansky, (301) 353-5995; Princeton X-Ray Laser, Inc. Contact

Dr. R. J. Rosser, (201) 329-0505

Subsurface Gamma Ray Backscatter Scanning Microscopy - DOE Contact Jerry Smith,
(301) 353-4269; Spire Corporation Contact Dr. Charles Blatchley; (617) 275-6000

Three-Dimensional Inspection of First Wall Surfaces for th m Ignition
Tokamak - DOE Contact Robert Price, (301) 353-3565; Intelligent Automation Systems,
Inc. Contact Dr. Steven J. Gordon, (617) 354-3830

A Technique for Measuring Diffusion of Hydrogen Isotopes in Oxides - DOE Contact
Robert Price, (301) 353-3565; Ionwerks Contact J. Albert Schultz, (713) 522-9880
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Failure Criteria for Drawing and Extrusion of Trimetal rconductin mposi
Wire - DOE Contact Jay Benesch, (301) 353-4993; Metalforming, Inc. Contact
Dr. Betzalel Avitzur, (215) 391-1338

Plgzoelggtrlcally Driven Micropositioners for Rotation at Normal and Cryogenic

Temperature in High Magnetic Fields - DOE Contact Jay Benesch, (301) 353-4993;
Micro Pulse Systems, Inc. Contact Charles W. Staufenberg, Jr. (805) 687-6558

Nondestructive Evaluation of Superconducting Magnet Wire Using a Scanning Acoustic
Pulse Spectroscope - DOE Contact Jay Benesch, (301) 353-4993; Sonoscan, Inc. Contact

Dr. Albert C. Wey, (708) 766-7088

A_Novel, Robust, High Repetition, High Brightness Cathode - DOE Contact
Gerald Peters, (301) 353-5228; Integrated Applied Physics, Inc. Contact

George Kirkman, (818) 821-0652

"An All-Solid-State Titanium-Doped Sapphire Laser Source for Production of Polarized
Electrons - DOE Contact Gerald Peters, (301) 353-5228; Lightwave Electronics

Corporation Contact Dr. Thomas R. Steele, (415) 962-0755

In-Situ Diagnostic Technique for Process Monitoring and Control of the Plasma

Deposition of Amorphous Hydrogenated Silicon - DOE Contact Alec Bulawka,
(202) 586-5633; Advanced Fuel Research, Inc. Contact Dr. Philip W. Morrison, Jr.,

(203) 528-9806

Thermal Energy Storage Using Perlite Saturated with a Phase Change Material - DOE
Contact Sam Tagore, (202) 586-9210; Energy Science Laboratories, Inc. Contact

Eric R. Pulliam, (619) 455-4688

A N-w ff-Peak Electric Storage Appliance for Commercial and Residential Use -
DOE Contact Sam Tagore, (202) 586-9210; Thermal Electric Devices, Inc. Contact
Dr. Edward Redding, (505) 345-3636

A_Computer Model for Processing of Thermoplastic Composites - DOE Contact
Stanley Wolf, (202) 586-1514; Applied Polymer and Biotechnology Consultants Contact

Dr. J. Naghizadeh, (415) 592-1321

Phase II Projects: (First Year)

A Position Sensitive Neutron Detector Using Boron Phosphide Semiconductor Sensors -
DOE Contact Jerry Smith, (301) 353-4269; Radiation Monitoring Devices, Inc. Contact

Dr. Gerald Entine, (617) 926-1167
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Devi

Photoconductive Semiconductor Switch Flashover Suppression - DOE Contact
David Sutter, (301) 353-5228 Tetra Corporation Contact Dr. Juan M. Elizondo,

(505) 345-8623

The Effect of Polymer Additiv Residual Elem: h nic Perform.
~and Radiation Resistance of Insulators for High-Field Magnets - DOE Contact

T. V. George, (301) 353-4957; Composite Technology Development Inc. Contact Dr.
Naseem A. Munsh1 (303) 447-2226 ‘

- Application ‘of Nem:al NQMQrLQ for Automated Inspection of Nuclear Power Plant

Piping - DOE Contact John Lewellen, (301) 353-3684; Karta Technology, Inc. Contact
Dr. G. P. Singh, (512)_681-9102_‘

rochemical Natural Gas Conversion to More V abl ies - DOE Contact
Harold Shoemaker, (304) 291-4715; Eltron Research, Inc. Contact
Dr. Anthony F. Sammells, (708) 898-1583

Novel Membran fi Natural G Ligui e - DOE Contact
Harold Shoemaker, METC, (304) 291-4715; Membrane Technology and Research, Inc.

~ Contact Dr. Johannes G. Wijmans, (415) 328-2228

Low Cost and Improved Carbon Composites for Phosphoric Acid Fuel Cells - DO

Contact James Carr, (301) 353-6519; Energy Research Corporation Contact
Dr. Larry G. Christner, (203) 792-1460

Ch rization of Phase I Preform/Composites in Ceramic Matrices Inse

Chemical Vapor Infiltration and Other Alternative Infiltrating Processes - DOE Contact
James Carr, (301) 353-6519; Quadrax Advanced Materials Systems, Inc Contact

Dr. Robert A. Florentine, (401) 683- 6600

Phase II Projects: (Second Year)

(none)

r Component Fabrication, Behavior, or Testin

4 Phase I Projects:

- Qgrgmxg Filter for Removal of Pamculgteg from Flgg Gas - DOE Contact
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Thomas D. Brown, (412) 892-4691; CeraMem Corporation Contact
Dr. Robert L. Goldsmith, (617) 899-0467
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A Ceramic Filter for Removal of E_a_rngu ates from Hot Gas Streams - DOE Contact
Curtis V. Nakaiski, (304) " 291-4275; CeraMem Corporation Contact

Dr. Robert L. Goldsmith, (617) 899-0467

ilitate for Ho A ization - DOE Contact
Suresh C Jam, (304) 291-4446 ElectroChem, Inc Contact Dr. Vinod Jalan,
~ (617) 932-3383 , :

esulfurizati

en Bromid ~ DOE Contact Felixa Eskey, (412) 892-4769 Gmer Tnc
Contact Dr. John A, Kosek, (167) 899-7270

Perovskite Solid Electrolytes for Intermediate Tgmgergg;re Fggl Cells - DOE Contact

William Huber, METC, (304) 291-4663; Eltron Research Inc. - Contact
Dr. Anthony F. Sammells, (708) 898-1583 ' .

An Advanced Design and Technique for High Performance, Planar Soli

Oxide Fuel Cell - DOE Contact William Huber METC, (304) 291-4663; Ztek
Corporation Contact Dr. Michael Hsu, (617) 890-5665 _
Dehydration _of Natural Qgg by a Memb;ane Process - DOE Contact

Harold Shoemaker, (304) 291-4715; Membrane Technology and Research, Inc. Contact
Dr. J G. lemans (415) 328-2228

An_Ultrafast _Scintillator _for Well Logging Applications - DOE Contact
Harold Shoemaker, (304) 291-4715 . TPL, Inc Contact Dr Larry A. Harrah,
© (505) 296-3648 _ . ' .

Development of Flexible Super-Lattice Artificial'.Cu§t§1§ for Use in Fixed-Source

Johann X-Ray Spectrometers with Application to Analytical Transmission Electron
Microscopy - DOE Contact Jerry Smith, (301) 353-4269; Multilayer Optics and X-Ray

Technology, Inc. Contact Dr. Mark W. Lund, (801) 378-3972

An Efficient X-Ray Wavelength Spectrometer for Improved Elemental Angly'gis on the
Analytical Electron Microscope - DOE Contact Jerry Smith, (301) 353-4269; Peak
Instruments, Inc. Contact Dr. Nicholas C. Barbi, (609) 737-8133

Holographic Nano-Lithography of Semiconductors with the X-Ray Laser - DOE Contact

Jerry Smith, (301) 353-4269; Princeton X-Ray Laser, Inc Contact Dr. Joseph Blanc,
(201) 329- 0505 ‘
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Saddle Toroid Array Homogenizing Mirrors for Synchrotron Based X-Ray Lithography -

DOE Contact Jerry Smith, (301) 353-4269; Princeton X-Ray Laser, Inc. Contact

- Dr. Roy Rosser, (201) 329-0505

Time and Position Sensitive Detectors for Instrumentation - DOE Contact Jerry Smith,

(301) 353-4269; Schmidt Instruments, Inc. Contact Dr. Howard K. Schmidt,
. (713) 529-9040 :

Multilayer Coated X-Ray Diffraction Structures - DOE Contact Jerry Smith,

(301) 353-4269; X-Ray Instrumentation Associates Contact Dr. William K. Warburton,
(415) 325-5779

' Development of 2 Reliable an ogeni ling with Automatic Check Val

and Insulating Qverlap - DOE Contact Jay Benesch, (301) 353-4993; Meyer Tool and
Manufacturing, Inc. Contact John Carusiello, (708) 425-9080

An Application ific, Discr nction Field Effect Tr r for i1

" Particle Detector Preamplifier Circuitry - DOE Contact Robert Woods, (301) 353-3367;

InterFET Corporation Contact Larry A. Rehn, (214) 487-1287

A _Multi-Wavelength Holo-Fiber Optical Bus - DOE Contact Robert Woods,
(301) 353-3367; Physical Optics Corporation Contact Dr. Behzad Moslehi,

(213) 320-3088

A _Fiber Optic Long Counter - DOE Contact Stanley Whetstone, (301) 353-3613

Fibertek, Inc. Contact Dr. Garry Spector, (703) 471-7671

Advanced High-Concentration High-Efficiency Tandem Photovoltai¢c Assemblies - DOE
Contact Alec Bulawka, (202) 586-5633; Kopin Corporation Contact Dr. Mark B. Spitzer,

(508) 824-6696

' Advanced Electrical Safety Components for Alternative Enerey Power - DOE
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Contact Alec Bulawka, (202) 586-5633; Silicon Energy Corporation Contact
Richard T. West, (818) 700-1995

Contact John Lewellen, (301) - 353-3684 Physwal Optlcs Corporatlon Contact
Dr. Behzad Moslehi, (213) 320-3088
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Phase II Projects: (First Year)

A Dam i ing for hrotron Radiation P
Etching - DOE Contact Jerry Smith, (301) 353-4269; EIC Laboratories, Inc. Contact
Dr. Michael M. Carrabba, (617) 769-9450 :

A Fast Direct Encoding Position-Sensitive Detector - DOE Contact Stanley Whetstone,

(301) 353-3613; Charles Evans and Associates Contact Dr. Bruce H Newcome,
(415) 369-4567 _

rconducting Magnet for 1 al Gyrotron - DOE Contact T. V. George,
(301) 353-4957; Intermagnetics General Corporatlon Contact W. Denis Markiewicz,
(518) 457-5456 .

Phgs_g II Projects: (Second Year)
Large Area Hydrogenated Amorphous Silicon Thin Film Particle Detectors - DOE

Contact Robert Diebold, (301) 353-5490; Glasstech Solar Inc. Contact Dr. Arun Madan,
(303) 425-6600

Ultra High Resistivity Silicon Is for Radiation D ors - DOE Contact
Jay Benesch, (301) 353-4993; IntraSpec, Inc. Contact John Walter, (615) 483-1859

r_Surface Profilometer for heric Surfaces - DOE Contact
Richard Kelley, (301) 353-3426; OPTRA, Inc Contact Dr. Michael Hercher,
(508) 921-2100

A n-Con Dimensional Profiler - DOE Contact Stanley Sobczynski,
. (202) 586-1878; OPTRA, Inc. Contact Dr.-Michael Hercher, (508) 921-2100

The Development of a Method for Greatly Increasing the Count-Rate g;gpgbilny and
Endurance of Position-Sensitive Detector Systems - DOE Contact Richard Kelley,

(301) 353-3426; ORDELA, Inc. Contact Manfred K. Kopp, (615) 483-8675
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OFFICE OF ENVIRONMENTAL RESTORATION AND WASTE MANAGEMENT

FY 1990
ironmen ration an nt - ,
rand Total $10,750,000
Division of Waste Management Projects $10,750,000
Materials Preparation hesis, D iti rowth
or Forming o . $1,100,000
Technical Support to West Valley Demonstration Project $1,100,000
Materials Properties, Behavior, Characterization or Testing $9,650,000
Materials Characterization Center Testing of West Valley
Formulation Glass 500,000
Development of Test Methods and Testing of West Valley
Reference Formulation Glass 900,000
Process and Product Quality Optimization for the West Valley
Waste Form 250,000
Waste Form Qualification 6,000,000
Immobilization, Volume Recduction, and In-Place Stabilization 2,000,000
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OFFICE OF ENVIRONMENTAL RESTORATION AND WASTE MANAGEMENT

In November 1989 the Department consolidated into a new Office of Environmental
Restoration and Waste Management (EM) waste management and waste treatment activities
formerly managed by portions of the Office of Nuclear Energy and the Office of Defense
Programs. These activities include waste treatment technology and specific project operations.

Division of Waste Management Proij

The objective of the Division of Waste Management Projects is to conduct waste
management activities for ending interim storage of high-level waste and achieving permanent
disposal of high-level waste. Defense wastes were generated by atomic energy defense
activities at three Departmental operating locations: the Savannah River Site in South
Carolina, the Hanford Site in Washington, and the Idaho National Engineering Laboratory in
Idaho. Additionally, Congress directed the Department in 1980 to demonstrate the
solidification of liquid high-level waste at West Valley (New York) which originated at the
nation’s only commercial plant to reprocess spent nuclear fuel. At all four sites there are
major programs in various stages of completion which will immobilize the high-level waste
preparatory to geologic disposal. All four projects are managed by this Division.

» At Savannah River and West Valley, high-level waste will be immobilized in a
borosilicate glass prepared in a liquid-fed ceramic joule-heated melter. Hanford is planning to
use the same waste form and process, but the project is in the conceptual design stage. At
Idaho, the merits of several alternative waste management strategies are being evaluated. A
strategy will be selected in compliance with the National Environmental Policy Act (NEPA)
process for disposal of Idaho high-level waste.

The Defense Waste Processing Facility at Savannah River is beginning nonradioactive
operations in preparation for radioactive operation in 1993. West Valley is constructing the
vitrification cell. For these two projects, materials research focuses on incremental
improvements in the waste form durability based on a reference formulation chosen some time
ago. Hanford project is now studying pre-treatment options for most effectively preparing the
several chemically-varied types of waste for partition between a high-activity stream which will
be vitrified and a low-activity stream which will be immobilized in a grout or cement waste
form. '
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Materials Preparation, Synthesis, Deposition, Growth or Forming

243. Technical Support to West Valley Demonstration Project - DOE Contact
T. W. MclIntosh, (301) 353-7189; PNL Contact W. A. Ross, (509) 376-3644

. Charactérizing operating conditions for ion exchange processes that remove cesium
and plutonium from the high-level liquid supernate.

+ Developing an empirical model which relates borosﬂlcate glass composmon to the
chemical durability of the final waste form.

Materials Properties, Behavior, 'Characteriiation or Testing

244, - Materials Characterization Center Testing of West Valley Formulation G12;5§ - DOE
Contact T. W. Mclntosh, (301) 353-7189; PNL Contact S. G. Marschman,

(509) 376-3569

» Evaluating chemical durability of glasses within the expected range of composition
of the West Valley Demonstration Project borosilicate glass waste form.

245. Development of Test Methods and Testing of West Valley Reference Formulation
Glass - DOE Contact W. S. Ketola (716) 942-3414; CUA Contact P. B Macedo,

(202) 635-5326 '
’ &
« Developing test methods for nonradloactlve and radioactive borosilicate glass waste
forms.

« Maximizing the region of acceptable quality around the point of optimal durability
for West Valley borosilicate glass waste form.

246. Process and Product Quality Optimization for the West Valley Waste Form - DOE
- Contact W. S. Ketola, (716) 942-4314; AU Contact L. D. Pye, (607) 871-2432

« Studying properties and crystallization behavior of West Valley borosﬂlcate glass
reference composition.

247. Waste Form Qualification - DOE Contact M. Dey, (509) 376-3412; WHC Contact S.
Schaus, (509) 376-8365

« Providing fundamental data for start-up of Defense Waste. Processing Facility and
for acceptance of borosilicate glass waste form at a repository.
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248. Immobilization, Volume Reduction, and In-Place Stabilization - DOE Contact M. Dey,
(509) 376-3412; WHC Contact S. Schaus (509) 376-8365

 Providing information about waste characterization, retrieval technology, and waste
processing for high-level waste at Hanford and Idaho National Engineering
Laboratory sites.
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OFFICE OF NUCLEAR ENERGY

ffice of Nuclear Energy - Grand Total

Office of Uranium Enrichment
G Diffusion
Device or Component Fabrication, Behavior or Testing

Gaseous Diffusion: Barrier Quality
Gaseous Diffusion: Materials and Chemistry Support

Uranium-Atomic Vapor Laser Isotope Separation (U-AVLIS)

U-AVLIS: Separator Materials
U-AVLIS: Uranium Processing

« Office of Civilian Reactor Development
Q-ffigg of Advanced Reactor Programs

Division of High Temperature Gas- led Reactors

Materials Preparation hesis, D ition, Growth

or Forming

Fuel Process Development

Mg_terials' Properties, Behavior, Characterization or Testing

Fuel Materials Development

Fuel Development and Testing
Graphite Development

Graphite Development and Testing
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FY 1990
$128,634,000
$ 20,513,000

$ 5,113,000

2,053,000
3,060,000

- $ 15,400,000

5,400,000
10,000,000

$ 29,786,000
$ 3,430,000

$ 3,430,000

$ 300,000
300,000

$ 3,130,000
260,000
2,100,000

50,000
250,000
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OFFICE OF NUCLEAR ENERGY (Continued)

FY 1989
Office of Advanced Reactor Programs (continued)
Division of High Temperature Gas-Cooled Reactors (continued)
| Q;j!'gspng (contlnued) o
Metals Technology Development 30,000
Structural Materials Development 340,000
Advanced Gas Reactor Materials Development 100,000
Office of Technology Support Programs (LMRs) $26,356,000
Fuels and Core Materials $18,856,000
rials Pr ies, Behavi h ization in $18,856,000
Fuel Performance Demonstration 5,441,000
Pyroprocess Development 4,262,000
Fuel Safety Experiments and Analy51s 3,187,000
Core Design Studies : 947,000
Fuel Cycle Studies 3,674,000
LMR Technology R&D 1,345,000
ral rials and Design Methodolo $ 7,500,000
rials Pr ies, Behavior, Characterization or Testin $ 7,500,000
Structural Design/Life Assurance Technology.
(Funded by JAPC) 0
Modified 9 Cr-1 Mo Steel Design Propertles
(Funded by JAPC) 0
MOTA Fabrication and Operation 1,200,000
Absorber Development 1,000,000
FFTF Metal Fuel Testing 3,800,000
Core Demonstration Experiment (CDE) 1,000,000
International Collaboration

500,000
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OFFICE OF NUCLEAR ENERGY (Continued)

ffice of nd Def Power

Materials Pr ion hesis, D iti I
or Forming

Development of Improved Thermoelectric Materials for
Space Nuclear Power Systems

Development of an Improved Process for the Manufacture
of DOP-26 Tridium Alloy Blanks and Exploratory Alloy
Improvement Studies

Carbon Bonded Carbon Fiber Insulation Manufacturing
Process Development and Product Characterization

Device or Component Fabrication, Behavior or Testin:

Nondestructive Testing Methods Development and Apphcatlon

to Thermoelectric Materials and Devices

Materials Properties, Behavior, Characterization or Testing

Characterization of State-of-the-Art Improved Silicon-
Germanium Thermoelectric Device/Materials _

Development of an Improved Carbon-Carbon Composite
Graphite Impact Shell Replacement Material

Office of Naval Reactors

*Approximate
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FY 1990
$1,335,000

$ 890,000
300,000
590,000

0

$ 110,000

110,000

$ 335,000

150,000

185,000

$77,000,000°
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OFFICE OF NUCLEAR ENERGY

The Office of Nuclear Energy conducts materials research and development through the
Office of Uranium Enrichment, the Office of Civilian Reactor Development, the Office of
Space and Defense Power Systems, and the Office of Naval Reactors. Summarized below are
the areas of research in which the Department is currently engaged.

Office of Uranium Enrichment

The Department of Energy is authorized by the Atomic Energy Act of 1954, as
amended, to provide toll uranium enrichment services. Customers deliver natural uranium
containing about 0.7 percent uranium 235 to one of DOE’s plants and, for a fee, DOE returns
material enriched to 2-5 percent in the isotope uranium 235 for use in nuclear power reactors.
The goal of the Uranium Enrichment program is to maintain this activity as a strong viable
enterprise retaining a market share that preserves a long term competitive position. It is
intended that these services be done for worldwide commercial and United States defense
customers to help ensure our national and energy security in an economical, reliable, safe,
secure, and environmentally acceptable manner and also to assure a reasonable recovery of the
Government’s investment.

Revenues received by DOE for the enrichment of uranium are retained and used for
the specific purposes of offsetting costs incurred by the Department in providing uranium
enrichment service activities as authorized by Section 201 of Public Law 95-238, not
withstanding the provisions of Section 3617 of the Revised Statutes (31 USC 484). The sum
appropriated is reduced as uranium enrichment revenues are received during a fiscal year so
as to result in no net fiscal year appropriations. Total obligations for all uranium enrichment
activities in FY 1990 was approximately $1.4 billion.

Presently, uranium is enriched in gaseous diffusion plants that force uranium
hexafluoride (UF,) gas through porous barriers. These plants are located at Portsmouth, Ohio,
and Paducah, Kentucky. A diffusion plant at Oak Ridge, Tennessee, used since World War II,
was placed in standby in 1985 and shut down in 1987. In 1982 and 1985, the DOE determined
that of all the new and competing processes the Uranium-Atomic Vapor Laser Isotope
Separation (U-AVLIS) process had and still has the best potential for providing the lowest cost
uranium enrichment in the future. '

The U-AVLIS process is based on utilizing differences in the electronic spectra of the
atoms of uranium isotopes to induce the selective absorption required for isotopic separation.
The process utilizes the controlled vaporization of uranium atoms from metal feed followed
by selective excitation and ionization of uranium 235 using tunable lasers in the visible regions
of the spectrum. The resulting plasma of uranium enriched in uranium 235 ions can then be
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removed from the vapor in a separator using electromagnetic methods. . Collection of the metal
product is as a liquid that is allowed to sohdlfy upon withdrawal.

Matena]s R&D actlvmes w1thm the Office of Uranium Ennchment are vaned and, for
the most part, classified Restricted Data. In FY 1990, approximately $20.5 million was used
in these endeavors and about $25 million is planned for FY 1991. Paragraph summaries of
these activities are presented in the second part of this report. The DOE contact is
A. P. Litman, (301) 353-5777.

“Di ion
Fabrication, Behavior or T
249. Gaseous Diffusion: Barrier Quality

+ Studies of the short- and long-term changes in the separative capability of the
diffusion barrier.

. Methods to recover and mamtam barner quahty and demonstration in the
production facilities. - - o . s

250. Q&M&_Matmm_d_&e&sm;pm
. Charactenzatlon of contammant-process gas cascade reactions, physical/chemical
properties of UF, substances, corrosion of materials, failure analyses, trappmg
technology, alternative materials replacement. .
ium-Atomic Vapor rl rati - I
251. - IS: r Material

. Selectlon and testing of altematlve candldate structural and component materials
and coatings for the U-AVLIS separator system.

+ Fabrication of full size separator components and subsystems for verification tests.

. Off line operation of full size separator.
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252. UJ-AVLIS: Uranium Processing

. Expenments and design studies on altematlves for preparation of U-AVLIS feed
" from uranium ore and selectlon of a baselme process.

« Design of a demonstration system for U-AVLIS metal product conversion to
"~ precursor oxide for light water power reactor fuel.

» Interaction with converter, metal maker, and fuel fabricator mdustnes to assure
integration into the nuclear fuel cycle.

£ ivilian R D
ffi f Advanced Reactor Pr
Division of High Temperature Gas-Cooled Reactor

The objective of this division is to develop the base technology, systems concepts, and
reactor designs which will permit the Government, in cooperation with utilities and private
industry, to commercialize the High Temperature Gas-Cooled Reactor (HTGR). The
materials interests of this division include those required for the development of coated particle
fuels, graphite moderator and reflector blocks, graphite core support blocks and posts, and heat
exchanger tubing, tube sheets and vessels. The DOE contact for these projects is J. E. Fox,
(301) 353-398S.

M rial. ion hesis, D ition, ) r Formin

253.  Fuel Process Development - DOE Contact J. E. Fox, (301) 353-3985; GA Technologies
: Contact R. F. Turner, (619) 455-2306

» Production of depleted and enriched uranium oxycarbide microspheres.

«  Coating of microspheres with multiple ceramic layers of pyrolytic carbon and silicon
carbide.

«  Consolidation of coated fissile and fertile fuel particles into fuel rods.
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254,

255.

256.

257.
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ri r ies, Behavior, Ch rization or T
- Fuel Materials Development - DOE Contact J. E. Fox, (301) 353-3985;

GA Technologies Contact R. F. Turner, (619) 455-2306

+ Development of technology base required to design, qualify, and license fuel systems
for near-term steam cycle HTGRs.

- Preparation and characterization of irradiation specimens.
+ Development and verification of fuel performance models.

Fuel Development and Testing - DOE Contact J. E. Fox, (301) 353-3985;
ORNL Contact M. J. Kania, (615) 576-4856

- Fabrication, testing, and evaluation of irradiation experiments; development of
post-irradiation examination equipment and methods. :

» Evaluation of fuel performance and development of fission product release
mechanisms and models.

Graphite Development - DOE Contact J. E. Fox, (301) 353-3985; GA Technologies
Contact R. Vollman, (619) 455-3310

» Selection, characterization, and qualification of graphite materials for application
in HTGRs.

» Development of failure and design criteria.

Graphite Development and Tespng DOE Contact J. E. Fox, (301) 353-398S;
ORNL Contact T. D. Burchell, (615) 576-8595 -

~« Selection, characterization, and qualification of graphite materials; evaluation of

high temperature corrosion resistance and mechanical properties (tensile, creep,
fatigue, fracture mechanics, etc.)

» Fabrication, testing, and evaluation of irradiation experiments; development of high
strength, oxidation resistant graphites with high resistance to irradiation damage.
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258. Metals Technology Development - DOE Contact J. E. Fox, (301) 353-3985::
GA Technologies Contact R. F. Turner, (619) 455-2306

» Characterize and qualify the metallic materials selected for application in the near-
term steam cycle/cogeneration HTGR system.

+ Develop base technology required for design Validation'and code qualifications.

259. Structural Materials Development - DOE Contact J. E. Fox, (301) 353-3985; ORNL
Contact P. L. Rittenhouse, (615) 574-5103

« Selection, characterization, and qualification of high temperature alloys; evaluation
of effects of exposures in simulated enwronments on mecha.mcal propertles (creep,
fatigue, fracture mechanics). '

« Development of the database and correlations required for qualiﬁcétion.

260. Advanced Gas Reactor Materials Development - DOE Contact J. E. Fox,
(301) 353-3985; ORNL Contact O. F. Kimball, (615) 574-8258 .

. Testing and evaluation of high temperature alloys for effects of exposure in
simulated reactor environments on mechanical properties.

+ Generation of database for development of design criteria and code qualification
rules for temperatures above 760°C (1400°F).

ffi f Technolo upport Programs (LMRs

The applied research and development technology activities, conducted at several
national laboratories, industrial organizations, universities, and through bilateral and trilateral
technology programs and exchanges with foreign nations, relate-to current and advanced
reactor systems. The scope of these activities include the following areas: fuel cycles; design
and performance of high quality core components for fuels, blanket, and control systems;
development of the structural materials used in these components and systems; development
and demonstration of equipment, processes, and procedures for fabricating, processing,
handling, and producing mixed oxide bearing fuels, binary and ternary metal fuels, materials,
and components; sodium technology; standards and quality assurance; assuring a reliable high
quality economical fuel supply for LMRs; destructive and nondestructive testing, examination,
and evaluation of core components and the facilities and capabilities for conducting such
examinations; responsibility for engineering and supporting facilities; associated safety,
safeguards, and nonproliferation; maintaining competent capabilities in the several contractor
organizations that conduct the pertinent R&D activities and programs. These activities are
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- responsive-to the administration’s policies and goals and, to the DOE programs that support
them.

.. In-reactor and out-of-reactor property evaluations are being conducted on core
materials, clad/ducts, fuels and absorber materials. Through irradiation testing in FFTF and
EBR-II, the Technology Support Programs are developing, qualifying, and verifying the use of
reference, improved and advanced mixed oxide and metal fuels and boron carbide absorbers,
including full-size driver and blanket fuels, and absorber element pins and assemblies—same
for carbide fuels. Fabrication development, evaluation, qualification, and verification (raw
material processing, melting, hot working, cold working, and finishing) are conducted on
reference, improved, and advanced alloys including in-reactor qualification of pins, ducts, and
assemblies. Improved and advanced materials are being tested for use in future cores. The
testing for these programs is primarily conducted at government laboratories: Argonne
National Laboratory at Chicago, Illinois and Idaho Falls, Idaho; Oak Ridge National
Laboratory at Oak Ridge, Tennessee; and Westinghouse Hanford Company at Richland,
Washington. '

Fuels and Core Materials -
Materials Properties, Behavior, Characterization or Testing

261. 1P nce Demonstration - DOE Contact Andrew C. Millunzi, (301) 353-3405/
FTS 233-3405; ANL Contact Leon C. Walters, (208) 526-7384/FTS 583-7384

» Develop and demonstrate U-Pu-Zr ternary fuel clad with ferritic steel alloy HT-9
or austenitic stainless steel alloy D-9 to at least 150,000 MWD/T burnup.

262.. Pyroprocess Development - DOE Contact Eli I. Goodman, (301) 353-2966/
FTS 233-2966; ANL Contact James E. Battles, (312) 972-4538/FTS 972-4538 |

« Develop and demonstrate a pyroprocess that includes electrorefining of binary (U-
- Zr) and ternary (U-Pu-Zr) metal fuel for recycle in the Integrated Fast Reactor
(IFR) and process waste treatment.

263. Fuel Safety Experiments and Analysis - DOE Contact Philip' B. Hemmig,
(301) 353-3579/FTS 233-3579; ANL Contact John Marchaterre, (312) 972-4561/
FTS 972-4561

« Conduct TREAT tests on irradiated ternary metal fuels on U-Pu-Zr to demonstrate
safety performance of metallic fuel in fast reactor systems.
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264. Core Design Studies - DOE Contact Philip B. Hemmig, (301) 353-3579/FTS 233-3579
ANL Contact D. C. Wade, (312) 972-4858/FTS 972-4858

+ Conduct metallic fuel core designs for advanced innovative liquid metal reactors.
Evaluate core reactivity coefficients and neutronics performance and actinide self-
consumptlon in closed fuel cycle. Support conversion of oxide fuel core ‘to metal
fuel in EBR-II and develop optimized metal fuel core desrgns for advanced LMR
systems. -

265. Eu_e_QLc_g_Sm_d_e_s DOE Contact Eli I Goodman, (301) 353-2966/FI‘S 233-2966; ANL
- Contact M. J. Lineberry, (312) 972-7434/FI‘S 972-7434

. Program will develop equipment for remotlzeqi in-cell application, including reusable
mold concept for 1nJectlon-cast1ng furnace, semi-automated pin processor and
engineering-scale pyroprocessing equipment for the ultimate commercial fuel cycle‘
facility design and costs.

266. LMR_Technology R&D - DOE Contacts Philip B. Hemmig, (301) 353-3579/-
FTS 233-3579 and C. Chester Bigelow (Seismic), (301) 353-4299/FI‘S 233-4299 ANL
Contact D. C. Wade, (312) 972-4858/FTS 972-4858

+ Continue seismic analyses and test support fordesign.

ials and Design hodol

267. Structural Design/Life Assurance Technology - DOE Contact Andrew C. Miluni,
(301) 353-3405/FTS 233-3405; -ORNL Contact Jim Corum, (615) 574-0718/
FTS 624-0718

» Develop the structural design methods and criteria for use of modified 9 Cr-1 Mo
steel in hquld metal reactor environment. It has been closed out in FY 1989, The
program is now supported under a DOE/Japanese exchange agreement, funded
Jomtly by DOE and Japanese Atormc Power Company (JAPC). ' '
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268.

269.

270.

271.

272.
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Modified 9 Cr-1 Mo Steel Design Properties - DOE Contact Andrew C. Millunzi,
(301) 353-3405/FTS 233-3405; ORNL Contact Phil Rittenhouse, (615) 574-5103/

FTS 624-5103

+ Conduct long-term creep-rupture tests on base metal, weldments, castings and
effects of long-term (up to 10 years) thermal aging on tensile and toughness
behavior of modified 9 Cr-1 Mo steel. The program is now supported under a
DOE/Japanese exchange agreement, funded jointly by DOE and Japanese Atomic
Power Company (JAPC).

MOTA Fabrication and Operation - DOE Contact Andrew C. Millunzi, (301) 353-3405/
FTS 233-3405; WHC Contact Ray J. Puigh, (509) 376-3766/FTS 444-3766

« Fabricate MOTA test train and vehicle to irradiate and test materials, HT-9,
Dispersion Strengthcned Ferritic Steel (DSF) and others, in a controlled
environment in FFTF.

Absorber Development - DOE Contact C.' Chester Bigelow, (301) 353-4299/
FTS 233-4299, Andrew C. Mullunzi, (301) 353-3405/FTS 233-3405; WHC Contact
Alan E. Waltar, (509) 376-5514/FTS 444-5514

« Conduct, test, and evaluate irradiated absorberv expeﬂmenté to extend the FFTF
absorber lifetimes, support Series III control rod design and update design codes
CONRD and CRPBOW. '

FFTE Metal Fuel Testing - DOE Contact Andrew C. Millunzi, (301) 353-3405/
FTS 233-3405; WHC Contact Alan E. Waltar, (509) 376-5514/FTS 444-5514

« Conduct metal fuel (MFF-2) irradiation testing in FFTF, transient testing in
TREAT with HT-9 clad to support conversion of the ALMR from an oxide-fuel
core to a binary U-Zr fuel core.

Demonstration Experimen DE) - DOE Contact Jacob Glatter,
(301) 353-3921/FTS 233-3921; WHC Contact Alan E.” Waltar, (509) 376-5514/
FTS 444-5514
» Complete CDE irradiation in FFTF to extend the fuel lifetime to 1,200 EFPD.

 Evaluate high exposure HT9 data.
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273. International Collaboration - DOE Contact Jacob Glatter, (301) 301-353-3921/
FTS 233-3921; WHC Contact Alan E. Waltar, (509) 376-5514/FTS 444-5514

+ Complete DSF-1 fuel test with cladding types agreed to with DOE and PNC.

« Complete monitoring irradiation performance in FFTF of PNC fuel (MFA-1 and -2)
and blanket (MBA-1) assemblies.

+ Characterize and report on production lots of MA-957 cladding.
f D r

The Office of Space and Defense Power Systems responsibilities include the
development, system safety and production of radioisotope powered thermoelectric generators
(RTG) and dynamic power systems for NASA and DOD space and terrestrial applications and
advancing base technologies for these power systems. Thus, applied materials research
programs are supported in the areas of thermoelectric materials and devices, high temperature
heat source materials, materials systems compatlblhty and safety related materials
characterization and testing.

Materials Preparati hesis, Deposition, Growth or Formin

274. Development of Improved Thermoelectric Materials for aseN lear Power
DOE Contact W. Barnett, (303) 353-3097; Iowa State University, Ames Laboratory
Contact B. Beaudry, (515) 294-1366

» Continue the development of the mechanical alloying process for the development
of Si-Ge type thermoelectric alloys. Key variables include alloy and dopant
additions, processing parameters, and structure control. Goal is an average Figure
of Merit, Z, from 300-1000°C of 0.8 x 10"/ °C for "P" type and 1.2 x 103/ °C for "P"
type materials.

275. Development of an Improved Process for the Manufacture of DOP-26 Iridium Allgy
Blanks and Exploratory Alloy Improvement Studies - DOE Contact W. Barnett,

(303) 353-3097; ORNL Contact E. K. Ohriner, (615) 574-8519

« Development of a consumable arc melt/extrusion route process for the production
of DOP-26 iridium alloy sheet and foil. Improve product quality and yield and
scaleup size of units processed.

+ Exploratory studies of alternate dopants (replace 350-90 PPM thorium in DOP-26
alloy).
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276.

_Q_dm_(maggmz_am_ DOE Contact W. Barnett, (303) 353-3097 ORNL Contact
R. L. Beatty, (615) 574-4536 g

» Improve process control systems, ‘optimization of process parameters, and
accommodate a new type carbon fiber for the manufacture of CBCF, carbon bonded
carbon-fiber thermal insulation.

r nent Fabrication, B ior T in
277.  Nondestructive Testing Methods Development and Application” to Thermoelectric

Materials and Devices - DOE Contact W. Barnett, (303) 353-3097 ORNL Contact
B. E. Foster, (615) 574-4837 '

+ Develop and apply state-of-the-art nondestructive examination (NDE) techniques
for Si-Ge thermoelectric materials, - multicouple devices and multicouple
subassemblies. :

Materials Properties, Behavior, Characterization or Testing
278.

Dgwg_q[Mmgng s - DOE Contact W. Barnett, (303) 353-3097 Iowa State Umversxty
Contact B. Beaudry, (515) 294-1366

« Evaluation and characterization of state-of-the-art Si-Ge/GaP and other "1mproved"
: sﬂlcon-germamum type thermoelectric materials.

 Evaluate materials compatibility and stability for the MOD RTG matenals systems

279. Development of Impr rbon-Carbon_Composi raphite Im Shell
Replacement Material - DOE Contact W. Barnett, (303) 353-3097, ORNL Contact
M. Martin, (615) 574-4351

» Identify and procure carbon-carbon composite of Graphite Impact Shell dimensions
having "cylindrical" reinforcement architecture for evaluation as replacement for
current AVCO 3DCC fine weave pierced fabric (orthogonal reinforcement
architecture).
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val I,

The Materials Research and Development Program is in the Reactor Materials Division
under the Deputy Assistant Secretary for Naval Reactors. The program supports the
development and operation of improved and longer life reactors and pressurized water reactor
plants for naval nuclear propulsion.

The objective of the materials program is to develop and apply in operating service
materials capable of use in the high power density and long life required of naval ship
propulsion systems. This work includes irradiation testing of reactor fuel, poison, and cladding
materials in the Advanced Test Reactor at the Idaho National Engineering Laboratory. This
testing and associated examination and design analysis demonstrates the performance
characteristics of existing materials as well as defining the operating limits for new materials.

Corrosion, mechanical property, and wear testing is also conducted on reactor plant
structural materials under both primary reactor and secondary steam plant conditions to
confirm the acceptability of these materials for the ship life. This testing is'conducted primarily
at two Government laboratories—Bettis Atomic Power Laboratory in Pittsburgh and Knolls
Atomic Power Laboratory in Schenectady, New York.

One result of the work on reactor plant structural material is the issuance of
specifications defining the processing and final product requirements for materials used in
naval propulsion plants. These specifications also cover the areas of welding and
nondestructive testing.

Funding for this materials program is incorporated in naval projects jointly funded by
the Department of Defense and the Department of Energy. This funding amounts to
approximately $88 million in FY 1990 including approximately $48 million as the cost for
irradiation testing in the Advanced Test Reactor. The Naval Reactors contact is
Robert H. Steele, (703) 603-5565/FTS 283-5565. :
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OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT

Materials Properties, Behavior, Characterization or Testing

Waste Package Environment
Waste Form Testing
Metal Barrier Testing
Other Engineered Barrier/Waste Package Components
Integrated Testing
Waste Package: Performance Assessment
- Research on Geochemical Modeling of Radionuclide
Interaction with a Fractured Rock Matrix

Device or Component Fabrication, Behavior or Testing

Waste Package: Design, Fabrication and Prototype Testing
Waste Package Environmental Field Tests
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$12,640,100

$12,640,100
$11,074,900

1,663,000 -
3,463,900
1,953,500

0
1,950,400
- 986,500 -

1,057,600
$1,565,200

697,700
867,500



Office of Civilian Radioactive Waste Management

OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT

The primary goal of the OCRWM/ YMPO matenals programiis the development of tuff-
specific waste packages that meet the NRC'’s performance requirements. This work includes
the definition of physical and chemical conditions of the site, evaluation of the package
materials, waste package design and performance assessment, prototype waste package
fabrication, and performance testing. (As a result of the Nuclear Waste Policy Act
Amendments, the Salt Repository Project and the Basalt Waste Isolation Project were
terminated effective March 1989.)

M. rllPr h. rization or T

280. Wagte Package Environment - DOE Contact C P. Gertz, (702) 794-7920; LLNL
. -Contact David Short, (415) 422-1287

» Characterize the time-dependent behavior of the waste environment to establish
package design parameters and materials testing conditions, and allow performance
analysis.

281. Waste Form Testing - DOE Contact C. P. Gertz, (702) 794-7920; LLNL Contact
* David Short, (415) 422-1287

« Perform the testing and evaluation necessary to identify the waste package
components required by specific host rock and to select the materials for those
components.

o Characterize the behavior of and determine the radionuclide release rates for
various waste forms.

282. Metal Barrier Testing - DOE Contact C. P. Gertz, (702) 794-7920; LLNL Contact
David Short, (415) 422-1287

» Characterize behavior of the metal barrier and determine corrosion rates and
corrosion mechanisms, including interaction with the environment.

« Six austenitic phase alloys and copper/copper based alloys plus exotic alloys are
being evaluated as candidate materials.
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283. i i . enis - DOE Contact C. P. Gertz,
o (702) 794-7920 LLNL Contact Dav1d Short, (415) 422-1287
- Characterize the properties and- behavior of other engmeered barrier_and waste
package components that may be present in a repository. .

284. Integrated Testing - DOE Contact C. P. Gertz, (702) 794- 7920 LLNL Contact
.. David Short, (415) 422-1287 -

o Characterlze the mtegrated behav10r of the waste form, bamer matenals, and
surrounding envrronment

- 285. Mgkagg_ﬂcﬂgmm&sﬁmgm - DOE Contact C. P. Gertz, (702) 794-7920;
LLNL Contact David Short, (415) 422-1287

+ Provide a quantltatlve‘predlctlon of long-term waste package performance.
286. Research on Geochemical Mggbglmg of Radionuclide Interaction with a Fractured Rock

Matrix - DOE Contact C. P. Gertz, (702) 794-7920; LLNL Contact David Short,
(415) 422-1287

» Further develop the geochenucal modeling code EQ3/6 for use in long-term
predictions for site suitability and radionuclide release from a nuclear waste
repository.

: ; i rication an e Testing - DOE Contact C. P. Gertz,
(702) 794 7920 LLNL Contact Davxd Short, (415) 422-1287

« Develop, analyze, fabricate, and test waste package designs that incorporate
qualified materials and that are fully compatible with the repository design.
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288.

n ield Tests - DOE Contact C. P. Gertz, (702) 794-7920;

LLNL Contact David Short, (415) 422-1287

Develop and conduct field experiments designed to determine and evaluate the
thermal, mechanical, thermomechanical, hydrothermal and chemical phenomena for
welded tuff.

Determine the responses of tuff to excavation of an underground facility in order
to evaluate effects of the heat released by the waste on the hydrologic behavior and
effects on components of the engineered barrier system.
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- OFFICE OF DEFENSE PROGRAMS

Office of Defense Programs - Grand Total
Adv nol
R ) D ment Di
S lt Il . l ! ] ' . - ! l]
ir 1
lid I i if i R
Department, 1110 ' '
Behavi ‘ ization
I in '

Ion Implantation Studies. for Friction, Wear and
Microhardness

Silicon-Based Radiation Hardened Microelectronics

Surface Science

hemical Physics R h D ment, 112

Behavior, Characterization
or Testing .

Plasma Etching

Plasma-Enhanced Chemical Vapor Deposition

Laser-Controlled Etching and Deposmon of
Materials :

Surface Chemistry of Organometalhcs for
Compound Semiconductor Epitaxy

Metallorganic Chemical Vapor Deposition
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FY 1990
$42,761,000
$42,761,000
$42,761,000
$16,282,000

$ 8,770,000

$ 1,370,000

$ 1,370,000

300,000
670,000
400,000

$ 1,650,000

$ 1,650,000

500,000
100,000

250,000

300,000
500,000
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OFFICE OF DEFENSE PROGRAMS (Continued) -

Sandia National Laboratories - Albuquerque (continued)
n icon T D
Department, 1140 .
! ! . l 2 . S I] i g llt A
Materials Growth by Molecular Beam Epitaxy
(MBE)
Materials Growth by MOCVD

Strained Layer Superlattices for IR Detectors
Novel Processing Technology for Semlconductor

Technologies
Thin Film Superconductors
Condensed Matter Research Department, 1150
Materials Properties, Behavior, Characterization
or Testing .
Superconductivity
Shock Physics and Chemistry
Semiconductors

Surface Science
Disordered Materials

n icrosensor Research

Ii ies, Beh
or Testing

New Concepts in Microsensors

$ 2,000,000

- $.2,000,000

500,000
400,000
300,000

500,000
300,000

$ 3,000,000

$ 3,000,000
650,000
500,000
600,000
650,000
600,000

$ 750,000

$ 750,000
750,000
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OFFICE OF DEFENSE PROGRAMS (Continued)

Materials Preparation, Synthesis, Deposition, Growth
or Forming

Sulfonated Aromatic Polysulfones

Radiation Hardened Dielectrics -
Organic Nonlinear Optical Materials

Physical Chemistry and Mechanical Properties of Polymers

Division, 1812
Materials Preparation, Synthesis, Deposition, Growth
or Forming

Chemistry of Plasma Etching and Deposition Processes
Materials S 1C .
Materials Structure, Dynamics, and Property
Studies by Multinuclear Pulsed NMR

Spectroscopy
Mechanistic and Kinetic Studies of Polymer Aging
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FY 1990

$ 7,512,000
$ 2,145,000
$ 475,000

$ 100,000
100,000

$ 175,000
50,000
125,000

$ 455,000

$ 130,000
130,000
$ 325,000

75,000
250,000
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OFFICE OF DEFENSE PROGRAMS (Continued)

_ FY 1990
Sandia National Laboratories - Albuquerque (continued)
Physical Properties of Polymers Division, 1813 ., § 351,000
Materials Preparation, Synthesis, Depositi S
or Formin " $ 180,000
Microporous Foam Development } 150,000
Development of Removable Encapsulants . 30,000
Materials Properties, Behavior, Characterization
or Testing _ e : $ 71,000
Mechanical Properties of Encapsulants 21,000
Deformation of Kevlar Fabrics . ‘ 50,000
Materials Structure and Composition $ 100,000
Theory of Polymer Dyﬁamics | | | 100,000
Electronic Property Materials Division, 1815 § 864,000
rial rties, Behavior, Ch ,
or Testing $ 864,000
Nonlinear Optical Materials - - - 100,000
Hydrogen Effects in Silicon 50,000
Ferroelectric Thin Films for Nonvolatile Memories 200,000
Sensor Fabrication from Porous Silicon Using
Electrochemical Techniques . 77,000
Improved Chemometric Techniques : 95,000
Direct Bonding of Films and Substrate Using Ion
. Processing : 59,000
Kinetics of the Oxidation of Solder Alloys 59,000
Segregation of Impurities to Defects in Silicon " 54,000
Characterization of Semiconductor Materials 120,000
Support for Advanced Component Research 50,000
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146

OFFICE OF DEFENSE PROGRAMS (Continued)

Sandia National Laboratories - Albuquerque (continued)

nvir n i m

Materials P ies. Behavior, CI oation
or Testing - o
Gamma Imaging of Radloactlve Waste

Diamond Coating
‘Phase Transformation in Thin Ferroelectric Films

Metallurgy Department, 1830
i inin llurgy Division, 1
Materials Properties, Behavior, Characterization
or ng;' ng
Weldablhty of Alloys

Segregation Behavior During Solidification of Alloys

Solid State Reactions Between Metal Substrates
and Solders

Fluxless Soldering

Weld Process Development

Packaging an ral Metallurgy Division, 1832 = -
ials Pr i hesis, Deposition, Growth
or Forming

Solid Film Lubrication Studies

$ 205,000

- § 205,000

84,000
- 49,000
72,000

$ 1,462,000

- § 425,000

$ 425,000

125,000
50,000

100,000 -

50,000
100,000

$ 60,000
60,000
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OFFICE OF DEFENSE PROGRAMS (Continued)

FY 1990
Sandia National Laboratories - Albuquerque (continued)
ing an ral llurgy Division, 1832 (continued)
i i i I izatj
or Testing $ 443,000
Wear Modeling of Ceramics 77,000
Wetting and Mechanical Behavior of Interfacial
Intermetallics in Solder Joints , 52,000
Stress Corrosion Cracking - Modeling 2-D Crack Growth 77,000
Al-Cu Thin Film Studies 37,000
Stress Voiding in Aluminum Metallizations 200,000

Melting Research and Solder Processing Division, 1833 $ 280,000
Materials Preparation, Synthesis, Deposition, Growth

or Forming $ 200,000
Investment Casting 80,000
Plasma Spraying 120,000

Devi r Component Fabrication, Behavior or Testin
Laser Welding 80,000

rrosion, Cleaning, and Thin Film Technolo

Division, 1834 $ 254,000
Materials Preparation, Synthesis, Deposition, Growth

or Forming $ 63,000

Development of Multilayer Metallizations 63,000
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OFFICE OF DEFENSE PROGRAMS (Continued)

Sandia National Laboratories - Albuquerque (continued)

Corr Qsz_r_l, Cleaning, and Thin Film Technology
- Division, 1834 (contmued)

rial i Bhv1r h
Testing ‘

Corrosion of Alurmnum Metalllzatlon on
Microelectronics o :
Characterization of Diamond Films for Tnbologlcal

Applications _ -
Device Q' I ngp‘g.ngxlu; Fabrication, Bgﬁg_v_;gr or ng];r ng
Development of Fiber-Optic Metalhzatlon for Joining
Chemistry and Ceramics Depggmgnt, 184Q .
ial . h -'s 4 and in Rese rch Dn;1 10 1 41
Electronic Ceramics Division, 1842 | |

velopment Division, .184

Inorganic Meterials Chemistry Division, 1846

Materials Pr ion
r Formin:

rization or

hesis, Deposition, Growth

Electrolytic and Electrophoretlc Methods for
Materials Processing _
Aerosol Production of Fine Ceramic Powders -
Chemically Prepared Ceramic Films for -
Opto-electronic Applications
Development of New Glasses and Glass-Ceramics
Preparation of Ceramic Powders by Chemical Techniques
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$ 133,000

50,000
83,000
$ 58,000
58,000
$ 3,700,000
$ 500,000
$ 500,000

. § 550,000
- $ 2,150,000

$ 750,000

50,000
50,000

200,000
250,000
200,000
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OFFICE OF DEFENSE PROGRAMS (Continued)

e (continued)

Inorganic Meterials Chemistry Division, 1846 (continued)
![ | . l S | l C .lo ’

Structure of Novel Glasses
Structure of Sol-Gel Films

Molecular Beam Studies of Hydrogen in Metals

Electronic Ceramics _ _

Ceramic Fracture

Reactivity and Bonding of Glasses and Ceramics °
to Metals

Behavior or in

Sensor Development
SAW Development

Sandia National Lal ies - Li
i rati is, Deposition, Growth .
or Forming
Powder Metallurgy
Advanced Electrodeposition Studies
Metal Forming
Advanced Foam Materials

Tritium Getter Technology
Plasma Processing

$ 400,000
200,000
200,000

$ 700,000
200,000
200,000
100,000
200,000

$ 300,000

100,000
200,000

$ 2,900,000

$ 1,050,000

200,000
300,000
100,000
200,000

50,000
200,000
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OFFICE OF DEFENSE PROGRAMS (Continued)

Sandia National Laboratories - Livermore (continued)

i i havi h ization
or Testing
Trmum and Decay Helium Effects on Crack Growth
in Metals and Alloys
Joining Science and Technology
Composites: Characterization and Joining

Compatibility, Corrosion, and Cleaning of Materials
Helium in Metal Tritides

I ' ion and F .!'.i

Tritium Facility Matenals Characterization
and Testing
New Analytical Techniques
New High Resolution Electron Microscopy Facility

rati hesis, D ition, Growth

Inorganic Aerogels

Photoactivated Catalysis on Aerogels
Organic Aerogels

Polymer Materials Development and Coating
Atomic Engineering

150

$ 1,350,000

500,000
400,000
200,000

50,000
200,000

$ 500,000

300,000 -
100,000
100,000

$11,047,000

$ 1,940,000

350,000
200,000
200,000
1,000,000
190,000
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OFFICE OF DEFENSE PROGRAMS (Continued)

FY 1990
Lawrence Livermore National Laboratory (continued)

ial I mpositi ... $1,795,000
Theory of the Structure and Dynamlcs of Molecular

Fluids : ‘ - 300,000
Plutonium Pyrochemrcal Research I 25,000
Electronic Structure in Superconducting Oxldes L 1,290,000
Electronic Structure Study of the Thermodynamic -

and Mechanical Properties of Al-Li Alloys RIS 180,000

ials Properties, Behavi har ization
Testing o ' . +.$5727,000
Nuclear Spin Polarization . : P : 1,100,000
Measurement of Tritium Permeatlon Through Resrstant .

Materials at Low Temperatures L R o 90,000
Pretransformation Behavior in Alloys N 500,000
The Structure Property Link in Sub-Nanometer Matenals 60,000
Synchrotron Radiation-Based Materials Science - . .+ 800,000
Structural Transformation and Precursor Phenomena 150,000
Underwater Explosive Energetics : o . 150,000
Composite Explosive Energetics - . 150,000
Low Vulnerability Explosives 420,000
Fundamentals of Explosive Vulnerability S . 4 400,000
Very High Energy Density Materials . . . Ve e 50,000
Use of Finite Element Analysis to Understand . _

Delayed Failure in Silver-Interlayer Welds . - 100,000
Constitutive and Failure Behavior of Metals : -

at High Rates of Tensile Strain : 100,000
Theoretical and Experimental Studies of Solid

Combustion Reactions 100,000
Fracture Behavior of Refractory Metals and Alloys

in Liquid Actinides 175,000
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OFFICE OF DEFENSE PROGRAMS (Continued)

Lawrence Livermore National Laboratory (continued)

ri ies, Behavior
Testing (continued)

Oxidation and Liquid Metal Resistant Coatings
Development of Ultrafine Microstructures Through

Rapid Solidification Rate Processing X
Failure Characterization of Composite Materials
Modeling Superplastic Materials -
Creep Model for Fiber Reinforced Epoxy-Resm Composues
Superplastic Flow of Ceramics and Intermetallics S
Structural Joints for Composite Materials -
Interfaces, Adhesion and Bonding

mponen ri

IC Protective Coatings

Characterization of Solid-State Microstructures in High
Explosives by Synchrotron X-ray Tomography
Optical Diagnostics of High Exploswes Reaction
Chemistry
mentation and Faciliti

Scanning Tunneling Microscopy

‘Scanning Tunneling Microscopy (STM) and

Atomic Force Microscope (AFM) as a Detector
Tritium Facility Upgrade
Decontamination and Waste Treatment Facility
(DWTF) :

"Line-item construction projects. They are not included in subtotal or total.
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70,000
90,000
330,000
260,000
58,000
125,000
69,000
380,000
$ 945,000
720,000
50,000
175,000
$ 640,000
320,000

320,000
(7,800,000)"

(7,700,000)°
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‘OFFICE OF DEFENSE PROGRAMS (Continued)

FY 1990
m ion L e -$12,532,000
Materials Pr ion, hesis, D _
or Forming . : -~ $6,440,000
Actinide Processing Development - - | . : 1,350,000
Plutonium Oxide Reduction = SRS ‘ o 150,000
Ion-Beam Implantation = " 200,000
Electroplating Low Atomic Number Matena]s - . 100,000
Liquid Crystal Polymer Development . SR 300,000
Low-Density, Microcellular Plastic Foams ‘ : 250,000
Target Coatings - ' ' ' 400,000
Physical Vapor Deposmon and Surface Analys1s ' 700,000
Chemical Vapor Deposition (CVD) Coatmgs S ' 200,000
Polymers and Adhesives , 450,000
Tritiated Materials . S L 511,000
Salt Fabrication S e ) 379,000
Slip Casting of Ceramics : 150,000
Glass and Ceramic Coatings =~ =~ - e 40,000
Cold Pressing, Cold Isostatic Pressing and Smtenng 10,000
Plasma-Flame Spraying Technology 185,000
Rapid Solidification Technology . : 100,000
Microwave Sintering/Processing - - ‘ 120,000
Predictions of Super Strong Polymers - : 565,000
Synthesis of Ceramic Coatings ’ 30,000
Laser Surface Treatment of Materials =~ - . =~ - : 250,000
Materials Structure or Composition $ 1,187,000
Actinide Surface Properties . 700,000
Neutron Diffraction of Pu, Pu Alloys and
Other Actinides 237,000
Surface, Material and Analytical Studies - S 250,000
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OFFICE OF DEFENSE PROGRAMS (Continued)

FY 1990
Los Alamos National Laboratory (continued)

. . havi rization
or Testing $ 2,625,000
Mechanical Properties of Plutonium and Its Alloys o 450,000
Phase Transformation in Pu and Pu Alloys . . 450,000
Plutonium Shock Deformation : 350,000
Non-Destructive Evaluation 500,000
Powder Characterization : 50,000
Shock Deformation in Actinide Materials 200,000
Dynamic Mechanical Properties of Weapons Materials ’ 225,000
Dynamic Testing of Materials for Hyper-Velocity

Projectiles 100,000
Mechanical Properties 300,000
vice or Component Fabrication, Behavior or Testin $ 2,280,000
Radiochemistry Detector Coatings ‘ 200,000
Target Fabrication 1,500,000
Filament Winder 80,000
Polymeric Laser Rods 150,000
High Energy Density Welding in Hazardous

Environments 350,000
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OFFICE OF DEFENSE PROGRAMS

The Assistant Secretary for Defense Programs directs the Nation’s nuclear weapons
research, development, testing, production, and surveillance programs. In addition, the
Assistant Secretary coordinates a safeguards and security program to provide accountability and
physical protection of special nuclear materials, including research and development for
improvements, testing, evaluation, and implementation of safeguards systems. Additional
responsibilities include management of the inertial fusion development and nuclear materials
production programs, classification and declassification of sensitive weapons information,
analysis and coordination of international activities related to nuclear technology and materials,
and the management of waste from defense program activities.

Materials activities in Defense Programs are concentrated in the Office of Research and
Advanced Technology and in the Office of Nuclear Materials Production. Within the Office
of Research and Advanced Technology, materials activities are supported by the Inertial Fusion
Division and by the Research and Technology Development Division. The bulk of these
activities are performed at the three weapons program national laboratories: Sandia, Lawrence
Livermore, and Los Alamos. '

Office of Research and Advanced Technology
ARe§eg;ch and Technology Development Division
Sandia National Laboratories - Albuquerque

Soli ate Sciences Directorate, 1100

Ion Solid Interactions and Surface Sciences Research Department, 1110

The mission of Department 1110 is to provide Sandia National Laboratories with a
comprehensive research program and technology base in ion implantation, ion-solid
microanalysis/channeling thin film kinetics and epitaxy, and defects and hydrogen in solids.
The research is designed to enhance fundamental understanding of the physical and chemical
processes necessary to control the near-surface and interfacial regions of solids as well as to
develop new techniques for the controlled synthesis, modification and analysis of these
near-surface and interfacial regions. A major aspect of the work is thus to develop an
underlying understanding and control of thin film kinetics, epitaxy, defects, hydrogen-materials
interactions, alloying processes, and the formation of metastable and amorphous phases. In
addition, the mission of the department is to relate this knowledge to laboratory problems and
needs in the development of advanced weapons and energy systems.
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rials Pr ies, Behavior, Char. rizati r T

289. Ion Implantation Studies for ~ Friction, Wear and Microhardness - DOE
Contact C. B. Hilland, (301) 353-3687; Sandia Contacts * D. M. Follstaedt,
(505) 844-2102, S. M. Myers, (505) 844-6076 and L. E. Pope, (505) 844-5041

. Ion implantation is used to modify the surface and near-surface regions of metals
and these implantation-modified materials are evaluated for their improved friction
and wear charactenstlcs

290. Slhgg_g-Ba,sgg Radiation ngggngg Mlggg ectronics - DOE Contact C. B. Hilland,
(301) 353-3687; SNL Contacts H. J. Stein, (505) 844-6279, K. L. Brower, (505) 844-6131
and J. A. Knapp, (505) 844- 2305

e Optlcal electrical and composmonal measurements, in conJunctlon W1th electron
paramagnetic resonance and related techniques are used to determine the
fundamental defect structures and materials properties requlred for radiation-
hardened Si-based mlcroelectromcs

291, Surface Science - DOE Contact C. B. Hilland, (301) 353-3687; Sandia Contact
T. A. Michalski, (505) 844-5829

+ Scanning tunneling microscopy, field ion microscopy, Auger electron spectroscopy,

-~ UV photoemission spectroscopy, and thermal desorption are being used to study the
edrly stages of epitaxy, oxidation and corrosion of metals and semiconductors and
adhesion of polymers to metals.

- Novel chemical vapor deposition techniques are being developed to produce more
uniform and reliable multicomponent pyrotechnics.

er and Chemical Physics Research Department, 1120
Materials processing science studies emphasizing chemical vapor de'pbsition and plasma-
and photo-enhanced vapor deposition and etching are carried out. Emphasis is on

microelectronic and optoelectronic matenals and processing methods. Examples of ongoing
studles are prov1ded below.
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292.

293.

294,

295.

rials Pr ies, Behavior, Characterization rT‘in'

Plasma FEtching - DOE Contact C. B. Hilland, (301) 353-3687; SNL Contacts
K. E. Greenberg, (505) 844-1243 and P. J. Hargis, (505) 844-2821

. Fundamental studies of plasmas of the fype widely used in the manufacture of large-
scale and very-large-scale integrated electronic circuits to etch small features in
_ semiconductors, dielectrics and conductors.

+ Emphasis is on new process methods and methodologies for improved pattern-
transfer fidelity with less damage to the underlying material, and on process
monitors that may lead to improved process reliability.

Plasma-Enhan hemical Vapor D ition - DOE Contact C. B. Hilland,
(301) 353-3687; SNL Contacts K. E. Greenberg, (505) 844-1243 and P. J. Hargis,
(505) 844-2821 ,

«  Fundamental studies of plasma-enhanced chemical vapor depoéition', PECVD,
aimed at processes that give higher quality materials having good adhesion to the
underlying structure.

+ In situ monitors for process control.

-Controlled Etchi ition of Materials - DOE Contact C. B. Hilland,

(301) 353-3687; SNL Contact A. Wayne Johnson, (505) 844-8782

« Study of the technological limits of laser-controlled deposition and etching of
conductors and insulators on microelectronic circuits.

- Potential applications in the correction of design errors in prototype circuits and the
customization of large-scale integrated circuits.

Surface Chemistry of Organometallics for Compound Semiconductor Epitaxy - DOE

Contact C. B. Hilland, (301) 353-3687; Sandia Contact J. R. Creighton, (505) 844-3955

» Study of the primary chemical surface reactions of organometallic -compounds
(Ga(CH,),, Al(CH,),, etc.) used as sources of elemental constituents for the growth
of compound semiconductors.

+ Application of such techniques as metallorganic chemical-vapor deposition
(MOCVD), chemical-beam epitaxy (CBE), and atomic layer epitaxy (ALE).
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296. Metallorganic Chemical Vapor Deposition - DOE Contact = C. B Hilland,
(301) 353-3687; SNL Contacts K. P. Killeen, (505) 844-5164 and M. E Coltrin,
(505) 844-7843

«  Theoretical modelling of the fluid dynamics and both thé volume and the surface
chemistry, together with application of in sifu measurement tools to gain new insight
into the underlying physics and chemistry of the MOCVD process. .

« Goals of this work are the development of processes and process control procedures
that yield higher quality materials and more abrupt -heterointerfaces, and
identification of chemical precursors that are less toxic and otherwise. more safe to
handle.

micon Device Research Department. 1140+

Study and application of semiconductor strained-layer superlattices and heterojunction
materials to explore. solutions to new and existing semiconductor materials problems, by
coordination of semiconductor physics (theory and experiment) and materials science. This
program investigates fundamental material properties including band structure, electronic
transport, crystal stability, and linear and nonlinear optical properties. It also includes
investigation of thin film high temperature superconductors for hybrid compound
semiconductor/superconductor apphcatlons The materials under study have a wide range of
applications for high speed and microwave technology, optical detectors, lasers, and optical
modulation and switching.

Materials Preparation, Synthesi osition, Growth of Forming

297. Materials Growth by Molecular Beam Epitaxy (MBE) - DOE Contact C. B. Hilland,
(301) 353-3687; Sandia Contacts L. R. Dawson, (505) 846-3451, T. M. Brennan,
(505) 844-3233 and J. F. Klem, (505) 844-9102

« Growth of AlGaAs/GaAs, InAsSb/InAl, InGaAs/GaAs and AllnAs/GalnAs

strained layer superlattice (SLS) and strained quantum well (SQW) structures for
electronic and optoelectronic applications.
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298. Materials Growth by MOCVD - DOE Contact: C. B. Hilland, (301) 353-3687/
FTS 233-3687; Sandia Contact R. M. Biefield, (505) 844-1556 -

« Growth of GaP/GaAsP and InAsSb/InSb SLSs for high temperature radiation-hard
electromc devices and for long wavelength IR detectors respectlvely

. A primary goal of this effort is to 1dent1fy surtable dopants for n and p type
InAsSb/InSb SLSs

e A further goal is to fabricate p-n Junctron photodrodes from these matenals for IR
detectors in the 8-12 um wavelength region. . :

299. Strained Tayer Superlattices for IR Detectors - DOE Contact C. B Hilland,
(301) 353-3687; Sandia Contact P. S. Peercy, (505) 844-4309

- Strained layer superlattices based on:the InAsSb/InSb and InAsSb/InSb/AlISb
systems are being investigated for use as attractive alternatives to the unstable
HngTe alloys for IR detector apphcatlons in the 8 12 um range.

. Growth by both MBE and MOCVD techmques

« Photovoltaic detector with D*> 1 x 10 cm' VHZ/W at 10 um and 77K and
- photoconductive detection to 15 um have been demonstrated

300. Novel Processing Technology for Semiconductor Technologies - DOE Contact
C. B. Hilland, (301) 353-3687; Sandia Contact D.S. Ginley, (505) 844-8863 = =

~« This program involves studies ‘of new technologres for formation of diffusion
~ .barriers, Shottky barrier and Ohmic contact formation, passivation layer
-development, deposition of reactive alloys, and deposition and patterning of hrgh

temperature superconductors. .
!
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301. -.Thin_.. Film . Superconductors. - DOE Contact C. B. Hilland, (301) 353-3687/
FTS 233-3687; Sandia Contact D. S. Ginley, (505) 844-8863/FTS 844-8863

-l Thm films of the hlgh temperature superconductors in the Y-Ba-Cu O and
T1-Ca-Ba-Cu-O systems are bemg prepared by MBE, E-beam evaporation and
. sputtering. . ;

. Strong]y-lmked polycrystalline films with critical currents approachmg 1, 000000
. A/cm at 77K have been demonstrated. , ,

 Patterning and contactmg technology for the ﬁlms for dev1ce apphcatlons is also
. . being developed. : _

Condensed Matter Research Degartment, 1150

The rmssron of Department 1150 is to provrde fundamental understandmg and strong
technology bases in novel materials and structures, surface physics and shock wave physics and

chemistry. Both experimental and theoretical research are performed. Current areas of
emphasis include high T superconductors, shock-induced solid state chemistry, disordered
materials, high temperature semiconducting borides, defects in semlconductors, surface

desorption and ferroelectrics.

Materials Properties, Behavior, Characterization or Testing

302. Superconductivity - DOE Contact C. B. Hilland, (301) 353-3687; Sandia Contact
B. Morosin, (505) 844-8169

- Transport, magnetic and structural measurements to access the fundamental factors
which limit the performance of ceramic superconductors. :

+ Development of theoretical: models of high temperature superconductivity.

« Development of new processing technologies for ceramic superconductors, in
particular high pressure, high temperature oxygen treatments. - ‘

303. Shock Physics and Chemistry - DOE Contact -C. B. Hilland, (301) 353-3687/
FTS 233-3687; Sandia Contact R. A. Graham, (505) 844-1931

« Both organic and inorganic solids are being investigated to determine the influence

of molecular structure on shock-induced bond scission, and the influence -of line and
point defects on the observed, enhanced, shock-induced solid state reactivity.
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304.

305.

306.

" The influence of shock modification ‘on the properties and synthes1s ‘of high T,
superconductors is being explored. Shock-activated thermal batteries are bemg
studied to determine the mechamsms and matena]s parameters wh1ch mfluence

: electncal output.

A revolutionary tlme-resolved dynamxc stress gauge using the piezoelectric polymer
PVF2 is belng developed

Semiconductors - DOE Contact C. B. Hllland (301) 353 3687 Sandia Contacts
D Emm, (505) 844-3431 and H P Hjalmarson, (505) 846-0355

Theoretlcal and expenmental studies of electronic properties of boron. carbide at
high temperatures.

Radiation-induced defects and their deep electromc levels in silicon and compound

» semlconductors and the role of these defects in dev1ce degradatlon

Physxcs of lxght-hole devices based on strained layer superlattlces

Surface Science - DOE Contact C. B. Hilland, - (301) 353 3687; Sandia Contact
D. R. Jennison, (505) 844-5909 '

Detection and analysis of néutral atoms and 'molecules desorbed from surfaces.

Theory of electronically stimulated desorption.

Theory of surface electronic structure.

Hydrogen in metals.

Disordered Materials - DOE Contact C. B. Hilland, (301) 353:3687; Sandia Contact
G. A. Samara, (505) 844-6653

Application of polymeric synthesis routes to ‘ceramic materials. -

Gas phase materials pi'oeessing.
Gelatlon in foam precursors and sol-gel glasses.
Fundamentals of ﬁlm formation.

The phys:cs and formation of microemulsions.
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Optdelectronics and Microsensor Research Department, 1160

The mission of Department 1160 is to provide Sandia National Laboratories with a
comprehensive science and technology base in photonics and microsensor research. A
fundamental understanding of the interaction of materials with both electromagnetic and
mechanical forms of energy-as well as their chemical environment are used to facilitate the
désign of new photonic and sensor devices. Activities include research into advanced materials.
and devices for optical sources; modulators and detectors; information processing; and chemical

sensing. - . _ :

Materials Properties, Behavior, Characterization or-Testing

307. New Concepts in Microsensors - DOE Contact C. B. Hilland, (301) 353-3687; Sandia
. Contacts R. C. Hughes, (505) 844-8172, A. J. Ricco, (505) 844-4947;, M. A. Butler,

(505) 844-6897

- Radiation-sensing field-effect transistor (RADFET) which operates by the trapping
of radiation-produced holes in the silicon dioxide gate dielectric of the FET.

- Chemical sensors ‘which operate by inducing charged layers at the metal-silicon
dioxide interface in response to the chemical species. : :

. Acoustic wave devices for detection of solid-liquid interface phenomena like
viscosity, freezing, and low level chemical detection.

+ Optically-based corrosion and energy impulse detectors for high speed impulse
detection and remote corrosive species detection.

« A miniature optical fiber micromirror chemical detector that can distinguish
between water and common organic solvents.

Materials and Process Sciences, 1800

Organic and Electronic Materials Department, 1810

Department 1810 provides support to Sandia projects through selection, development,
and characterization of organic and electronic materials and associated manufacturing
processes. Responsibilities span exploratory development through design, production, and
stockpile life. The Department provides the Laboratories with knowledge and engineering data
on properties and reliability of organic and electronic materials pertinent to our unique
applications and conducts in-depth studies in order to understand and improve these
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properties Department 1810 investigates unique and innovative approaches to applying
orgamc materials to problems of interest at Sandia. -

Chemistry of Orgamc Materials Division, 1811

- Division 1811 supports the Laboratories in the area of chemistry of organic materials.
It is responsible for selecting, formulating, and characterizing polymer films and coatmgs,
adhesives, and resins for casting and molding as well as developing or synthesizing new organic
materials for unique and innovative applications. This division coordinates aging and
compatibility studies throughout the Laboratories. To accomplish these goals, the Division
carries out in-depth chemical investigations to characterize the reaction chemistry of these
materials which influence their formulation, processing, or aging.

Materials Preparation, Synthesis, Deposition, Growth or Forming

308. Sulfonated Aromatic Polysulfones - DOE Contact C. B. Hilland, (301) 353-3687; Sandia
~ Contacts R. L. Clough, (505) 844-3492, C. Arnold, Jr., (505) 844-8728, and R. A. Assink,
(505) 844-6372 ,

+ Sulfonated aromatic polysulfones have been developed as stable ionic battery
membranes and are now in testing in prototype batteries.

Materials Properties, Behavior, Characterization or Testing

309. Radiation Hardened Dielectrics - DOE Contact C. B. Hilland, (301) 353-3687; Sandia
Contacts R. L. Clough, (505) 844-3492 and C. Arnold, Jr., (505) 844-8728

« Polymer dielectrics have been developéd that displa.y a minimum radiation-induced
conductivity (RIC).

« These materials will be used in capacitors and cables exposed to high dose-rate
radiation so that little charge is lost due to RIC in this environment.

« Processing parameters have been optimized. -

310. Organic- Nonlinear Optical Materials - DOE Contact C. B. Hilland, (301) 353-3687;
Sandia Contacts R. L. Clough, (505) 844-3492; P. A. Cahill, (505) 844-5754, G. E. Pike,
(505) 844-7562, and M. B. Sinclair, (505) 844-5506 -

. Research on fabrication of organic nonlmear optical devices on semiconductor
substrates has been initiated.
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hysical mis thmlPr f Polymers Division, 181 R
* Division 1812 develops new orgamc matenals structurally and chemically charactenzes
organic materials, and studies their mechanical properties. It is responsible for characterizing
the molecular, electronic, and microphase structure of organic materials and their chemical
reactivity toward the use environment as well as formulation of organic composnes and
adhesives. :

Materials Preparation hesi ition, Growth or Forming . St
311. Chemistry of Plasma Etching and Deposition Processes - DOE Contact C. B. Hilland,

(301) 353:3687; Sandia Contacts C. L. Renschler, (S05) 844-0324 and R. J. Buss
(505) 844-7494 |

.. Study of chermstry of glow discharge plasmas usmg molecular beam and laser
techniques. : v , e .

« Application to selectivity in etching for microelectronic fabrication.

» Also applied to deposition of films for chemical sensing applications.

“"DOE_Contact C. B. Hilland, (301) 353-3687; Sandia  Contacts
C. L. Renschler, (505) 844-0324 and R. H. Assink, (505) 844-6372

| "+ Use of BC and H spectroscopy of precursor liquids for encapsulants and foams.
-+ Studies of coal hquefactron catalysts and processes
. Study of sol-gel kinetics.

. Imaging techniques for liquid and solid foams.
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313. Mechanistic and Kinetic Studies of Polymer Agg' ing-- DOE Contact C. B. Hilland,
(301) 353-3687; Sandia Contacts C. L. Renschler, (505) 844- 0324 K. T. Grllen,

(505) 844 7494, and R. L. Clough (505) 844 3492

. Mechamstxc studies -of thermo~ox1det1ve degradanon routes in polymers.

+ Development of novel tools and techniques to quantify polymer aging.

+ Development of kinetic theory and validation with ‘experimental data. '
Physical Properties of Polymers Division, 1813 -

Division 1813 provides support to Sandia projects through selection, development,.and
processing of foams, elastomers, encapsulants, and molding compounds. It is responsible for
characterizing the physical properties and aging behavior of these materials.” This Division also

carries out in-depth physical property studies when necessary in order to understand or improve
these properties

Materials Preparatlon, Smthesrs, Deposrtlon, Growth or Formmg

314. Microporous Foam Development - DOE Contact C. B. Hilland, (301) 353-3687; Sandla
Contacts J. G. Curro, (505) 844-3963, R. R. Lagasse, (505) 845-8333 T

« Development of new polymer and carbon foams which have both low denS1ty and
small cell sizes (0.1 to 10 mrcrons)

-+ Process utilizes thermally mduced phase separatlon followed by solvent removal
steps such as extraction or freeze-drying. . '

315. Development of Removable Encapsulants - DOE Contact C. B. Hilland, (301)' 353-3687,
Sandia Contacts J. G. Curro, (505) 844-3963 and P. B. Rand, (505) 844-7953

« Development of removable encapsulant to allow rework of electromc components.

« Polymer beads (with blowing agent) poured into assembly and heated to fuse
polymer. Encapsulant removed with solvent.
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Materials Properties, Behavior, Characterization or Testing

316. Mechanical Properties of Encapsulants - DOE Contact C. B. Hilland, (301) 353-3687;
Sandia Contacts J. G. Curro, (505) 844-3963 and D. B. Adolf, (505) 844-4773

-« Measurement of linear elastic properties (coefficient of thermal expansion, bulk
modulus, and shear modulus) as functions of temperature that lead to stresses upon
thermal cycling for common polymeric encapsulants.

« Future studies will focus on  the ultlmate properties of these matenals for use in
determining failure criteria using computer codes.

317. Deformation of Kevlar Fabrics - DOE Contact C. B. Hilland, (301) 353-3687/
FTS 233-3687; Sandia Contacts J. G. Curro, (505) 844-3963 and W. E. Warren,
(505) 844-4445

. The effect of spec1fic fabric microstructure and Kevlar yarn properties on the

effective elastic properties of the fabric are being investigated theoretically and
experimentally to allow optlmxzatlon of the mechanical propertles of parachute
fabrics. : :

Materials Structure and Composition

318. Theory of Polymer Dynamics - DOE Contact C B. Hilland, (301) 353- 3687 Sandia
Contact J. G. Curro (505) 844-3963

e Extens1on of Mode—Mode-Couphng Theory to polymenc hqulds

. Calculatlon of structure-property relatlonshlps from first principles, with no
adjustable parameters.

+ Develop understanding of unportant length scales, as observed in scattenng
: expenments

Electfomc Prope:_ty Matenals D1v1s1on, 1815

D1v1s1on 1815 provides support to Sandla programs through selection, development, and
characterization of electronic materials. Responsibilities span exploratory development through
design, production, and stockpiling. The Division also performs in-depth studies in order to
understand material properties and associated electronic phenomena. Areas of activity include
electronic materials, dielectrics, and optical materials.
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319. Nonlinear Optical Materials -: DOE Contact C. B. Hilland, (301) 353-3687; SNL
Contacts G. E. Pike, (505) 844-7562 and M. L. Sinclair, (505) 844-5506

+ Optical and electrooptical change of refractlve index are bemg measured for organic
molecules and polymers. : : :

320. Hydrogen Effects in Silicon - DOE Contact C. B. Hllland (301) 353 3687; Sandia
: -Contacts G. E. Pike, (505) 844-7562 and R. A. Anderson, (505) 844-7676

+ Kinetics of hydrogenatlon and dopant passwatron in silicon.
. Hydrogen dopant complex dlSSOClatIOIl is electromcally' controlled.

321. Ferroelectric Thin Films for Nonvolatile Memories - DOE Contact C. B. Hilland,
(301) 353-3687; Sandia Contact G. E Plke, (505) 844-7562 and W. K. Schubert,
(505) 846-6548

+ Electron spm resonance of thm PZT ﬁlm to mvesngate the role of rmcrostructure,
impurities and defects in determining ferroelectric performance

Materials and Environmental Sciences Department, 1820

Department 1820 performs chemical analysis and materials characterization in support
of weapon and energy programs and projects throughout the laboratory, and it has
responsibility for the development of advanced. techniques to meet anticipated needs. In
addition, the department is involved in other areas such as materials compatibility, minimizing
waste and certain other environmental areas. - »

Materials Properties, Behavior, Characterization or Testing

322. Gamma Irrtagjng of Radioactive Waste - DOE Contact C. B. Hilland, (301) 353-3687,
SNL Contact Laura Gilliom, (505) 844-3936 and Willard Hareland, (505) 844-7758

» Two-dimensional imaging capability for high level radioactive waste is being

developed to be used in conjunctxon w1th robots to charactenze DOE wastes stored

. at various SltCS
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Diamond Coating - DOE Contact C. B. Hilland, (301) 353-3687; SNL: Contact
Laura Gilliom, (505) 844-3936 and D. R. Tallant, (505) 844-3629

+ Raman spectroscopy is being used to characterize dlamond and dlamond-hkc films
prepared in other Sandia laboratories.

Phase Transformation in Thin Ferroelectric Films - DOE Contact C. B. Hilland,
(301) 353-3687; SNL Contact Laura Gilliom, (505) 844-3936 and R. P. Goehner,
(505) 844-9200

« X-ray crystallography is being used to determine the phase transformations that
occur when an electric field is applied to these materials.

Sensor Fabrication from Porousb Silicon Using Electrochemical Technique - DOE
Contact C. B. Hilland, (301) 353-3687; SNL Contact M. Keenan, (505) 844-2190 and

M Kelly, (505) 844-4031

+ Electrochemical techmques are being used to fabricate moisture sensors and to
characterize defects in SOI technology. This project is joint with other Sandia
~ organizations.

Improved Chemometric Techniques - DOE Contact C. B. Hilland, (301) 353-3687; SNL
Contact M. Keenan, (505) 844-2190 and D. Haaland, (505) 844-5292-

+ Application of multivariate analysis to spectral data.

- Application to instrumental analysis of materials with particular emphasis on the
identification of outliers and the transfer of the calibration. model data from one
mstrurnent to another.

Dlrect Bondmg of Films and Substrate Using Ion Processmg DOE Contact
C. B. Hilland, (301) 353-3687; SNL Contact J. Borders, (505) 844-8855 andA. Galuska,

(505) 844 3187

- High energy ion mixing used as a tool to better understand the mechanisms of
certain thin-film bonding processes and determine improved bonding procedures.
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328. Kinetics of the Oxidation of Solder Allays - DOE Contact C. B. Hilland, (301) 353-3687;
SNL Contact J. Borders, (505) 844-8855 and J. Nelson, (505) 846-7388

« Determination of rate of oxide growth on solder material in order to predict long-
term reliability of weapon components.

329. Segregation of Impurities to Defects in Silicon - DOE Contact C. B. Hilland,
~ (301) 353- 3687; SNL Contact M. Carr, (505) 846-1405 and J. R. Michael, (505) 844-9115

» Development of analytical electron microscopy as a tool to analyze the extent to
which impurities in silicon migrate to defects. ~

330. Characterization of Sémicondi]ctor' Materials - DOE Contact C. B. Hilland,
(301) 353-3687', SNL Contact M. Carr, (505) 846-1405 and T. Headlc_:y-, (505) 844-4787

"« Application of various analyt1ca1 instruments to the characterization of
semiconductor materials in support of research centered elsewhere in the laboratory.

331. Support fo"r' Advanced Component Research - DOE Contact C. B. Hilland,
(301) 353-3687; SNL Contact J. Borders, (505) 844-8855 _

+ Application of various analytical instruments to the characterization of materials
associated with the development of advanced components centered elsewhere in the
laboratory.

Metailurgy Department, 1830

Department 1830 selects, develops, and characterizes all metal based materials and their
related manufacturing processes that are required to meet current and future systems and
components requirements. Responsibilities span exploratory development through design,
production, and stockpile life. If either current or anticipated demands cannot be met by
commercially-available metals and processes, Department 1830 is responsible for the necessary
development. Understanding mechanisms of alloy bulk and surface behavior through
microstructural interpretation and the modeling of processes, structure, and properties provides
the basis for alloy and process development and mcreases the confldcnce of behavior
predictions.
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Physical and Joining Metallurgy Division, ‘1831

This organization is tasked with developing fundamental understandings of the thermal/
chemical interactions which control microstructure and properties in metals and alloys. As
such, it will provide expertise in microstructural interpretation, and microstructural evolution
of metals and alloys as a result of manufacturing processes, especially welding, brazing, casting,
and soldering. Interpretation of solidification and solid state transformations in metal alloys
and the modeling and interpretation of diffusive and other kinetic processes are this division’s
responsibility. - Development of phase equilibria and thermodynamic information for
metallurgically important systems such as solder alloys and intermetallics will be carried out
by personnel in this organization. Weld process research and subsequent implementation at
the Production Agencies is also a major responsibility.

Materials Properties, Behavior, Characterization or Testing

332. - Weldability of Alloys - DOE Contact C. B. Hilland, (301) 353-3687; Sandia Contacts
C. V. Robino, (505) 844-6557, M. C. Maguire, (505) 844-1625, G. A. Knorovsky,
(505) 844-1129, and M. J. Cieslak, (505) 845-9144

+ Studies of wetting of solder on alloys used in electronic components.

333. Segregation Behavior During Solidification of Alloys - DOE Contact C. B. Hilland,
' (301) 353-3687; Sandia Contacts C. V. Robino, (505) 844-6557 and M. J. Cieslak,

(505) 846-7500

« Study of the distribution of elements following solidification of welds to understand
hot-cracking in the.region containing these low melting point constituents.

+  Diffusion in the solid, solidification in multicomponent systems and non-planar front
. solidification are being treated. ‘

334. Solid State Reactions Between Metal Substrates and Solders - DOE Contact
C. B. Hilland, (301) 353-3687; Sandia Contacts P. T. Vianco, (505) 844-2329 and

A. D. Romig, (505) 844-8358

- Integrated experimental and diffusion modeling program investigating reactions
between fusible alloy solders, based on Pb, Sn, In, etc., and metallic substrates.
Efforts are aimed at determining the stability and formation rates of intermediate
phases as a function of temperature.

« Systems currently under study include Au/Pb-In, Au-Pd/Pb-In, Cu/Pb-Sn, Cu/Pb-In,
Pd/Pb-In.
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335. Fluxless Soldering - DOE Contact C. B. Hilland, (301) 353-3687; Sandia Contact
F. M. Hosking, (505) 844-4925

+ Fluxes promote wetting when soldering, but present potentlal long term reliability -
problems with respect to the potential for corrosion if their residues are not
removed.

“+. The goal of this work is to find. a reactive-gas and specific processing conditions
~ - which produce solder joints which are comparable to those produced using rosin
based fluxes, and are environmentally benign.

336. Welci Process Development - DOE Contact C. B. Hilland, (301) 353-3687,; Sandia
Contacts P. W. Fuerschbach, (505) 845-8877, G. A. Knorovsky, (505) 844- 1129
C. V. Robino, (505) 844-6557, and M. C. Maguire, (505) 844-1625 -

+ Heat input minimization to maximize melting efficiency in gas-tungsten-arc and
plasma-arc welding has been quantified and a functional relationship developed
which guides optimization of melting for a given material, process, and weld )omt
design.

« The mechanical response of resistance weld heads has been characterized and its
- influence on weld processing is bemg evaluated. A method of in-situ, non-
destructive evaluation of penetration in laser welding is being developed.

Packaging an ctural M 11 Division, 1832

The mission of the Packaging and Structural Metallurgy D1v151on 1832 is to provide the
understanding and characterization of the mechanical, friction, and wear properties of
materials. This includes the selection of alloys and the conduct of research in alloy design and
thermomechanical effects on material behavior. Sophisticated mechanical testing capabilities
are part of this division and extensive use is made of the analytical capabilities at Sandia. -

Materials Preparation, Synthesis, Deposition, Growth or Forming

337. Solid Film Lubrication Studies - DOE Contact C. B. Hilland, (301)A 353-3687; Saﬁdia
Contact M. T. Dugger, (505) 844-1091

« Solid film lubricants are under development for use in very clean environments

 Available films are being characterlzed and novel methods of MoS, deposmon w111
be examined in terms of both productivity and performance.
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Wear Modeling of Ceramics
Contacts M. T. Dugger, (505) 844-1091 and R. J. Bourcier, (505) 844-6638

- DOE Contact C. B. Hilland, (301) 353-3687; Sandia

Develop a model to simulate the wear of ceramic surfaces using fundamental
materials properties and the statistical parameters that characterize the surface
topography on an appropriate microscopic scale.

Measure topographical characteristics of actual wear surfaces using atomic force
microscopy and use these data to refine and validate the modeling.

Wetting and Mechanical Behavior of Interfacial Intermetallic in Solder Joints - DOE

Contact C. B. Hilland, (301) 353-3687; Sandia Contacts D. R. Frear, (505) 845-9023 and
RE J Stephens, (505) 845-9209

Intermetallics play an important role in the formation and mechanical response of
solder joints. This program examines the wetting, the growth kinetics, and the

resultant mechanical response of several intermetallics of interest in solder
applications.

Stress Corrosion Cracking - Modelling 2-D Crack Growth - DOE Contact C. B. Hilland,

(301) 353-3687; Sandia Contacts R. J. Bourcier, (505) 844-6638 and W. B. Jones,
(505) 845-8301

Microscopic models explain only one dimensional growth of stress corrosion cracks.

A two dimensional model is being developed to predict the crack growth which
occurs in actual specimens. Features such as microstructure and applied stress field
are incorporated into the model.

Al-Cu Thin Film Studies - DOE Contact C. B. Hilland, (301) 353-3687; Sandia Contacts
D. R. Frear, (505) 845-9023 and A. D. Romig, (505) 844-8358

Investigation of mechanisms for the electromigration resistance of Al-Cu
metallizations.

The microstructure of Al-Cu films will be varied and analytical electron microscopy

used to examine the distribution of Cu within the microstructure and its reaction in
electromigration testing.
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342. Stress Voiding in Aluminum Metallizations - DOE Contact C. ‘B. Hilland,
(301) 353-3687; Sandia Contacts J. A. Van Den Avyle, (505) 845-8034, R. J Bourc1er
(505) 844 6638, and F. G. Yost, (505) 844-5446 )

+ The measurement and prediction of stresses in passivated aluminum metallization
- conductor lines on integrated circuits is key to the prediction of stress voiding.

« Experimental and analytic studies are underway to measure these stresses by X-ray
dlffractlon and to model them using ﬁmte element methods.

Melting Rggegrgh and Solder Processing Division; 1833

This Division supports the laboratories by selectmg, characterizing, and developing
metallurglcal processes needed in the manufacture ‘of components and systems. The objective
is to provide process definition and control by understanding the mechanisms which operate.
Principal processes currently under study include laser welding, vacuum arc remelting,
electroslag remelting, electron beam melting, 1nvestment castmg, plasma spraymg, and fluxless
soldering.

Materials Preparation hesis, Deposition, Growth or Formin

343. Investment Casting - DOE Contact C. B Hilland, (301) 353-3687 Sandia Contact
F. J. Zanner, (505) 844-7073

« Investment casting is being studied with the objective of understandlng fluidity as
a function of alloy, mold material, mold temperature, and pounng temperature.

344. Plasma Spraying - DOE Contact C. B Hilland, (301) 353-3687; Sandia Contact
: M. F. Smith, (505) 846-4270

» Atmospheric and low pressure plasma spray processes are being developed to
' produce coatings with desirable tribological properties.

« Development of plasma sprayed diamond coatings has been initiated.
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345. Laser Welding - DOE Contact C. B. Hilland, (301) 353-3687 Sandia Contact
J. L. Jellison, (505) 844-6397

« Both pulsed and CW laser weldlng is belng developed for application to component
closures. -

.« An 1800 watt CW Nd:YAG laser has been developed and quantltatlve
- measurements of fluid ﬂow have been made.

Corrosion, Cleaning and Thin Film Teghnolggy Division, 1834

The Corrosion, Cleaning and Thin Film Technology Division 1834 conducts applied
research in the areas of atmospheric, aqueous and stress corrosion. The division elucidates
corrosion mechanisms using electrochemical impedance spectroscopy and acoustic sensing
devices. Cleaning and contamination control processes are developed. The efficacy of these
processes is studied using electron spectroscopies (AES and XPS). Thin film' deposition
processes are developed as a way to achieve desirable surface properties (wear resistance,
corrosion resistance, electrical conductance or insulation, lubrication, etc.). Electrochemlcal

and physical vapor deposition techmques are stressed.

ration, Synthesis, D mn hrFrmin

346. ngg!gpmen]; of Multilayer Metallizations - DOE Contact C. B. Hilland, (301) 353-3687;
Sandia Contact Dale C. McIntyre, (505) 844-2360

s A facility has been constructed that allows multilayer metallizations to be designed:
using PVD techniques. These film structures are prlmanly de51gned for sealing non-
metallic and metallic objects.

rials Pro erties Behavior haracterization or T

347. Corrosion . of Aluminum Megalhzapgn on Mlcroelggxrgmg DOE Contact
C. B. Hilland, (301) 353-3687; Sandia Contact Diane E. Peebles, (505) 845-8087

» Corrosion of aluminum metallization on VLSI is being studied as a function of Cu
and Si content; fluoride ion contamination (due to HF etching processes), and metal
deposition parameters.

« AES and XPS, as well as electrochemical impedance spectroscopy, are being used
to elucidate the corrosion mechanisms/kinetics.
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348. Characterization of Diamond Films for Tribological Applications - DOE Contact
C. B. Hilland, (301) 353-3687; Sandia Contact Diane E. Peebles, (505) 845-8087

« Diamond films are being deposited for tribological applications using several
techniques (CVD, PVD, and plasma spray).

« Non-destructive techniques for characterizing these films using electron and optical
spectroscopies have been developed.

« Film degradation in reactive atmospheres, tribological properties of the films, and
adhesion to selected substrates are being examined.

D. C E].igl. I

349. Development of Fiber-Optic Metallization for Joining - DOE Contact C. B. Hilland,
(301) 353-3687; Sandia Contact Dale C. McIntyre, (505) 844-2360

- Multilayer metallizations are being developed as graded seals for soldenng ﬁber
.optics into metallic headers.

- Physical vapor deposition techniques are being developed to reduce the stress in the
metallizations on very small diameter glass fibers.

« Barrier layers are being designed to diminish long term reliability problems arising
from intermetallic compound formation dunng and subsequent to the soldering
process.

hemi n ramics Department, 184
Department 1840 supports Sandia weapons and energy programs by selecting,
developing, and characterizing ceramics, glasses and glass-ceramics. A variety of approaches
are used, including gas-phase synthesis and reactions, solution preparation, as well as more

traditional ceramic processing. The department promotes advanced weapons and energy
concepts by providing new materials and developing new prototype components.
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Interfacial Chemistry an iting Research Division, 1841

Division 1841 is responsible for developing an understanding of the materials and
processes involved in the formation.of coatings and thin film structures. This work may be
applicable to processes-in use at Sandia, such as CVD tungsten films, as well as to new types
of coatings, such as electrophoretic formation of dielectric films. The division develops CVD
and aerosol techniques for preparing ceramic powders. - There is a major effort in
understanding the interaction of hydrogen with metals. ~

Electronic Ceramics Division, 1842

Division 1842 develops and determines the properties of new ceramics for electronic and
optical applications in Sandia systems. Examples are PZT for nonvolatile, radiation hard
semiconductor memories, high-field ZnO vanstors KNbO,; for optical sw1tches and caprate
high temperature superconductors. . :

Ceramics Development Division, 1845

Division 1845 is responsible for supporting laboratory programs involving glass- or
ceramic-to-metal seals and other uses of glass or ceramics in moderate temperature
environments. Expertise in the division includes the following areas: fracture surface analysis
of brittle materials; seal design and fabrication processes; and glass and ceramic properties, i.e.,
strength, electrical conductivity. The division also maintains an active materials development
program to formulate new glass or glass ceramics to meet particular requlrements e.g.
corrosion resistance or high thermal expansion. :

Inorganic Materials Chemis;g Divigign, 1846

Division 1846 develops new processes for making ceramic powders and films using
solution cherm'stry techniques. Understanding the structure and chemistry of sol-gel bulk and
film materials is a significant part of this activity. The division also develops understandmg of
small particle-metal interactions that has led to new catalyst materials.

Materials Prepargtlon, Sm:hems, Deposition, Growth or Formmg

350. Electrolytic and Elgg; rophoretic Methods for Mg;gnals Processing - DOE Contact
- C. B. Hilland, (301) 353-3687; Sandia Contact Alan -Hurd, (505) 846-6753

+ These techniques are being used to apply organic and ceramic coatings to large

irregularly-shaped objects. Apphcatlons are for composne coatings, insulators and
IEMP hardeners.
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351. Aerosol Production of Fine Ceramic Powders - DOE Contact C. B. Hilland,
(301) 353-3687; Sandia Contact Alan Hurd, (505) 846 6753

» Aerosol techniques are being used to prepare fine parncle, unagglomerated ceramic
powders that are then further processed for electronic and structural apphcanons

352. Chemically Prepared Ceramic Films for Qg];g-gleg;rgn;g Apphga]; ons - DOE Contact
C. B. Hilland, (301) 353-3687; Sandia Contact B. C. Bunker, (505) 844-8940 -

» Chem-prep techniques are applied to preparatlon of thin films of KNbO,, PZT,
PNZT, and other ceramics. The propertxes of those films are being studied and
modified to enhance their performance in opto-electromc devices.

353. Development of New Glasses and Glass- Qgramlgs - DOE Contact C. B. Hllland,
(301) 353-3687; Sandia Contact Peter Green, (505) 845-8929 . :

« New formulations of glasses and glass-ceramics are being developed, primarily for
sealing applications. Examples are high thermal expansion glass ceramics for sealing
to stainless steel, high thermal conductivity germinate glass-ceramlcs and Li-
corrosion resistant glasses for battery headers. .

354, Preparation of Ceramic Powders by Chemical nghmgues-DOE Contact C. B. Hllland
(301) 353-3687; Sandia. Contact D. H Doughty, (505) 844-1933

- Chemical precipitation techniques are being developed for preparation of a wide
variety of ceramic powders such as varistors, ferroelectrics, and high T,

superconductors.
Material ture and Composition
355. Structure of Novel GI a§§§§' DOE Contact C. B Hilland, (301) 353-3687; Sandia

Contact Peter Green, (505) 845-8929

+ The structures of novel glasses in the phosphate tellurate and germanate systems are
being studied and related to properties such as durability and thermal conductivity.

356. Structure of Sol-Gel Films - DOE Contact C. B, Hilland, (301) 353-3687; Sandia
Contact D. H. Doughty, (505) 844-1933

« Structures of sol-gel films suitable for optical or environmentally protective coatings
are being studied by ellipsometric techniques.
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Materials Properties, Behavior, Characterization or Testing

357. Molecular Beam Studies of Hydrogen in Metals - DOE Contact C. B. Hilland,
(301) 353-3687; Sandia Contact Alan Hurd, (505) 846-6753

« Dynamics of chemical reactions on metal surfaces are studxed by quantum-resolved
molecular beam techniques.

358. Electronic Ceramics - DOE Contact C. B. Hilland, (301) 353-3687; Sandia Contact
B. C. Bunker, (505) 844-8940

« Electric properties of ceramics such as varistors, ferroelectrics and ceramic
superconductors are being studied and related to composition. and structure.

359. Ceramic Fracture - DOE Contact C. B. Hilland, (301) 353-3687; Sandia Contact
Peter Green, (505) 845-8929

» Research is being conducted on ceramic fracture to understand the phenomenon
better and to develop tougher ceramics.

360. Reactivity and Bonding of Glasses and Ceramics to Metals - DOE Contact
C. B. Hilland, (301) 353-3687; Sandia Contact Peter Green, (505) 845-8929

« Reactivity of metals and ceramics are being studied to improve their bonding for
hermetic seal applications.

Device or Component Fabrication, thavig»r or Testing

361. Sensor Development - DOE Contact C. B. Hllland (301) 353-3687; Sandla Contact
Alan Hurd, (505) 846-6753

» Environmental sensors for gases such as H,O are being developed using porous
ceramic films grown by electrolytic techniques

362. SAW Development - DOE Contact C. B Hllland (301) 353-3687; Sandla Contact
D. H. Doughty, (505) 844-1933

- Surface acoustic wave devices are being developed as sensitive and selective
detectors are adsorbed species in gas and liquid environments.
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Materials Preparation, Synthesis, Deposition, Growth or Forming

363. Powder Metallurgy - DOE Contact C B. Hllland (301) 353-3687; Sandia Contact
. J. E. Smugeresky, (294) 422-2910

« Inert gas atomization and chemical processes are being used to advance
~development of the powder metallurgy and rapid solidification processing of a

variety of pure metals and alloy systems. Advanced techniques are being developed
and apphed to powder characterization.

364. Advanggd lectrodeposition Studies - DOE Contact C. B. Hilland, (301) 353-3687;

Sandia Contacts R. E. Stoltz, (415) 294-2162 H. R. Johnson, (415) 294-2822 and W. D.
- Bonivert, (415) 294-2987.

« Engineering applications, electroanalytical development, and fundamental
investigations are being pursued in the area of electrodeposition and electroforming.

Special attention is given to reductions in use of hazardous materials and to waste
minimization.

365. Metal Forming - DOE Contact C. -B. Hilland, (301) 353-3687; Sandia Contact
D. A. Hughes, (415) 294-2686

Inelastic deformation and failure are examined through crystal plasticity modeling
and experimentation. Results are used to help interpret finite element metal

forming simulations and guide the development of phenomenological constitutive
relations for large strain deformation.

366. Advanced Foam Materials - DOE Contact C. B. Hilland, (301) 353-3687; Sandia

Contacts D. L. Lindner, (415) 294- 3306 W. R. Even, (415) 294-3217 and C. B. Frost,
(415) 294-2048

An understanding of methods for producing microstructural modifications in organic

and inorganic foams has enabled the production of polymeric foams with unique
physical properties and tailored chemical properties.
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367. Tritium Getter Technology - DOE Contact C. B. Hilland, (301) 353-3687/FTS 233-3687;
~ Sandia Co‘ntacts D. L. Lindner, (415) 294-3306 and T. Shepodd, (415) 294-2791

« We have demonstrated a system that is capable of gettering large amounts of tritium
- gas even in the presence of contained amounts of oxygen and water without
‘releasing radioactive species as it ages.

368. Plasma Processing - DOE Contact C. B. Hllland (301) 353-3687 Sandia Contact
W. L. Hsu, (415) 294-2379 - - -

 The synthesis of dlamond and amorphous carbon by plasma processing is being
studied.

ials Properties, Behavior, Characterization or Testin

369. Tritium and D Helium Effects on Crack Growth in Metals and Alloys - DOE
Contact C. B. Hilland, (301) 353-3687; Sandia Contacts S. L. Robinson, (415) 294-2209,
'S. H. Goods, (415) 294-3274.and N. R. Moody, (415) 2942622

« Experimental and theoretical studies are underway to determine the effects of
tritium and decay hehum on mechamcal properties and crack growth susceptibility
in fcc alloys

370. Joining Science and nghnolggy DOE Contact C. B. Hilland, (301) 353-3687; Sandia
Contacts J. A. Brooks, (415) 294-2051, K. W. Mahin, (415) 294-3582 and
.M. C. Callabre551 (415) 294-2064 - '

o This program is developmg a science-based methodology for improving the
fundamental understanding of the behavior of welded structures and modeling of
the complex fusion weld process. Advanced joining techniques using solid state
welding, and adhesives are being developed for advanced structural materials.

371.- Composites: Qharaotorization and 'Joining - DOE Contact C. B. Hilland,
~ (301) 353-3687; Sandia Contacts D. L. Lindner, (415) 294-3306 and J. R. Spingarn,
(415) 294-2719

+ The stability, compatibility, and joining of polymer matrix composite materials are
under investigation.© Focus is upon graphite fiber reinforced materials.
Identification of ‘moisture adsorption sites in thermosetting resins is underway.
Coatings to increase stability for special designs are being studied. Joining studies
include adhesives, mechanical fasteners and the welding of thermoplastics.
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372.

373.

Compatibility, Corrosion, and Cleaning of Materials - DOE Contact, C. B. Hilland,
(301) 353-3687, Sandia Contacts H. R. Johnson, (415) 294-2822, R. E. Stoltz,
(415) 294-2162, J. M. Hruby, (415) 294-2596 and D. K. Ottesen, (415) 294-2787

.+ We have developed spec1al techmques using FTIR that allow interior surface of

small diameter tubes or external surfaces of wire are examined for corrosion and
efficacy of improved cleaning techniques.

' Helium in Metal Tritides - DOE Contact C. B. Hilland, (301) 353-3687; Sandia Contacts

W. A. Swansiger, FTS 234-2496, S. E. Guthrie, FTS 234-2360 and D. F. Cowgill,
(505) 844-7480 :

» Helium evolution in metal tritides is bemg studied by NMR, gas sampling and
dilatometry techniques. : -

Instrumentation 'gnd Fac ili;ieg

374.

375.

376.

Tritium Facility Materials Characterization and Testing - DOE Contact C. B. Hilland,
(301) 353-3687; Sandia Contacts S. H. Goods, (415) 294-3274 and S. L. Robinson,
(415) 294-2209 : : .

« New experimental capabilities in surface analysis, fractography, and
thermomechanical history are improving both the characterization of tritium-induced
degradation of material properties, and the development of predictive abilities. - -

New AnalyI' ical Techniques - DOE Contact C. B. Hilland, (301) 353-3687/

FTS 233-3687; Sandia Contacts D. L. Lindner, (415) 294-3306, M. C Nichols,

(415) 294-2906 and B. E. Mills, (415) 294-3230

- We ,have developed a system for X-ray _microtomogrephy that can be used for
spatial elemental analysis for materials and structures.

New High Resolution Electron Microscopy Facility - DOE Contact C. B. Hilland,
(301) 353-3687; Sandia Contacts G. J. Thomas, (415) 294-3224 and M. J. Mills,
(415) 294-3018

* A new high resolution transmission electron microscope laboratory is now
operational. It will be utilized to investigate: (a) metal-metal interfaces such as
grain boundaries; (b) defect structures in undeformed and deformed metals and

. alloys; (¢) helium-induced defect evolution in metal tritides; and (d) semiconductor-
oxide interfaces.
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Lawrence Livermore Ng;igngl- Laboratory
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- 377,

378.

379.

380.

381,

182

Inorganic Aerogels - DOE Contact C. B. Hilland, (301) 353-3687/FTS 2333687; LLNL

Contact L. W. Hrubesh, (415) 423-1691/FTS 543-1691

+ The 6bjective of this project is to develop the chemistry and procedures for

processing monolithic pieces of micro-porous, inorganic aerogel materials and to
extend the range of bulk densities over which such materials can be directly made.

i lysi Is - DOE Contact C. B. Hilland, (301) 353-3687;
LLNL Contact C. A. Colmenares, (415) 422-6352/FTS 532-6352 ‘

+ We have demonstrated that SiO, aerogels doped with uranyl ions are catalytically
active for the production hydrocarbons from simple gas mixtures (i.e., Co +
H,, H,+CH,, and H, + CH) using sunli%l/xt as the energy source.” We are
currently investigating other dopants (i.e., Ce'¥, Eu®, Fe*? and others) and the
basic energy transfer mechanism using surface-sensitive and optical spectroscopies.

Organic Aerogels - DOE Contact C. B. Hilland, (301) 353-3687; LLNL Contact
R. W. Pekala, (415) 422-0152 ,

«  This project examines the synthesis of aerogels from organic precursors using sol-gel
chemistry.

- Polymer Materials Development and Coating - DOE Contact C. B. Hilland,

(301) 353-3687; LLNL Contact S. A. Letts, (415) 423-2681/FTS 543-2681

« Low density, porous, polymer foams are being déveloped to hold liquid DT fuel for
direct-drive laser fusion targets. Ultra smooth, uniform plasma polymer coatings are.
being developed as ablator layers for direct-drive laser targets.

Atomic Engineering - DOE Contact C. B. Hilland, (301) 353-3687; LLNL Contact
Troy W. Barbee, Jr., (415) 423-7796/FTS 543-7796

+ Physical vapor‘ deposition techniques are being used to synthesize ordered
compounds by a sequential atomic layer technique. Control of the process has led
to free standing. foils with extraordinary mechanical properties.
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ial ture an mposition

382. Theory of the Structure and Dynamics of. Molecular Fluids - DOE Contact
C. B. Hilland, (301) 353-3687; LLNL Contact D. F. Calef, (415) 422-7797/FTS 532-7797

. Develop improved theoretical models for the thermodynamic and kinetic behavmr
of molecular fluids, especially under the conditions of extreme pressure and
. temperature found in detonations. .

383. Plutonium Eﬂgg gm'ggl Research DOE Contact C. B.. Hilland, (301) 353-3687/
FTS 233-3687; LLNL Contact M. Coops, (415) 422-8076

+ Proof of principle was demonstrated for a hthlum-based process to reduce Pu oxide
to metal with little waste or residue.

384. Electronic Structure in §gpgr§gnggcttng‘ Qxidgs- - DOE Contact C. B. Hilland,
: (301) 353-3687/FTS 233-3687; LLNL Contact M. J. Fluss, (415) 423-6665/FTS 543-6665

+ Wehave put into place a multidisciplinziry program involving the chemistry, physics,
and technology of high-temperature superconductors with the goa.l of deducing the
mechanism underlying their properties.

385. Electroni re S f the Thermo mi athm 1Pr
- Alloys - DOE Contact C. B. Hilland, (301) 353-3687/FTS 233-3687; LLNL Contact
A. Goms (415) 423-5836/FTS 543-5836

.+ The objective of this research is to- develop first-principles, charge self-consistent
methods for the determination of the electronic structure of surfaces and grain
boundaries.

Materials Properties, Behavior, g:haractgrizgtion or Testing

386. Nuclear Spin Polarization - DOE Contact C.B. Hllland (301) 353 -3687/FTS 233-3687;
LLNL Contact P. C. Souers, (415) 422-1302

 In order to eventually make hlgh-cross section nuclear fusion fuel, it is necessary to
discover the magnetic resonance parameters needed to ensure the best chance of
creating sizeable. nuclear polarization of solid deuterium-tritium and to undertake
the actual polarization with the best equipment available.
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387. Measurement_ of Tritium Permeation Through Resistant Materials at Lo
Temperatures -

OW
DOE Contact C. B. Hilland, (301) 353-3687; FTS 2333687; LLNL
Contact Jon L. Maienschein, (415) 423-1816/FTS 543-1816

Measuring tritium permeation through resistant materials at 10-170° C, using a very
sensitive method developed in this laboratory, to enhance our understanding of the
permeation process at low temperatures. ‘

388. Pretransformation Behavior in Alloys - DOE Contact A. Dragoo, (202) 586-5276 LLNL
. Contact L. E. Tanner, (415) 423-2653

This 1nvestigation characterizés the structural behavior of metallic solid solutions as
they approach phase transformations. The emphasis is on premartensitic modulated
microstructures.

389. The Structure Property Link in Sub-Nanometer Materials - DOE Contact C. B. Hilland,

(301) 353-3687; LLNL Contact A. F. Jankowski, (415) 523-2519/FTS 543-2519
« The motivation for this study was to determine the cause for differences measures

in the X-ray reflectivities between W/C and newly developed W/B,C multilayer
X-ray mirrors.

390. Synchrotron Radiation-Based Materials Science - DOE Contact C. B. Hilland
- (301) 353-3687; LLNL Contact J. Wong, (415) 423-6385/FTS 543-6385
« The objective of this research is the use of synchrotron radiation to understand the
role of structure (atomic and electronic) in determining the physico-chemical
properties of materials and their processing.
391.

Structural Transformation and Precursor Phenomena

- DOE Contact C. B. Hilland,
(301) 353-3687; LLNL Contact P. E. A. Turchi, (415) 422-9925/FTS 532-9925

« The main objective is to Study, both theoretically and experimentally, the occurrence

and stability of a class of advanced materials known as tetrahedrally close packed
structures with special emphasis on precursor phenomena.

392.

Undgrwg}gr Explosive Energetics - DOE Contact C. B. Hilland, (301) 353-3687 LILNL
* Contact W. C. Tao, (415) 423-0499/FTS 543-0499

The rapid combustion of reactive metals in water is examined both experimentally
and by modeling.
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393.

394,

395.

396.

397.

398.

Composite Explosive Energetics - DOE Contact C. B. Hilland, (301) 353-3687; LLNL
Contact W. C. Tao, (415) 423-0499/FTS 543-0499

» The role of metal additives in bicomponent composite explosives is studied with
metal acceleration techniques and reactive flow modeling.

w_Vulnerability Explosives - DOE Contact C. B. Hilland, (301) 353-3687; LLNL
Contact C. Pruneda, (415) 422-0460/FTS 532-0460

* The optimization of quality and insensitivity is extended to larger diameter systems
by adjustments to the polymer binder and formulation composition.

Fundamentals of Explosive Vulnerability - DOE Contact C. B. Hilland, (301) 353-3687;
LLNL Contact W. C. Tao, (415) 423-0499/FTS 543-0499

* Correlation of explosive response with material properties of the explosive such as
modulus, binder energy, explosive particle size.

Very High Energy Density Materials - DOE Contact C. B. Hilland, (301) 353-3687;

LLNL Contact R. L. Simpson, (415) 423-0379/FTS 543-0379

 The sensitivity and performance properties of the explosive Cl-20 have been
examined in both the alpha and epsilon phases.

f Finite Element Analysi nderstand Delayed Failure in Silver Interlaver
Welds - DOE Contact C. B. Hilland, (301) 353-5687; LLNL Contact G. A. Henshall,
(415) 422-3290/FTS 532-3290

* Theory and experiments were used to describe the performance of interlayer
diffusion bonds under elastic and plastic loading.

nstitutive and Failure Behavior of Metal High R f Tensil rain - DOE
Contact C. B. Hilland, (301) 353-3687; LLNL Contact W. H. Gourdin, (415) 422-8673/
FTS 532-8673

« The results of electromagnetically launched expanding-ring experiments and
conventional compression tests with oxygen free electronic (OFE) copper of grain
size 10 to 200 um are reported and analyzed in terms of the mechanical threshold
stress (MTS) model.

*  Overall the model provides an excellent description of the material behavior over
a wide range of grain size, strain rate and temperature.
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399.

400.

401.

402.

403.

404.

186

Theoretical and Experimental Studies of Solid Combustion Reactions - DOE Contact
C. B. Hilland, (301) 353-3687; LLNL Contact J. B. Holt, (415) 422-8003/FTS 532-8003

« The objectives of this work were to develop a mathematical model for condensed
phase combustion involving a sequential reaction mechanism and to determine
kinetic constants for a model reaction such as Ti and C.

Fracture Behavior of Refractory Metals and Alloys in Liquid Actinides - DOE Contact
C.B.Hilland, (301) 353-3687/FTS 233-3687; LLNL Contact J. S. Huang, (415) 422-5645

« This investigation characterizes the mechanical behaviors of refractory metals and
alloys in liquid actinides. The emphasis is on the study of micromechanisms of
fracture and of the relations between phase diagrams and micromechanisms of
fracture.

Oxidation and Liquid Metal Resistant Coatings - DOE Contact C. B. Hilland,
(301) 353-3687; LLNL Contact O. H. Krikorian, (415) 423-4655/FTS 543-4655

« Aluminide and silicide coatings have been developed to provide excellent oxidation
resistance for refractory alloys

Development of Ultrafine Microstructures Through Rapid Solidification Rg_t' e
Processing - DOE Contact C. B. Hilland, (301) 353-3687; LLNL Contact J. W. Elmer,

(415) 423-4655/FTS 543-4655 -
« Rapid solidification has produced ultrafine particles in a dilute hyper-eutecoid alloy.

Failure Characterization of Composite Materials - DOE Contact C. B. Hilland,
(301) 353-3687; LLNL Contact Scott E. Groves, (415) 422-1331/FTS 532-1331

« The primary objective of this research is to characterize the three-dimensional
failure response of continuous fiber graphite epoxy composite materials.

Modeling Superplastic Materials - DOE Contact C. B. Hilland, (301) 353-3687; LLNL
Contact Donald Lesuer, (415) 422-9633/FTS 532-9633

« We are developing a model that describes the influence of structural change
(primarily grain growth and cavitation) on the deformation and failure of
superplastic materials.
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405. Creep Model for Fiber Reinforced Epoxy-Resin Composites - DOE Contact
C. B. Hilland, (301) 353-3687; LLNL Contact William W. Feng, (415) 422-8701/
FTS 532-8701
]
+ A mathematical modet—of creep in a fiber reinforced epoxy-resin laminated
composite has been developed.

406. Superplastic Flow of Ceramics and Intermetallics - DOE Contact C. B. Hilland,
(301) 353-3687; LLNL Contact E. N. C. Dalder, (415) 422-7270/FTS 532-7270

+  We are studying the influence of temperature and strain rate for superplastic
behavior of a silicon nitride ceramic and a titanium aluminide intermetallic as
functions of starting microstructure.

407. Structural Joints for Composite Materials - DOE Contact C. B. Hilland, (301) 353-3687;
LLNL Contact Frank Magness, (415) 423-1324/FTS 533-1324

» We have assessed the state-of-the-art in composites joining and evaluated laboratory
capability for modeling specific design requirements in composite joints.

408. Interfaces, Adhesion and Bonding - DOE Contact C. B. Hilland, (301) 353-3687; LLNL
Contact Wayne E. King, (415) 423-6547/FTS 543-6547

« Investigation of the influence of impurities, flaws, and inclusions on adhesion and

bonding at internal interfaces. The initial phase is characterization of the structure
and properties of pure interfaces as a baseline for future research.

/ Device or Component Fabrication, Behavior or Testing

409. IC Protective Coatings - DOE Contact C. B. Hilland, (301) 353-3687; LLNL Contact
M. O. Riley, (415) 422-6865/FTS 532-3045

« The goal of this work is the development of protective coatings to safeguard
microelectronic chips.
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410.

411.

|

haracterization of Solid- M1 res in High Expl hr
Tomography - DOE Contact C.'B. Hilland, (301) 353-3687; LLNL Contact W. C. Tao

(415) 423- 0499/FTS 543-0499
J The objectivas of this research are to charaCiciize non-dest - ely the type and
distribution - - ‘rostructural defects in high explosive single - s and composite
- formulation, and to examine their respective influences on Ho ..-Jt generation and
- propagation. - o
nosti igh Expl i i - DOE Contact

C. B. Hilland, (301) 353- 3687 LLNL Contact R." L. Slmpson, (415) 423-3258/
FTS 543-3258

« . The objectives of this research are to develop time resolved techniques to study the
molecular and microscopic behavior of the reaction zone of detonating and
deflagrating energetic materials. Special emphasis is placed-on pulsed laser probes
designed to study the chemical kinetics of reactions under these conditions.

Ins. trumentation and Facilities

412,

413.

Scanning Tunneling MigrQ' scopy - DOE Contact C B. Hilland, (301) 353-3687; LLNL
Contact W. Siekhaus, (415) 422-6884/FTS 532-6884

» The technical objectives of this program are to develop STM’s capable of
. performing (with atomic resolution) structural analysis and spectroscoplc analysis in
fluids (air, water, oil) and in ultrahigh vacuum (UHV). :

nning Tunneling Mi STM) and Atomic Force Microscope (AFM
Detector - DOE Contact C..B. Hilland, (301) 353-3687; LLNL Contact W. Siekhaus,

 (415) 422-6884/FTS 532-6884

188

+ Scanning tunneling microscopy, in conjunction with the atomic force microscope, are
now used: (1) to detect and characterize submicron defects on optical components
-which may be conductors or insulators and to determine their effect on laser surface
damage threshold, (2) to study the growth morphology of optical and X-ray
multilayers, (3) to study gas-surface reaction rates as low as one Angstrom per day.
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414. . Tritium Facility Upgrade - DOE Contact C. B. Hilland, (301) 353-3687; LLNL Contact
J. H. Richardson, (415) 423-1770/FI‘S 543-1770 .

+ Consists of three line items: (1) a new 5,700 square foot office addition along with
. the modification of 2,000 square feet of the existing facility, (2) a Vacuum Effluent
and Recovery System (VERS) designed to recover over 90 percent of the existing
routine stack emissions, (3) a Secondarily Contained Tritium System (SCOTS) which
replaces the existing low and high pressure systems with a modern totally
secondanly contained system.

415. Qggon;gmmgpgn gng Wag;g Trgg;mgn_t, Fgcxhgg (DWTF) - DCE Contact C.'B. Hillund,
(301) 353-3687; LLNL Contact R. Quong, (415) 422-7093/FTS 532-7093 -
-The proposed Decontamination and Waste Treatment Facility (DWTF) will provide
- complete radioactive, mixed, and hazardous waste treatment capablhty of laboratory
generated wastes. : o

Alamos National rato

ials Pr ion hesis, Deposition rohrFrmm
416. ini ing Development - DOE Contact C. B Hllland (301) 353-3687 LANL

Contact M F. Stevens (505) 667-4414/PT S 843-4414

. Development of new processing technologles for plutomum, including casting,
thermomechanical working, sputtering, and stability studies.

.+ Measurements of resistivity, thermal expansion, magnetic . susceptlblhty and
- formability to evaluate fabrication processes and alloy stablhty

417. Plutonium Oxide Reduction - DOE Contact C B Hilland, (301) 353-3687, LANL
Contact K. Axler, (505) 667-4045/PTS 843-4045

«  Determination of thermodynarmcs of interactions used in dlrect-onde reduction of
plutonium.

418. Ion-Beam Implantation - DOE Contact C. B. Hilland, (301) 353-3687; LANL Contact
M. Scott, (505) 667-7757/FTS 843-7757

« Exploration of ion implantation for surface modification.

+ Goals of improved surface hardness and corrosion resistance.
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419..

420.

421.

422,

423.

424.

190

Electroplating Low Atomic Number Materials - DOE Contact C.. B. Hilland,

(301) 353-3687; LANL Contact T. Mayer, (505) 667-1146/FTS 843-1146

. Invesuganon of electroplating low:atomic number metals (alummum and beryllium)
by using non-aqueous plating baths. :

Liquid Crystal Polymer Development - DOE Contact C. B. Hilland, (301) 353-3687;
LANL Contact R. Llepens, (505) 667-2656/FTS 843-2656

« Synthesis of a liquid crystal polymerwith strength in three dlmensmns

Low-Density, Microcellular Plastic Foams - DOE Contact C. B. Hllland (301) 353-3687;
LANL Contact J. Williams, (505) 667-7881/FTS 843-7881. . .

» Manufacture of microstructural polyolefin foams with densities between 0.01 g/cc
and 0.2 g/cc by a nonconventional foaming process ‘

Target Coatings - DOE Contact C. B. Hilland, (301) 353-3687; LANL Contact M. Scott,
(505) 667-7557/FTS 843-7557

+ Development of smgle and multilayer metallic and nonmetallic thin film coatings,
smooth and uniform in thlckness R

Physical Vapor Deposition and Surface Analysis - DOE Contact C. B. Hilland,
(301) 353-3687; LANL Contact M. Scott, (505) 667-7557/FTS 843-7557

+ Physical vapor deposition and sputtering to produce materials for structural
applications, corrosion resistance, optical properties, and thin film transducers.

Chemical Vapor Deposition  (CVD) Coatings - DOE Contact C. ‘B. Hilland,
(301) 3533687, LANL Contacts J. R. Laia and M. Tekuia, (505) 667-3239/

FTS 843-3239

+ Development of CVD thin film and bulk coatings by a variety of techniques

- including conventional flow-by, fluid-bed, plasma-assisted, MOCVD, and chemical
vapor infiltration (CVI) in support of DOE, DOD, and other Federal agency
programs. '

- Synthesis/application of new CVD organometallic precursors for low temperature
(<300°C) deposition. -
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425.

- In-situ diagnostics of CVD reactors/processes using various spectroscoples to feed
back data for process control (intelligent processing). R

Modeling activities in support of CVD coatmg systems—reactor systems, chemical
systems, and fluid dynamics. : - : :

Laser-assisted CVD and-laser material interactions

n - DOE Contact C B. Hllland (301) 353-3687 LANL Contact

D. A. Hemphill, (505) 667-8335/FTS 843:8335 -

Development of fabrication processes and evaluation and testing of commercial and
special plastic and composite materials for weapons programs.

Development of highly filled polymers, composite structural and spring components,
cushioning materials, high-explosive compatible adhesives, potting materials, and .
castable loaded thermoplastics.

Goal is improving weapon efficiency and econom‘y e

426. Tritiated Materials - DOE Contact C. B. Hilland (301) 353-3687, LANL Contact
D. H. W. Carstens, (505) 667-5849/FTS 843-5849 - '

Advanced R&D on low-Z, tritiated materlals w1th the emphasxs on Li(D,T) (salt)
and other metal tritides.

‘Studies of new methods for preparing, fabncatmg, and containing such compounds,

and for measurement of properties.

427. Salt ngngapgn - DOE Contact C. B. Hilland, (301) 353-3687 LANL Contact
D.-H. W. Carstens, (505) 667-5849/FTS 843-5849

Development and evaluation of fabrication processes for lithium tritide deuteride.

Use of hot pressing and machimng to 1mprove part shape versatihty, density, and
surface quality.

Conduct of component 1ntegrity studies mvolvmg radiation mduced growth and
outgassing. . .
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- 428. . _Shp_cagnr_lg_gLQe_aM DOE Contact C. B. Hilland, (301) 353-3687; LANL Contact
G. F. Hurley, (505) 667-9498/FI‘S 843-9498

. Slip casting of many ceramics mcludmg alumina, magnesia, and thoria.

-+ -Use of colloidal chemistry and powder charactenzatlon theory along w1th materials
engineering. :

429, wm - DOE Contact C. B. Hllland (301) 353-3687; LANL
: Contact R. E. Honnell, (505) 667-5432 .

. Fabncatxon of cerarmc-metal seals, msulatlng coatmgs, and metallurgy

430. Cold Pressing. Cold Isostatic Pressing and Sintering - DOE Contact C. B, Hilland,
(301) 353-3687; LANL Contact G. F. Hurley, (505) 667-9498/FTS 843-9498

. Use of cold pressing and cold isostatic pressmg to consolidate ceramic and metal
powders in support of laboratory programs

431. Plasma-Flame Spraying nghnolggy DOE Contact C. B. Hllland (301) 353-3687
- =~ LANL Contact.H. Casey, (505) 667-4365/FTS 843-4365

» Fabrication of free-standmg shapes and metalhc and ceramic coatlngs by plasma
.. spraying. o ,

432. Rapid Solidification Technology - DOE Contact C.B. Hxlland (301) 353-3687 LANL
.Contact H. Casey, (505) 667-4365/FTS 843-4365 ,

. » Development of RSR technologles such as melt spmmng, splat coolmg, and rapid
solidification plasma spraying,

,+ Alloydevelopment, mlcrostructural analysis, properties testing, process development,
.+ . modeling. :

433. Microwave Sintering/Processing - DOE Contact C. B. Hilland, (301) 353-3687; LANL
. -Contact J..D. Katz, (505) 667-1424 /FTS 843-1424

+ Investigating techniques of bonding and sintering ceramics such as Al,0,, B,C and
TiB,.
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-~ Use of 2.45 -GHz microwaves whlch couple drrectly to the area in whlch the heat is
needed. A . _

- Investigation of the control of the heating and-its effect on*microstructure.

434. . Predictions of Super Strong Polymers - DOE Contact Iran Thomas, (301) 353-3427/
FTS 233-3427; LANL Contact F. Dowell, (505) 667-8765/FTS 843-8765

. 1rst-pr1nc1ples mathematical models have been developed to predict (with the aid
of computer-based modeling) new molecular structures miost likely to form super
strong polymers Other propertles are bemg predlcted

4

. 4rd1date molecules ars belng chermcally synthe51zed and wrll be cxpenmentally
‘ charactenzed : . e b

435, S_mthgsrs gf Qgramlg Qggtmgs_ DOE‘ Contact C. B. Hilland, (301) 353-3687; LANL
.. = -C, P. Scherer, (505) 665-3202: ~ - = ' - N

. Synthesxs of ceramic coatrngs v1a sol gel techmques

436 Laser Surface Treatment of Materials - DOE Coiitact C. B, Hilland, (301) 353-3687;
LANL Contact M. Nstase, (S05) 667-7007/FTS 843-7007

. Laser treatment of metalhc surfaces to modlfy propertles such as coefﬁcrent of
friction and corrosion resistance. ‘

Ma,;gnals §1m§1ure or Com pgsmgn

' 437.  Actinide Surface Properties - DOE Contact C. B. Hilland, (301) 353-3687 LANL
Contact M. F. Stevens, (505) 667-2556/FTS 843-2556 ° -

« Characterization of actinide metal, alloy and compound ‘surfaces using the
techniques of X-ray photoelectron spectroscopy, Auger analysis, ellipsometry and
Fourier-transform infrared spectroscopy.

» Studies of surface reactions, chemisorption, attack by 'hy‘drogen, nature of associated
catalytic processes.
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438 Nemrgn Diffraction of Pu, Pu Alloys and Other Actinides - DOE Contact C. B. Hilland,
(301) 353-3687; LANL Contact A. C. Lawson, (505) 667-8844/FTS 843-8844

« Neutron diffraction studies of plutonium and its alloys conducted at the Manual
Lugan, Jr., Neutron Scattering Center (Los Alamos) and the Intense Pulsed Neutron
Source (Argonne).

« Time-of-flight technique used to measure diffraction at cryogenic and elevated
temperatures

439. Surfggg, Material and Analﬂlga Studies - DOE Contact C. B. Hilland, (301) 353-3687/
FTS 233-3912 LANL Contact W C. Danen, (505) 667-4686

~ Studies of surface and interfacial structures and properties, exploswe dynamics, and
laser based isotopic analysis.

+ Use of techniques such as Low Energy Electron Diffraction (LEED), Auger and
Loss Spectroscopies, Ion-Scattering Spectroscopy (ISS), Ultraviolet Photoelectron
Spectroscopy (UPS), Synchrotron Radiation, and MeV-ion-beam scattering.

» Synthesis and characterization of metastable multilayerd high-energy-density
composite materials.

Materials Properties, Behavior, Ch rization or Testin

440. Mechanical Properties of Plutonium and Its Alloys - DOE Contact C. B. Hilland,
(301) 353-3687; LANL Contact M. Stevens, (505) 667-4414/FTS 843-4414

+ Study relationship of mechanical properties of Pu and Pu alloys to their
microstructures.

»  Use of optical and electron microscopy, X-ray, electron, and neutron diffraction.

441. Phase Transformations in Pu and Pu Alloys - DOE Contact C. B. Hilland,
(301) 353-3687; LANL Contact M. Stevens, (505) 667-4414/FTS 843-4414

» Investigation of mechanisms, crystallography, and kinetics of transformations in

plutonium and alloys using pressure and temperature dilatometry, optical
metallography, and X-ray diffraction.
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442. - Plutonium Shock Deformation - DOE Contact C. B. Hilland, (301) 353-3687 LANL
Contact M. J. Reisfeld; (505) 667-8485/FTS 843-8485 B

+ Plutonium alloys subjected to shock deformation, recovered and examined to
~ determine effects of shock on microstructures and mechanical properties.

443. Non-Destructive Evaluation - DOE Contact C. B. Hilland, (301) 353-3687, LANL
Contact M. Mathieson, (505) 667-6404/FTS 843-6404

+ Development of nondestructive evaluation technology that produces quantltanve
estimates of matenal properties.

» Flash radlography, cine radiography, real time radiography, ultrasonic in-process
probing, and tomographic techniques to enhance radlography Image enhancement
of output results from all techniques.

444, Powder Characterization - DOE Contact C. B. Hilland, (301) 353-3687; LANL Contact
- G. J. Vogt, (505) 667-5813

. Characterlzatlon of particle size, surface area, morphology, pore size and zeta
.. potential. :

« Powders of thoria, silicon nitride, magnesia, alumina, tungsten, tungsten carbide, and
copper.

445, . Shock Deformation in Actinide Materials - DOE Contact C. B. Hllland (301) 353-3687;
LANL Contact M. Stevens, (505) 667-4414/FTS 843-4414 :

« Characterization of shock effects in uranium, plutonium and plutonium alloys
through use of soft recovery techniques.

446. Dynamic Mechanical Properties of Weapons Materials - DOE Contact C. B. Hilland,
(301) 353-3687; LANL Contact G. Gray, (505) 667-5452/FTS 843-5452

«  Dynamic stress-strain and fracture behavior of non-nuclear materials for nuclear
weapons. |

195



Office of Defense Programs

p—

447,

: i jecti - DOE Contact
-~ C.B. Hllland (301) 353-3687 LANL Contact - G. T Gray, I, (505) 667~5452/
FTS 843-5452

Microstructural charactenzatlon of dynanucally deformed and spalled hlgh density
materials. : :

» Dynamic and quasi-static mechanical testing.

448. Mechanical Properties - DOE Contact R. J. Gottschall, (301) 353-3428/FTS 233-3428
~ - . LANL Contact M. G. Stout, (505) 667-4665/FTS 843-4665

» Multiaxial testing of metal and alloys
+ Prediction of texture development and its effects. :
Device or Component ngriggtign,.Bgllg‘vigrlg‘r ’l‘gg];' ng

449, mistry D -DOE ContactC B. I—leland (301) 353-3687 LANL
Contact G. Reeves, (505) 667-4290/FTS 843-4290

. Physwal vapor deposmon of coatmgs for radlochemlcal detectors

450: Target Fabrication - DOE Contact C. B. Hilland, (301):353-3687/FTS 233-3687; LANL
Contact L. Foreman, (505) 667-1846/FTS 843-1846; KMS Fusion, Inc., Contact

Timothy Henderson, (313) 769-8500, ext. 302; LLNL Contact W. Hatcher,
(415) 422-1100

Hydrocarbon polymer applied by plasma polymerization to glass microspheres.

Micromachining, plasma etching, plasma polymerization, laser ablation.

+ Targets filled with deuterium/tritium gas.
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451.

452.

453.

Filament Winder - DOE Contact C. B. Hilland, (301) 353-3687; LANL Contact
E. Eaton, (505) 667-5261/FTS 843-5261 - v

- Four-axis computer—programmed wmdmg machme
. Wmdmg envelopes to 4 ft. dlameter, 10 ft. long. R

« Winds helixes, cones, spheres, closed-end vessels of glass, kevlar, carbon, tungsten,
and alumma fibers.

Polymeric Laser Rods - DOE Contact C. B Hrlland (301) 353-3687 LANL Contact
R. Hermes, (505) 667-6862/FTS 843- 6862 ‘

« Development of polymenc-host dye-laser rods.
o Insitu 'polymerization of dye/monomer mixture.
. InexpenSive "disposable" laser rods.

High Energy | Dgnmyv Welding in ngg' rdous - Environments - DOE. Contact

‘C. B. Hilland, (301) 353-3687,; LANL Contact R. A. Patterson (505) 667-4365/

FTS 843-4365

. Utilization of high power Nd/YAG lasers with flber optic beam dehvery for welding
in hazardous enwronments has been demonstrated
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" OFFICE OF FOSSIL ENERGY

Office of Fossil Energy - Grand Total

198

ffice of Technical rdination

Fundamental Study of Aluminizing-and Chromizing Processes
Procurement of Advanced Austenitic and Alurmmde Alloys
Iron Aluminide Processing
Development of Iron Aluminides
Welding Processing
Development and Evaluation of Advanced Austenitic Alloys
Evaluation of the Fabricability of Advanced Austenitic Alloys
The Influence of Processing on Microstructure and Mechamcal
Properties of Aluminides :

Evaluation of the Fabricability of Iron Alumlmdes
Investigation of Electrospark Deposited Coatings for

. Protection of Materials in Sulfidizing Atmospheres
Vapor-Liquid-Solid SiC Whisker Process Development
Ceramic Composite Processing
Fabrication of Fiber-Reinforced Composnes by Chemlcal

Vapor Infiltration and Deposition

Characterization of Fiber-CVD Matrix Interfacxal Bonds
Microwave Sintering of Ceramics
Development of Advanced Fiber Reinforced Ceramics
Modeling of Fibrous Preforms for CVD Infiltration
Electroslag Casting Technology Transfer

. Material re_an mposition

Analytical Characterization of Coal Surfaces and Interfaces

FY 1990
$7,031,000
$7,031,000
$7,031,000
$2,187,000

99,000
49,000
34,000
382,000
34,000
257,000
26,000

173,000
25,000

106,000
99,000
35,000

188,000
138,000
197,000
148,000

49,000
148,000

$ 279,000
279,000
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OFFICE OF FOSSIL ENERGY (Continued)

EFY 1990
Materials Properties, Behavior, Characterization or Testing $2,713,000

Transfer Model Predicting Thermomechanical Behavior of

Refractory Linings to Industry 82,000
Mechanical Properties and Microstructural Stability of

Advanced Austenitic Alloys 138,000
Investigation of the Weldability of Ductile Aluminides 74,000
Aqueous Corrosion of Iron Aluminides - 49,000
Fireside Corrosion Tests of Candidate Advanced: Austenitic

Alloys, Coatings, and Claddings : 0
Joining Techniques for Advanced Austenitic Alloys 148,000
Corrosion and Mechanical Properties of Alloys in FBC and

Mixed-Gas Environments 316,000
Environmental Effects on Iron Aluminides . : 192,000
Secondary-Ion Mass Spectrometry Study of Scales on Iron

Aluminides 15,000
Investigation of Moisture-Induced Embrittlement of Iron ‘

Aluminidés 59,000
The Effect of Alloying Constituents and Control of the

Growth of Protective Oxide Scales 0
Effect of Reactive Element Additions on the Protectiveness

of Oxide Scales Formed in Sulfur-Containing Atmospheres 0

Effects of Several Variables on the Growth and Breakdown
of Protective Alumina or Chromia Scales in Mixed-Gas

Environments 0
Molten Salt-Induced Corrosion of Iron Alurmmdes 0
A Study of Erosive. Particle Rebound Parameters. . 0
Studies of Materials Erosion in Coal Conversion and

Utilization Systems : 247,000
Responses of Metallic and Oxide Surfaces to Deformatlon
Study of Particle Rebound Characteristics and Material 192,000

Erosion at High Temperatures 109,000
Development of Nondestructive Evaluation Methods . :

and Effects of Flaws on the Fracture Behavior of

Structural Ceramics 311,000
Joining of Silicon Carbide Reinforced Ceramics 173,000
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200

OFFICE OF FOSSIL ENERGY (Continued)

FY 1990

Materials Properties, Behavior, Characterization or Testing (continued) -

Nondestructive Evaluation of Advanced Ceramic Composite -
Materials »

Structural Reliability and Damage Tolerance of Ceramic
Composites

Mechanical Properties of Ceramic Fiber-Ceramic Matrix
Composites

Ceramic Catalyst Materials: Hydrous Metal Oxide Ion Exchange
Supports for Direct Coal Liquefaction

Device or Component Fabrication, Behavior or Testing

Materials and Components in Fossil Energy Applications
(Newsletter)

Mechanisms of Galling and Abrasive Wear

Fabrication of Full-Scale Fiber-Reinforced Hot-Gas
Filters by Chemical Vapor Deposition

Development of Ceramic Membranes for Gas Separation

Investigation of the Mechanical Properties and
Performance of Ceramic Composite Components

Material Data Base Development for Refractories

Advanced Materials and Electrochemical Processes in
High-Temperature Solid Electrolytes

Gas Separations .Using Inorganic Membranes

Ceramic Fiber-Ceramic Matrix Hot-Gas Filters

Identification of Materials for Hot-Gas Filter Tubesheets

Instrumentation and Facilities

Management of the Fossil Energy AR&TD Materials Program
Materials Specialist Assignment

Coal Conversion and Utilization Plant Support Services
Assessment of Fossil Energy Materials Research Needs

172,000
148,000
91,000
197,000
$1,338,000
114,000
74,000

0
327,000

0
0

296,000
197,000
197,000
133,000

~-$ 514,000

396,000
69,000
49,000
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OFFICE OF FOSSIL ENERGY (Continued)

Qﬁﬁc.c__Qf_Cp_al_mgmgx 8§ 0
Division of Clean Coal Technology $ 0
Instrumentation and Facilities $ 0
Materials Technical Support for the Clean Coal Program | ‘. ‘ 0
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-. OFFICE OF FOSSIL ENERGY

The mission of the Fossil Energy Program is to develop technologies that will increase

:'dofnestlc production of oil and gas or that will permit the Nation to shift from oil or gas to

more abundant coal. Specifically, the Fossil Energy role is to develop technologies to support
the following objectives: _

. Provide a capability to convert eoal to liquid and gaseous fuels;
B Increase domestic productlon of coal, 011 and gas

. Ensure that current and new facilities that burn coal can do so in an economxcally
viable and environmentally acceptable manner; and ' ,

. Allow more efficient and more economically attractive utilization of fossﬂ energy
resources.

. The Fossil Energy activity includes fourteen major programs, which are grouped under
seven program offices. One of these seven is the Advanced Research and Technology
Development Program of the Office of Technical Coordination, which is the central point of
contact for inquiries from universities concerning the Fossil Energy program.

Project execution and technical monitoring are administered in five energy technology
centers and selected national laboratories.-

Q fﬁgg of Technical Ceordinatighv
sil Energy AR&TD Materials Program

The objectives of the Advanced Research and Technology Development program are
to assess and identify long-range advanced research needs in coal processing, fossil fuels
utilization and extraction, materials, components, and instrumentation; to provide oversight of
ongoing advanced research in fossil energy so as to ensure balance and proper priorities; to
initiate and fund projects involving new, exploratory concepts or goal-oriented basic research;
to manage the Materials Research and University Coal Research programs; and to provide
policies for, and overview of, Fossil Energy-supported university activities. The Advanced
Research and Technology Development program also is designed to provide an effective
communications channel between the Fossil Energy program and academic institutions; to
encourage these institutions to become involved in programs related to the DOE Fossil Energy
mission; and to manage programs concerned with providing an adequate technical base for
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development of commercial construction materials and instrumentation for Fossil Energy pllot
plants and demonstration plants. :

The program supports workshops to identify research needs in all fossil energy
.technologies: and manages selected training programs for faculty and students at Energy
Technology Centers.

Materials Preparation, Synthesi ition, Gr i »
454. Fundamental Study of Aluminizing and Chromizing Processes - DOE Contacts

J. P. Carr, (301) 353-6519/FTS 233-6519 and E. E. Hoffman, (615) 576-0735/
FTS 626-0735; Ohio State University Contact R. A. Rapp, (614) 292-6178

« The purpose of this work is to conduct a study of aluminizing and chromizing of
iron-base alloys which will lead to a fundamental understanding of these processes.

455. Procurement of Advanced Austenitic and Aluminide Alloys - DOE Contacts J. P. Carr,
(301) 353-6519/FTS 233-6519 and E. E. Hoffman, (615) 576-0735/FTS 626-0735; Oak
Ridge National Laboratory Contact R. R. Judkins, (615) 574-4572/FTS 624-4572

~+ This task prbvides funds for the procurement of alloys necessary for alloy
development and evaluation activities on the Fossil Energy AR&TD Materials
Program.

456. Iron Aluminide Processing - DOE Contacts J. P. Carr, (301) 353-6519/FI‘S 233-6519
and E. E. Hoffman, (615) 576-0735/FTS 626-0735; Oak Ridge Natnonal Laboratory
Contact R. R. Judkins, (615) 574-4572/FTS 624-4572 .

« This task provides funds for the procurement of major equipment items necessary
for iron aluminide development activities on the Fossil Energy AR&TD Matenals
Program

457. Devel nggnz of Iron Aluminides - DOE Contacts J. P. Carr, (301) 353-6519/
_ FTS 233-6519 and E. E. Hoffman, (615) 576-0735/FTS 626-0735; Oak Ridge National

Laboratory Contact C. G. McKamey, (615) 574 6917/FTS 624 6917

- The objectlve of this project is to develop low-cost and low-density intermetallic
alloys based on Fe,;Al with an optimum combination of strength, ductility, and
corrosion resistance for use as components in advanced fossil energy conversion
systems.
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4.58.

459.

460.

461,

462.

204

WQ!dmg Processing - DOE Contacts J. P. Carr, (301) 353-6519/FTS 233-6519 and

.. E.E. Hoffman, (615) 576-0735/FTS 626- 0735; Oak Ridge Natlonal Laboratory Contact

R. R. Judkins, (615) 574-4572/FTS 624-4572.

« This task provides funds for the procurement of major equrpment items necessary
_ for welding activities associated with alloy development projects on the Fossil
 Energy AR&TD Materials Program :

Deve gpmgnt and Evgluangg of Ad_yg ced Austenitic Alloys - DOE Contacts J. P. Carr,
(301) 353-6519/FTS 233-6519 and E. E. Hoffman, (615) 576-0735/ FTS 626-0735; Oak

_erge National Laboratory Contact R. W Swmdeman, (615) 574-5108/F'I‘S 624-5108

-’ The purpose of thrs prOJect is to evaluate austemtrc alloys for improved performance
in high- temperature components in advanced heat recovery and hot-gas cleanup
systems. : .

al of the Fabricability of Adv itic Alloys - DOE Contacts
J. P. Carr, (301) 353-6519/FTS 233- 6519 and E. E. Hoffman, (615) 576- 0735/
FTS 626-0735; Babcock & Wilcox Contact M. J. Topolski, (216) 829-7301

« The purpo_se of thrs .work;rs, to-evaluate the fabricability, weldability, and surface

treatments of advanced austenitic tubing for superheater applications.

MQMMMJH__MEMMMM@MMQM
Aluminides - DOE Contacts J. P. Carr,. (301) 353-6519/FTS '233-6519 and
E. E. Hoffman, (615) 576-0735/FTS 626-0735; Idaho National Engmeermg Laboratory
Contact R N. anht FTS 583-6127

e The purpose of thts proyect is to develop techniques for processing intermetallic

compounds to improve their room-temperature ductility and elevated- temperature
mechanical properties.

- Evaluation gf the Fabggab‘rlg'ty' Qf Iron Aluminides - DOE Contacts ‘J P. Carr,
" (301) 353-6519/FTS 233-6519 and E. E. Hoffman, (615) 576-0735/FTS 626- 0735
- University of Pittsburgh Contact H. D. Brody, (412) 624-9724

+ The purpose of this prOJect is to evaluate and i 1mprove the casting characteristics of
iron aluminides.
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464.

465.

466.

467.

Sulﬁdlzmg Atmospheres - DOE Contacts J P. Carr, (301) 353-6519/FI‘S 233 6519 and
E. E. Hoffman, (615) 576-0735/FTS 626-0735; Westinghouse Hanford Company Contact
R. N. Johnson (509) 376-3582

. The objectxve of this task is to investigate a novel coating technology, electrospark

deposition, for the productlon of cost-effective metallurgical coatings to protect
materials from both erosion and corrosxon in sulfidtzmg envxronments typlcal of
: fossrl energy systems : -

Var iqui id Si i : n'-DOEContactsJPCarr
(301) 353- 65 19/FTS 233- 6519 and E E. Hoffman, (615) 576-0735/FTS 626-0735; Los
Alamos Nat10nal Laboratory Contact J. D Katz (505) 665 1424/FI'S 855 1424

« The purpose of this project is to prov1de assrstance in transferring the laboratory-
scale Vapor-Liquid-Solid (VLS) SiC whisker growth process to an mdustnal
_ organization for engmeenng-scale development c

Ceramic Composite Processing - DOE Contacts J. P ‘Carr, (301) 353-6519/
FTS 233-6509 and E. E. Hoffman, (615) 576-0735/FTS 626-0735; Oak Ridge National
‘Laboratory Contact R. R. Judkms (615) 574-4572/FI‘S 624~4572

 This task provxdes funds for the procurement of major equ1pment items necessary
for cerami¢ composite development and charactenzatlon activities on the Fossil
Energy AR&TD Materials Program. o

Deposition (CVID) "DOE Contacis I P. C Carr (301) 353- 6519/FI‘S 233.6519 and
E. E. Hoffman, (615) 576-0735/FTS 626-0735; Oak Rldge Natlonal Laboratory Contacts
D. P. Stinton, (615) 574-4556/FTS 6244556

« The purpose of this task is to develop a process for the fabncatlon of fiber-
reinforced ceramrc composites havmg high fracture toughness and hrgh strength. .

g:hgractgnzangn of Fiber-CVD Matrix Interfacial Bonds - DOE 'Contacts J. P. Carr,
(301) 353-6519/FTS 233-6519 and E. E. Hoffman, (615) 576-0735/FTS 626-0735; Oak

Ridge National Laboratory Contact R. A. Lowden, (615) 574-7714/FTS 624-7714
+ The purpose of this task is to examine fiber-matrix interfaces and optimize the

mechanical behavior of continuous fiber-reinforced ceramic composites fabricated
utilizing a forced-flow, thermal-gradient chemical vapor infiltration technique.

205



Office-of Fossil Energy

468. Microwave Sintering of Ceramics - DOE Contacts J. P. Carr, (301) 353-6519/
FTS 233-6519 and E. E. Hoffman, (615) 576-0735/FTS 626-0735; Oak Ridge National
Laboratory Contacts ‘M. A. Janney and H. D. Kimrey, (615) 574-4281/FTS 624-4281

» The purpose of this activity is to explore the feasibility of using microwave heating
as a means of fabricating electrode, electrolyte, and interconnect materials having
improved electrical properties for solid oxide fuel cells.

469. Develgpment of Advanced Fiber Reinforced Ceramics - DOE- Contacts J. P. Carr,
(301) 353-6519/FTS 233-6519 and E. E. Hoffman, (615) 576-0735/FTS. 626-0735;
Georgia Institute of Technology Contact T. L. Starr, (404) 894-3678

. The purpose of this research effort is to conduct a theoretical and experimental
program to identify new compositions and processing methods to improve the
physical and mechanical properties of selected fiber reinforced ceramics.

470. Modeling of Fibrous Preforms for CVD Infiltration - DOE Contacts J. P. Carr,
(301) 353-6519/FTS 233-6519 and E. E. Hoffman, (615) 576-0735/FTS 626-073S;
Georgia Institute of Technology Contact T. L. Starr, (404) 894-3678 :

« The purpose of this project is to conduct a theoretical and experimental program
to develop an analytical model for the fabrication and infiltration of fibrous
preforms.

471. Electroslag Casting Technology Transfer - DOE Contacts V. Kothari, FTS 923-4505 and
E. E. Hoffman, (615) 576-0735/FTS 626-0735; Oak Ridge National Laboratory Contact

V. K. Sikka, (615) 574-5112/FTS 624-5112

 The purpose of this project is to transfer the electroslag casting technology foro iron
aluminides to industry.

ial re an mposition

472. Analytical Characterization of Coal Surfaces and Interfaces - DOE Contacts
J. D. Hickerson, FTS 723-5721 and E. E. Hoffman, (615) 576-0735/FTS 626-0735; Oak
Ridge National Laboratory Contact V. J. Tennery, (615) 574-5124 /FTS 624-5124

» The objective of this task is to provide analytical characterization of coal surfaces
and interfaces between coal and various included minerals for the purpose of
assisting the Pittsburgh Energy Technology Center in its research on coal
characterization and cleaning.
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473.

474.

475.

476.

477.

_Qgs_t:y DOE Contacts 1P Carr (301) 353 6519/FTS 233 6519 and E E. Hoffman,
(615) 576-0735/FTS 626-0735; Tennessee Center for Research and Development
Contact A. H. von der Esch, (615) 675-9505 .

» The purpose of this activity is to develop user-friendly and intelligent computer-
* based software for the prediction of thermomechamcal behavior of refractory lining

systems.
hanical Properties and Micr ili Advanced Austenitic Alloys -

'DOE Contacts J. P. Carr, (301) 353-6519/FTS 233-6519 ' and E. E. Hoffman,

(615) 576-0735/FTS 626-0735; Cornell University Contact Che-Yu Li, (607) 256-4349

» The purpose of this project is to rank the strengths and metallurgical stabilities of
advanced austenitic alloys at temperatures ranging from 650° to 760°°C

Investigation of the Weldability of Ductile Aluminides - DOE Contacts J. P. Carr,
(301) 353-6519/FTS 233-6519 and E. E. Hoffman, (615) 576-0735/FTS 626-073S;
Colorado School of Mines Contact G. R. Edwards, (303) 273-3773

« The purpose of this project is to study the weldabxhty of iron aluminides.

Aqueous Corrosion of Iron Aluminides - DOE Contacts J. P. Carr, (301) 353-6519/
FTS 233-6519 and E. E. Hoffman, (615) 576-0735/FTS 626-0735; University of

Tennessee Contact R. A. Buchanan, (615) 974-4858

«- The objective of this project is to investigate the aqueous corrosion of iron
aluminides based on Fe;Al.

Fireside Corrosion Tests of Candidate Advanced Austenitic Alloys, Coatin
Claddings - DOE Contacts J. P. Carr, (301) 353-6519/FTS 233-6519 and E. E. Hoffman,
(615) 576-0735/FTS 626-0735; Foster Wheeler Development Corporation Contact
J. L. Blough, (201) 535-2355

 The purpose of this project is to provide comprehensive corrosion data for selected
advanced austenitic tube alloys in simulated coal ash environments.

207

IS



Office of Fossil Energy

478. -

479.

480.

481.

482.

208

Joining Techniques for Advanced Austenitic Alloys - DOE- Contacts J. P. Carr,
- (301) 353-6519/FTS 233-6519 and E. E. Hoffman, (615) 576-0735/FTS 626-0735;
-University of Tennessee Contact C. D. Lundin, (61S5) 874-5310

+ The purpose of this research is to examine the welding and Jommg of advanced
austemtrc alloys :

lnthnilr ies of Alloys in FB Mixed-Gas Environmen

DOE Contacts J. P. Carr, (301) 353-6519/FTS 233-6519 and E. E. Hoffman,
(615) 576-0735/FTS 626-0735; Argonne National Laboratory Contact K. Natesan, (312)

972-5103/FTS 972-5 103

* The purpose of thlS task is to evaluate the corrosion mechamsms for chronna- and
alumina-forming alloys in mixed-gas environments and to relate the mechanisms to
mechanical property measurements.

' Enwronmgntal Effegts on Iron Aluminides - DOE Contacts J. P. Carr, (301) 353 6519/

FTS 233-6519 and E. E. Hoffman, (615) 576-0735/FTS 626-0735; Oak Ridge National
Laboratory Contact J. H. DeVan, (615) 574-4451/FTS 624-4451

-« The purpose of this task is to develop protective oxide scales on A1203-for1mng

1ron-based alloys in mixed oxidant environments.

§egondazy-lon Mass Spectrometry Study of Scales on Iron Algmmrde DOE Contacts
- J. P, Carr, (301): 353-6519/FTS 233-6519 and E. E. Hoffman, (615) 576-0735/
FTS 626-0735; AEA Industnal Technology, Harwell Laboratory (England) Contact
. Hugh Blshop

« The purpose of this work is to analyze scales on iron aluminide alloys to determine
the preferred dlfqulOl'l paths of oxygen in these alloys :

Investigation of Moistu Q-Indgced Embrittlement of Iron Alumlnrdes - DOE Contacts
J. P. Carr, (301) 353-6519/FTS 233-6519 and E. E. Hoffman, (615) 576-0735/
FTS 626-0735; Rensselaer Polytechnic Institute Contact N. S. Stoloff, (5 18) 276-3476/
FTS 624-4572

« The purpose of this work is to conduct experiments on selected Fe;Al alloys that
will lead to an understanding of the moisture-induced embrittlement of iron
aluminides.
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483.

484,

485.

486.

E f Alloyin nstituents an ntrol f i
Scales -DOE Contacts J. P. Carr, (301) 353-6519/FTS 233- 6519 and E. E. Hoffman,
(615) 576-0735/FTS 626-0735; Battelle Columbus Laboratories Contact I. G. Wright,
(614) 424-4377

+ The objective of this program is to gain an improved understanding of the effects
of alloying constituents present at low levels on the development and mode of
breakdown of protective oxide scales in conditions representing those encountered
in combustion and gasification processes. .

Eff ive El Addition nhPr iven f Oxi | i
Sulfur-Containing Atmospheres - DOE Contacts J. P. Carr, (301) 353-6519/
FTS 233-6519 and E. E. Hoffman, (615). 576-0735/FTS 626-0735; Case Western Reserve
University Contact K. M. Vedula, (216) 368~4211

» The focus of the current program is to obtam a better understandmg of the effects
of reactive element additions on the protectiveness of oxide scales formed in
sulfidlzmg/oxldlzlng atmospheres. :

Effects of Several Variables on the Growth and Breakdown of Protective Alumina or
hromi ales in Mixed-Gas _Environments -DOE Contacts - J. P. Carr,

(301) 353-6519/FTS 233-6519 and E. E. Hoffman, (615) 576-0735/FTS 626-0735;
Universal Energy Systems, Inc., Contact V. Srinivasan, (513) 426-6900

+ The main objective of this program is to develop a comprehensive basic
understanding of the effects of additions of microalloy constituents and the surface
conditions on the nucleation, growth and breakdown of protective oxide scales in the
mixed oxidant environments relevant to coal utilization and conversion technologies.

Molten Salt-Induced Corrosion of irgn Alutmmde - DOE Contacts J. P. Carr,
(301) 353-6519/FTS 233-6519 and E. E. Hoffman, (615) 576-0735/FTS 626 0735

University of Cincinnati Contact R. Y. Lin, (513) 556-3116

» The purpose of this project is to evaluate the molten salt-induced hot corrosmn of
iron aluminide alloys.
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487.

488.

489.

490.

491.

210

A Study of Erosive Particle Rebound Parameters - DOE Contacts J. P. Carr,
(301) 353-6519; FTS 233-6519 and E. E. Hoffman, (615) 576-0735/FTS 626-0735;
University of Notre Dame Contact T. H. Kosel, (219) 239-5642

» This research project is designed to provide a systematic investigation of the effects

of materials properties and experimental variables on the rebound directions and
velocities of erodent particles.

Studies_of Materials Erosion in Coal Conversion and Utilization Systems - DOE
Contacts J. P. Carr, (301) 353-6519/FTS 233-6519 and E. E. Hoffman, (615) 576-0735/
FTS 626-0735; Lawrence Berkeley Laboratory Contact A. V. Levy, (415) 486-5822

» The purpose of this project is to gain an understanding of the mechanisms by which
metals and their corrosion scales lose material from their surfaces in the erosive
wear environments typical of fluidized-bed combustion systems.

Response of Metallic and Oxide Surfaces to Deformation -DOE Contacts J. P. Carr,
(301) 353-6519/FTS 233-6519 and E. E. Hoffman, (615) 576-0735/FTS 626-0735; Oak
Ridge National Laboratory Contact J. R. Keiser, (615) 574-4453/FTS 624-4453

» This task is directed at an understanding of the deformation response of metallic
and oxidized surfaces. -

Study of Particle Rebound Characteristics and Material Erosion at High Temperatures -
DOE Contacts J. P. Carr, (301) 353-6519/FTS 233-6519 and E. E. Hoffman,

(615) 576-0735/FTS 626-0735; University of Cincinnati Contact W. Tabakoff,
(513) 475-2849 .

+ The purpose of this effort is to investigate the erosion processes and fluid mechanics
phenomena that occur in fluidized-bed combustors, coal-fired boilers, cyclones,
pumps, turbines, valves, and other coal combustion systems.

Development of Nondestructive Evaluation Methods and Effe f Flaws on the
Fracture Behavior of Structural Ceramics - DOE Contacts J. P. Carr, (301) 353-6519/
FTS 233-6519 and E. E. Hoffman, (615) 576-0735/FTS 626-0735; Argonne National
Laboratory Contact W. A. Ellingson, (312) 972-5068/FTS 972-5068

« The purpose of this project is to develop nondestructive evaluation techniques to
characterize structural ceramics and detect flaws in early stages of processing as well

as in the final densified state, and to correlate the presence of flaws to fracture
behavior.
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492.

493.

494,

495.

496.

Joining of Silicon Carbide Reinforced Ceramics - DOE Contacts J. P. Carr,
(301) 353-6519/FTS 233-6519 and E. E. Hoffman, (615) 576-0735/FTS 626-0735; Idaho

National Engineering Laboratory Contact B. H. Rabin, FTS 583-0058

+ The purpose of this project is to identify and to develop techniques for joining
silicon carbide fiber-reinforced composite materials.

Nondestructive Evaluation of Advanced Ceramic Composite Materials - DOE Contacts
J. P. Carr, (301) 353-6519/FTS 233-6519 and E. E. Hoffman, (615) 576-0735/
FTS 626-0735; Idaho National Engineering Laboratory Contact L. A. Lott,
FTS 583-6436

« The purpose of this project is to develop nondestructive evaluation methods to
- characterize the properties of advanced ceramic composite materials.

Structural Reliability and Damage Tolerance of Ceramic Composites - DOE Contact
J. P. Carr, (301) 353-6519/FTS 233-6519 and E. E. Hoffman, (615) 576-0735/

FTS 626-0735; National Institute of Standards and Technology Contact E. R. Fuller,
(301) 975-5795

« The objective of this study is to characterize the high temperature failure
mechanisms and factors that influence their operation with an aim toward improving
the properties of structural ceramics, especially silicon carbide and silicon nitride
based materials, for use in coal conversion applications.

Mechanical Properties of Ceramic Fiber-Ceramic Matrix Composites - DOE Contacts
J. P. Carr, (301) 353-6519/FTS 233-6519 and E. E. Hoffman, (615) 576-0735/

FTS 626-0735; North Carolina A&T State University Contact J. Sankar, (919) 334-7620

» The purpose of this project is to expand the mechanical properties data base for
composites fabricated by forced chemical vapor infiltration (CVI).

Ceramic Catalyst Materials: Hydrous Metal Oxide Ion Exchange Supports for Direct
Coal Liquefaction - DOE Contacts J. P. Carr, (301) 353-6519/FTS 233-6519 and

E. E. Hoffman, (615) 576-0735/FTS 626-073S; Sandia National Laboratory Contact D.
H. Doughty, FTS 845-8105

« This project involves investigation of the role of ceramic materials properties in the
activity and selectivity of novel catalytic materials.
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ngme gr Component Fabrication, Behavior or Testing

497, .

498.

499.

500.

501.

212

Materials and Components in Fossil Energy Applications (N§W§1§ﬁ§ ) - DOE Contacts
J. P. Carr, (301) 353-6519/FTS 233-6519 and E. E. Hoffman, (615) 576-0735/
'FTS 626-0735; Battelle-Columbus Laboratories Contact L' G. Wright, (614) 424-4377

« The purpose of this task is to publish a perlodlc (blmonthly) newsletter to address
_current developments in’ matenals and components in fossil energy applications.

>Mgchanisms of Galling and Abrasive Wear - DOE Contacts J. P. Carr,
(301) 353-6519/FTS 233-6519 and E. E. Hoffman, (615) 576-0735/FTS 626-0735;
National Institute of Standards and Technology Contact L. K. Ives, (301) 975-6013

+ This project is directed to developing an understanding of the wear mechanisms of
materials associated with valvés in coal conversion systems.

Fabrication of Full-Scale Fiber-Reinforced Hot-Gas Filter hemical V
Deposition - DOE Contact J. P. Carr, (301) 353-6519/FTS 233-6519 and E. E. Hoffman,
(615) 576-0735/FTS 626-0735; 3M Company Contact T. Kafka,

' (612) 733-8065

» The purpose of this project is to scale-up the chemical vapor infiltration and
deposition (CVID) process developed at Oak Ridge National Laboratory for
fabricating ceramic fiber-ceramic matrix composites. The goal is to use this scaled-
up CVID process to produce composite filters.

Development of Ceramic Membranes for Gas Separation - DOE Contacts J. P. Carr,
(301) 353-6519/FTS 233-6519 and E. E. Hoffman, (615) 576-0735/FTS 626-0735; Oak
Ridge Gaseous Diffusion Plant Contact D. E. Fain, (615) 574-9932/FTS 624-9932

« The purpose of this activity is to fabricate inorganic membranes for the separation
" of gases at high temperatures and/or in hostile environments, typically encountered
in fossil energy conversion processes such as coal gasification.

Investigation of the Mechanical Properties and Performance of Ceramic Composite
Components - DOE Contacts J. P. Carr, (301) 353-6519/FTS 233-6519 and
E. E. Hoffman, (615) 576-0735/FTS 626-0735; Virginia Polytechnic Institute and State
University Contacts K. L. Reifsnider and W. W. Stinchcomb, (703) 961-5316

« The purpose of this project is to develop a test system and test methods to obtain
information on the properties and performance of ceramic composite materials.
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502.

503. -

504.

50s.

506.

Material Data Base Development for Refractories - DOE Contacts J. P.-Carr,
(301) 353-6519/FTS 233-6519 and E. E. Hoffman, (615) 576-0735/FTS 626-0735;
Massachusetts Institute of Technology Contact Oral Buyukozturk, (617) 253-7186

« The objective of this project is to generate and compile experimental data on the

thermomechanical behavior of selected high-chromia and high-alumina refractories.

vanced Materials and Electrochemical. Pr in _High-Tem r
Electrolytes - DOE Contacts J. P. Carr, (301) 353-6519/FTS 233-6519 and
E. E. Hoffman, (615) 576-0735/FTS 626-0735; Pacific: Northwest Laboratory Contact
-J. L. Bates, (509) 375-2579 .

. The objectlve of this research is to identify and develop advanced materlals for use
as alternative electrodes and current interconnections in solid oxide fuel cells.

Gas §gpgrangns' Using Inorganic Mgmbraneg 'DOE Contacts LAJ arr, FTS 923-4555
and E. E. Hoffman, (615) 576-0735/FTS 626-0735; Oak Ridge National Laboratory
Contact B. Z. Egan, (615) 574-6868/FTS 624-6868

» The objective of this project is to explore the applicability of inorganic membranes
to separate gases at high temperatures and/or in hostile process environments
encountered- in fossil energy conversion processes .such as coal gasification.

C_erannc Flbgr-gzgramlg Matrix HQ];-gias Filters - DOE Contacts N. Holcombe,
FTS 923-4829 and E. E. Hoffman, (615) 576-0735/FTS 626-0735; Oak Ridge National
Laboratory Contact D. P. Stinton, (615) 574- 4556/FTS 624-4556

+ This - task w1ll develop ceramic fiber-ceramic matrix materlals and fabrication
techniques suitable for production of hot-gas cleanup filters.

Identification of Materials for Hot-Gas Filter Tubesheets - DOE Contacts
V. Kothari, FTS 923-4505 and E. E. Hoffman, (615) 576-0735/FTS 626-0735; Oak Ridge
National Laboratory Contact R. W. Swindeman, (615) 574-5108/FTS 624-5108

« The objective of this work is to assess current tubesheet designs and blowback
manifold materials for ceramic crossflow and ceramic candle filters.
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mentation and Faciliti

.507. Management of the Fossil Ener TD Materials P - DOE Contacts
- J. P. Carr, (301) 353-6519/FTS 233-6519 and E. E. Hoffman, (615) S576-0735/
FTS 626-0735; Oak Ridge National Laboratory Contact R. R. Judkins,
- (615) 574-4572/FTS 624-4572 o

« The purpose of this task is to manage the Fossil Energy AR&TD Materials Progrém
in accordance with procedures described in the Program Management Plan

approved by DOE.
508. Materials Specialist Assignment - DOE Contacts J. P. Carr, (301) 353-6519/

FTS 233-6519 and E. E. Hoffman, (615) 576-0735/FTS 626-0735; Oak Ridge National
‘Laboratory Contact R. R. Judkins, (615) 574-4572/FTS 624-4572 :

.+ This task involves the assignment of a materials specialist to DOE Fossil Energy to
serve as a liaison between the Office of Technical Coordination and the AR&TD
Materials Program Offices in Oak Ridge, Tennessee.

509. Coal Conversion and Utilization Plant Support Services - DOE Contacts J. P. Carr,
(301) 353-6519/FTS 233-6519 and E. E. Hoffman, (615) 576-0735/FTS 626-0735; Oak
Ridge National Laboratory Contact J. R. Keiser, (615) 574-4453/FTS 624-4453

+ This objective of this task is to provide support to the staffs of the DOE Energy
Technology Centers and of operating coal conversion and utilization facilities in the
areas of materials testing, evaluation, selection, and failure analysis.

510. Assessment of Fossil Energy Materials Research Needs - DOE Contacts J. P, Carr,
‘ (301) 353-6519/FTS 233-6519 and E. E. Hoffman, (615) 576-0735/FTS 626-0735
National Institute of Standards and Technology Contact S. J. Dapkunas,
(301) 975-6119

» The purpose of this activity is to identify long-range materials research and
development needs and opportunities as they impact evolving fossil energy
technologies.
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ffi f 1 Technol

The Office of Coal Technology is responsible for management of cooperative
agreements with industry to foster clean coal technology; for the conduct of research and
development programs for coal combustion and conversion, embodying retrofit or near-or mid-
term applications such as fluidized-bed combustion and surface coal gasification; and for
environmental, health and safety technology 1ntegral to such coal combustion and conversion
systems. ‘

f Clean Coal Technol
nstrum ion an iliti
S511. Materials Technical Support for the g;léan Coal Program - DOE Contacts R. Santore,
FTS 723-6131 and E. E. Hoffman, (615) 576-0735/FTS 626-0735; Oak Ridge National

Laboratory Contacts R. R. Judkins, (615) 574-4572/FTS 624-4572 and J. R. Keiser,
 (615) 574-4453 /FTS 624-4453

+ This task is to provide materials technical support services to the projects on the
Clean Coal Program which are being managed by the DOE Pittsburgh Energy
Technology Center (PETC).
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Office of Building Technologies

OFFICE OF BUILDING TECHNOLOGIES

Office of Building Energy Research

The Office of Building Energy Research works to increase the energy efficiency of the
buildings sector through performance of R&D on building systems and building equipment.
In addition, the Office carries out the statutory requirements of appliance standards and
labeling and building energy performance standards. Specific objectives include providing the
technology to:

» reduce energy consumption in existing buildings, and in new buildings;

- increase the energy efficiency of oil and gas combustion heating systems and of oil-
and gas-fired heat pump systems;

« improve the energy efficiency of advanced electric heat pump and refrigeration
systems, and of light systems; and

Building Systems and Materials Division

The goal of this Division is to provide a scientific and technical basis (including model
standards) for reducing the use of energy in residential and commercial buildings by 35 percent
by the year 2000 from that used in 1975, while maintaining existing levels of human comfort,
health and safety. The Division’s primary objectives are to support research that advances the
scientific and technical options for increased energy efficiency in buildings, to promote the
substitution of abundant fuels for scarce fuels in buildings, and to promulgate standards for
increased efficiency of energy use. To accomplish a portion of this, the Building Materials
Program seeks to develop new and improve existing insulating materials; to develop and verify
analytical models that are useful to building designers and researchers for predicting the
thermal performance characteristics of materials; to develop methods for measuring the
thermal performance characteristics; and to provide technical assistance and advice to industry
and the public. The DOE contact is Peter Scofield, (202) 586-9193.
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Materials Properties, Behavior, Characterization or Testin_g

1. Unguarded Thin Heater Tester L : - FY 1990
o $150,000

DOE Contact: Peter Scofield, (202) 586-9193
ORNL Contact: Tom Kollie, (615) 574-7463

Materials under investigation include mineral fiberboard, and powered insulations.
Most -existing insulation test equipment has been designed to provide data on steady-state
conditions. In actual use, however, insulating materials, experience a continually changing
thermal environment. The research is designed to (a) validate the dévice through compansons
with guarded hot plates, and (b) study transient processes in insulation materials. A series of
technical presentatlons and reports, detallmg the equ1pment and the results of a variety of test
‘senes, is planned

Keywords: Building Insulation, Heat Transfer, Nondestructive Evaluation™ ™~

2.  Energy Savings with Advanced Building Materials ‘ ' FY 1990

. $150,000
DOE Contact: Peter Scofield, (202) 586-9193
LBL Contact: Ron Kammerud, (415) 486-6620

This: project is for the-identification and quantification of the energy saving potentials
of commercial buildings using advanced materials. The four generic classes of materials being
analyzed are: high R-value (>100) insulations, variable (switchable) R-value insulations,
selective surface coatings and switchable emissivity films." The results of this analysis will be
used as a guide for the allocation of program resources and to estabhsh technical performance
objectives for the development of new advanced materials.

Keywords: Active Thermal Insulation, Switchable Emittance; Energy Savings Calculation
~3.  Recommended R-Levels - ZIP Program - L S FY 1990
' S $40,000

DOE Contact: Peter Scofield, (202) 586-9193
NIST Contact: Steve Petersen, (301) 975-6136

This effort has two parts. First to provide minimum recommended R-values for

residences for inclusion in the DOE Insulation Fact Sheet. These values are based on climate
identified by Zipcode and on regional average values of insulation costs and space heating and
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cooling costs. The second is to update the ZIP computer program used .to provide the
recommendations, to include slab floors, cathedral ceilings, ductwork and water heaters. This
Fact Sheet and the ZIP program Version 2.0 are now available for use by .the building
conservation community. "

Keywords: Recommended R-Values, Computer Program, Economic Analysis, Economic
Analysis

‘4, CFC Foam Characterization T : . FY 1990
o ‘ o .. .$70,000
DOE Contact Peter Scofield, (202) 586-9193 s
NIST Contact H. Fanney, (301) 975-5864

This effort is to determine the effect of vatiations in thermal cenductivity and test
specimen thickness in calibrating the R-matic and K-matic apparatuses used in the foam
insulation industry to measure the therm conductivity of rigid foam insulations.

Keywords: Insulation Sheathing, Walls, Roofs, Economic Analysis

5. ' Foam Insulation Research . : , . ) FY 1990
: $75,000

DOE Contact: Peter Scofield, (202) 586-9193
MIT Contact: Leon Glicksman, (617) 253-2233

Freon-blown ngld urethane foam 1nsu1at10n is belng mvestlgated to -determine the
degree to which the effective thermal conductivity decreases with time. Various types of
reflective flakes are also being investigated for their effectlveness in lowermg the thermal
conductivity of foam insulations. :

Keywqrds: : Building Insulation, Heat Transfer, Radiation

6. Development of Non-CFC Foam Insu]atiqns o ... FY 1990

$100,000
DOE Contact: Peter Scofield, (202) 586-9193 :
ORNL Contact: Tom Kollie, (615) 574-7463

This a three year joint project with the rigid foam .industry and EPA for the
development of alternative blowing agents to be used as drop in replacements for the CFC
blowing agents currently being used in the manufacture of foam insulation products. Prototype
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rigid foam boards with five different blends of HCFC-123 and 141b will be manufactured by
industry and sent to ORNL for testing and evaluation both in the laboratory and in outdoor
test facilities. Tests will be conducted to determine mechanical and thermal properties and
aging characteristics. - - : :

Keywords: CFC, Foam Insulatiorx, ‘Insulation Sheating, Roofs

7. Compact Vacuum Insulation : ~ : FY 1990

- - : $125,000
DOE Contact: Peter Scofield, (202) 586-9193 o
SERI Contact: Tom Potter, (303) 231-1083

This advanced technology insulation project is for the development of a vacuum
insulation concept. Two thin stainless sheets are welded together at the edges and a hard
vacuum is drawn in the cavity between the sheets separated by matrix of small glass spheres.
Panels with center R-values of five have been made that are 0.1 inches thick. -‘The project goal
is to improve center R-values to fifteen. ~ :

Keywords: Insulation, Vacuum, Heat Transfer, Radiation

8. . Evacuated Powder Panel Insulation FY 1990
. o : $150,000

DOE Contact: Peter Scofield, (202) 586-9193

ORNL Contact: Tom Kollie, (615) 574-7463

This project is for the development of an advanced technology super insulation concept.
A layer powder is sandwiched between two films and a soft vacuum is drawn on the powder
filler. Current technology produces a R-20 per inch panel. Improved powders and longer life
encasing films are belng developed. - ' : g

Keywords: Insulatlon, Vacuum, Heat Transfer
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OFFICE OF INDUSTRIAL TECHNOLOGIES

This Office supports a broad range of research, including long-term, high-risk, high pay-
off R&D in the Advanced Industrial Concepts Division to shorter-term engineering in other
divisions.  Cost-shared research and development for industrial energy conservation
technologies that offer large potential for saving scarce fuels is promoted. It also encourages
the private sector to implement and deploy such technologies as they are developed. Materials
research is done in support of the technologies under development to develop materials with
lower embodied energy and to provide materials for use m equipment/systems which .can
improve energy efficiency. _

Office of Wasté Reduction Technologies

Waste Reduction is concerned with the efficient conversion of fuel to a more useful
energy form and with the utilization of energy embodied in waste products—solids, liquids, and
gases. This office conducts research to develop advanced waste energy recovery technologies
for the industrial sector.

Industrial Energy Efficiency Division
Materials Properties, Behavior, Characterization or Testing

9. Advanced Heat Exchanger Material Technology Development FY 1990

, $445,000
DOE Contact: S. Richlen, (202) 586-2078 -
ORNL Contact: M. Karnitz, (615) 574-5150

ThlS project conducts research to develop improved ceramic materials and fabrication
processes and to expand the materials data base for advanced heat exchangers. Currently the
project is studying the effects of corrosive waste stream constituents on candidate ceramic and
ceramic composite materials through coupon tests and exposure to synthetic-exhaust streams,
conducting scale-up studies on the carbo-thermic production of g-SiC powder, and developing
advanced wet forming techniques for monolithic ceramic components.

Keywords: Structural Ceramics, Corrosion-Gaseous, Extrusion, Industrial Waste Heat
Recovery

223



Office of Industrial Technologles

10. Assessment of Strength leltlgg Flaws in Ceramic Heat Exchanger. :
Component T R S ' T ’ FY 1990

o $200,000
DOE Contact: S. Richlen, (202) 586-2078 - :
Babcock & Wilcox Contact: J. Bower, (804) 522-5742

ThlS project studies the flaw populations and the effect of operating environments on
flaw populatlons of ceramic heat exchanger components. Currently the project is correlating
acoustic response to flaw growth. The goal of the project is to develop lifetime prediction
correlations for ceramic components. Research is conducted cooperatively with the Idaho
National Engineering Laboratory. :

Keywords: Structural Ceramics,v Strncture; NDE, Industrial Waste Heat Recovery

11. National Laboratory Support to Assessment of Strength Limiting Flaws

in Ceramic Heat Exchanger Component FY ‘1990
: A . $63,000

DOE Contact: S. Richlen, (202) 586-2078
Idaho National Engineering Laboratory Contact: W. Reuter, (208) 526-1708

This project supports the B&W study on strength limiting flaws by the development of
advanced NDE, test methods, and other key technologles Currently the project is studying the
apphcatlon of Moire Interferometry to measure stress of components under test.

Keywords: Structural Ceramrcs, NDE, Structure
12. Ceramic Fiber Residue Measurement S FY 1990
$0

DOE Contact: S. Richlen, (202) 586-2078
ORNL Contact: M. Karnitz, (615) 574-5150

“This project determines whether whisker-like particles can be generated during the
handling, processing, or machmmg of continuous ceramic fiber ceramic matrix composites.

Currently a test protocol is being written.

Keywords: Ceramic Composites,.Whiskers
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13.  Characterization of Beta Alumina .for:‘a Sodium Heat Engine Application
. L G I FY 1”0

$460,000
DOE Contact: W. Parks, (202) 586-2093
ANL Contact: R. Valentin, (708) 972-4493

This projéct is a materials characterization’ study to determme if the current beta
alumina tubes used in the sodium heat engine are of suffic1ent quality to perform adequately
in' service. The study will examine the stress levels in commercial tubcs usmg mechanical
testing, NDE, and new NMR process. Preliminary work on lmproved processmg methods are
being examined.

Keywords: Beta 'A]umi'na," Sodium Heat Engine, AMTEC, NDE of Ceramics
Device or Component Fabrication, Behavior or Testing '

14.  Ceramic Composite Heat Exchanger for the Chemical Industry =~ FY 1990

$ 0
DOE Contact: S. Richlen, (202) 586-2078 |
Babcock & Wllcox Contact: D. Hindman, (804) 522-5825

This second phase of this project which addressed critical problems of the material and
design has been co'mpleted Alumina fiber in a zirconia or alumina oxide matrix has been
selected as most promising material. Currently, the ﬁeld test host site has been selected and
final design is being conducted.

Keywords: Ceramic Composites, Structure

15. HiPHES System Design Study for Energy Production from Hazardous
Wastes ' - FY 1990

. . $465,000
DOE Contact: S. Richlen, (202) 586-2078 -
Solar Turbines Contact: B. Harkins, (619) 544-5398

This project has completed the first phase of a three-phase effort to develop high
pressure heat exchange systems for recovery of energy from hazardous wastes. A preliminary
design of an advanced heat exchange process based on the use of ceramic composites has been
developed. Research on critical material and design needs will now begin.

Keywords: Ceramic Composites, Heat Exchangers
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16. HiPHES System De(‘siggStudy'for an Advanced Reformer ' FY 1990
” . $800,000

DOE Contact: S. Richlen, (202) 586-2078
Stone & Webster Engineering Corp. Contact: J. Williams, (617) 589-7147

This project has completed the first phase of a three-phase effort to develop high
pressure heat exchange systems for an advanced convective reformer. A preliminary design
of an advanced heat exchange process based on the use of ceramics has been developed.
, Research on critical material and design needs will now begin.

Keywords: Composites, Heat Exchangers

17. Ceramic Components for Stationary Gas Turbines in Cogeneration Service S
FY 1990
) . $355,000
DOE Contact: W. Parks, (202) 586-2093 '
Battelle Contact: D. Anson, (614) 424-5823

This project examines the state of the art in ceramic components for turbine engines,
current stationary gas turbine design and economics, and projects a plan to introduce ceramics
into stationary gas turbines.

Keywords: Structural Ceramics, Cogeneration, Gas Turbines

Waste Material Management Division
Waste Utilization and Conversion

Industrial waste solid, liquid, and gaseous materials are waste because they have
insufficient economic potential, thus they are landfilled or discharged to the environment.
Economically useful wastes are termed by-products and constitute the objective of the Waste
Utilization and Conversion program. Materials research can provide technologies to upgrade
wastes or create new commodity materials so that wastes can have economic, i.e., added, value
to become by-product materials of value to industry or commerce. The DOE contact is Jerome
Collins (202) 586-2369. . -
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Materials Preparation, Synthesis, Deposition, Growth or Forming

18. Wood Wastes to Adhesives ' . | FY 1990
' : o $545,000

DOE Contact: Alan Schroeder, (202) 586-1641
SERI Contact: Helena Chum, (303) 231-7249

Wood wastes are pyrolyzed via a vortex reactor yielding pyrolysis oils. Oils -are
separated to give a phenols-neutrals fraction which is used to replace phenol in various
phenolic resin applications. Because petroleum-based phenol is replaced by ‘wood-based
phenol, and because the overall process is cheaper, substantlal energy savmgs of over 200
trillion BTU/year are projected for 2010.

Keywords: - Wood, Wastes, Adhesives, Pyrolysis

19. Waste Rubber-Polymer Composite FY.1990

$417,000
DOE Contact: Stuart Natof, (202) 586-2370 : ' ' -
Air Products & Chemicals, Inc., Contact: Dr. Bernard Bauman, (215) 481-6053

- A new process is' being developed to activate the surface of finely ground waste tire
rubber, using a blend of fluorine and chlorine. The surface-treated ground waste tire rubber
can be used by molders to make new composites with cost savings and/or improved properties.
This use of waste tires results in a net savings of 80,000 BTUs per pound of tire rubber, as a
result of displacing energy intensive virgin materials.

Keywords: Tires, Composites, Surface Activation

20. Zinc—Contaminated Steel Conversion | FY 1990

$150,000
DOE Contact: Stuart Natof, (202) 586-2370 : o
Argonne National Laboratory Contact: Edward J Damels (708) 972- 5279

A new process is being developed to economlcally remove the zinc from galvanized steel
scrap, resulting in clean, specification grade, scrap steel and recyclable zinc. The process woiks
on loose shredded scrap or baled scrap. Hot sodium hydroxide with anodic stripping and
simultaneous electrowinning is employed.

Keywords: Dezincing, Steel, Galvanized, Zinc, Scrap Metal, Metals Recycling
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21.  Silicon Oxide Recovery-Conversion _ FY 1990
$851,000

DOE Contact: Bruce Cranford, (202) 586-9496
Dow Corning Contact: James May, (517) 496-6047

A new process is being developed to economically capture waste SiO emitted from
conventional silicon production furnaces and return the SiO to the furnace to increase the
conversion of SiO, to Si metal. The CO emitted is also utilized for methanol production to
improve the energy efficiency of the process. The process has been demonstrated at the pilot
scale.

Keywords: Silicon Oxide, Waste Recovery, Waste Conversion

22. Waste Food Carbohydrates to Lactide Copolvmer Plastics FY 1990
$500,000

DOE Contact: Alan Schroeder, (202) 586-1641
Argonne National Laboratory Contact: Robert Coleman, (708) 972-3268

A process is being developed with TVA, States of Illinois and Minnesota, to produce
a biodegradable mulch film/coating with time release fertilizer and pesticide properties that
does not have to be taken up at the end of the growing season. An energy analysis indicates
savings of 55,000 Btu/Ib of plastic used, with a large potential market. It also provides a higher
value product outlet for such carbohydrate wastes as cheese whey, potato processing, and corn
processing.

Keywords: Biodegradable, Starch, Lactic Acid, Lactide Plastic, Fertilizer, Mulch, Irrigation

Solar Materials Research

The objective of solar materials research is to identify and develop viable materials
processes that take advantage of the attributes of highly concentrated solar fluxes. Solar
technology is able to supply concentrated radiant energy to surfaces with high efficiency and
without many of the environmental liabilities of conventional power supplies.
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Materials Preparation, Synthesis, Deposition, Growth or Forrning -

23. Materials Processing Using High Solar Photon Flux ' A o FY 1990

$500,000
DOE Contact: Frank Wilkins, (202) 586-1684
SERI Contact: Meir Carasso, (303) 231-1353

Metalorganic precursors for the yttrium-barium-copper-oxide (YBCO) group of
superconductors were spin-coated onto single crystal yttrium stabilized zirconia (Zr03) and
magnesium oxide (MgO) substrates, dried in air, then thermally processed in oxygen using the
solar furnace at SERI. Zero resistivity was measured at 74.7K. It is likely that the higher
deposition rates and high heating rates made possiblé by the solar furnace will enable better
economics for existing superconductivity films as well as new films to be developed.

Thin films of carbon have been -grown on Ni and Si substrates using CH, and H, as
precursors. The carbon growth on Ni results in a graphitic phase. Expenments with Si
substrates have produced thin films of SiC and diamond-like carbon films, as well as graphmc
carbon, depending upon the growth conditions. Current technology using microwave plasmas
or hot filaments rcqulres using large amounts of energy to grow dlamond thm films.

Work is continuing on a variety of surface deposition techmques to obtain special
properties and on surface modxﬁcatlon of alloys. :

Keywords: Solar Furnace, Superconductors, Dlamond-hke Carbon, Diamond Films
24.  Catalysts for Solar-Assisted Water Detoxification " ‘ -  FY.1990
$500,000

DOE Contact: Frank Wilkins, (202) 586-1684
SERI Contact: Daniel M. Blake, (303) 231-1202

Titanium dioxide (anatase form) acts as a photocataiyét for the oxidation of hazardous
organic compounds in contaminated water. In order to. 1mprove the efficiency of the solar
water detoxification process, research is directed toward mcreasmg the overlap of the action
spectrum of the photocatalyst with the solar spectrum and increasing the efficiency of
conversion of photons to active oxidizing species on the catalyst.

Keywords: Titanium Dioxide, Water Treatment, Water Purification, Photocatalyst,
Semiconductor
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Office of Industrial Processes

This office conducts research and creates new energy conserving processes for ore
reduction, metals production, and basic shape processing; sensing and control instrumentation;
separation processes; and new coatings.

Improved Energy Productivity Division
Materials Preparation, Synthesis, Deposition, Growth or Forming

25. Composite Cathode Material Development : FY 1990

$910,000
DOE Contact: M. J. McMonigle, (202) 586-2082 -
Great Lakes Contact: L. A. Joo, (615) 543-3111

. This is a long term project involving testing and analysis of composite materials for
cathode applications. During FY 1990, work was completed on finite element analysis of TiB ,

graphite samples and engineering calculations for a commercial cell heat balance in order to
optimize shapes and structures. The project has been moved to the metals initiative.

Keywords: Composites, Cathode

26. Cerox Inert Anode Material =~ . ' : FY 1990
: $460,000
DOE Contact: M. J. McMonigle, (202) 586-2082 '
EL TECH Contact: Tom Gilligan, (216) 357-4066

The addition of CeO, to molten cryolite produces a coating on oxygen evolving
electrodes. The factors controlling the in situ formation of the coating, the coating
characteristics, and the.coating stability have been evaluated. Metal purity and voltage drops
will be determined for commercial aluminum reduction cell operating conditions.

Keywords: Coatings, Anode, Ceramics
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27. Lightweight Alumina Aggregate FY 1990
$ 0

DOE Contact: M. J. McMonigle, (202) 586-2082
Alcoa Contact: Al Pearson, (412) 337-2706

Completed literature search and initiated bench scale experiments for manufacture of
new lightweight aggregate composition.

Keywords: Insulating Refractories

28. High Temperatures Fiber Insulation o - FY 1990

$§0
DOE Contact: M. J. McMonigle, (202) 586-2082. - . i
Manville Contact: Phil Martin, (303) 478-5252

Phase I was initiated to systematically characterize commercially available refractory
fibers for thermal, physical, and refractory stability properties. A literature search was
completed and computer-codes enhanced to calculate heat loss and heat storage properties for
specified furnace configuration. :

Keywords: Insulating Refractories

Materials Properties, Behavior, Characterization or Testing -

29. Expand and Control Inert Electrode Cell Operating Conditions FY 1990
o - $362,000

DOE Contact: M. J. McMonigle, (202) 586-2082
PNL Contact: Larry Morgan, (509) 375-3874

. Digital signal analysis and chaos. theory are being applied to determine alumina
concentration at saturation in operating electrolytic cells in real time.

Keywords: Ceramics, Cryolite, Material Science, Aluminum

Advanced Industrial Concepts Division

The mission of AICD is to support generic, long-term, high-risk applied R&D in those
processes and technologies that underpin industrial unit operations. The AICD output provides
a technology base to improve energy use efficiency and advance industrial capability to use
alternative energy resources. Materials-related research in AICD is conducted in the Advanced
Industrial Materials (AIM) Program. The AIM Program develops generic materials
technologies brought to a stage for private industry or other government programs to advance
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further towards technology and engineering demonstration. The Program emphasizes materials
as an enabling technology for industrial energy conservation and focuses on six areas:
Structural Engineering Materials, Thermally Insulating Materials, Other Unique Materials
(entirely superconducting ceramics at this time), Innovative Processing Technology, Lightweight
and Biobased Materials (principally plastics recycling and environmental compatibility), and
Materials System Reliability. The acting Program Manager is Marvin E. Gunn, (202) 586-5377.

Materials Preparation, Synthesis, Deposition, Growth or Forming
30. Aerogel Thermal Insulators FY 1990

$300,000
DOE Contact: Marvin E. Gunn, (202) 586-5377
LBL Contact: Arlon Hunt, (415) 486-5370

The objective of this research project is the development and production of controlled
porosity materials with tailored thermal, optical, and physical characteristics. This effort is a
combined program of analytical studies and experimental measurement of the particle creation
and assembly process. In addition, the properties of the finished material will be determined
and related to the preparation technique.

Keywords: Thermal Insulation, Sol-Gel, Processing

31. Chemical Vapor Deposition of Ceramic Composites FY 1990
$850,000

DOE Contact: Marvin E. Gunn, (202) 586-5377

ORNL Contact: Peter Angelini, (615) 574-4565

SNL-L Contact: Mark Allendorf, (415) 294-2895

Thermoelectron Technologies Contact: Peter Reagan, (617) 622-1347

The objective of this effort is to explore novel ceramic matrix composites produced by
simultaneous chemical vapor deposition (CVD) of a dispersoid phase and a matrix phase. The
basic mechanisms which control the toughness, strength, thermal expansion, and thermal
conductivity of the composite coatings are investigated by varying the quantity, composition,
and morphologies of the two phases.

The ultimate objective is to utilize the CVD process to fabricate ceramic matrix
composites, stable in air at 2500 °F with 30 ksi fracture strength and 10 MPa /m fracture
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toughness and thus develop a single step process for fabrication of ceramic composites which
are stable in air at high temperatures, and will have numerous applications in automotive and
gas turbine engmes, chemical processing and waste heat energy.

Keywords: Structural Ceramlcs and Compos1tes, Chemical Vapor Depqsitien; Coatings
32, Thin-Wall Hollow Ceramic Spheres from Slurries FY 1990

$150,000
DOE Contact: Marvin E. Gunn, (202) 586-5377
ORNL Contact: David L. McElroy, (615) 574-5976
Georgia Institute of Technology Contact: J. Cochran, (404) 894-6104

This effort is investigating the deve]opment of processes for economically fabricating
hollow thin-wall spheres from conventional ceramic powders using dispersions and is assessing
their potential use. Initially successful production of spheres of AlO;and Al,OCr,0, was
followed by expenmental assessment of the structural and thermal insulation potential for.these
unique low density materials using both simulated models and experimental measurements.
Georgia Tech will continue to.assess the structural capability of the spheres and, together with
ORNL, evaluate the feasibility of using pacifiers to reduce high temperature thermal
conductivity.

A commercial company, Ceramic Filler Inc., is operating a pilot plant in Atlanta,‘
Georgia, and a production facility (capacity 800 tons/year) in South Carolina. :

Transfer of this technology will bring a potential payoff of a high temperature insulating
material with less cost, higher thermal efficiency, and without ecological and health dangers.

Keywords: Structural Ceramics, High Temperéture‘Se;vice, Insulation

33.  The Role of Inert Gas Entrapped in Rapidly Solidified Materials .- FY 1990

: : _ - $700,000
DOE Contact: Marvin E. Gunn, (202) 586-5377 ‘
INEL Contact: John Flinn, (208) 526-8127
SNLL Contact: W. G. Wolfer, (415) 294-2307

This investigation seeks to determine property modifications, including .enhanced
microstructural stability and strengthemng, for rapidly solidified materials containing entrapped -
inert gases. The approach is both experimental and theoretical with initial work on nickel-base
alloys.
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It has been determined that rapid crystallization during powder atomization provides
a supersaturation of vacancies in the form of nanosized clusters that are stabilized by internal
oxidation to 0.9 T, and responsible for the observed high temperature strengthening.

The applicability of rapid solidification processing to superalloys will be investigated in
FY90.

Keywords: Gases in Metals, Rapid Solidification

34. Biobased Materials - Composites FY 1990
$150,000

DOE Contact: Marvin E. Gunn, (202) 586-5377

SERI Contact: Helena Chum, (303) 231-7249

University of Wisconsin Contact: Ray Young, (608) 262-0873

U.S. Forest Products Laboratory Contact: Roger Rowell, (608) 264-5816

University of Southern Mississippi Contact: Lon Mathias, (601) 266-4868

Virginia Polytechnic Institute & State University Contact: Wolfgang Glasser, (703) 231-4403

The overall objective of this effort is to develop cost-effective and environmentally
compatible materials for composites and other materials for the automotive industry that
incorporate high levels of inexpensive renewable polymers, but have strength properties of
synthetic materials and have good overall properties, including low cost. Current work is
emphasizing assessing chemical modifications of wood and wood components from inexpensive
wood fractionation routes to produce materials for the automotive industry. Renewable
materials are lightweight, corrosion resistant and have sound deadening properties. These
properties make them well-suited for automotive applications. Strength properties, principally
impact strength, need to be improved.

The approach involves tailoring of plastics properties with the design of specific
chemical modifications of the wood materials. Some modifications impart thermoplasticity
directly; others improve physical properties such as dimensional stability. Approaches that use
non-woven technologies and wood fibers as reinforcing agents for composites are investigated.
The non-woven mats can be molded into specific shapes that lead to parts consolidation and
avoid multiple stamping operations used to fabricate these parts from steel. -

Keywords: Composites, Biodegradable Plastics, Natural/Synthetic Resins
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35. Microwave-Driven Spray Drying ' ' : FY 1990
: ' o - $350,000

DOE Contact: Marvin E. Gunn, (202) 586-5377
LANL Contacts: F. Gac, (505) 667-5126

The objective of this effort is to develop a generic micro-driven spray drying process for
the aerosol preparation of fine, homogeneous powders in complex metal oxide systems.
Microwave powder shall be coupled directly to the mist of aqueous or organic solutions of
metal compounds, and will heat the mist to drive off the solvent leaving a fine powder of a
complex metal compound. Given sufficiently high evaporation rates, a very homogeneous
powder will result directly from solutions of metal nitrates, chlorides, etc. Although the focus
will be on the synthesis of complex metal oxide powders, the process is conceivably applicable

to any application that utilizes spray drying.

Keywords: Microwave Processing, Spray Drying, Powder Synthesis

36. Magnetic Field Processing of Polymers ’ FY 1990
$350,000

DOE Contact: Marvin E. Gunn, (202) 586-5377
INEL Contact: Alan Donaldson.(508) 526-2627/FTS 583-2627
LANL Contact: Gerald Maestas, (505) 667-3973/FTS 843-3973

- ‘The objective of this task is to demonstrate and model the effects of an applied
magnetic field during processing of inorganic or organic polymers in order to improve their
physical, mechanical, and separation capabilities. Quantitative correlations will be made
between the physical properties of materials prepared with and w1thout the presence of applied
magnetic fields.

Keywords Magnetic Field, Polymers, Inorganic, Organic

37,' E]ectrochemrcal Synthesrs of Conductmg Po]mers and Electrocatalysts FY 1990
N $800,000

DOE Contact: Marvin E. Gunn, (202) 586-5377 :
LANL Contacts: Gerald Maestas, (505) 667-3973/FTS 843-3973 and S. Gottesfeld,
(505) 667-0853

The objectives of this task are to: 1) develop electrochemical techniques for the

. synthesis and analysis of conducting polymers in order to improve the composition, morphology,

and stability of conducting polymer films for applications including corrosion resistant
conductive coatings and electrochromic films and 2) develop new methods to fabricate low cost
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platinum electrocatalysts with a particle size of less than 2 nm in average diameter by ion-
exchange techniques.

Keywords: Catalyst, Polymer, Electrical Conductivity

38. Polymers with Improved Surface Properties FY 1990

$100,000
DOE Contact: Marvin E. Gunn, (202) 586-5377
ORNL Contact: Peter Angelini, (615) 574-4565 and L. K. Mansur, (615) 574-4797
LANL Contact: Gerald Maestas, (505) 667-3973/FTS 843-3973

The objective of this task is to develop innovative technology for surface modification
of polymers to produce smooth, hard, corrosion resistant for applications requiring lightweight
and improved properties. The surface of polymers will be modified by the use of multiple jon
beam treatments and plasma processing. The microstructure will be related to processing
conditions and properties.

Keywords: Polymers, Surface Modification, Ion Beam

Materials Structures and Composition

39. Modeling and Development of Ordered Intermetallic Alloys FY 1990

$1,200,000
DOE Contact: Marvin E. Gunn, (202) 586-5377
LANL Contact: A. D. Rollett, (505) 667-6133/FTS 843-6133
ORNL Contacts: Peter Angelini, (615) 574-4565, C. T. Liu, (615) 574-4459, V. K. Sikka,
(615) 574-5112, M. L. Santella, (615) 574-4805 and D. M. Nicholson, (615) 574-5873
Imperial College (U.K.) Contact: D. G. Pettifor, 011-411-589-5111, ext. 5756

The ultimate objective of this effort is the development of the mathematical models and
research software for use in the design of materials for energy technology applications. During
FY 1990 emphasis was shifted from modeling the Ni-Al systems to modeling and confirmation
laboratory testing of MoSi, To date, modeling efforts have related the role of boron at grain
boundaries in NijAl and found agreement with subsequent experiment.

MoSi, represents an attractive material for high temperature applications (high melting
point, oxidation resistance, ductile above 900 °C), but brittle behavior at low temperature limits
usefulness and provides a good field for improvement when addressed by a combination of
modeling and experiment.

Keywords: Intermetallic Alloys, Modeling of Materials
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40. Thermosetting Resins with Reversible Crosslinks =~ o FY 1990
‘ - $150,000

DOE Contact: Marvin E. Gunn, (202) 586-5377 .
Polytechnic of New York Contact: Giuliana Tesoro, (718) 643-5244

The objective of this effort is to determine if it is possible to develop thermosetting
resins with "reversible crosslinks." If so, it may be possrble to produce plastics with the
strengths, toughness, temperature capabilities, and corrosion resistances typtcal of thermoset
resins but which can be easily reprocessed like a thermoplastlc ‘This process would allow
easier recyclmg, thereby reducing the need for virgin plastics made from natural oil or gas as
well as easmg the repalr of lightweight automotlve,str_uctural parts.

In the initial phase of the pro_|ect the fea81b1hty of the approach was demonstrated for
an epoxy resin, crosslinked with dlsulflde-contammg reagents, solubilized by reduction after
curing, and thereaftér crosslinked by oxidation or by reaction with bifunctional compounds.'
This sequence has been accomplished for commercial epoxy resins of higher molecular weight
and of higher functionality. Evaluation of the thermal and mechanical propertles of the
crosslinked resins has shown that they are similar to, and, in some instances, superior to those
of products crosslinked with commercial curing agents.

Experlmental polyimides contammg disulfide bonds have been prepared and it has been
shown that, as in the case of epoxy Tesins, it is poss1b1e to solubilize cured resins by reduction,
and to set the soluble products in a subsequent step. :

Keywords: Thermoset Resins, Recycling I"’]astics‘. |
41. Biobas‘ed"Materials - Packaging 'Plasticsi o o o FY 1990
DOE Contact: Marvin E. Gunn, (202) 586-5377

SERI Contact: ‘Helena Chum, (303) 231-7249 .
Mlchlgan Blotechnology Institute Contact Ramam Narayan, (517) 349-2970

$350,000

Research in this area will attempt to develop cost effectlve and envn'onmentally
degradable packaging plastics that incorporate high levels of i inexpensive renewable polymers,
but have strength properties of synthetic thermoplastics.
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During FY 1990 assessments were made of the suitability of starch/polystyrene graft
copolymers for compatibilizing starch and polystyrene plastics at low concentration levels of
the grafts, while maintaining the physical properties of the synthetic plastics in the resulting
ternary alloys (starch, polystyrene, and graft copolymer).

Keywords: Packaging, Plastics, Copolymers

42. Innovative Approaches to the Chemical Recycling of Plastics FY 1990

$500,000
DOE Contact: Marvin E. Gunn, (202) 586-5377
SERI Contacts: Helena Chum, (303) 231-7249 and Robert Evans, (303) 231-1384

This research activity is aimed at developing cost-effective and environmentally benign
processes for recovering mixed plastics from various sources, such as auto-shredder waste,
carpet waste, and other source-separated mixed plastic streams.

Current effort is directed at the identification of experimental conditions for the
chemical recovery of a high proportion of monomeric and other high-value components from
plastics mixtures using advanced thermal processes.

The SERI molecular-beam mass spectrometer is being used to detect real time products
of these processes and establish conditions that will accomplish the ultimate objective of small-
scale experiments.

Keywords: Plastics Recycling, Pyrolysis

43. Recycling of Sheet Molding Compounds FY 1990

$0
DOE Contact: Marvin E. Gunn, (202) 586-5377
Stevens Institute of Technology Contact: K. E. Gonsalves, (201) 420-5779 and S. S. Stivala,
(201) 420-5529

The ultimate objective of this project is the development of final flow sheets and the
assessment of the technical and economical feasibility of the proposed recycling process.

As a first step model polymers for recycling from a given class of commercially

significant polymeric materials were selected. Thermoset composites (SMC) are widely used
in the automotive industry (and elsewhere), so this class of materials was chosen.
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In order to establish the parameters essential for economically converting discarded
thermoset composites (such as SMC) to useful products, two basic types of operations are
necessary: mechanical operations (chopping, grinding and filtration); and chemical processes
(solvent extraction, hydrolysis, separation). These were studied in detail. :

Technical collaboration with General Motors, manufacturer of SMC based automotive
components, and Ashland Chemical Co., sole supplier of the basic SMC ingredients package
to GM, was established. Thus, SMC sheets, already compression molded, and polyester resins
for PHASE ALPHA SMC were obtained from both GM and Ashland.

Within the next 5 to 10 years junkyards will be covered with SMC automobiles and
trucks that cannot be scrapped and recycled in a manner similar to those made from metals.
This study could reduce the bulk of the material for dumping and provide economic recovery
of useful raw materials. _

Keywords: Plastics Recycling, Pyrolysis

44, Laser Deposition of Thin Films for High Temperature Superconductors FY 1990
$300,000

DOE Contact: Marvin E. Gunn, (202) 586-5377
ORNL Contacts: Peter Angelini, (615) 574-4565, D. H. Lowndes, (615) 574-6306 and
D. M. Kroeger, (615) 574-5155

The major objectives of this project are the development of pulsed laser deposition
methods which will continuously deposit HTSC films on practical substrates followed by the
transfer of the technology to the electric motor industry.

Pulsed laser deposition conditions have been found that result in high J_(>1 MA/cm ?),

high T (~92 °K) YBa Cu O, films formed on single crystal substrates. Rapid, low temperature
post deposition oxidation, resulting in fully oxidized YBa Cu O, films, has been demonstrated
and investigations of the influence of substrate polycrystallinity and substrate surface

preparation on film morphology are underway.

During FY89 work concentrated on production of thin films and composites of
123-YBaCuO with silver and the development of microstructures capable of high critical
current density and superior mechanical properties.

Keywords: Laser Deposition, Thin Films, HTSC
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45. Microwave Sintering and Joining of Advanced Ceramics (Zirconia-

Toughened Alumina (ZTA) and Microwave Joining of Ceramics) FY 1990
$600,000

DOE Contact: Marvin E. Gunn, (202) 586-5377
ORNL Contacts: Peter Angelini, (615) 574-4565 and Ron Beatty, (615) 574-4536
Technology Assessment and Transfer, Inc., Contact: R. Silberglitt, (301) 261-8373

In both HTSC Materials studies and in the ZTA research area a major objective was
to evaluate the effectiveness of microwave sintering as opposed to conventional sintering
techniques. HTSC activities were aimed at developing a technically superior, cost effective
method for manufacturing high temperature superconductors. Densification behavior and
superconducting properties of both microwave and conventionally sintered superconductors
using powders from commercial industry and in-house sources were studied. Densification was
very different for different powders but only slightly affected by microwave versus conventional
sintering. Superconducting properties showed some differences but not major improvement
from microwave sintering.

The objective of ZTA sintering research was to assess microwave effects on the kinetics
of grain growth in alumina in order to understand the controlling parameters and then to
develop a method for fabricating hlgh toughness ZTA from low cost materials. To date it has
been found that kinetics of gram growth are much higher for microwave heating than
conventional heating; rate of grain growth, for microwave at 1500 °C was the same as that for
conventional heating at 1700 °C. Found densification of alumina with 20 wt % zirconia
occurred 300-400 °C lower for microwave sintering compared with conventional sintering.

In microwave joining of ceramics the objective was to demonstrate the applicability of
the technique to materials of industrial interest and under conditions relevant to industrial
processing, and develop application projects in collaboration with industry.

A single-mode, tunable rectangular cavity has been integrated with a hydraulic press,
IR pyrometer, forward and reflected power probes, and in situ acoustic NDE. A separate
‘apparatus using a cylindrical resonant cavity and a frequency sweeper was used to measure
dielectric properties of candidate materials.
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Theoretical feasibility was demonstrated. An, experimental system was .constructed
which verified the microwave heating model. Alumma-glass-alurmna _]OlI'ltS were made.
Mullite-to-mullite joints were made without surface preparation or interlayer. These
demonstrated that the ]omts are stronger than the base material. Novel instrumentation for
dielectric properties and in situ NDE was developed. The capablhty to perform experiments
in nitrogen or inert gas environment was added. Current focus is on applying the technique
to alumina (ECUT funding) and proprietary materials submitted by industry (corporate
sponsorship). S :

Keywords: Microwave, Sintering, HTSC, Zirconia, Alumina, Ceramic joinirrg _
46. Biomimetic Thin Film Ceramic Coatings =, . FY 1990

. $300,000
DOE Contact: Marvin E. Gunn, (202) 586-5377 '
PNL Contact: Gary McVay, (509) 375-3762

The objective of this research is to develop energy-conserving, novel processing methods
(mimicking natural or biological processes) for the nucleation and growth of ceramic oxide thin
films onto metal, ceramic, and polymer surfaces from aqueous solutions. :

This project is developmg a new process for the formation of thin film materlals
Mineral deposition from aqueous solutions is controlled by organized organic functional groups
attached to the underlying substrate by appropriate coupling agents. Such derivatization
eliminates dependence of the thin film growth process on the native substrate characteristics
and allows a generalized scheme for thin film deposition to be developed.

The process under development closely follows the methods used by biological systems
to grow hard (ceramic) tissue. As such, the process is very energy efficient. In addition, the
devices developed from this unique process will contribute significantly to more efficient energy
utilization. Applications will focus on protective coatings, sensors, and catalysts. Examples of
the most realistic applications follow: -

1. Protective coatings for corrosion or abrasion resistance.

2. Built-in or remote, industrial sensors (corrosion detectors or in-line chemical
sensors for process control).

241

-}



Office of Industrial Technologies

3. Catalytic surfaces for chemical and energy processes (hydrogenation,
polymerization, cracking, or coal liquefaction).

4. Thin film coatings on radiant tiles or industrial gas burners.

Keywords: Mineral Deposition, Ceramic Coatings

Materials Properties, Characterization, Behavior or Testing

47. X-Ray Tomography for Ceramic Composites FY 1990
$300,000

DOE Contact: Marvin E. Gunn, (202) 586-5377
LLNL Contact: John Kinney, (415) 243-6669/FTS 532-6669

The objectives of this task are to develop the use of X-ray tomography to identify flaws,
relate processing conditions to microstructure, and improve properties of crack resistant
composites. The task will concentrate on the characterization of the micro- and macrostructure
of fiber reinforced composites. The results will be used to correlate relationships between
processing conditions such as temperature and gas composition on density and mechanical
properties. Modeling will also be performed.

Keywords: X-Ray, Tomography, Composites

48. Variable Insulation Concepts FY 1990
$150,000

DOE Contact: Marvin E. Gunn, (202) 586-5377

SERI Contact: T. R. Penney, (303) 231-1754/FTS 327-1754

The objective of this task is to develop variably-insulating panels. The performance
requirements and potential benefits will be defined in collaboration with end-user process

industries. The technical feasibility of design concepts will be analyzed.

Keywords: Thermal Insulation

242



Office of Industrial Technologies

49. Ordered Intermetallic Alloys for Corrosion Resistance (FeAl Dcveiogment)

FY 1990
$200,000
DOE Contact: Marvin E. Gunn, (202) 586-5377

ORNL Contacts: Peter Angelini, (615) 574-4565 and C. T. Liu, (615) 574-4459

An initial objective in this area was the identification of an FeAl composition with the
_ best combination of room temperature ductility, and corrosion resistance in oxidizing molten
nitrate salt environments.

A binary base composition of FeAl was selected on the basis of tensile strength results,
creep strength, fabricability and corrosion resistance. Minor alloying additions brought a room
temperature tensile ductility greater than 10 percent. (This represents a five-fold increase in
ductility compared to the pure binary aluminide.) FeAl compositions with excellent corrosion
resistance in molten nitrate salts were also identified.

Future activities will include; alloy design to improve creep strength, while maintaining
ductlhty, _evaluation of resistance of FeAl composmons to high-temperature oxidation; a
weldability study; and finally, scale-up to industrial size "heats" and further interactions with
industry.

Keywords: Corrosion Resistance, Iron Aluminide

50. Characterization of SiC Whisker - MoSi, Composites for
Elevated Temperature Applications FY 1990

A - $800,000
DOE Contact: Marvin E. Gunn, (202) 586-5377
LANL Contact: J. J. Petrovic, (505) 667-0125

SiC whisker-MoSi, matrix composites are being examined for potential elevated
temperature structural applications in oxidizing environments.

Significant improvement in high temperature yield strength has occurred as a result of
solid solution alloying of the matrix. At 1500 °C, composite yield strengths were 8-10 higher
than pure MoSi,, reaching values of 80 MPa in air testing. High temperature ductility and
oxidation resistance were retained in the composites.

In FY90, project emphasis will shift to lowering the brittle-to-ductile transition of MoSi,
by a Materials-by-Design approach, and the development of high toughness partially stabilized
ZrO ;sMoSi, matrix composites. Technology transfer interactions with U.S. industrial
organizations will continue.
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‘MoSi, based composites constitute a new class o:ndahon-resnstant high temperature
materials which represent an alternative to structural ceramics. ,

Keywords: Intermetallic Alloy, Composites, Whiskers

Device or Component Fabrication, Behavior or Testing
"S1. Chemically Specific Coatings * 7 FY.19%

$350,000
DOE Contact: ‘Marvin E. Gunn, (202) 586-5377 '
SNLA Contact G.C Frye, (505) 844-0787

This project will attempt to develop a new class of chemically specific coatings that can
be used in separations, waste recovery and as process monitors to improve process energy
eff1c1ency

Sol-gel chemis’try'and surface modification techniques are used to develop oxide coatings

with controlled pore sizes and tailored chemical properties. These films provide chemical
selectivity based on both molecular size and chemical interactions.

Keywords: Coatings, Sol-Gel Processing o
52. Development of High-Temperature Superconducting Magnets

for High-Efficiency Motors and Power Electronics -FY 1990
$350,000

DOE Contact: Marvin E. Gunn, (202) 586-5377
ORNL Contacts: Peter Angelini, (615) 574-4565, D. H. Lowndes, (615) 574-6306 and

R. A. Hawsey, (615) 574-8057

As part of this research effort, potential applications for HTSC magnets for motors, heat
pumps, etc., are bemg identified and general deSIgn requirements for magnets in these
apphcatlons are bemg developed .

Keywords: HTSC Films, Superconducting Magnets, Motor
{
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53.  Bulk Ceramic BiSrCaCuO and TIBaCaCuO Superconductors for
" Trapped-Flix Permanent Magnets . - EY 1990

$350,000
DOE Contact: Marvin E. Gunn, (202) 586-5377
PNL Contact: Larry R. Pederson, (509) 375-2731
Boeing Aerospace Contact: Thomas Luhman, (206) 234-2683

A preliminary goal of this project is the design and demonstration of a trapped -flux
permanent magnetic device using bulk, polycrystalline superconducting ceramics in the
BlSrCaCuO and/or TIBaCaCuO systems that have critical current densities of at least 10°
A/cm 2 at 77°K. Subsequently it is intended to improve the critical properties of bulk,
polycrystalline superconducting ceramics so that they can be utilized in practical devices,
including motors, generators, and switches.

Fréeze-drying and ‘aerosol pyrolysis processes will be used to prepare phase-pure,
homogeneous, fine-grained, superconducting ceramics. The BiSrCaCuO and TIBaCaCuO
systems were selected because of their high critical temperatures. Critical current densities in
a magnetic field will be enhanced by doping the grain boundaries so that they become
superconductmg by a pl‘Olelty effect and by introducing secondary phase precipitates to act
as flux pinning centers.

Keywords: Superconducting Magnets, High Tempefature Superconductors, HTSC
Facilities | |

54. Muiltiple Frequency Microwave Energy Source and Furnace FY 1990
$200,000

DOE Contact: Matvin E. Gunn, (202) 586-5377
ORNL Contact: Peter Angelini, (615) 574-4565/FTS 624-4565

This task will desxgn and fabricate a controlled microwave furnace which can operate
with a controlled atmosphere or vacuum and which is capable of operating with either 2.45
GHz or 18 GHz microwave power. In this way the optimum frequency can be used in order
to process composites to improve their microstructure and properties.

i

Keywords: Microwave, Furnace, Frequency
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53. Bulk Ceramic BiSrCaCuO and TIBaCaCuO Superconductors for
Trapped-Flux Permanent Magnets FY 1990

$350,000
DOE Contact: Marvin E. Gunn, (202) 586-5377
PNL Contact: Larry R. Pederson, (509) 375-2731
Boeing Aerospace Contact: Thomas Luhman, (206) 234-2683

A preliminary goal of this project is the design and demonstration of a trapped-flux
permanent magnetic device using bulk, polycrystalline superconducting ceramics in the
BiSrCaCuO and/or TIBaCaCuO systems that have critical current densities of at least 10°
A/em 2 at 77°K. Subsequently it is intended to improve the critical properties of bulk,
polycrystalline superconducting ceramics so that they can be utilized in practical devices,
including motors, generators, and switches.

Freeze-drying and aerosol pyrolysis processes will be used to prepare phase-pure,
homogeneous, fine-grained, superconducting ceramics. The BiSrCaCuO and TIBaCaCuO
systems were selected because of their high critical temperatures. Critical current densities in
a magnetic field will be enhanced by doping the grain boundaries so that they become
superconducting by a proximity effect, and by introducing secondary phase precipitates to act
as flux pinning centers.

Keywords: Superconducting Magnets, High Tempefature Superconductors, HTSC

Facilities
54. Multiple Frequency Microwave Energy Source and Furnace FY 1990

$200,000
DOE Contact: Marvin E. Gunn, (202) 586-5377
ORNL Contact: Peter Angelini, (615) 574-4565/FTS 624-4565

This task will design and fabricate a controlled microwave furnace which can operate
with a controlled atmosphere or vacuum and which is capable of operating with either 2.45
GHz or 18 GHz microwave power. In this way the optimum frequency can be used in order
to process composites to improve their microstructure and properties.

Keywords: Microwave, Furnace, Frequency
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OFFICE OF TRANSPORTATION TECHNOLOGIES

The Office of Transportation Technologies has established a number of programs to
conserve energy used for transportation and to shift transportation energy demand to
nonpetroleum fuels. The Office of Transportation Technologies is divided into the Office of
Propulsion Systems, Office of Alternative Fuels, and Office of Transportation Materials with
each having program responsibility for specific technology and program areas. The
‘organization of the Office of Transportation Technologies is shown in the following chart.

Organization of the Office of Transportation Technologies
OFFICE OF
TRANSPORTATION TECHNOLOGIES
A. Chesnes
L. Divone
OFFICE OF OFFICE OF OFFICE OF o
PROPULSION SYSTEMS ALTERNATIVE FUELS | TRANSPORTATION MATERIALS -
J. Brogan J. Aksup J. Eberhardt
+ CERAMIC TECHNOLOGY
« MATERIALS TECHNOLOGY
ELECTRIC BIOFUELS SYSTEMS * TRIBOLOGY
|—{ PROPULSION SYSTEMS — A + HIGH TEMPERATURE MATERIALS
K. Barber - R. Moorer LABORATORY
ADVANCED ~ ' FUEL UTILIZATION DATA
PROPULSION SYSTEMS ] AND ANALYSIS
R. Alpaugh J. Russel

Office of Transportation Materials

The Office of Transportation Materials conducts research programs to develop an
industrial technology base in new transportation-related materials and materials processing in
support of the Office of Transportation Technologies mission. Materials development activities
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consist of four main programmatic elements: Ceramic Technology (formerly Advanced
Materials Development), Materials Technology (other than structural ceramics), Tribology, and
the High Temperature Materials Laboratory.

The Ceramic Technology Program’s objective is to establish an industrial technology
base capable of providing reliable and cost-effective structural ceramics for applications to
advanced heat engines. A balanced program is conducted in the areas of materials processing,
design methodology, and data base and life prediction. A majority of the research is conducted
by industry. The Ceramic Technology for Advanced Heat Engines (CT AHE) Project is
managed by the Oak Ridge National Laboratory (ORNL). The DOE contact is Robert Schulz,
(202) 586-8051.

The Materials Technology Program seeks to identify and resolve transportation
materials problems other than those addressed under the Ceramic Technology Program. In the
near-term, the program emphasizes improvements to available industry technology for materials
problems in the fuel system, engine components and exhaust system of alternative-fueled
(alcohol, natural gas) engines. For the mid- and long-term, the program will identify
transportation-related materials requirements for electric propulsion, vehicle structure, and the
transportation infrastructure. The DOE contact is James Eberhardt (Acting), (202) 586-5377.

The Tribology Program’s objective is to provide a technology base for other
transportation technology programs in the areas of lubrication, wear of lubricated solids, the
friction and wear of ceramics, and tribological surface modifications and coatings. The
Tribology Program is managed by Argonne National Laboratory (ANL). The DOE contact is
James Eberhardt (Acting), (202) 586-5377.

The High Temperature Materials Laboratory (HTML) at Oak Ridge, Tennessee, is a
research and user facility which supports Government and industry efforts in high temperature
materials research and serves as a unique technology transfer vehicle through its user program.
The HTML comprises six user centers: materials analysis, high temperature mechanical
properties, high temperature x-ray diffraction, physical properties, ceramic specimen
preparation, and residual stress measurements. The DOE contact is Ted Vojnovich,
(202) 586-8060.

Office of Propulsion Systems

The Office of Propulsion Systems is comprised of the Advanced Propulsion Division and
the Electric and Hybrid Propulsion Division. Programs supported by this office are focused on
developing, in cooperation with industry through cost-shared contracts, the technologies that
will lead to the production and introduction of advanced vehicle propulsion systems and
electric vehicles in the nation’s transportation fleet.
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Advanced Propulsion Division

The Advanced Propulsion Division has two major programs: Light Duty Engine
Development focused on gas turbines through the Advanced Turbine Technology Applications
Project (ATTAP) and Heavy Duty Engine Development focused on diesel engines through the
Heavy Duty Transport Technology (HDTT) progject. Materials activities supported by this
Office and managed through the NASA Lewis Research Center for component and coating
applrcatlons are included in this report. The DOE contacts are: Saunders Kramer, (202) 586-
8000 for ATTAP and John Fairbanks, (202) 586-8012 for the HD'IT prolect

Electric and Hybrid Propulsion Division

- The Electrrc and Hybnd Propulsxon Division has three ‘major programs: Battery
Development, Fuel Cell Development, and Systems Development for electric. vehicles.
Materials work supported by this division is carried out by other DOE organizations and is thus
not included in this section. The DOE contact is Pandit Patil, (202) 586-8055. '

Office of Alternative Fuels

The Office of Alternative Fuels has three major programs: Biofuels Production,
Alternative Fuels Utilization, and the Alternative Motor Fuels Act (AMFA) fleet test program.
Materials technologies for alternative fuels are being addressed by the Office of Transportation
Materials and other DOE offices. The DOE contact for biomass is Richard Moorer, (202) 586-
5350, and the DOE contacts for alternative fuels are John Russell, Richard Wares, or Steve
Goguen, (202) 586-8053. : : -

In this report, ceramic material (CTAHE) and component development. (ATTAP,
HDTT) projects are emphasized along with several tribology, lubricant development, and
metals research projects. Not included in this report are biomass and other alternative. fuel
projects. Battery, fuel cell, semiconductor, electromagnetrc, and other electrochemical material
research that may support this office is sponsored by other DOE ofﬁces -

Materials Preparatron, SXD, thes_rs,; Deposrtlon, Growth or Formmg

55. High Temperature SX Carbide (WBS No. 1113) . .- FY 1990
I | $381,000

DOE Contact: Robert B. Schulz, (202) 586-8051

ORNL Contact: E. L. Long, Jr., (615) 574-5172

Carborundum Contact: Roger S Storm, (716) 278-2544

The three major objectives for this program can be listed as follows: 1) to establish a
property database and analysis for the current best SX material, 2) to optimize the processing
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conditions of that material using a designed experimental method, and 3) to optimize the
second generation SX material with superior high temperature properties.

Keywords: High Temperature Properties, Materials Processing, Silicon Carbide

56.  Turbomilling of SiC (WBS No. 1116) FY 1990

‘ $110,000
DOE Contact: Robert B. Schulz, (202) 586-8051
ORNL Contact: T. N. Tiegs, (615) 574-5173
Southern Illinois University Contact: Dale E. Wittmer, (618) 536-2396

First, a small feasibility study was conducted to investigate the use of a unique
turbomilling process in the preparation of SiC whisker-toughened ceramic composites. Due
to the early success of the feasibility study, the scope of this project was expanded to evaluate
the effect of turbomilling variables and the beneficiation of SiC whiskers, examine the
dispersion/homogenization of SiC whisker/alumina composites and SiC whisker/silicon nitride,
and investigate loadings for reducing aspect ratios in the absence of coarse grinding particulate.

Keywords: Alumina, Silicon Carbide, Silicon Nitride, Turbomilling, Whiskers

57. TiB, Whiskers (WBS No. 1117) _ FY 1990
$0

DOE Contact: Robert B. Schulz, (202) 586-8051
ORNL Contact: R. L. Beatty, (615) 574-4536
Keramont Contact: J. C. Withers, (602) 746-9442

The objective of this effort was to investigate the feasibility of developing a basic process
to grow TiB2 whiskers by the VLS method, characterize the whisker product, and evaluate the
potential of the whiskers as reinforcements for high temperature ceramic composites and metal
matrix composites. Basic experimental parameters (substrate, catalyst, temperature, and gas
composition) for the growth of the whiskers were defined. The whiskers produced varied in
size and morphology, depending upon the experimental conditions and distance of the whiskers
from the gas input port. It was concluded that while this process does have potential for scale-
up, further studies would have to be performed and the process would have to be optimized
to increase whisker yield and achieve growth of the whiskers in "volume" rather than on the
"surface."

Keywords: Synthesis and Characterization, Testing, Titanium Diboride, Whiskers
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58. Powder Characterization (WBS No. 1118) : FY 1990
$110,000

DOE Contact: Robert B. Schulz, (202) 586-8051
ORNL Contact: D. Ray Johnson, (615) 576-6832 :
National Institute of Standards and Technology (NIST) Contact: S. Malghan, (301) 975-2000

The objective of this effort is to develop a fundamental understanding of surface
chemical changes which take place when silicon nitride powder is attrition milled in an aqueous
environment.

A step-wise analysis of the underlying mechanisms controlling the material properties,
and detailed characterization of the materials and their environments will be carried out. The
following research is proposed:

« Characterization of the milled suspensions for physical, chemical, and surface
chemical parameters to develop basic understanding of the resulting powder
properties; o

« An understanding of the role of milling fluids in controlling the post-milling surface
chemical properties and size distribution of the powders; -

« Define pertinent process variables and their influence in milling and
deagglomeration; '

« Develop mathematical models for simulation and control of powder production by
attrition milling; and

. Evaluate resulting powders by sintering aid addition, consolidation, densification,
and mechanical testing.

Keywords: Powder Characterization, Powder Processing, Silicon Nitride

59. Sintered Silicon Nitride (WBS No. 1121) ‘ FY 1990
$145,000

DOE Contact: Robert B. Schulz, (202) 586-8051
ORNL Contact: D. Ray Johnson, (615) 576-6832
AMTL Contact: G. E. Gazza, (617) 923-5408

The program is concentrating on sintering compositions in the Si N Y 0 +SiO, system
using a two-step sintering method where the N, gas pressure is raised to 7-8 MPa during the
second step of the process. During the sintering, dissociation reactions are suppressed by the
use of high nitrogen pressure and cover powder of suitable composition over the specimen. -
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Variables to be studied include sintering process parameters, source of starting powders,
milling media and time, and specimen composition. Room temperature modulus of rupture,
high temperature stress rupture, oxidation resistance, and fracture toughness have been
determined.

Current efforts involve a study of "green body" forming to minimize/eliminate
agglomerate formation which leads to pore development in sintered specimens. Processes such
as slip casting with and without pressure will be evaluated. In addition, specimens containing
the apatite phase rather than yttrium pyrosilicate should be explored with the molybdenum
silicide particles distributed in the matrix.

Ceradyne, Inc., has been selected to carry out a scale-up and database generation and
evaluation of a silicon nitride-yttria-silica base composition containing molybdenum carbide to
be transitioned from AMTL to commercial prototype components in a turbine test engine.

Keywords: Sintering, Silicon Nitride, Testing

60. Si)N, Powder Synthesis (WBS No. 1123) FY 1990

$ 0
DOE Contact: Robert B. Schulz, (202) 586-8051
ORNL Contact: D. Ray Johnson, (615) 576-6832
Ford Contact: G. M. Crosbie, 313-574-1208

The goal is to achieve major improvements in the quantitative understanding of how to
produce sinterable Si )N, powders having highly controlled particle size, shape, surface area,
impurity content, and phase content. Of interest to the present powder needs is a silicon
nitride powder of high cation and anion purity without carbon residue. The process study has
been directed towards a modification of the low temperature reaction of SiCl ,vapor with liquid
NH3.

A pilot plant for the "vapor-chloride - liquid ammonia" direct reaction was designed and
developed to pre-pilot scale. The reactor volume was increased, the quality of sealing of the
vessels and piping was improved, and direct mechanical agitation to aid in by-product chloride
removal was incorporated. Using this process, equiaxed, high alpha/(alpha+beta) Si,N,was
obtained. A patent, "Method of Making a High Purity Silicon Nitride Precursor,” was issued,
and discussions with several potential licensees are underway.

Keywords: Silicon Nitride, Synthesis and Characterization
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61.  Microwave Sintering (WBS No. 1124_) ' I S FY 1990

$332,000
DOE Contact: Robert B. Schulz, (202) 586-8051
ORNL Contact: D. Ray Johnson, (615) 576-6832
ORNL Contact: T. N. Tiegs, (615) 574-5173

The objective of this effort is to identify those aspects of microwave processing of silicon
nitride that might 1) accelerate densification, 2) permit sintering to high density using much
lower levels of sintering aids, 3) lower the smtenng temperature, or 4) produce unique
microstructures. .

The sintering and heat treatment of silicon nitride are being examined using a 200kW
28 GHz furnace Types of expenments to be performed mclude the followmg

. Annealmg of dense srhcon nitride (and/or sralon) parts to examine the effects of
microwave heating on grain growth and grain boundary recrystallization;

 ‘Development of a microwave furnace dilatometer to provide the capability to
monitor the densification of silicon nitride at all stages in the sintering process;

« Sintering of conventional silicon nitride compositions to establish a baseline of
-densification rates and microstructural states for'microwave-sintere'd- materials;

« Sintering of silicon nitride with reduced levels of sintering aids to produce a dense
- sintered body with superior properties at elevated temperatures; and

~ » Investigation of reaction-bonded (RBSN) and sintered reaction-bonded (SRBSN)
silicon nitride using microwave heating.

Keywords: Microwave Sintering, Silicon Nitride

62. Novel Siﬁ, Process (WBS No 1126) | | 'FY 1990

$545,000
DOE Contact Robert B. Schulz, (202) 586-8051 '
ORNL Contact: E. L. Long, Jr., (615) 574-5172
Sullivan Mining Corporatlon Contact Thomas M. Sulhvan, (619) 692-1180

‘The objective of this effort is to. demonstrate the scalability of the Sullivan™ Process
for making silicon nitride, to develop unique low- and high-temperature versions of the silicon
nitride, to determine the net-shape capability of the process, and to characterize the
microstructural, mechanical, tribological, and physical properties of the Sullivan™ Process
silicon nitride. The intent of this project is to demonstrate that the Sullivan ™ Process can be
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operated on a commercial scale to make significantly less costly net-shape ceramics with
superior properties.

Keywords: Materials Processing, Silicon Nitride

63. Advanced Processing (WBS No. 1141) FY 1990
$0

DOE Contact: Robert B. Schulz, (202) 586-8051
ORNL Contact: R. L. Beatty, (615) 574-4536
Norton Contact: D. M. Tracey, (508) 393-5811

- The purpose of this task is to develop and demonstrate significant improvements in
processing methods, process controls, and nondestructive examination (NDE) which can be
commercially implemented to produce high-reliability silicon nitride components for advanced
heat engine applications at temperatures to 1370 °C.

A silicon nitride-4% yttria composition consolidated by glass encapsulated HIPing will
be used. Baseline data shall be generated from an initial process route involving injection
molding. Tensile test bars will be fabricated using colloidal techniques - injection molding and
colloidal consolidation.  Critical flaw populations will be identified using NDE and
fractographic analysis. Measured tensile strength will be correlated with flaw populations and
process parameters. Flaws will be minimized through innovative improvements in process
methods and controls.

Keywords: Nondestructive Evaluation, Silicon Nitride, Processing, Processing Controls

64. Improved Processing (WBS No. 1142) : : FY 1990
$690,000

DOE Contact: Robert B. Schulz, (202) 586-8051
ORNL Contact: D. Ray Johnson, (615) 576-6832
ORNL Contact: R. L. Beatty, (615) 574-4536

The purpose of this work is to determine and develop the reliability of selected
advanced ceramic processing methods. This program is being conducted on a scale that will
permit the potential for manufacturing use of candidate processes to be evaluated. An effort
is being made to develop processes that can be scaled most readily to high production rates.
Simplicity of processing and high predictability of product quality are dominant issues. The
studies are intended to generate processing schedules and procedures as well as protocols for
characterization of raw and in-process materials. The principal material of interest in this work
is silicon nitride. Gel-casting, a method developed at ORNL, was the process chosen for initial
consideration. :
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Production of tensile and other specimens of Al O,has demonstrated the potential for
process predictability and dimensional control. A collaborative agreement with Garrett
Ceramic Components Division to develop the process for silicon nitride was initiated in
FY 1990.

Keywords: Alumina, Powder Processing, Silicon Nitride

65. Advanced Processing (WBS No. 1143) - - FY 1990
\ ' $0

DOE Contact: Robert B. Schulz, (202) 586-8051 - :

ORNL Contact: R. L. Beatty, (615) 574-4536

GTE Contact: L. J. Bowen, (617) 466-2536

The purpose of this task is to develop the powder, process improvements, and controls
needed to enable the reproducible fabrication of silicon nltrxde ceramics which demonstrate
program goals for strength and Weibull modulus.

The material to be utilized is nominally designated PY6, a.ceramic prepared from high-
quality silicon nitride and yttrium oxide powders. A baseline process examined during the first
year of the program will be modified using process improvements and tighter process controls
which are demonstrated in parallel development activities. These improvements and controls
will be incorporated into the evolving process as they are developed. Determination of the
utility of any particular process improvement or process control will be made by monitoring
the change in strength and Weibull modulus of uniaxial tensile specimens compared to the
baseline process.

Keywords: Processing, Processing Controls, Silicon Nitride, Testing

66. Processing Science for Reliable Structural Ceramics Based on Silicon
Nitride (WBS No. 1144) FY 1990

$185,000

DOE Contact: Robert B. Schulz, (202) 586-8051
ORNL Contact: R. L. Beatty, (615) 574-4536
Umvers1ty of California, Santa Barbara, Contact: Fred F. Lange, (805) 961-8248

The obJectlve of this effort is to obtam a basic understandmg of relevant problems
associated with formmg powder compacts from slurries which will densify to produce reliable
structural ceramics.

The overall approach of this research is to obtain fundamental relations between slurry

rheology, particle packing mechanics, consolidated body rheology, strain recovery, and powder
compact integrity. It is expected that this understanding will lead to a definition of the
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colloidal and rheological requirements to reliably process advanced ceramics with improved
property reliability and to new slurry consolidation methods.

Keywords: Powder Processing

67. Dispersion Toughened Si )N, (WBS No. 1221) FY 1990

$532,000
DOE Contact: Robert B. Schulz, (202) 586-8051
ORNL Contact: D. Ray Johnson, (615) 576-6832
Garrett Ceramic Components Division Contact: H. C. Yeh, (213) 618-7449

For Phase 1, the approach was to develop a silicon nitride matrix composite with SiC
whiskers dispersed in the matrix using standard powder processing specifications in place at
Garrett, and sintering and/or HIPing for final consolidation. Elastic modulus, four-point bend
strength, density, thermal expansion, thermal conductivity, and fracture toughness were
determined. In addition, a low cost, near-net-shape process was developed.

The objective of Phase II of this program is to maximize the toughness in a high
strength, high temperature SiC whisker/Si N, matrix material system that can be formed to
shape by slip casting and densified by a method amenable to complex shape mass production.
The ASEA glass encapsulation hot isostatic pressing (HIP) technique shall be used for
densification throughout the program. Following selection of a SiC whisker as the
reinforcement in GN-10 Si N, matrix, process optimization and property evaluation studies will
commence.

Keywords: Silicon Carbide, Composites, Silicon Nitride, Sintering, Hot Isostatic Pressing,
Whiskers, Testing, Physical/Mechanical Properties

68. Dispersion Toughened Si N, (WBS No. 1223) FY 1990
$0

DOE Contact: Robert B. Schulz, (202) 586-8051

ORNL Contact: M. A. Janney, (615) 574-4281

GTE Contact: S. T. Buljan, (617) 890-8460

For Phase I, the approach was to closely examine toughening of Si N, through
introduction of refractory, particulate, or whisker dispersoids. The initial phase development
was based on a commercial Si,N, material, GTE AY6, and additions of SiC and TiC whisker
or particulate dispersoids. For the purposes of screening, the composites were densified by hot
pressing. Mechanical and physical properties of consolidated composites were then evaluated
and their microstructure thoroughly examined in order to define property-microstructure
relationships and establish design parameters for further material modification. The most
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promising candidate developed in Phase I would serve as a basis for development of the near-
net-shape fabrication process.

During Phase II, silicon nitride powders and whiskers from several sources were
evaluated as raw materials for composite fabrication. Concurrent studies on the effects of
sintering aids on microstructure development and properties demonstrated that composition
of the intergranular phase plays a deciding role in the toughening of Si,N, Modifications of
‘material and process parameters have resulted in additional improvement of composite fracture
toughness. Utilization of the crack deflection mechanism was found effective in producing
composites of nearly twice the fracute toughness of the starting monolith with concomitant
increases in both room and elevated temperature strength. Focusing on dimensional control,
the process for near-net-part fabrication by injection molding was further improved. Properties
of near-net-shape parts equaled those obtained on hot pressed laboratory specimens. The
developed technology has been transferred and incorporated into ATTAP where it was utilized
in injection molding of the ATTAP rotor. S B

Keywords: Silicon Nitride, Composites, Sintering, Whiskers, Physical/Mechanical Properties

69. Composite Development (WBS No. 1224) ~ FY 1990

‘ $ 0
DOE Contact: Robert B. Schulz, (202).586-8051
ORNL Contact: P. F. Becher, (615) 574-5157
Norton Contact: N. D. Corbin, (508) 393-5829

The objective of Phase I of this task was the development of fully dense Si N, matrix
SiC whisker composites with enhanced properties over monolithic SiN, materials. The
emphasis of this study was on utilizing the (Hot Isostatic Pressure) HIP process which has the
potential for producing near-net-shaped complex geometries. The primary goal was to develop
a composite with a fracture toughness of >10 MPa and capable of operating up to 1400 °C,

‘Coating methods were developed to apply thin stoichiometric BN layers to SiC whiskers
and also to apply a dual coating of SiC over carbon to the whiskers. Fracture toughness of the
composites was found to increase as the quantity of whiskers (or elongated grains) with their
axises perpendicular to the crack plane increased. Of the interface compositions evaluated as
part of this effort, carbon was determined to be the most effective for increasing toughness.
Highest toughnesses were obtained with uniaxially aligned carbon-coated whiskers. There was
no evidence of the carbon coating compromising oxidation resistance of the composites at
1370 °C. , : : '

Keywords: Composites, Silicon Carbide, Silicon ‘Nitride, Hot Isostatic Pressing, Sintering,
Fracture Toughness . ‘ :
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70. Advanced Composites (WBS No, 122 FY 1990
$205,000

DOE Contact: Robert B. Schulz, (202) 586-8051

ORNL Contact: D. Ray Johnson, (615) 576-6832

“University of Michigan Contact: T. Y. Tien, (313) 764-9449

: The goal of this project is to obtain dense silicon nitride composites containing silicon
carbide whiskers by transient liquid phase sintering. The systems SiAION, SiAlON-Garnet
(Y3Al;0,,) and SiAION-Cordierite (Mg, Al, SisO,5) were selected for this study. Mixtures of
the starting materials form a sufficient amount of liquid to aid densification at the sintering
temperatures. After sintering, the liquid can be crystallized by heat treatment.

Keywords: Composites, Silicon Nitride, Silicon Carbide, Sintering, SiAION

71. Dispersion Toughened Oxide Composites (WBS No. 1231) FY 1990

$360,000
DOE Contact: Robert B. Schulz, (202) 586-8051
ORNL Contact: D. Ray Johnson, (615) 576-6832
ORNL Contact: T. N. Tiegs, (615) 574-5173

This work involves development and characterization of SiC whisker-reinforced oxide
composites for improved mechanical performance. Although most of the early work dealt with
alumina as the matrix, efforts in SiC whisker reinforced-SiAION-based materials and silicon
nitride have been initiated. Whisker synthesis was examined to develop whiskers with high
strength which would enable high toughness composites to be produced. In addition, a study
to develop high toughness silicon nitride materials by growth of elongated grain microstructures
was initiated.

Keywords: Composites, Alumina, Silicon Carbide, SiAION

72.  Transformation Toughened Ceramics Processing (WBS No. 1232) FY 1990

: $128,000
DOE Contact: Robert B. Schulz, (202) 586-8051
ORNL Contact: D. Ray Johnson, (615) 576-6832
Norton Contact: Giulio A. Rossi, (508) 393-6600

During Phase I, emphasis was on production of improved zirconia toughened ceramics
for advanced engine applications. The scope included powder synthesis and characterization
of the sintered ceramics. Materials made from three powder sources were evaluated: a rapid
solidification from-the-melt powder, and two chemically-derived powders. Rapidly solidified
powders showed better performance than chemically-derived powders.
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- For Phase IIA of this program, the main effort for the Y-TZP materials has been to
study the low-temperature degradation and understand how it is affected by microstructure and
composmon Major 1mprovements have been made by means of chemical umfomnty, higher
yttria, and finer grain sizes. In the case of the Ce-ZTA ceramics, the main goal was to
optimize the mechanical properties. The pressureless sintered Ce-ZTA composites made with
a R/S powder by colloidal consolidation have shown excellent microstructures and mechanical
properties, with good property retention at high temperature. The Ce-ZTA composites are
believed to be excellent candidates for heat engine applications.

Keywords: Composites, Zirconia, Sintering, Alumina, Synthesis and Characterization

73.  Development of Toughened Ceramics (WBS No. 1237) FY 1990

. $0
DOE Contact: Robert B. Schulz, (202) 586-8051
ORNL Contact: D. Ray Johnson, (615) 576-6832
Ceramatec Contact: R. A. Cutler, (801) 486-5071

Phase I of this project involved the development of layered ceramic composites which
incorporate zirconia as a second phase to achieve improved strength and toughness at
temperatures of up to 1000°C. The work also addressed processing methods for fabricating
these layered composites via sintering.

Results from Phase I have shown that it is possible to increase the strength of Al2 0O;-
ZrQ, ceramics by incorporating transformatlon-mduced residual stresses in sintered specimens
consisting of three layers.

Phase II objectives included: 1) increasing the use temperature of three-layer
composites by substituting HfO, for ZrO, ; 2) developing aqueous and nonaqueous slip casting
techniques for three-layer composites in order to obtain better layer uniformity and to
maximize residual compressive stress by optimizing the outer layer thickness; 3) superimposing
temperature stresses .on transformation-induced stresses in three-layer composues and
4) demonstrating 1mproved thermal shock resistance and damage resistance in optimized
composites.

Ceramatec has developed layered DTA composites which incorporate zirconia or hafnia
as a second phase to achieve improved strength and toughness at temperatures of up to
1000°C. Slip casting methods were developed to produce three-layer composites with room
temperature strengths in excess of 1200 MPa, and 600 MPa at 1000°C.

Keywords: Composites, Sintering, Alumina, Zirconia, Toughened Ceramics
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74. Low Expansion Ceramics (WBS No. 1242) FY 1990
$253,000

DOE Contact: Robert B. Schulz, (202) 586-8051
ORNL Contact: Victor J. Tennery, (615) 574-5123
Virginia Polytechnic Institute and State University Contact: J. J. Brown, (703) 961-6640

A major objective of this research is to investigate selected oxide systems for the
development of a low expansion, high thermal shock resistant ceramic. Specifically, it is the
goal of this study to develop an isotropic, ultra-low thermal expansion ceramic which can be
used above 1200° C and which is relatively inexpensive, and to determine conditions necessary
for synthesis, densification, and characterization of these systems.

The research program includes synthesis, property characterization, and fabrication of
candidate low thermal expansion ceramics from four systems based on beta-eucryptite, silica,
mullite, and zircon. At the present time, encouraging results have been obtained for the
development of improved thermal shock resistant beta-eucryptite and zircon (NZP)
compositions.

Keywords: Structural Ceramics, Aluminum Phosphate, Silica, Mullite, Zirconia, Ultra-low
Expansion, Beta-eucryptite

75. Vapor-Phase Lubrication System FY 1990
$75,000
DOE Contact: J. J. Eberhardt, (202) 586-1694
The Pennsylvania State University (NIST Grant No. 60NANB5SDO548) Contact: E. E. Klaus,
(814) 865-2574

The objective of this project is to develop a novel, vapor-phase lubrication system for
advanced heat engines. A system has been developed to deliver the vapor-phase lubricants to
surfaces and produce a lubricating film. Initial feasibility was demonstrated in the four-ball
tester. The current study expands the lubrication research to ceramics using the ball-on-three-
flats configuration. The lubrication types to be evaluated in the wear tester will include those
that show reaction and deposition on ceramic specimens at high-temperatures in static tests.
High-temperature friction and wear studies will be conducted at NIST.

Deposition-rate studies and the identification of the chemical mechanisms involved will
be continued using SiC, Si;N, and Al,O; as the substrates. Compounds in the 200-600
molecular-weight range that contain various polar functional groups will be evaluated. The
rates of interaction will be determined.

At temperatures exceeding about 500° C (such as in low heat rejection engines), it is not
practical to consider liquid-lubrication modes due to rapid deposit formation, thermal and
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oxidative decomposition of organic and metallic-organic molecules. By selection of the proper
compounds, and reducing the concentration of these compounds exposed to the hot surfaces,
control of deposits and friction and wear are feasible and have been ‘demonstrated by PSU.
The method has also been successfully tested in an experimental engine cylinder kit by Detroit
Diesel Allison Division of G.M. : 1

Keywords: Coatings and Films, Chemical Vapor Depositjon, Lubrication, Ceramics

- FY 1990

76. -
- $200,000

DOE Contact: J. J. Eberhardt, (202) 586-1694 »
ANL (Contract No.. W-31-109-ENG-38) Contact: Fred Nichols, (312) 972-8292

-~ This activity focuses on the development of ion-beam-assisted deposition (IBAD)
processes for low-friction coatings on engineering surfaces. It involves efforts to develop IBAD
processes, to characterize IBAD-deposited films by electron microscopy and mechanical-testing'
techniques, and to evaluate their tribological performance under different conditions, Past’
process development focused on the design and construction of IBAD facilities. The design
and construction phase is nearly completed with minor modifications being made to improve
turn-around time, improve the base pressure in the chamber, and to provide the ability to~
deposit coatings with reactive ions. The majority of the current effort is now focusing on the °
preparation of samples for subsequent. characterization and wear testing. During FY 1990,
design modifications formulated during FY 1989 will be implemented to provide the ability to-
generate IBAD coatings in a reactive environment on components with complex shapes.

Keywords: " Ion—Béam-AssistedvDeposition, Coat‘ings;-Tribology, Friction, Wear

77.  Ion Implantation/Mixing of Lubricious Oxides  FY.199%

: $60,000°
DOE Contact: J. J. Eberhardt, (202) 586-1694 |
ANL (Contract No. W-31-109-ENG-38) Contact: Fred Nichols, (312) 972-8292

The objective of this effort is to assess the feasibility of forming a lubricious compound -
(B,05) of boron in near-surface regions of high-temperature metallic alloys and ceramics by’
ion implantation of B or ion-beam mixing of B and Fe layers. A series of substrates (hardened
bearing steels, superalloys, and Al,O,) will be implanted with B ions and subjected to a series
of friction and wear tests at' different temperatures and loads to determine if a lubricious
compound forms as evidenced by a decrease in the coefficient of friction. In another series of -
experiments, multiple layers of Fe and B (or B,0,) will be deposited by PVD techniques and "
subsequently ion-beam-mixed. These coated samples will then be subjected to a series of
friction and wear tests similar to the ion-implanted samples to determine if the frictional
properties are improved.
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During FY 1990, this effort will start to focus on ion-beam mixing of Fe/B (or Ti/B)
coatings deposited on steel and ceramic substrates. The research will emphasize high-
temperature friction and wear testing in contrast to the room-temperature testing performed
thus far in the program. The ion implantation will focus on high-dose and/or lower-energy
implantations of B. This is due to the need to increase the concentration of B in the near-
surface regions. The implantations studied thus far used 160-keV B ions at doses of 102 m-2,
resulting in near-surface B concentrations of approximately 10-20 percent. The new
implantations at 40 to 60 keV to doses of 2 x 10* m™ should result in significantly higher
concentrations of B on the surface thus providing a reservoir of B to form lubricious B
compounds. ‘

Keywords: Ion Implantation, Ion-Beam Mixing, Coatings, Tribology, Friction, Wear

78. HRRS Hard Coatings FY 1990
$90,000

DOE Contact: J. J. Eberhardt, (202) 586-1694

BIRL Contact: Raymond Fessler, (708) 491-4941

The high-rate reactive-sputtering process showed great promise for producing well-
adherent, hard, wear-resistant coatings on steel substrates. Significant increases in the cutting
lifetimes of coated inserts were observed; however, the wear mechanisms and in particular the
effects of frictional heating on the coating failure are not fully understood. During FY 1990,
a research effort was initiated with the Basic Industry Research Lab (BIRL) to deposit nitride
and carbide coatings of Ti, Zr and Hf on steel and ceramic substrates. These samples are
subjected to rolling-contact fatigue and oscillating-wear tests to provide information on the
friction, wear and fatigue properties. In future years, the effort will investigate the role of
small additions of As, Sb and Bi in increasing the hardness of the coatings.

Keywords: High-Rate Reactive Sputtering, Coatings, Friction, Wear

79. Additives for High-Temperature Liquid Lubricants FY 1990
$0

DOE Contact: J. J. Eberhardt, (202) 586-1694

JPL Contact: Emil Lawton, (818) 354-2982

Additives currently available are generally designed to be effective and perform well at
temperatures well below 200°C, lower than those encountered in low heat rejection engines.
Volatility as well as both thermal and oxidative stability are some of the areas requiring
improvement. Dinitrile compounds are in one chemical family that possesses the potential to
meet some of the desired properties.
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The basic thrust of this activity will be to synthesize at least six precursor dinitrile
compounds to be evaluated as lubricant additives. These compounds may react in sifu with the
sliding contact surfaces forming lubricating films. The compounds will be selected so that
information on the effect of chemical structure on high-temperature properties can be
determined.

The compatibility of the proposed compounds with ceramic surfaces and lubricant
additives that are commonly used in lubricating oils will be determined. The physical
properties, and thermal and oxidative stability of these compounds will also be determined.
The effect of molecular structure, as well as the mechanism of action of these molecules will
be investigated.

Results of the.initial work will be directed toward synthesis of more promising additive
compounds. The expected outcomes of this research are effective lubricant additives produced
in large quantities for subsequent testing and characterization, and verification of the
lubrication mechanism(s) to be used as a guide for future additive development.

Keywords: Lubricants, Additives, Oils, Friction, Wear, Engines, High Temperature

80. - IBAD of TiN and Cr,0, - » o FY 1990
| | $75,000

DOE Contact: J. J. Eberhardt, (202) 586-1694
NRL (Contract No. DE-AI02-88CE90024) Contact: Fred Smidt, (202) 767-4800

The objective of this project is to determine the mechanism by which ion-beam-assisted
deposition (IBAD) produces beneficial modifications of tribological coatings and to establish
the necessary correlations between processing parameters and microstructural features of the
coating and tribological properties such as friction, wear, and adhesion. General principles for
producing the improved coatings will then be defined for the application of these coatings to
advanced energy systems. :

During FY 1990 the work on IBAD TiN films focused on depositing a series of thick
(2.0 to 5.0 pm) coatings on steel or silicon substrates. Direct comparisons were made to
HRRS coatings in terms of friction, wear life in dry sliding and adhesion as determined by an
acoustic-emission scratch tester. Fracture surfaces were produced for examination of coating
cross-sections using high-resolution SEM to determine structure (i.e., columnar, equiaxed, etc.)
as a function of deposition parameters. Chromium oxide films were also deposited by IBAD
using argon- or oxygen-ion bombardment coincident with Cr evaporation in an oxygen-gas
backfill. Several correlations of film properties (adhesion, microhardness, and friction
coefficient) with processing parameters will be established. o

Keywords: Surface Modification, Coatings, Friction, Wear, Ion Assisted Deposition
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81. Self-Lubricating Ceramic Surfaces FY 1990
$75,000

DOE Contact: J. J. Eberhardt, (202) 586-1694
Universal Energy Systems (Contract No. DE-AC02-88CE900026) Contact: Rabi Bhattacharya,
(513) 426-6900

This project seeks to establish optimal conditions for jon implantation and ion-beam
mixing of suitable additives into the surfaces of bulk ZrO,, Al,O, and hardened steel for
obtaining self-lubricating low friction and wear characteristics. A series of Al,O, ZrO,and
steel substrates will be co-implanted with Mo * and S*, Ta* and S * and subsequently annealed
to form MoS, and TaS, respectively. In another series of experiments, multiple layers of
BaF,/CaF ,/Ag will be deposited and subsequently ion-mixed at elevated temperatures. After
appropriate characterization using SEM, TEM, and RBS techniques and optimization of the
mixing process, samples will be prepared for friction and wear tests. Initially, ion implantation
and subsequent annealing are being performed to synthesize these additives in the near-surface
region. Ion beam mixing of thin films of these additives at room temperature and elevated
temperature will be investigated and results will be compared with that of direct ion
implantation.

Keywords: Surface Modification, Coatings, Solid Lubricants, Friction, Wear, Ion Implantation,
Ion Beam Mixing, Ceramics

Materials Properties, Behavior, Characterization or Testing

82. Microstructural Modeling of Cracks (WBS No. 2111) FY 1990
$82,000

DOE Contact: Robert B. Schulz, (202) 586-8051
ORNL Contact: D. Ray Johnson, (615) 576-6832
University of Tennessee Contact: J. A. M. Boulet, (615) 974-2171

A goal of this research is to develop mathematical procedures by which existing design
methodology for brittle fracture could accurately account for the influence of non-planar crack
faces on fracture of cracks with realistic geometry under arbitrary stress states. Existing models
all consider the crack faces to be smooth and planar, but examination of fresh fracture surfaces
by microscopy often indicates rough, irregular surfaces. In this study, the effect of protrusion
interference on fracture of cracks with realistic geometry under arbitrary stress states is being
examined.

Keywords: Predictive Behavior Modeling, Structural Ceramics

263




Office of Transportation Technologies

83. Adherence of Coatings (WBS No. 2212) | FY 1990

$22,000
DOE Contact: Robert B. Schulz, (202) 586-8051
ORNL Contact: D. Ray Johnson, (615) 576-6832
ORNL Contact: C. J. McHargue, (615) 574-4344

Financial support is provided for a graduate research assistantship in the Department
of Materials Science and Engineering at the University of Tennessee to conduct studies on
adherence of coatings deposited on substrates subjected to jon beam mixing.

Keywords: Adherence, Ion Beam, Coatings and Films, Structural Ceramics

84. Dynamic Interfaces (WBS No. 2221) FY 1990
$109,000

DOE Contact: Robert B. Schulz, (202) 586-8051
ORNL Contact: E. L. Long, Jr., (615) 574-5172
Battelle Contact: K. F. Dufrane, (614) 424-4618

The objective of this study is to develop an understanding of the friction and wear
processes of ceramic interfaces based on experimental data. The supporting experiments are
conducted at temperatures to 650 °C under reciprocating sliding conditions reproducing the
loads, speeds, and environment of the ring/cylinder interface of advanced internal combustion
engines. The test specimens are carefully characterized before and after testing to provide
detailed input into the model.

Current efforts are addressing the performance of advanced toughened monolithic
ceramics, thermal-spray coatings, surface modifications, and high temperature lubricants. The -
test rig developed in this program has been shown to give results similar to actual engine tests
by the major diesel engine producers, but the rig tests are much quicker and cheaper.

Keywords: Dynamic Interfaces, Wear, Structural Ceramics, Coatings and Films, Predictive
Behavior Modeling, Monolithics, Adiabatic Diesels, Friction, Lubrication

85.  Advanced Statistics Calculations (WBS No. 2313) FY 1990
’ 30

DOE Contact: Robert B. Schulz, (202) 586-8051
ORNL Contact: D. Ray Johnson, (615) 576-6832
GE Contact: C. A. Johnson, (518) 387-6421

The design and application of reliable load-bearing structural components from ceramic
materials requires a detailed understanding of the statistical nature of fracture in brittle
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materials. The overall objective is to advance the current understanding of fracture statistics,
especially in the following areas:

« Optimum testing plans and data analysis techniques;

. Consequences of time-dependent crack growth on the evolution of initial flaw
distributions; and

. Confidence and tolerance bounds on predictions that use the Weibull  distribution
and function.

The studies are being carried out largely by analytical and computer simulation
techniques. Actual fracture data are then used as appropriate to confirm and demonstrate the
resulting data analysis techniques.

Keywords: Design Codes, Life Prediction, Statistics, Weibull, Fracture, Structural Ceramics,
Instrumentation or Technique Development

86. Microstructural Analysis (WBS No. 3111) FY 1990
$50,000

DOE Contact: Robert B. Schulz, (202) 586-8051

ORNL Contact: D. Ray Johnson, (615) 576-6832

National Institute of Standards and Technology (NIST) Contact: S. M. Wiederhorn,
(301) 975-2000

The objective of this work is to identify the mechanisms of failure in structural ceramics
subjected to mechanical loads in various test temperatures and environments. This is a
companion project to a related task in which advanced ceramics are characterized in tensile
creep. Scanning and transmission electron microscopy are used to characterize damage
accumulation in the creep specimens.

Keywords: Corrosion, Engines, Erosion, Structural Ceramics, Silicon Carbide, Creep
87. Microstructural Characterization of Silicon Carbide and Silicon Nitride

Ceramics for Advanced Heat Engines (WBS No. 3114) FY 1990
$205,000

DOE Contact: Robert B. Schulz, (202) 586-8051
ORNL Contact: D. Ray Johnson, (615) 576-6832
ORNL Contact: T. A. Nolan, (615) 574-0811

The purpose of this work is to determine the microstructure of both monolithic and
composite ceramics and to relate that microstructure to mechanical properties and material
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performance. Specifically, the materials of interest are silicon carbides and silicon nitrides
developed by U.S. manufacturers as part of this program and the ATTAP. A major objective
is to use electron microscopy and surface chemistry to characterize the chemistry,
crystallography, and morphology of phases present with particular emphasis on the structure
and chemistry of grain boundaries and other interfaces.

A second major objective is to relate those microstructural observations to available
mechanical test data produced by other participants in the ATTAP and Ceramic Technology
programs. Ceramic specimens from foreign sources are also characterized to provide
comparative information on microstructural properties.

Keywords: Silicon Carbide, Silicon Nitride, Microstructure, Chemical Analysis, Mechanical
Properties :

88. Project Data Base (WBS No. 3117) FY 1990
$105,000

DOE Contact: Robert B. Schulz, (202) 586-8051
ORNL Contact: D. Ray Johnson, (615) 576-6832
ORNL Contact: B. L. Keyes, (615) 574-5113

This task involves efforts to develop and maintain a computer data base of mechanical
property data generated in the Ceramic Technology for Advanced Heat Engines program. The
data base system is currently composed of a loosely-connected framework of commercially
available programs. However, data can be easily transferred by electronic means to a variety
of other programs. Techniques have been developed that allow data as compiled on a variety
of computers using several different software programs to be transferred directly into the data
base electronically with no manual transcription of the data. Several techniques for data
output in useful formats (tabular and graphical) have also been developed. The system has
been designed to provide maximum flexibility to allow the addition of other data as the data
base grows. \

Reports containing mechanical properties and material characterization information on
silicon nitride, silicon carbide, zirconia-based, and transformation-toughened ceramics as well
as test data files on brazed specimen torsion strength and torsion fatigue have been issued.

Keywords: Database, Mechanical Properties, Structural Ceramics
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89. Characterization of Transformation-Toughened Ceramics
(WBS No. 3211) FY 1990

$100,000

DOE Contact: Robert B. Schulz, (202) 586-8051
ORNL Contact: D. Ray Johnson, (615) 576-6832
AMTL Contact: Jeffrey J. Swab, (617) 923-5410

The main objective is to determine the effect of time-at-temperature on transformation
toughened zirconias, especially tetragonal zirconia polycrystals (TZP) at engine operating
temperatures (1000-1200 °C). A preliminary study of the degradation of mechanical properties
at low temperatures (200-400 °C) in yttria-doped zirconias has also been initiated.

Due to the inherent problems of TZPs at low and high temperatures, evaluation and
characterization of these materials are currently being phased out. The next generation of
promising materials, composite ceramics toughened by fibers, whiskers, or particulates, will be
studied instead. Following an initial screening, selected composite ceramics will be evaluated
in detail using a similar evaluation matrix. ‘

Keywords: Alumina, Transformation Toughened Zirconia, High Temperature Service,
Engines, Fracture, Mechanical Properties

90. Fracture Behavior of Toughened Ceramics (WBS No. 3213) FY 1990
$290,000

DOE Contact: Robert B. Schulz, (202) 586-8051
ORNL Contact: D. Ray Johnson, (615) 576-6832
ORNL Contact: P. F. Becher, (615) 574-5157

Analytical modeling and experimental studies have been aimed at providing fundamental
insights into the processes responsible for toughness and time-dependent strength degradation
of materials such as silicon carbide, silicon nitride, partially-stabilized zirconia, and dispersion-
toughened and whisker-reinforced oxides. Particular emphasis is being given to understanding
the effect of environment, temperature, and compositional and microstructural characteristics
upon these mechanisms. In addition, fundamental insight into the slow crack growth behavior
associated with these materials is being obtained.

Keywords: Toughened Ceramics, Whiskers, Fracture, Flexure Test, Matrix, Alumina
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91. Cyclic Fatigue of Toughened Ceramics (WBS No. 3214) FY 1990

, $286,000
DOE Contact: Robert B. Schulz, (202) 586-8051
ORNL Contact: D. Ray Johnson, (615) 576-6832
ORNL Contact: K. C. Liu, (615) 574-5116

Using the special tensile testing system designed, fabricated, and tested at ORNL,
elevated temperature tensile and fatigue tests are being performed on candidate monolithic
ceramic materials such as silicon nitride. 'Exploratory creep tests were performed on an
advanced silicon nitride at elevated temperatures above 1200 °C. Constant loads were applied
uniaxially to buttonhead tensile specimens, and creep strain was measured using an optical |
strain extensometer. Test results indicated that the creep behavior of virgin specimens is
reasonably consistent within the same lot and, therefore, predictable.. However, lot-to-lot
variations in creep deformation prcclude a simple mathematical representation for the time-
dependent behavior. : : : :

In addition, several specimens were precycled in a tension/tension mode to a peak stress
of about 220 MPa for a period of 150 h prior to testing in creep at 1300 and 1370 °C. Results
from this limited testing showed that the precyled specimens exhibited strain recovery
immediately following initial loading, in dramatic contrast to the pronounced primary creep
behavior seen in the virgin specimens. It appeared that the distinctive behavior changes were
due to microstructural changes occurring during the precycling. :

Keywords: Cyclic Fatigue, Toughenéd Ceramics, Tensile Testing, Silicon Nitride

92. Tensile Stress Rupture Development (WBS No. 3215) FY 1990

$321,000
DOE Contact: Robert B. Schulz, (202) 586-8051 :
ORNL Contact: D. Ray Johnson, (615) 576-6832
ORNL Contact: K. C. Liu, (615) 574-5116

The objective of this task is to develop the test capability for performing uniaxial tensile -
stress-rupture tests on candidate structural ceramics. Existing data requirements specify that
tensile creep-rupture data be developed in the range of 1260 °C to 1371 °C. These data bases
are to be generated using cylindrical bar specimens of materials such as silicon nitride with the
tests conducted in an air environment. Ten standard uniaxial level arm creep frames were
modified to incorporate the specimen load train with a self-aligning feature and closed-loop

268




Office of Transportation Technologies

control capability. Proper design of the furnace to produce a uniform temperature zone at the
required temperature while minimizing specimen grip temperature was mandatory. A laser
interference fringe technique is employed for creep measurements.

Keywords: Silicon Nitride, Tensile Testing

93. Rotor Materials Data Base (WBS No. 3216) : FY 1990
$315,000

DOE Contact: Robert B. Schulz, (202) 586-8051
ORNL Contact: D. Ray Johnson, (615) 576-6832
ORNL Contact: M. K. Ferber, (615) 576-0818

The goal of this research program is to systematically study the tensile strength of a
silicon nitride and a silicon carbide ceramic as a function of temperature and time in an air
environment. Initial tests were aimed at measuring the statistical parameters characterizing
the strength distribution of three sample types. The resulting data will then be used to
examine the applicability of current statistical models as well as sample geometries for
determining the strength distribution.

Next, stress rupture data will be generated by measuring fatigue life at a constant stress.
The time-dependent deformation will also be monitored during testing so that the extent of
high-temperature creep may be ascertained. Tested samples will be thoroughly characterized
using established ceramographic, SEM, and TEM techniques. A major goal of this effort will
be to better understand the microstructural aspects of high-temperature failure.

The resulting stress rupture data will be used to examine the applicability of a
generalized fatigue-life (slow crack growth) model. If necessary, model refinements will be-
implemented to account for both crack blunting and creep damage effects. Once a satisfactory
model is developed, separate stress-rupture (confirmatory) experiments will be performed to
examine the model’s predictive capability.

Keywords: Creep, Engines, High Temperature Service, Structural Ceramics, Tensile Testing,
Predictive Behavior Modeling

94. Toughened Ceramics Life Prediction (WBS No. 3217) FY 1990
$327,000

DOE Contact: Robert B. Schulz, (202) 586-8051
ORNL Contact: D. Ray Johnson, (615) 576-6832
NASA - Lewis Research Center Contact: Stanley R. Levine, (216) 433-3276

The objective of this effort is to determine the behavior of toughened ceramics,
especially SiC whisker-toughened Si;N,, as a function of time and temperature as the basis for
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developing a life prediction methodology. The room temperature and elevated temperature
strength and reliability, the fracture toughness, slow crack growth, and the creep behavior will
be determined for the as-manufactured material. The same properties will be evaluated after
long-time exposure to various high temperature isothermal and cyclic environments.

A second major effort will be to better understand the relationship between
microstructure and mechanical behavior for a limited number of materials. These results will
provide input for parallel materials development and design methodology development.
Resultant design codes will be verified. v v

Keywords: Creep, Fracture Toughness, Life Prediction, Silicon Nitride

95. Ceramic Durability Evaluation AGT FY 1990
$80,000
DOE Contact: Saunders B. Kramer, (202) 586-8000 -
NASA Contact: Sunil Dutta, (216) 433-3282

Garrett Turbine Engine Contact: Nancy Campbell, (602) 220-7006

The objective of the program is to evaluate commercially available structural and glass
ceramic material specimens exposed to combustion products at temperatures up to 2500 °F for
periods up to 3,500 hours. In 1989, Kyocera SN-251 silicon nitride and Carborundum TlB and
silicon carbide were tested.

Keywords: Silicon Carbide, Silicon Nitride, Erosion, Corrosion, High Temperature, Long Life,
Automobile Engine Environment, Gas Turbines

96. Environmental Effects in Toughened Ceramics (WBS No 3314) FY 1990

$109,000
DOE Contact: Robert B. Schulz, (202) 586-8051
ORNL Contact: Victor J. Tennery, (615) 574-5123
University of Dayton Contact: N. L. Hecht, (513) 229-4341

The objective of this task is to characterize the mechanical behavior and environmental
degradation processes operative in candidate AGT ceramics using flexural and uniaxial tensile
testing and extensive pre- and post-test characterization of physical properties and
microstructure.
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Flexural strength is being measured over a wide range of stressing rates, temperatures,
and atmospheric conditions to quantitatively determine relevant fatigue parameters.

Keywords: Fatigue, Engines, Structural Ceramics, Environmental Effects, Alumina, Zirconia,
Diesel Combustion, Time-Dependent, Transformation-Toughened

97. LHR Diesel Coupon Tests (WBS No. 3315) FY 1990
$150,000

DOE Contact: Robert B. Schulz, (202) 586-8051
ORNL Contact: D. Ray Johnson, (615) 576-6832
ORNL Contact: C. R. Brinkman, (615) 574-5106

The objective of this effort is to subject a number of candidate advanced ceramic
materials and metal-ceramic joints to low heat rejection (LHR) diesel engine environments
where the effects of a number of variables (e.g., temperature, fuel type, and engine operatmg
conditions) can be determined.

Following characterization (i.e., dimensions, weight, density, and a quality assurance
inspection for defects), small rectangular test bars of candidate ceramic material are inserted
into a single-cylinder diesel engine combustion chamber. Engine insertion periods typically
average up to 1000 hours. After exposure, the specimens are removed and examined for four-
point bend rupture testing and the results compared to the unexposed material database.
Engine operating conditions are varied to impose thermal transients, and specimen
temperatures are monitored.

Keywords: Diesel Engines, Structural Ceramics, Testing

98. High Temperature Tensile Testing (WBS No. 3412) FY 1990
$218,000

DOE Contact: Robert B. Schulz, (202) 586-8051
ORNL Contact: D. Ray Johnson, (615) 576-6832
North Carolina A&T State University Contact: V. Sarma Avva, (919) 334-7620

The objective of this task is to test and evaluate advanced ceramic materials at
temperatures up to 1500 °C in uniaxial tension. Testing may include fast fracture strengths and
stepped static fatigue strength along with analysis of fracture surfaces by scanning electron
microscopy.

Keywords: Fracture, Silicon Nitride, Structural Ceramics, Tensile Testing
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99. Standard Tensile Test Development (WBS No. 3413) -~ - FY 199
- $125,000

DOE Contact: Robert B. Schulz, (202) 586-8051

ORNL Contact: D. Ray Johnson, (615) 576-6832 '

National Institute of Standards and Technology (NIST) Contact: S M. Wlederhom,
(301) 975-2000

This project is concerned with the development of test equipment and procedures for
measuring the strength and creep resistance of ceramic materials at elevated tcmperatures' to
assist in the development of a reliable data base for use in the structural design of heat engines
for vehicular applications.

Two inexpensive techniques for tensile testing have been developed at NIST. These
techniques are being used to test materials intended for heat engines. The results obtained by
high temperature tensile testing will be compared with those obtained by compressive .and
flexural testing. Data obtained from these studies will be compared with various theories of
creep and creep rupture that have been developed to date. Based on the data obtained from
these studies, a methodology for high temperature design will be recommended..

Keywords: Creep, Structural Ceramics, Tensile Testing

100. Development of a Fracture Toughness Microp. robe (WBS No. 3415) FY 1990

$72,000
DOE Contact: Robert B. Schulz, (202) 586-8051
ORNL Contact: W. C. Oliver, (615) 576-7245
Rice University Contact: G. M. Pharr

The objective of this effort is to develop a technique for measuring fracture toughness:
in thin films and small volumes on a spatially-resolved basis. The Mechanical Properties
Microprobe will be used to develop the technique. - : ' S

Keywords: Fracture Toughness, Structural Ceramics, Testing:

101. Non-Destructive Evaluation (WBS No. 3511) - o - FY 1990
, : . -$360,000

DOE Contact: Robert B. Schulz, (202) 586-8051 -

ORNL Contact: D. Ray Johnson, (615) 576-6832

ORNL Contact: D. J. McGuire, (615) 574-4835

The purpose of this program is to devélop nondestructive evaluation (NDE) techniques

in order to identify approaches for quantitative determination of conditions in ceramics that
affect the structural performance. High-frequency ultrasonics and radiography are being used
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to detect, size, and locate critical flaws and to nondestructively measure the elastic properties
of the host material.

Keywords: NDE, Radiography, Structural Ceramics, Ultrasonics

102. Computed Tomography (WBS No. 3515) FY 1990

$65,000
DOE Contact: Robert B. Schulz, (202) 586-8051
ORNL Contact: D. Ray Johnson, (615) 576-6832
Argonne National Lab Contact: W. A. Ellingson, (312) 972-5068

The objectives of this program are to: 1) develop necessary techniques for reliable use
of polychromatic X-ray computed tomography to characterize structural ceramics relative to
density distributions, presence of voids, inclusions, and cracks; and 2) develop calibration
methods for CT scanners for ceramic materials.:

Argonne is using 1) an available medical CT scanner which has had extensive software
modifications for ceramic applications; 2) commercially prepared ceramics (Si;N,, SiC,
AL, O, and Zr0,), and compounds tailored for specific mass and electron density; and
3) available international attenuation coefficient tables. There are two distinct parts to the
approach: 1) development of a calibration phantom, and 2) corrections for streak artifacts.

Keywords: Computed Tomography, Nondestructive Evaluation, Silicon Carbide, Silicon
Nitride, Structural Ceramics, Green State

103. Nuclear Magnetic Resonance Imaging (WBS No. 3516) FY 1990
$136,000

DOE Contact: Robert B. Schulz, (202) 586-8051
ORNL Contact: D. Ray Johnson, (615) 576-6832
Argonne National Laboratory Contact: W. A. Ellingson, (312) 972-5068

The objectives of this program are to 1) establish the feasibility of using NMR imaging
systems to map organic B/P distributions in injection-molded green ceramics, 2) examine the
potential for NMR spectroscopy to determine if there are any chemical variations within
and/or between batches of organic binder which impact process reliability, and 3) determine
the sensitivity of NMR imaging methods to injection molding process variables as manifested
in distribution of the organic.
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Argonne has demonstrated that NMR imaging with appropriate techniques, field
gradient strength, and with correct back projection imaging algorithms, polymeric binders can
be imaged at room temperature. In addition, with appropriate filler fluids, NMR imaging can
be used to detect defects in partially densified ceramics. A 2-T superconducting-magnet NMR
imaging system has been used to evaluate the feasibility of imaging B/P directly. Green state
test specimens were made by mixing various wt. % binder with Si N, powder.

Keywords: Binder, Nuclear Magnetic Resonance, Silicon Nitride

104. Powder Characterization (WBS No. 3517) : C FY 1990

$100,000
DOE Contact: Robert B. Schulz, (202) 586-8051
ORNL Contact: D. Ray Johnson, (615) 576-6832
ORNL Contact: O. O. Omatete, (615) 576-7199

Objectives for this effort include: 1) identification, characterization, and modification
of those aspects of-the chemistry and physics of a ceramic powder and of the powder/solvent
interface that control processing; 2) development of standard methods of analys1s for achieving
(1), and 3) development of procedures for writing specifications for ceramic powders that
include any of the methods of analysis developed during this project.

The approach is a combination of basic science and applied engineering. ORNL and
three universities are participating in the project. There are three distinct elements:

» A round-robin characterization of electrophoretic mobility and acid-base character
in aqueous suspension to be conducted by all participants.

« Gas chromatography of Si N, surfaces and electrophoretic studies of slurries for gel
casting to be performed by ORNL, and special projects to be performed at each
university which are described in project summaries for WBS Nos. 3518, 3519, and
3520.

+ Adaptation and verification of analytical procedures developed during the project
to determine their usefulness in the research laboratory or in industrial practice.

Keywords: Powder Characterization

274



Office of Transportation Technologies

105. Spectroscopic Characterization (WBS No. 3518) FY 1990
$76,000

DOE Contact: Robert B. Schulz, (202) 586-8051
ORNL Contact: M. A. Janney, (615) 574-4281
University of Wisconsin Contact: M. A. Anderson, (608) 202-2470

This is one of three companion tasks to develop an understanding of the critical
characterization parameters for powders to be used as the starting materials for high-
performance ceramics. The objective of this particular effort is to perform a thorough
spectroscopic analysis and characterization of selected ceramic powders and/or whiskers in
non-aqueous suspension. The spectroscopic studies will be supported by other surfaces studies
such as adsorption isotherm determination, calorimetry, and light scattering, etc., to confirm
and amplify the data generated in the spectroscopic studies.

Keywords: Powder Characterization, Spectroscopy

106. Surface Adsorption (WBS No. 3519) FY 1990
$138,000

DOE Contact: Robert B. Schulz, (202) 586-8051
ORNL Contact: M. A. Janney, (615) 574-4281
Pennsylvania State University Contact: J. H. Adair, (814) 863-0857

This is one of three companion tasks to develop an understanding of the critical
characterization parameters for powders to be used as the starting materials for high-
performance ceramics. The purpose of this effort is to conduct a study of the basic
mechanisms of adsorption from non-aqueous solvents onto ceramic surfaces, and the
modification of those surfaces to make them uniformly processable. Adsorption studies on
both monomers and polymers will be considered. Various gas-phase treatments that might be
applied to the ceramic powders to make their surfaces more uniform may also be pursued.

Keywords: Powder Characterization, Surface Modification
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107. Thermodynamics of Surfaces (WBS No. 3520) = = - =~ ' FY 1990
- : $82,000

DOE Contact: Robert B. Schulz, (202) 586-8051 L

ORNL Contact: M. A. Janney, (615) 574-4281

Rutgers University Contact: D. J. Shanefield, (201) 932-2226

This is one of three companion tasks to develop an understanding of the cntlcal
characterization parameters for powders to be used as:the starting materials for high-
performance ceramics. The objective of this task is to determine the thermodynamic nature
of the ceramic powder surface in non-aqueous powder suspension. The methods take the form
of the Drago analysis for non-aqueous solvents or may use some other formalism such as that
used in chromatographic studies. The result that one may reasonably expect from such a study
is a set of classification categones for ceramic powders, binders, dispersants, etc., that will guide
ceramic process engineers in their selection of processmg aids for a particular ceramic powder

KeywordS" Powder Characterization, Thermodynamics

108. Effect of a Lubricating Surface Layer on the Wear Mechamsms in S
Slhcon Carbide-Whisker-Reinforced Slllcon Nitride FY 1990

$130,000

DOE Contact: J.J. Eberhardt, (202) 586-1694
ORNL (Contract No. DE-ACO05- 840R21400) Contact Peter Blau, (615) 574-15 14

It is well recognized that ceramics in- many proposed high-temperature applications w111
require lubrication to function effectively. The importance of liquid-lubrication effects in Al,O,
matrix, SiC-whisker-reinforced composites has been determined. This investigation will be
extended to Si N, matrix materials. Efforts will be devoted to solid lubrication for higher:
temperature, sliding-contact environments. Studies of the subsurface damage mechanisms and
the deformation-induced fracture of the composite during wear will be conducted.
Furthermore, observations on the wear-debris layers formed on solid-lubricated contacts may
be used in developing a new third-body wear model '

Friction and wear of ceramics at elevated temperature is of particular interest since this
is the temperature range in which the use of ceramics is most advantageous. Previous results
at ORNL for unlubricated sliding of Al,0;SiC and zirconia-toughened composites at a
temperature over 400 °C indicated that severe friction and wear occur at applied normal forces
of 2 to 8 N. Further tests showed, however, that the zirconia-toughened matrix material alone
did not exhibit the same wear behavior. X-ray diffraction studies then led to the discovery that
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the relative amounts of tetragonal and monoclinic phases in the zirconia particles in the
composite and in the matrix alone were different. Crystallographic modification of the zirconia
particles by altering the heat treatment subsequently began in FY 1990 to improve the wear
of the composite over 400 °C,

Keywords: Solid Lubrication, Ceramic Composites

109. IBAD Process Characterization FY 1990
$250,000

DOE Contact: J. J. Eberhardt, (202) 586-1694
ANL (Contract No. W-31-109-ENG-38) Contact: Fred Nichols, (312) 972-8292

The objective of the process characterization effort is twofold; one aspect centers on
correlating the film properties (adhesion, grain size and orientation, porosity, topography,
composition and hardness) with the deposition parameters (ion type, ion-beam intensity, ion
energy, metal-vapor type, deposition rate, film thickness, deposition temperature, substrate type
and surface roughness). The other aspect focuses on characterizing the wear scars of worn
surfaces to determine which wear mechanism(s) occurs as a function of wear conditions and
surface treatment. Techniques such as SEM and TEM coupled with EDS and WDS analysis
will provide information on the film composition and microstructure. An in-situ (SEM)
microindenter together with conventional microhardness indenters will provide information on
the hardness of modified surfaces. The surface topography and wear-scar profile will be
quantified using a high-resolution surface profilometer. During FY 1990, the use of these
techniques will continue to characterize the behavior of IBAD Ag coatings on Al,O,, and other
coatings such as Co-Re and Mo-Re oxides and borides, as well as Ti oxides.

Keywords: Ion-Beam-Assisted Deposition, Wear Scars, Modified Surfaces

110. Wear-Machinability Relationships in Intermetallic Alloys FY 1990
. $153,000

DOE Contact: J. J. Eberhardt, (202) 586-1694
ORNL (Contract No. DE-AC05-840R21400) Contact: Peter Blau, (615) 574-1514

Ductile intermetallic alloys such as nickel and ion aluminides have been developed at
ORNL for high temperature, corrosive environments. The machinability of these new alloys
is now being studied as an important aspect of part fabrication. Issues addressed include high-
speed-sliding effects, high-load effects, frictional heating, transfer of materials during contact,
and built-up edges on cutting tools. A comparison of sliding and machining of the alloys using
several tooling materials including composite ceramics is being conducted using a high-speed,
sliding-contact machine built especially for this study. The licensees of the new intermetallic
alloys should find the results of this investigation important both in terms of wear applications
and component fabrication.
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Given the previous background developed on understanding the wear of nickel
aluminides, the economically important problem of machining the intermetallic alloys will be
attacked. In addition to the nickel aluminides, the new iron aluminides will be included in this
work. Issues to be addressed include high-speed-sliding effects, high-load effects, frictional
heating, transfer of materials during contact, and built-up edges on cutting tools. A comparison
of sliding and machining of the alloys using several tooling materials including composite
ceramics will be conducted using a high-speed, sliding-contact machine to be built especially
for this study. The second year of this effort will include the important effects of metalworking
lubricants. The licenses of the new intermetallic alloys should find the results of this
investigation important both in terms of wear applications and component fabrication. -

Keywords: Intermetallic Alloys, Friction, Wear

111; - Thermochemical Surface-Damage Model for Ceramics - FY 1990
' $50,000
DOE Contact: J. J. Eberhardt, (202) 586-1694
Georgia Institute of Technology (ORNL Subcontract 780219X-15) Contact: Ward Winer,
(404) 894-3270

This project focuses on investigating the effect of lubricant compositions on the wear
of several advanced ceramics, including partially stabilized zirconia, silicon nitride, silicon
carbide, sialon, and possibly a superconducting ceramic compound. Wear tests include rolling-
element EHD tests and pin-on-disc tests under lubricated conditions and temperatures up to
150°C. This activity has made contributions to the understanding of frictional heating
phenomena related to the onset of surface damage in ceramics. Internationally recognized
successes have included the development of real-time hot-spot observations and infra-red
mapping systems. Surface-damage-control maps for various combinations of sliding speed and
contact stress have been developed for dry contacts and are currently being extended to
lubricated contacts. The surface-damage maps will incorporate fracture criteria, and lubricated
indentation experiments will develop the necessary baseline data to support this analytical
treatment. ' :

Keywords: Ceramics, Wear, Friction, Lubrication

112. Additive Response of Base Oils FY 1990
$50,000
DOE Contact: J. J. Eberhardt, (202) 586-1694
National Institute for Standards and Technology: Gaithersburg (Interagency Agreement
OR-21350) Contact: Stephen Hsu, (301) 921-2113 '

‘Base oils are composed of many organic molecular structures that may function
independently, synergistically, or antagonistically to affect the performance of the lubricants.
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Furthermore, lubricating oil additives respond differently in different base oils, due to the
interactions between the additives and the base oil constituents. Basic structural information
and the types of interactions with additives will help in future development of advanced
lubricants.

The goal of this activity is to obtain structural information on base oils to aid in the
development of future advanced lubricants, will be attempted by separating lubricating base
oils into their major fractions and subfractions, chemically analyzing these fractions and
characterizing the tribological performance of these compound classes in friction, wear and
oxidation tests. The additives are then tested with the fractions to identify what causes
synergism and what causes antagonism. Finally, model compounds selected on the basis of the
research on the fractions will be obtained and used to verify the findings. If the chemical
species in the base-oil fractions which are beneficial to lubrication can be identified, separated
and fed back to the distillate stream, this will increase lubricant supply, conserve energy
(direct), and achieve better lubricants (indirect energy savings). As the chemistries in the base
oils are identified and understood, novel chemistries of new additives based on these results
will lead to new additive technology.

Keywords: Base Oils, Additives, Lubricants, Friction, Wear

113. Advanced Materials/I ubricant Interactions FY 1990
$135,000

DOE Contact: J. J. Eberhardt, (202) 586-1694 :
National Institute for Standards and Technology: Gaithersburg (Interagency Agreement
OR-21350) Contact: Stephen Hsu, (301) 921-2113 ’

Advanced materials such as ceramics, superalloys and coatings are being used
increasingly in various applications requiring wear resistance under severe environmental
conditions. Data obtained at NIST and those reported in the literature indicate that the wear
rate and the friction coefficient of many advanced materials are generally too high for
achieving material conservation or energy conservation. In order to successfully utilize these
materials, lubricants must be developed to control friction and wear. '

An objective of this activity is to investigate the fundamental mechanisms involved in