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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 effective use of materials expertise within the Department. These
functions are accomplished 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. In addition, EMaCC
assists in obtaining materials-related inputs for both intra- and interagency compilations.

Six topical subcommittees have been established to focus on materials areas of particular importance to the Department;
the subcommittees and their respective chairpersons are:

Electrochemical Technologies - Richard Kelly, ER-132, (301) 903-6051
Metals - Sara Dillich, EE-22, (202) 586-7925

Radioactive Waste Containers - Helen Farrell, ER-131, (301) 903-5898
Semiconductors - Jerry Smith, ER-132, (301) 803-4269

Structural Ceramics - Charles Sorrell, EE-232, (202) 586-1514
Superconductivity - James Daley, EE-142, (202) 586-1165

Membership in the EMaCC is open to any Department organizational unit; participants are appointed by Division or Office
Directors. The current active membership is listed on pages 3-5.

Five meetings were scheduled for 1998-1999. The dates, themes and speakers are as follows:

Thursday, November 12, 1998 10am - 11:10am, Room E-301/GTN

The first EMaCC meeting of FY 1999 emphasized nuclear power oriented research. John Herczeg(NE-50) spoke
on the Nuclear Energy Research Initiative, which received $19 million in the FY 1999 budget and an outside
guest speaker, Mike McNeill (Nuclear Regulatory Commission and a former EMaCC Chair), spoke on irradiation
assisted stress corrosion cracking.

Thursday, January 14, 1999, 10am-11:10am, Room 4-410/GTN

Arnold Gritzke (EM-52) described the Environmental Management Science Program (EMSP) and presented a
general overview of the materials science projects being funded by the EMSP. His overview included the number
of projects, Pl names and affiliations and a brief description of research being performed. Mention was made of
the recently issued solicitation for the Environmental Management Science Program: Research Related to
Subsurface Contamination/Vadose Zone Issues.

Further details may be found at: http:/Mww.er.doz.gov/production/grants/fr98 05.htmil or at:
http:/Mww.er.doe. gov/production/grants/lab9g 06.htmi for national laboratories.

Our second speaker was Goray Mukhergee, AAAS Executive Branch Fellow from Detroit Edison, who spoke on
the need for and increased efficiencies afforded by better process control and instrumentation in the power
generation process.

Thursday, March 11, 1999, 10:00am-11:15am; Room GH-019/FORS

Bill Riley of the Albany Research Center (ARC) presented, “An Overview of the Albany Research Center's
Capabilities and Expertise in Materials Research.” ARC is one of § Office of Fossil Energy field offices and is
located in Albany, Oregon. Bill described ARC's broad suite of capabilities and expertise in materials research.
Its researchers address fundamental mechanisms and processes; and they can melt, cast and fabricate up to 1
ton of materials; completely characterize their chemical and physical proparties, and deal with the waste and
byproducts of materials processes. During the past 55 years, they have established recognized expertise and
capabilities in wear and corrosion, melting and casting, and in materials d=velopment. Albany has been a part of
the Office of Fossil Energy since 1996 and has or is establishing working relationships with OIT, OTT, the
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national labs, and others. Bill concluded by saying that Albany's researchers provide analyses and solutions to
industrial problems which bridge the gap between laboratory studies and “real world" applications.

Our second presentation was by Charles Sorrell who described the Advanced Industrials Materials Program and
the Metals Processing Laboratory User Center at Oak Ridge National Laboratory. Details on the Metals
Processing Center User Program can be found at. hitp://iwww.ms.ornl.gov/emfacility/mplus/mplus.htm

The May meeting was postponed until July.

Thursday, July 151999, Forrestal Building. Topic: Defense Programs Materials Activities

Thursday, September 16, 1999. Topic: to be determined

The EMaCC reports to the Director of the Office of Energy Research in his or her 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 1998 and describes the materials research programs of various offices and
divisions within the Department.

The EMaCC Chair for FY 1998 was Dr. JoAnn Milliken. The compilation of this report was performed by
Dr. Charles Sorrell, EMaCC Executive Secretary for FY 1899, with the assistance of FM Technologies, Inc.

Dr. Tim Fitzsimmons
Office of Energy Research
EMaCC Chair, FY 1999
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Organization of the Report

ORGANIZATION OF THE REPORT

The FY 1998 budget summary for DOE Materials Activities is presented on pages 7 and 8. The distribution of these funds
between DOE laboratories, private industry, academia and other organizations is presented in tabular form on page 9.

Following the budget summary is a set of detailed program descriptions for the FY 1998 DOE Materials activities. These
descriptions are presented according to the organizational structure of the Department. A mission statement, a budget
summary listing the project titles and FY 1998 funding, and detailed project summaries are presented for each Assistant
Secretary office and the Office of Energy Research. The project summaries aiso provide DOE, laboratory, academic and
industrial contacts for each project, as appropriate.



FY 1998 Budget Summary for DOE Materials Activities

FY 1998 BUDGET SUMMARY FOR
DOE MATERIALS ACTIVITIES

(These numbers represent materials-related activities only. They do not include those portions of program budgets which

are not materials refated.)

FY 1998
OFFICE OF BUILDING TECHNOLOGY, STATE AND COMMUNITY PROGRAMS: $ 950,000
Office of Building Systems 950,000
OFFICE OF INDUSTRIAL TECHNOLOGIES $34,458,818
Office of Industrial Strategies 10,413,250
Aluminum Vision Team 6,930,000
Forest Products Vision Team 184,250
Steel Vision Team 470,000
Glass Vision Team 900,000
Metal Casting Vision Team 1,929,000
Office of Crosscut Technologies 24,045,568
Advanced Turbine System (ATS) Program 6,690,000
Continuous Fiber Ceramic Composites (CFCC) Procgram 8,400,000
Advanced Industrial Materials (AIM) Program 4,990,000
Financia! Assistance Program 3,965,568
OFFICE OF TRANSPORTATION TECHNOLOGIES $26,736,000
Transportation Materials Technology 22,237,000
Automotive Materials Technology 18,889,000
Propulsion Materials 3,639,000
Lightweight Vehicle Materials 15,250,000
Electric Drive Vehicle Technologies 3,348,000
Advanced Battery Materials 2,948,000
Fuel Cell Materials 400,000
Heavy Vehicle Propulsion System Materials 4,498,000
OFFICE OF POWER TECHNOLOGIES $59,462,600
Office of Solar Energy Conversion 26,290,000
Photovoltaic Technology Division 26,290,000
Office of Geothermal Technologies 672,600
Office of Energy Management $32,500,000
Advanced Utility Concepts Division $32,500,000
High Temperature Superconductivity for Electric Systems $32,500,000



FY 1998 Budget Summary for DOE Materials Activities

FY 1998 BUDGET SUMMARY FOR
DOE MATERIALS ACTIVITIES (continued)

OFFICE OF ENERGY RESEARCH
Office of Basic Energy Sciences
Division of Materials Sciences
Division of Chemical Sciences
Division of Engineering and Geosciences
Engineering Sciences Research
Geosciences Research
Office of Advanced Scientific Computing Research
Division of Technology Research
Laboratory Technology Research Program
Advanced Energy Projects Program
Small Business Innovation Research Program
Small Business Technology Transfer Research Program
Office of Fusion Energy Sciences

OFFICE OF ENVIRONMENTAL MANAGEMENT

OFFICE OF NUCLEAR ENERGY, SCIENCE AND TECHNOLOGY
Office of Space and Defense Power Systems
Space and National Security Programs
Office of Naval Reactors

OFFICE OF CIVILIAN RADIOACTIVE WASTE MANAGEMENT

OFFICE OF DEFENSE PROGRAMS
The Weapons Research, Development and Test Program
Sandia National Laboratories
Los Alamos National Laboratory
Lawrence Livermore National Laboratory

OFFICE OF FOSSIL ENERGY
Office of Advanced Research
Fossil Energy AR&TD Materials Program
Advanced Metallurgical Processes Program

TOTAL

This excludes $48.5 million for the cost of irradiation testing in the Advanced Test Reactor (ATR).

$494,475,355
404,553,700
392,475,000
5,333,000
6,745,700
3,458,800
3,286,900
78,736,655
78,736,655
6,182,000
3,377,000
65,576,205
3,597,450
11,189,000

$ 7,991,663

$ 70,117,000
3,617,000
3,617,000

66,500,000

$23,848,000
$67,591,200

16,886,200
33,300,000
17,405,000

$ 8,771,000
8,771,000
5,031,000
3,740,000

D o = )

$794,401,636



FY 1998 Budget Summary for DOE Materials Activities

The distribution of these funds between DOE laboratories, private industry, academia and other organizations is listed

below.

Office of Building

Technology, State and $950,000 $0 $0 $0 $950,000
Community Programs

Office of Industrial .

Technologies $9,974,700{ $19,908,513 $4,035,167 $540,438 $34,458,818
Office of Transportation

Technologies $18,026,000 $6,649,000 $1,761,000 $300,000 $26,736,000
Office of Power $43,387,600 | $10,150,000|  $2,925,000]  $3,000,000 $59,462,600
Technologies I A e T e
Office of Energy Research $377,131,000 $69,306,655 $47,316,900 $720,800 $494,475,355
Office of Environmental

Management $5,309,823 $300,000 $2,157,840 $224,000 $7,891,663
Office of Nuclear Energy, $70,117,000
Science and Technology $68,940,000 $0 $1,177,000 $0

Office of Civilian

Radioactive Waste

Management $23,848,000 $0 $0 $0 $23,848,000
Office of Defense Programs $67,591,200 $0 $0 $0 $67,591,200
Office of Fossil Energy $7,494,000 $665,000 $599,000 $13,000 $8,771,000
Totals $622,652,323 | $106,979,168 $59,971,907 $4,798,238 $794,401,636

Table 2. Distribution of Funds by Office



Office of Energy Efficiency and Renewable Energy

OFFICE OF ENERGY EFFICIENCY AND RENEWABLE ENERGY

The Office of Energy Efficiency 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 Energy Efficiency and Renewable Energy program.
The breadth of this work is considerable, with projects focusing on coatings and films, ceramics, soiid 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.

10



Office of Energy Efficiency and Renewable Energy

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

OFFICE OF BUILDING TECHNOLOGY, STATE AND COMMUNITY PROGRAMS

Office of Building Systems

OFFICE OF INDUSTRIAL TECHNOLOGIES

Office of Industrial Strategies
Aluminum Vision Team
Forest Products Vision Team
Steel Vision Team
Glass Vision Team
Metal Casting Vision Team

Office of Crosscut Technologies
Advanced Turbine System (ATS) Program
Continuous Fiber Ceramic Composites (CFCC) Program
Advanced industrial Materials (AIM) Program
Financial Assistance Program

OFFICE OF TRANSPORTATION TECHNOLOGIES
Transportation Materials Technology

Automotive Materials Technology
Propulsion Materials
Lightweight Vehicle Materials

Electric Drive Vehicle Technologies
Advanced Battery Materials
Fuel Cell Materials

Heavy Vehicle Propulsion System Materials

OFFICE OF POWER TECHNOLOGIES
Office of Solar Energy Conversion
Photovoltaic Technology Division
Office of Geothermal Technologies
Office of Energy Management
Advanced Utility Concepts Division

High Temperature Superconductivity for Electric Systems

EY 1998

$ 950,000
950,000

$34,458,818
10,413,250
6,930,000
184,250
470,000
900,000
1,929,000
24,045,568
6,690,000
8,400,000
4,990,000
3,965,568

$26,736,000
26,736,000
18,888,000
3,639,000
15,250,000
3,348,000
2,948,000
400,000
4,499,000

$59,462,600
26,290,000
26,290,000
672,600
32,500,000
32,500,000
32,500,000

11



Office of Building Technology, State and Community Programs

OFFICE OF BUILDING TECHNOLOGY, STATE AND COMMUNITY PROGRAMS

FY 1998

Office of Building Technology, State and Community Programs - Grand Total $950,000
Office of Building Systems $950,000
Materials Properties, Behavior, Characterization or Testing $950,000
Evacuated Panel Superinsulation 230,000

Non-HCFC Closed-Cell Foam Insulation 260,000

Existing Materials Performance 100,000

Radiative Heat Transfer in Attic Insulation 180,000
Hygrothermal Property Measurements 180,000

12



Office of Building Technology, State and Community Programs

OFFICE OF BUILDING TECHNOLOGY, STATE AND COMMUNITY PROGRAMS

OFFICE OF BUILDING SYSTEMS

The goal of this Office is to reduce energy use of new buildings by 50 percent by 2010, achieve further reductions in
energy use through retrofit of existing buildings and reduce annual energy use by 2 quads by 2010 and 5 quads by 2020.
The Division’s primary objectives are to support research that advances the scieritific 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 Buildings Materials
program seeks to: (1) develop new and improve existing insulating materials; (2) develop and verify analytical models
that are useful to building designers and researchers for predicting the thermal performance characteristics of materials;
(3) develop and standardize methods for measuring the thermal performance characteristics; and (4) provide technical
assistance and advice to industry and the public. The DOE contact is Arun Vohra, (202) 586-2193.

MATERIALS PROPERTIES, BEHAVIOR,
CHARACTERIZATION OR TESTING

1. EVACUATED PANEL SUPERINSULATION
$230,000
DOE Contact: Arun Vohra, (202) 586-2193
ORNL Contact: Therese Stoval, (423) 574-0329

This project is for the development of an advanced
technology super insulation concept. A filler layer of
powder, fiber or foam is encapsulated in a vacuum
barrier and a soft vacuum is drawn on the powder filler.
Current technology produces R-30 and R-40 per inch
panels. More efficient and/or less expensive fillers and
longer life encapsulating materials are being developed.
Initial applications are to the walls and doors of
refrigerators/freezers. Other applications, including
building envelopes, are being developed.

Keywords: Insulation, Vacuum, Heat Transfer,
Refrigerators

2. NON-HCFC CLOSED-CELL FOAM INSULATION
$260,000
DOE Contact: Arun Vohra, (202) 586-2193
ORNL Contact: Ken Wilkes, (423) 574-5931

This project is for the development of foam insulations
that use alternative blowing agents as drop-in
replacements for the CFC blowing agents that were
previously used in the manufacture of foam insulation
products and for the HCFC blowing agents that are
currently being used. Prototype foam insulation boards
and refrigerator panels were sent to ORNL for testing
and evaluation. Long-term tests are being conducted to
determine thermal properties and aging characteristics.
Models are being developed for aging processes,
including the effects of facing materials.

Keywords: CFC, Foam Insulation, [nsulation
Sheathing, Roofs, HCFC, Refrigerators

3. EXISTING MATERIALS PERFORMANCE
$100,000
DOE Contact: Arun Vohra, (202) 586-2193
ORNL Contact: Therese Stovall, (423) 574-0329

This project is for the development of accurate and
reproducible data for use by the building materials
community, improved test procedures to determine the
thermal properties of existing, as well as advanced,
insulations, interacting with the building materials
research community, manufacturers, trade associations,
professional societies, compliance groups and local
government, and making and disseminating
recommendations on appropriate usage of thermal
insulation to conserve energy.

Keywords: Insulation, Buildings

4. RADIATIVE HEAT TRANSFER IN ATTIC
INSULATION
$180,000
DOE Contact: Arun Vohra, (202) 586-2193
ORNL Contact: Ken Wilkes, (423) 574-5931

This project is fer the evaluation of the effect of the
radiative environment on the thermal performance of
attic insulation. The project is focusing on the effect of
penetration of radiation from a hot roof into the top
layers of attic insulation. Exploratory experiments are
being conducted using small-scale heat flow meter
apparatuses. Models are being applied and/or developed
to analyze the effects of coupled radiation and
conduction. If the exploratory studies show that the
effects are significant, further experiments would be
conducted in a large-scale attic test module and
standardized methods for accounting for the effects
would be developed.

Keywords: Fibrous Insulation, Attics, Radiation,
Models

13



Office of Building Technology, State and Community Programs

5. HYGROTHERMAL PROPERTY
MEASUREMENTS
$180,000
DOE Contact: Arun Vohra, (202) 586-2193
ORNL Contact: Ken Wilkes, {(423) 574-5931

A laboratory is being established for measurements of
material properties related to the hygrothermal behavior
of buildings materials. Properties that will be measured
include sorption and suction isotherms, vapor
permeance, liquid diffusivitiy, air permeability, specific
heat, and thermal conductivity. Where applicable, the
properties will be measured as functions of moisture
content and temperature. The laboratory will support
other research on measurements and modeling of
coupled heat, air, and mixture transfer in building
envelopes.

Keywords: Hygrothermal, Moisture, Building Materials,
Heat-Air-Moisture, Properties

14



Office of Industrial Technologie_s

OFFICE OF INDUSTRIAL TECHNOLOGIES

Office of Industrial Technologies - Grand Total

Office of Industrial Strategies

Aluminum Vision Team

Device or Component Fabrication, Behavior or Testing

Inline Sensors for Electrolytic Aluminum Cells

Innovative Vertical Fioatation Melter (VFM)

High-efficiency, High-capacity, Low-NO, Aluminum Melting IUsing
Oxygen-enhanced Combustion

Technology for Converting Spent Potliner (SPL) to Useful Glass Fiber Products

Inert Metal Anode Life in Low Temperature Aluminum Reduction Process

Advanced Anodes and Cathodes Utilized in Energy Efficient Aluminum
Production Cells

Materials Properties, Behavior, Characterization or Testing

- Molten Aluminum Explosion Prevention
Aluminum Pilot Cell
Semi Solid Aluminum Alloys

Materials Preparation, Synthesis, Deposition, Growth or Forming

Recycling Aluminum Salt Cake

Processing and Recycling of Aluminum Wastes

Wettable Ceramic-based Drained Cathode Technology for Aluminum
Electrolysis Cells

Aluminum Spray Forming

Potlining Additives

improved Grain Refinement Process for Aluminum

Forest Products Vision Team

Materials Properties, Behavior, Characterization, or Testing

Corrosivity Monitoring of Kraft Recovery Boilers
Corrosion in Kraft Digesters: Characterization of Degradation and Evaluation of
Corrosion Control Methods

Steel Vision Team

Device or Component Fabrication, Behavior or Testing

Intermetallic Alloy Development Related to the Steel Industry

FY 1998
$34,458,818
$10,413,250
$ 6,930,000
$ 2,249,000

145,000
330,000

231,000
526,000
725,000
282,000
$ 920,000
100,000
615,000
205,000
$ 3,761,000

800,000
490,000

972,000

1,000,000
224,000

275,000

$ 184,250
$ 184,250
184,250

0

$ 470,000
$ 470,000

470,000

15



Office of Industrial Technologies

OFFICE OF INDUSTRIAL TECHNOLOGIES (continued)

Office of Industrial Strategies (continued)

Glass Vision Team

Materials Preparation, Synthesis, Deposition, Growth or Forming

Chemical Vapor Deposition Ceramic Synthesis

Materials Properties, Behavior, Characterization or Testing

Development of Improved Refractories
Synthesis and Design of MoSi, Intermetallic Materials

Metal Casting Vision Team

Materials Preparation, Synthesis, Deposition, Growth or Forming

In-stream Inoculation for Aluminum Alloy Casting Processes

Materials Properties, Behavior, Characterization, or Testing

Clean Cast Steel: 1) Machinability of Cast Steel,
2) Accelerated Transfer of Clean Steel Technology

Clean Cast Steel: 1) Flow of Steel in Gating Systems; 2) Control Ladle Temperature

Thin Section Steel Castings

Clean Metal Processing (Aluminum)

Advanced Lost Foam Casting Technology

Mechanical Properties Structure Correlation for Commercia! Specification
of Cast Particulate Metal Matrix Components

Mechanical Properties of Squeeze and Semi-solid Cast A356

Ferrite Measurements in Duplex Stainless Steel Castings

Technology for the Production of Clean, Thin Wall, Machinable Gray and
Ductile Iron Castings

Enhancements in Magnesium Die Casting Die Life and Impact Properties

Influence of Coatings on Magnesium

QOffice of Crosscut Technologies

Advanced Turbine System (ATS) Program

Materials Properties, Behavior, Characterization or Testing

Long-term Testing of Ceramic Components for Stationary Gas Turbines

Materials Preparation, Synthesis, Deposition, Growth or Forming

ATS Thermal Barrier Coatings

Device or Component Fabrication, Behavior or Testing

Ceramic Components for Stationary Gas Turbines in Cogeneration Service
Air Cooled Ceramic Vanes for Gas Turbines
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FY 1998

800,000
277,000

277,000

N & H 6

623,000

305,000
318,000

$ 1,929,000
$ 140,000
140,000

$ 1,789,000
209,000
160,000
124,000
343,000
222,000
119,000
127,000
37,000
213,000
127,000
108,000
$24,045,568
$ 6,690,000
$490,000
480,000

$ 2,000,000
2,000,000

$ 4,200,000

3,900,000
300,000
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OFFICE OF INDUSTRIAL TECHNOLOGIES (continued)

Office of Crosscut Technologies (continued)

Continuous Fiber Ceramic Composites (CFCC) Program

Materials Preparation, Synthesis, Deposition, Growth or Forming|

CFCC Program - Industry Tasks

Materials Properties, Behavior, Characterization or Testing

Continuous Fiber Ceramic Composites {CFCC) Supporting Technologies

Advanced Industrial Materials (AIM) Program

Materials Preparation, Synthesis, Deposition, Growth or Forming

Intermetallic Alloy Development and Technology Transfer of Intermetallic Alloys
Development of Advanced Intermetallic Alioys

Synthesis and Design of MoSi, Intermetallic Materials

Composites and Coatings Through Reactive Metal infiltration

Conducting Polymers: Synthesis and Industrial Applications

Membrane Systems for Efficient Separation of Light Gases

Plasma Processing—Advanced Materials for Corrosion and Erosion Resistance
Uniform Droplet Processing

Advanced Materials/Processes

Materials Properties, Behavior, Characterization or Testing

Materials for Recovery Boilers
Metals Processing Laboratory User (Mplus) Facility

Materials Structure and Composition

Metallic and Intermetallic Bonded Ceramic Composites

Device or Component Fabrication, Behavior or Testing

Microwave Joining of SiC
Selective Inorganic Thin Films
High Temperature Particle Filtration Technology

FY 1998

$ 8,400,000
$ 6,400,000
6,400,000
$ 2,000,000
2,000,000

$ 4,990,000
$ 3,085,000
450,000
220,000
100,000
440,000
250,000
300,000
275,000
600,000
450,000

$ 1,300,000

900,000
400,000

$ 170,000

170,000
$ 435,000
45,000

350,000
40,000

17



Office of Industrial Technologies

OFFICE OF INDUSTRIAL TECHNOLOGIES (continued)

Office of Crosscut Technologies (continued)

Financial Assistance Program

Inventions and Innovations

Device or Component Fabrication, Behavior or Testing

Inner Solar Roof System

Aerocylinder

Environmental Tensometer

Energy Efficient, Electric Rotary Furnace for Glass Molding (Repressing)
Precision Optical Blanks

Method for Producing Glass Fiber

Thermal Heat and Diffusion Treatment of Bulk Powders

Density Separation in Compiex-mode Vibration Fiuidized Beds

Molten Film High-intensity Paper Dryer

Laser Uitrasonic Furnace Tube Coke Monitor

Apparatus and Method for Filtering Molten Metal

Self-dressing Resistance Welding Electrode

Materials Properties, Behavior, Characterization or Testing

Tribopolymerization as an Anti-wear Mechanism

Nickel-based Superalloy with Improved Weldability and Oxidation Resistance

Foamed Recyclables

High R-value, Environmentally Safe Rigid Foams Blown with
Fluoroiodocarbons (FICS)

Materials Preparation, Synthesis, Deposition, Growth or Forming

Improved Radiant Burner Material

High Throughput Manufacturing of High Efficiency Solar Cells
Composite Electrodes for Advanced Electrochemical Applications
Process to Recover Acid and Metal Salts from Pickling Liquors

Materials Structure and Composition

A Low Platinum Loading, Hydrophilic Fuel Celi Electrode for Use with a
Proton Exchange Membrane

Combined Battery and Structure for Heightened Energy Storage

Electric Utility Energy Storage Device
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FY 1998

$3,965,568
$2,061,458
$ 972,722

36,407
99,825
99,223

99,999
97,971
99,983
98,0600
99,657
98,670
99,999
42,888

$ 397,807
99,743
99,174
98,900
99,990

$ 399,590
99,950
99,761
99,975
99,904

$ 291,339
99,999

91,392
99,948
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OFFICE OF INDUSTRIAL TECHNOLOGIES (continued)

FY 1008
Office of Crosscut Technologies (continued)
Financial Assistance Program (continued)

National Industrial Competitiveness Through Energy, Environment and

Economics (NICE®) $1,804,110
Device or Component Fabrication, Behavior or Testing

Rapid Heat Treatment of Cast Aluminum Components 414,710
Chlorine Reduction in Aluminum Processing 425,000

Demonstrate the Microsmooth™ Wheel Finishing Process on
Aluminum Wheels 400,000
Lightweight Steel Dispensing Containers 425,000
Process to Recover and Reuse Sulfur Dioxide in Metalcasting Operations 239,400
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OFFICE OF INDUSTRIAL TECHNOLOGIES

The mission of the Office of Industrial Technologies (OIT) is to support the development and deployment of advanced
energy efficiency, renewable energy and pollution prevention technologies for industrial applications. OIT’s R&D portfolio
is driven by needs of the Industries of the Future: agricuiture, chemicals, forest products, steel, aluminum, metalcasting,
mining, petroleum and glass. These industries account for over half of all manufacturing energy use and account for 75
to 90 percent of most manufacturing wastes. For more information on Industries of the Future, see the Office of Industrial
Technologies Web site at www.oit.doe.gov. '

The Industries of the Future strategy uses industry-developed visions and technology roadmaps to outline the technology
that will be needed in order to reach their goals. Through this process, government-funded research is brought to a sharp
focus to benefit U.S. industry. OIT's R&D portfolio includes process R&D directly related to specific industries of the
future and crosscutting R&D which is applicable to multiple industries. Technology Access programs assist in delivering

state-of-the-art and emerging technologies to industry customers.

OFFICE OF INDUSTRIAL STRATEGIES

The Industries of the Future mechanism cost-shares
with industry and other organizations technology
development identified in industry-wide developed
visions and roadmaps. These technologies, specific to
industry processes, are chosen based on their uiltimate
impact on energy and waste reduction, high priority and
high risk to meet roadmap targets, widespread industry
applicability and pre-competitive nature. Materials
research addresses the need for industrial processes to
run at increased temperatures with longer service lives,
reduced downtime, and lower capital costs.

ALUMINUM VISION TEAM - The DOE Aluminum
Team leader is Sara Dillich, (202) 586-7925

DEVICE OR COMPONENT FABRICATION,
BEHAVIOR OR TESTING

6. INLINE SENSORS FOR ELECTROLYTIC
ALUMINUM CELLS
$145,000
DOE Contact: Sara Dillich, (202) 586-7925
ORNL Contact: Jack Young, (423) 5744922

Through an existing Cooperative Research and
Development Agreement (CRADA) with industrial
partners, Oak Ridge National Laboratory (ORNL), will
develop a sensor for use in both conventional and
advanced inert anode aluminum production cells. Fiber
optic probes and laser-based Raman spectra analytical
techniques are being investigated to measure soluble
alumina in cryolite. Sensors for measurement of bath
ratio and bath temperature will be investigated in future
stages of the project. Dynamic process and thermal
modeling will be developed in concert with these
sensors to enable utility power load leveling through
thermal cycling of the production cells without loss of
productivity. A Raman cell for iaboratory use has been
designed and fabricated. Identifying a material that can
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endure cryolite melts is another barrier to developing a
reliable sensor. Thus, research to date has focused on
the development of coating materials for a silica probe,
and three coating materials (CVD diamond, hot-pressed
PBN and TBN) that appear to survive in cryolite melts
during preliminary testing have been identified.
Investigations are continuing into probe tip fabrication
and coating, immersion tests in molten salts, and
Raman characterization of cryolite.

Keywords: Sensor, Raman Probe, Fiber Optic Probe,
Cryolite, Alumina

7. INNOVATIVE VERTICAL FLOATATION MELTER
(VFM)
$330,000
DOE Contact: Ramesh Jain, (202) 586-2381

The Energy Research Company, O'Brien & Gere
Engineers, Inc., and Stein, Atkinson Stordy Ltd. are
project partners for the development of VFM. This
technology represents a significantly cleaner and more
efficient alternative for processing aluminum scrap. In
the new process, the scrap is first dried and de-coated
in a rotary kiln dryer that completely removes organics
such as oil, paint, and plastics. The heat content of the
organics volatizing from the scrap will supply supple-
mentary heat to the de-coater. The dried and de-coated
scrap is then melted in the opposed flow VFM, where
particles of varying sizes and surface areas are kept in
suspension at different levels of the melter, designed
with varying velocities to achieve the desired drag
forces. The scrap pieces reach an equilibrium in which
the scrap weight equals the gas drag force, and the
scrap is suspended for 15 to 30 seconds, allowing
sufficient residence time for it to meit. The melting
particles experience changes in their aerodynamic
shape until they reach the liquid state and fall into a
molten metal bath. This process also has applications
in the glass and steel industries. In the first phase of the
project, the VFM process was designed based on
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experimental measurements, calculations, and issues
determined from industry partners. The efficiency of the
VFM is estimated to be 57 percent, rising to 75 percent
when integrated with IDEX™. In the second phase, a
pilot-scale VFM was designed and constructed. Tests
on this system are being conducted at a facility of the
Energy Research Company in Syracuse, NY.

Keywords: Floatation Melter, Aluminum Scrap

8. HIGH-EFFICIENCY, HIGH-CAPACITY, LOW-NO,
ALUMINUM MELTING USING OXYGEN-
ENHANCED COMBUSTION
$231,000
DOE Contact: Ramesh Jain, (202) 586-2381

Air Products & Chemicals, inc. along with Argonne
National Laboratory, Roth Brothers, and Brigham Young
University will develop and demonstrate a novel,
high-efficiency, high-capacity, low-NO, , combustion
system integrated with an innovative low-cost, on-site
vacuum-swing- absorption (VSA) oxygen generation.
This integrated burner/oxygen supply system will offer
enhanced productivity, high-energy efficiency, low
operating costs, and low NO, emissions.

This two-year project, which began in September 1997,
will be conducted in two phases. The first phase
includes the design and construction of a low-NOy
burner at the optimum 35-50 percent combined total
oxidizer stream using both the product and the exhaust
streams from the VSA. These have been designed and
installed on a furnace at Wabash Alloys. The second
phase includes the integration of the VSA to meet the
average demand through proprietary storage, versus
the current, less efficient practice of sizing to meet peak
demand. VSA design and construction are complete.
The VSA system is on-line at Wabash. Final
optimization and performance characterization for the
burners and VSA system will be completed in early
1999. The successful demonstration of this project will
provide the U.S. aluminum industry with a
cost-effective, energy-efficient, environmentally friendly
modification for current melting furnaces. Its goal is to
increase aluminum meiting productivity up to 30 percent
with low pollutants emission, accompanied by no
increase in melting cost or need for large capital
expenditures.

Keywords: Aluminum Melting, Combustion, Burner

9. TECHNOLOGY FOR CONVERTING SPENT
POTLINER (SPL) TO USEFUL GLASS FIBER
PRODUCTS
$526,000
DOE Contact: Sara Dillich, (202) 586-7925

Vortec Corporation, assisted by Alumax Primary
Aluminum Corp., Hoogovens Technical Services, Inc.,
and the New York State College of Ceramics at Alfred
University, will perform a pilot-scale experimental
testing project to evaluate the feasibility of converting
SPL (spent potliner) from aluminum smeiting plants to
commercial quality glass fiber and aluminum fluoride
products using Vortec's Cyclone Melting System
(CMS™) technology. The project, initiated in September
1997, will be performed during a 20-month period and
will include the following activities:

. Design, fabrication, and instaliation of pilot-scale
glass fiberizing and flue gas filtration and analysis
equipment into Vortec's existing pilot-scale CMS™
testing facility

. Pilot-scale SPL vitrification test to produce glass
fibers

. Testing and analysis of the fibers from the
pilot-scale test with respect to commercial quality
specifications

. Testing and analysis of fibers with respect to
human heatlth considerations

. Sampling and analysis of flue gas from the
pilot-scale CMSJ during testing

. Preliminary design of a commercial-scale air
pollution system for aluminum fluoride production.

Keywords: Potliner, Aluminum Smelting, Glass Fiber,
Alurninum Fluoride

10. INERT METAL ANODE LIFE IN LOW
TEMPERATURE ALUMINUM REDUCTION
PROCESS
$725,000
DOE Contact: Sara Dillich, (202) 586-7925

Northwest Alurninum Technologies and Brooks Rand,
Ltd. are project partners for the development of this
technology. A carbon-free aluminum reduction process
is being developed as a modification to the Hall-Hérouit
process for primary aluminum production. The process
uses a non-consumable metal alloy anode, a wetted
cathode, and an electrolytic bath, which is kept
saturated with alumina at the relatively low temperature
of 750°C by means of free alumina particles suspended
in the bath. In conducting the research, two primary
tasks are involved. First, laboratory scale cells will be
operated to firmly establish the viability of the
fundamental concepts required for a successful
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commercial process. Second, a pilot scale 5000-
ampere cell will be designed, constructed and operated.
This task will address engineering aspects associated
with scaling, such as liner fabrication, electrode
configuration and design, and bath composition
adjustments. This technology, once developed, will
produce primary aluminum metal with lower energy
intensity, lower cost, and lower environmental
degradation than the conventional process.

Keywords: Aluminum Reduction, Inert Metal Anode,
Smelting, Alumina Crucible Cell, Voitage

11. ADVANCED ANODES AND CATHODES
UTILIZED IN ENERGY EFFICIENT ALUMINUM
PRODUCTION CELLS
$292,000
DOE Contact: Sara Dillich, (202) §86-7925

With the recently developed advanced materials used
for anodes and cathodes, it may be possible to
significantly reduce the anode-cathode distance and,
thus, reduce the energy required for aluminum smelting.
Annually, over four million tons of aluminum are
produced by smelting by the U.S. aluminum industry at
63,000 Btu/lb. Through this project, the Alcoa Technical
Center will demonstrate advanced materials for inert
anodes and wetted cathodes and an optimum design
and process for smelting aluminum by designing,
constructing, and operating advanced bench scale and
pilot-scale aluminum production cells. The objective is
to assess the long-term chemical stability of oxygen
producing ceramic metallic anodes and stable
aluminum wetted cathodes for energy efficient
electrolytic production of aluminum. The project will also
describe how the anode and cathode materials are
produced cost effectively, and will define the optimum
operating parameters for the production cell.

Keywords: Aluminum Production Cell, Inert Anode,
Wetted Cathode, Electrolytic Production

MATERIALS PROPERTIES, BEHAVIOR,
CHARACTERIZATION OR TESTING

12. MOLTEN ALUMINUM EXPLOSION
PREVENTION
$100,000
DOE Contact: Ramesh Jain, (202) 586-2381
ORNL Contact: Rusi P. Taleyarkhan,
(423) 5764735

The goal of this project is to improve industry’s
understanding of the conditions that trigger aluminum-
water explosions and the reasons and extent to which
certain coatings prevent those explosions. Project
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partners (ORNL, The Aluminum Association, Alcoa) will
achieve this goal through developing a basic under-
standing of entrapment of heat transfer over submerged
coated and uncoated surfaces. Oak Ridge National
Laboratory has designed and developed the Steam
Explosion Triggering Studies (SETS) facility, an
experimental test site where the fundamental issues of
explosions will be investigated with emphasis on
triggering events. Solid tungsten, an element that has
thermophysical properties similar to those of liquid
aluminum, is used during the experiments to allow the
apparatus to be instrumented and the phenomena
associated with the breakdown of steam film and
triggering investigated without the hazards associated
with experiments performed with large amounts of liquid
aluminum. ORNL has produced significant data to
assess suppression capability for various coatings with
full curing times. However, the impact of shorter curing
times as well as the study of impact of bare spots are
issues that need resolution. Further collection of data
for selected coatings with different degrees of curing,
together with the effects of the introduction of non-
condensable gasses, remain the subjects of Phase Il.

Keywords: Explosions, Molten Aluminum, Water

13. ALUMINUM PILOT CELL
$615,000
DOE Contact: Sara Dillich, (202) 586-7925

The Department of Energy, Office of Industrial
Technologies is currently sponsoring a project with the
Aluminum Company of America (Alcoa) to demonstrate,
through pilot cell tests, viability of an advanced retrofit
technology for alumina reduction based on inert, cermet
anodes and wettable TiB,-G cathodes. Phase | of the
Alcoa project developed a retrofit commercial cell
conceptual design and assessed its economic and
environmental impact. Phase Il is conducting tests in a
pilot-scale cell and an evaluation of lower cost/higher
quality fabrication of inert anodes. The objectives of
Phase |l are to construct, operate, and autopsy two
pilot-scale cells; the first based on best available
technology and the second optimized as a resuft of the
knowledge gained from the first. These tests will also
feature Bayer process improvements, and advanced cell
design and control systems. Anodes will be fabricated
by isostatic pressing and sintering of metal and oxide
powders. Innovative fabrication methods for
anode-collector bar assembly are also being
investigated.

Keywords: Alumina Reduction, Aluminum Production,
Inert Anode, Wettable Cathodes



14. SEMI SOLID ALUMINUM ALLOYS
$205,000
DOE Contact: Sara Dillich, (202) 586-7925

Semi-solid material processing offers distinct
advantages over other near-net-shape manufacturing
processes. In this process, cast parts are produced
from a slurry kept at a temperature between the solidus
and the liquidus isotherms. This process produces
complex parts with better quality when compared to
parts made by similar processes. it also allows net-
shape forming, reducing further machining operations.
The process combines the advantages of both liquid
metal casting and solid metal forging. The purpose of
this project is to achieve a better understanding of the
fundamental issues concerning the constitutive behavior
of semi-solid materials and their behavior during
processing, so that the applicability of semi-solid
forming can be extended to various aluminum alloy
systems. Worcester Polytechnic Institute (WP1) will be
using numerical simulations to predict die filling and,
ultimately, die design optimization. A Herschel-Bulkley
fluid model, modified to account for the two-phase
nature and time-dependent rheological behavior of SSM
slurries, will be used with specially developed
computational codes for semi-solid fiuid flow and die
filling to produce simulations for the filling of two-
dimensional and three-dimensional cavities under
various processing conditions. Issues related to die
design and temperature control will also be addressed
using numerical simulations. The Massachusetts
Institute of Technology work will concentrate on
obtaining fundamental rheological data needed for the
WPI modeling and simulation activity. MIT will
determine effects of semi-solid siurry structure on flow
behavior and flow separation at high shear rates
representative of actual forming processes. The work at
Oak Ridge National Laboratory will concentrate on
characterizing the thermophysical properties of semi-
solid aluminum alloys and the development of new
optimally designed alloys.

Keywords: Semi-solid Forming, Aluminum Alloys, Net-
shape Forming

MATERIALS PREPARATION, SYNTHESIS,
DEPOSITION, GROWTH OR FORMING

15. RECYCLING ALUMINUM SALT CAKE
$800,000
DOE Contact: Sara Dillich, (202) 586-7925
ANL Contact: John Hryn, (630) 252-5854

Salt cake recovery is the most energy and cost intensive
unit operation in the recovery of salt cake constituents.
In this project, Argonne National Laboratory (ANL) is

Office of industrial Technologies

developing a salt recovery process based on electro-
dialysis (ED). Laboratory scale experiments and
economic analysis has indicated that, for conditions
consistent with salt cake recycling, the ED technology is
more cost-effective for salt recovery than alternative
technologies (e.g., evaporation with vapor recom-
pression). Increasing the market value of non-metallic
product (NMP) is critical for cost-effective salt cake
recycling. Impurities constitute about 10 percent of NMP
and lower its market value. Research investigated
hydrometallurgical processes to purify NMP, since
higher NMP purity results in higher market value for
refractory aggregate and other potential alumina
markets. Technical and economic analysis indicated the
electrodialysis process to be most promising. Pilot-
scale work indicated fiber insulation materials can be
made cost-effectively using NMP as a starting material.
A new potential use for NMP (i.e. as alternative alumina
units for the blast furnace in ironmaking) has been
identified. Process flow sheet and engineering design
for pilot scale testing of the electrodialysis process have
been completed.

Keywords: Alurninum, Salt Cake, Recycling,
Electrodialysis

16. PROCESSING AND RECYCLING OF
ALUMINUM WASTES
$490,000
DOE Contact: Sara Dillich, (202) 586-7925

This project at Michigan Technological University
focuses on the development of a technology to divert
the sait cake into valuable feedstock materials for the
manufacturing of concrete products such as lightweight
masonry, foamad concrete, and mine backfill grouts. By
using the unique properties inherent in the aluminum
salt cake, this by-product can function as a foaming (air
entraining) agent, and fine aggregate for use in
concrete. The tachnology is expected to benefit the
aluminum, concrete, mining and construction industries.
The aluminum industry will be able to increase its
recovery of aluminum metal while reducing energy
consumption. Technology development objectives
include:

. Process by-product waste streams from several
aluminum smelters and optimize the processing
required to convert wastes into products suitable
for use as concrete additives.

. Develop and demonstrate the processing required
to effectively utilized the processed by-products
developed for the production of mine backfill
grouts.
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. Develop and demonstrate the processing required
for fightweight aggregate/masonry block
production utilizing the processed by-products
developed.

. Document the environmental acceptability of the
smelting by-products used as concrete additives
and assess the environmental acceptability of the
low-density concrete products made using these
additives.

Keywords: Salt Cake, Recycling, Feedstock, Waste
Streams, Concrete Additives

17. WETTABLE CERAMIC-BASED DRAINED
CATHODE TECHNOLOGY FOR ALUMINUM
ELECTROLYSIS CELLS
$972,000
DOE Contact: Sara Dillich, (202) 586-7925

Reynolds Metals Company, Kaiser Mead, and
Advanced Refractory Technologies (ART) will
collaborate io develop and evaluate ceramic-based
materials, technology, and the necessary engineering
packages to retrofit existing reduction cells as a means
to improve the performance of the Hall Héroult cell. ART
will produce TiB,-based tiles or coatings that will be
used as the “drained” lining in two 70 kA prebake cells.
The durability of the candidate materials and the
performance of the drained cathode design will be
evaluated during a one-month test using 12 kA pilot
reduction cells. This four-year project, initiated in
September 1997, will include the following activities:

. Development and evaluation of candidate TiB,
carbon materials (tiles and coating)

. Development and evaluation of proprietary carbon
materials

. Development of the drained cathode design

. Evaluation of the best candidate materials and the
drained cathode design in the 12 kA pilot cell

. Design and construction of a 70 kA prebake cell
retrofitted with a drained cathode using TiB,-based
and or the proprietary materials

. Startup and operation of two 70 kKA prebake cells
retrofitted with a drained cathode and TiB, and or
the proprietary materials

Keywords: Cathode, Aluminum Production, Titanium
Diboride

18. ALUMINUM SPRAY FORMING
$1,000,000
DOE Contact: Sara Dillich, (202) 586-7925

This project, conducted by the Aluminum Company of
America (Alcoa), will translate current bench-scale

24

spray forming technologies into a cost-effective process
for the replacement of the energy-intensive ingot casting
method. A unique linear spray nozzle system has been
designed which has the potential for achieving the
desired production rates of 1500 to 3000 Ib./hr/in in a
single pass operation. Other processing targets include
=2 percent profile flatness, less than 1-inch edge
trimming; surface porosity of less than 4 percent not
interconnected, and overspray less than 5 percent.
Thermomechanical processing studies, microstructural
characterization of deposits, and mathematical and
numerical modeling are in progress. Investigations are
focusing on as-sprayed microstructure and thermo-
mechanical properties of automotive alloy 6111. An
Advanced Development Unit, capable of operating in
both an experimental and a semi-production mode, is
being designed and constructed to investigate the
commercial viability of the spray forming process to
produce aluminum sheet. The unit will be used to
determine costs as well as processing and safety
procedures for steady state operations.

Keywords: Aluminum, Spray Forming, Sheet

19. POTLINING ADDITIVES
$224,000
DOE Contact: Sara Dillich, (202) 586-7925

This project is designed to further examine the potential
benefits derived from the addition of boron oxide to
potlining used in primary aluminum production cells. A
relatively inexpensive bulk chemical, boron oxide not
only suppresses cyanide formation, but also may inhibit
sodium intercalation and, above all, promote, in the
presence of some titanium, wetting of cathode
carbonaceous material by the metal pad, thus reducing
ohmic cell resistance and sludge formation.
Improvements in energy consumption, waste disposai
and overall economics of the process are projected.
Laboratory testing and commercial scale testing will
investigate parameters that are important for the
commercial application. Tests in industrial cells will
complement laboratory testing. Carbonaceous potlining
components added with boron oxide will be incorporated
in industrial cells in later phases of the program,
providing results of the first year are positive. Project
partners include: Century Aluminum of West Virginia,
Inc., EMEC Consultants, the NSA Division of Southwire
Company and SGL Carbon Corporation.

Keywords: Potlining, Smelting, Aluminum Production,
Boron Oxide, Aluminum Production Cells
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20. IMPROVED GRAIN REFINEMENT PROCESS
FOR ALUMINUM
$275,000
DOE Contact: Sara Dillich, (202) 586-7925

Almost all aluminum cast in the U.S. is grain refined,
and the amount of grain refiner consumed in primary
plants averages about two pounds per metric ton. A
new method of grain refining aluminum, called the fy-
Gem process has been demonstrated in a JDC, Inc.
laboratory program to be an effective way to refine
aluminum castings. This invention (patent applied for)
offers significant cost, energy and environmental
benefits, and addresses the important issue of how to
produce ingots of higher quality, particularly with
respect to boride inclusion. The fy-Gem process
addresses the problems and costs associated with the
use of titanium and boron in grain refiners and is likely
to result in cleaner, higher quality castings. This project
focuses on establishing commercial viability and
reliability in the cast shop. If the development and
demonstration is successful, the project partners expect
to introduce the grain refinement method into the
market place by 2000. Project partners include: Alcoa,
GKS Engineering Services, GRAS, Inc., JOC, Inc.,
Littlestown Hardware and Foundry, and Touchstone
Laboratory.

Keywords: Aluminum Casting, Grain Refinement, Liquid
Aluminum Metal, Titanium, Boron, fy-Gem

FOREST PRODUCTS VISION TEAM - The DOE Forest
Products team leader is Valri Robinson, (202) 586-0937

MATERIALS PROPERTIES, BEHAVIOR,
CHARACTERIZATION, OR TESTING

21. CORROSIVITY MONITORING OF KRAFT
RECOVERY BOILERS
$184,250
DOE Contact: Charles A. Sorrell, (202) 586-1514
IPST Contact: Preet Singh, (404) 894-6641

The focus of this project is to develop an extensive
corrosion kinetics database as well as a device to
measure conditions which control corrosion in an
operating recovery boiler. The benefit of such an
approach will allow operators to predict or explain the
impact of decisions prior to damaging boiler
components. The project will be divided into four
phases. Phase | will establish the feasibility of the
project concept, Phase I will involve detailed studies on
the most promising candidates for corrosion
measurements, Phase |l consists of small scale
experiments conducted in a laboratory furnace to test
the efficacy of the measurement system developed in

Phase H, and in the final Phase |V, the measurement
device and corrosion probes will be installed in a
operating boiler for comparison.

Keywords: Recovery Boilers, Corrosion, Pulp and Paper

22. CORROSION IN KRAFT DIGESTERS:
CHARACTERIZATION OF DEGRADATION AND
EVALUATION OF CORROSION CONTROL
METHODS
$0
DOE Contact: Ingrid Watson, (202) 586-8119
ORNL Contact: James Kaiser, (423) 475-4453

This project will correlate chemical puiping digester
conditions with material performance. Digester
conditions will be evaluated using a computational fluid
dynamics model of flow within a digester. This flow
model will be supplemented with a model for the
chemical reactions occurring in the digester. In-situ and
laboratory corrosion studies will be used to provide
information about the corrosion behavior of conven-
tional materials. An assessment of corrosion control
methods and alternative materials will be performed.

Keywords: Digester, Corrosion, Pulp and Paper

STEEL VISION TEAM - DOE Steel Team Leader, Scott
Richlen, 202-586-2078

DEVICE OR COMPONENT FABRICATION,
BEHAVIOR OF! TESTING

23. INTERMETALLIC ALLOY DEVELOPMENT
RELATED TO THE STEEL INDUSTRY
$470,000
DOE Contact: Charles A. Sorrell, (202) 586-1514

ORNL Contacts: M.L. Santella, (423) 574-4805,
V.K. Sikka, (423) 574-5112 and P. Angelini,
(423) 574-4565.

The objective of this project is to develop and apply the
excellent oxidation and carburization resistance and
high temperature strength and fatigue resistance of
intermetallic alloys, including nickel aluminide {Ni,Al) to
steel industry related manufacturing applications.
Progress in bringing technologies to development and
commercialization in FY 1998 focused on transfer rolis
used in heat treating (austenitizing) steel plates and
slabs. The final design for attaching trunnions to the
nickel aluminide rolls was completed; joining is done by
a combination of pinning and welding. Technology was
developed for joining thick sections of nickel aluminide
to dissimilar metals and rolls were successfully tested
using both HK and HP steel trunnions. At present,

21 rolls are in service and a complete set of 101 rolis is
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planned. The original two rolls have been in service for
over 5 years and are in excellent condition. In FY 1998,
additional applications for nickel aluminide were
investigated, including guide rolls for continuous casting
of steel, and radiant burners being tested at Timken and
Ford. Oak Ridge National Laboratory has licensed
Sandusky International for (has centrifugally cast and
manufactured the rolls), Alloy Engineering and Casting
(has sand-cast trunnians), United Defense (has sand
cast trunnians), and the Stoody Company (has
manufactured weld wire for joining components of nickel
aluminide and iron aluminide).

Keywords: Nickel Aluminides, Processing, Steel,
Metalcasting, Aluminum, Heat Treating,
Welding

GLASS VISION TEAM - The DOE Glass team leader is
Theo Johnson, (202) 586-6937

MATERIALS PREPARATION, SYNTHESIS,
DEPOSITION, GROWTH OR FORMING

24, CHEMICAL VAPOR DEPOSITION CERAMIC
SYNTHESIS
$277,000
DOE Contact: Charles A. Sorrell, (202) 586-1514
Sandia National Laboratories - Livermore Contact:
M. D. Allendorf, (415) 294-2895

Comprehensive models, including detailed gas-phase
and surface chemistry coupled with reactor fluid
mechanics, are required to optimize and scale-up
chemical vapor deposition (CVD) processes. In FY 1998
the CRADA with Libby- Owens-Ford Co. on developing
new CVD techniques for depositing coatings on glass
was continued. The effort focuses on 1) experimental
and modeling of the thermal stability and chemical
reactions of CVD precursors used to deposit Indium Tin
oxide on float glass, and 2) development of on-line
sensors. Experimental and modeling results show that
various compounds of indium and organic groups are
more stable than previously reported in the literature.
However, autocatalytic reactions on hot surfaces can
significantly accelerate decomposition. A prototype
device was constructed which includes two sensors one
being a standard residual gas analyzer and the other
being a small novel device developed by NASA for
achieving residual gas analyses in a small package.

Keywords: Chemical Vapor Deposition, Gas-Phase
Chemistry, Modeling, Fibers, Flat Glass
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25. DEVELOPMENT OF IMPROVED
REFRACTORIES
$305,000
DOE Contact: Charles A. Sorreli, (202) 586-1514
Oak Ridge National Laboratory Contact:
A. A. Wereszczak, (423) 574-7601 and
Peter Angelini, (423) 574-4565

Refractories are critical for various industrial processes.
For example glass melting furnaces are fabricated with
various types of refractories which enable the furnaces
to be operated at very high temperatures. The goal of
this project is to develop improved refractories and to
determine critical mechanical and thermophysical and
mechanical properties. The results form this R&D will
accelerate the use of oxy-fuel firing throughout the glass
industry. In FY 1998, the compression creep and
corrosion resistance performance of the conventional
silica refractory category was completed. Six silica
brands were analyzed. For this type of refractory,
concurrent changes in materials properties including
phase changes have a larger effect on changes in
dimensions than creep mechanisms. Partners in this
activity include the Oak Ridge National Laboratory,
Alfred University's Center for Glass Research (CGR)
Satellite Center at the University of Missouri-Rolla, and
an industrial technical team representing glass and
refractories manufacturers.

Keywords: Refractories, Glass, Furnace, Oxi-fuel, High
Temperature, Mechanical and
Thermophysical, Properties, Corrosion

26. SYNTHESIS AND DESIGN OF MoSi,
INTERMETALLIC MATERIALS
$318,000
DOE Contact: Charles A. Sorrell, (202) 586-1514
Los Alamos National Laboratory Contacts:
J. J. Petrovic, (505) 667-0125 and
Richard Castro, (505) 667-5191

The objective of this project is to develop MoSi2-based
composites that will combine good room temperature
fracture toughness with excellent oxidation resistance
and high-temperature strength for industrial applica-
tions. Activities in FY 1998 included various major
tasks. A CRADA with Johns Manville Corporation on the
use of MoSi, for glass industry applications continued.
The kinetics of corrosion of plasma sprayed and
extruded MoSi, materials were investigated in molten
alkali borosilicate glass under static and dynamic
conditions at 1000C to 1550C for 0.5 to 1510h. A
phenomenological model was developed to describe the
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overall process of corrosion at each of the three
locations: above, at, and below the melt line.

Keywords: Composites, Intermetallics, Molydisilicide,
' Coatings, Fiberglass, Glass

METAL CASTING VISION TEAM - The DOE
Metalcasting team leader is Harvey Wong,
(202) 586-9235

MATERIALS PREPARATION, SYNTHESIS,
DEPOSITION, GROWTH OR FORMING

27. IN-STREAM INNOCULATION FOR ALUMINUM
ALLOY CASTING PROCESSES
$140,000
DOE Contact: Debbie Haught, (202) 586-2211
ORNL Contact: Srinath Viswanathan,
(423) 576-9917

The objectives of this project are to develop and
evaluate approaches for the in-stream inoculation of
melt additive during the casting of aluminum alloys,
characterize the microstructure and properties of the
resulting alloys, and verify the process in participating
foundries. Traditionally, the inoculation of moiten
aluminum alloys during casting has been conducted
through a combination of additions in the form of ingot,
temperature compensation of the melt immediately after
addition, furnace stirring, and residence time to allow for
spatial uniformity. Temperature increases and
fluctuations usually increase melt losses, reduce
furnace life, and consume energy. The time involved in
this approach adversely affects productivity. Also,
stirring is labor intensive, and also increases melt
losses and reduces furnace life.

Keywords: Metalcasting, inoculation, Aluminum Alloys

MATERIALS PROPERTIES, BEHAVIOR,
CHARACTERIZATION, OR TESTING

28. CLEAN CAST STEEL: 1) MACHINABILITY OF
CAST STEEL,; 2) ACCELERATED TRANSFER
OF CLEAN STEEL TECHNOLOGY
$209,000
DOE Contact: Ehr Ping HuangFu, (202) 586-1493
University of Alabama - Birmingham Contact:
Charles Bates, (205) 975-8011

The objective of this project is to improve casting
product quality by removing or minimizing oxide defects
and allowing the production of higher integrity castings
for high speed machining lines. First task of this project
is identifying the metallurgical factors influencing
machinability of steel to gain an engineering

understanding of the mechanism. A series of tests of
commercial parts from participating foundries will be
performed to evaluate the machinability. Factors to be
examined include furnace practice, deoxidation practice,
calcium wire injection, and heat treatment. The second
task is to provide the steel foundry industry with the
technical resources needed to implement clean cast
steel technology.

Keywords: Metalcasting, Steel Casting, Machinability

29. CLEAN CAST STEEL: 1) FLOW OF STEEL IN
GATING SYSTEMS; 2) CONTROL LADLE
TEMPERATURE
$160,000
DOE Contact: Ehr Ping HuangFu, (202) 586-8501
University of Alabama - Birmingham Contact:

Charles Bates, (205) 975-8011

This project will focus on procedures for improving
casting product quality by removing or minimizing oxide
defects and allowing the production of higher integrity
castings. This project consists of two technical tasks.
The first involves computer simulations of metal
pouring, flow through runners and flow into mold
cavities. The model will be used to examine metal flow
and especially the effects of velocity on casting quality.
The other task will focus on evaluating methods of
homogenizing rnetal temperature in the ladle
treatments, and induction stirring will be examined.

Keywords: Metalcasting, Steel Casting, Gating, Ladle
Temperature

30. THIN SECTION STEEL CASTINGS
$124,000
DOE Contact: Ehr Ping HuangFu, (202) 586-1493
Pennsylvania State University Contact:
Robert C. Voigt, (814) 863-7290

The objective of this project is to develop a fundamentat
understanding of the key technologies needed to
develop lighter weight, thinner section steel castings.
The focus will be directed toward an understanding of
technologies and practices that will enhance mold cavity
filling. Necessary thin section practices will be identified
and/or developed from mold making to melting and
pouring. As a result of this cooperative industry/
university research program, a comprehensive science
and practice-based understanding of thinner wall steel
casting will be developed.

Keywords: Metalcasting, Steel Casting, Thin Section
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31. CLEAN METAL PROCESSING (ALUMINUM)
$343,000
DOE Contact: Ehr Ping HuangFu, (202) 586-1493
Worcester Polytechnic Institute Contact:
Diran Apelian, (508) 831-5992

The objective of this project is to develop a technology
of clean metal processing that is capable of consistently
providing a metal cleanliness level fit for a particular
application. The emphasis is on non-ferrous metals,
particularly aluminum casting alloys. The project will
investigate and prescribe methods for melt containment
avoidance. Methods to control process atmosphere
using inert and reactive gases to reduce hydrogen
absorption will be investigated. Alloying elements and
cover media that may substantially reduce melt
oxidation will also be considered. In addition, barrier
coatings that interfere with in situ carbide formation will
be researched.

Keywords: Metalcasting, Clean Metal, Aluminum

32. ADVANCED LOST FOAM CASTING
TECHNOLOGY
$222,000
DOE Contact: Ehr Ping HuangFu, (202) 586-1493
University of Alabama - Birmingham Contact:
Charles Bates, (205) 975-8011

The objective of this project is to advance the state of
the art in Lost Foam Casting technology. It is being
carried out at the Lost Foam Technology Center at the
University of Alabama at Birmingham. The project
provides a means for designers, manufacturers, and
purchasers/users of cast metal parts to harvest the
benefits of the lost foam process, and furnishes project
participants the best available technology. The current
research focus is on the general technical areas of
casting dimensional precision and freedom from casting
defects in aluminum and cast iron. Tasks include foam
pyrolysis defects, coating technology, pattern materials
and production, computational modeling, casting
distortion, and technology transfer.

Keywords: Metalcasting, Lost Foam Casting
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33. MECHANICAL PROPERTIES STRUCTURE
CORRELATION FOR COMMERCIAL
SPECIFICATION OF CAST PARTICULATE
METAL MATRIX COMPONENTS
$119,000
DOE Contact: Ehr Ping HuangFu, (202) 586-1493
University of Wisconsin - Milwaukee Contact:

Pradeep Rohadgi, (414) 2294987

The objective of this project is to evaluate mechanical
testing and structural characterization procedures for
commercially available particulate metal matrix
composites, particularly for aluminum alloy - silicon
carbide particle composites. This research will provide
quantitative data generated cooperatively by material
suppliers, casting producers, and casting users, to
establish industry procedures for mechanical testing
and structural characterization. Another objective is to
analyze the variability in properties as a function of
casting procedures and microstructural parameters of
the composite and to prescribe processing techniques
to minimize the variability in properties to achieve the
targeted handbook properties.

Keywords: Metalcasting, Metal Matrix Composite,
Mechanical Testing

34. MECHANICAL PROPERTIES OF SQUEEZE AND
SEMI-SOLID CAST A356
$127,000
DOE Contact: Ehr Ping HuangFu, (202) 586-1493
Case Western Reserve University Contact:
Robert Aikin, (216) 368-4221

Squeeze casting and semi-solid casting are both
emerging processes that cast molten metal in a steel
die under high pressure. Both processes produce pore
free castings with very low defect inclusion contents.
For alloys such as aluminum, the processes generate
the highest mechanical properties attainable in a cast
product. Currently, the lack of a reliable mechanical
property database is slowing the introduction of
components produced by these high-pressure
processes. The objective of this project is to develop a
mechanical property database for A356 castings
produced by the processes of squeeze casting and
semi-solid casting.

Keywords: Metalcasting, Aluminum, Squeeze Casting,
Semi-solid Casting
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35. FERRITE MEASUREMENTS IN DUPLEX
STAINLESS STEEL CASTINGS
$37,000
DOE Contact: Ehr Ping HuangFu, (202) 586-1493
University of Tennessee Contact: Carl Lundin,
(423) 974-5310

Duplex stainless steel castings are receiving greater
attention since the use of wrought duplex components is
on the increase. The duplex stainiess steels are now
often considered for severe service because of their
unique properties with regard to corrosion resistance
(especially pitting resistance), strength and toughness.
Unfortunately, a standardized method does not currently
exist for calibrating instruments for the direct
assessment or measurement of the ferrite-austenite
phase relationships. The objective of this project is to
develop calibration standards that will be applicable to
duplex stainless steel castings and which will cover the
full spectrum of the traditional duplexes and the newly-
introduced super duplex , which contains special alloy
additions for enhanced properties.

Keywords: Metalcasting, Calibration, Duplex Stainless
Steel

36. TECHNOLOGY FOR THE PRODUCTION OF
CLEAN, THIN WALL, MACHINABLE GRAY AND
DUCTILE IRON CASTINGS
$213,000
DOE Contact: Ehr Ping HuangFu, (202) 586-1493
University of Alabama - Birmingham Contact:

Charles Bates, {205) 975-8011

The primary focus of this project is to determine how
the machinability of gray and ductile iron castings can
be improved to support the development of thin walled
gray and ductile iron castings for use in the ground
transportation industry. Excessive microcarbides have
been found in prior research to be a dominant factor
degrading machinability of iron castings. One of the
major emphases is to determine how the occurrence of
microcarbides can be controlled by normal foundry
processing changes.

Keywords: Metalcasting, Gray Iron, Cast iron,
Inclusions, Machinability

37. ENHANCEMENTS IN MAGNESIUM DIE
CASTING DIE LIFE AND IMPACT PROPERTIES
$127,000
DOE Contact: Ehr Ping HuangFu, (202) 586-1493
Case Western Reserve University Contact:

Jack Wallace, (216) 368-4222

This project builds on the success at Case Western
Reserve University on improving the life of dies for
aluminum die castings. The objective is to improve the
toughness of cast magnesium alloy products as well as
to evaluate the effects these alloys have on the thermal
fatigue life of steel dies used in making the castings.
Jointly, these improvements are expected to accelerate
the penetration of magnesium components into the
automotive and commercial markets. The scope of work
includes the allcy selection, the processing conditions,
and the life of dies and tools that are employed.

Keywords: Metalcasting, Die Casting Dies, Die Casting
Die Life, Magnesium, Impact Properties

38. INFLUENCE OF COATINGS ON MAGNESIUM
$108,000
DOE Contact: Ehr Ping HuangFu, (202) 586-1493
Ohio State University Contact: Carroli Mobley,
(614) 292-5770

Die cast magnesium alloys are finding increased
utilization in reducing the weight and improving the fuel
efficiency of vehicles. These magnesium castings are
intended for engineering or load bearing applications. A
major need exists to establish a reliable database for
mechanical properties of die cast magnesium alloys of
various section thicknesses. This project aims to
explore and characterize the influence of the type of
alloy, section thickness, and a number of surface
coating systems on the mechanical properties of the
cast magnesium alloys. Results of this study are
intended for design engineers, particularly in the
automotive industry, where major growth in the usage of
magnesium-based castings will yield significant energy
savings.

Keywords: Metalcasting, Die Casting, Coating,
Magnesium
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OFFICE OF CROSSCUT TECHNOLOGIES

The Office of Crosscut Technologies funds cost-shared
research with industry and other organizations on
technology development beneficial to and of high
priority for many industries. Power generation equip-
ment, combustion equipment, advanced materials, and
sensors and controls are being pursued. The three
planning units that fund materials research include the
Advanced Turbine Systems (ATS) Program, Continuous
Fiber Ceramic Composites (CFCC) Program and the
Advanced Industrial Materials (AIM) Program.

ADVANCED TURBINE SYSTEM (ATS) PROGRAM

The Advanced Turbine Systems (ATS) Program will
develop and demonstrate the next generation of gas
turbines for both utility and industrial applications,
including cogeneration and combined heat and power.
The goals of the ATS program are to improve the
efficiency (15 percent increase) and environmental
performance (80 percent reduction in emissions) of gas
turbines while reducing the cost of electricity by

10 percent. The DOE program manager is Patricia
Hoffman, (202) 586-6074.

MATERIALS PROPERTIES, BEHAVIOR,
CHARACTERIZATION OR TESTING

39. LONG-TERM TESTING OF CERAMIC
COMPONENTS FOR STATIONARY GAS
TURBINES
$490,000
DOE Contact: Pat Hoffman, (202) 586-6074
ORNL Contact: Matt Ferber, (423) 576-0818

Compared to aircraft turbines, the service life
requirements for land-based Advanced Turbine
Systems (ATS) significantly affect the objectives of
respective materials development programs.
Land-based turbines generally operate under longer
maintenance intervals and endure a high percentage of
time under full-load conditions. In addition to cyclic
fatigue, creep damage becomes the major considera-
tion for both metallic and ceramic systems. This
program characterizes the long-term properties of
advanced materials systems under the ATS
materials/manufacturing program.

Keywords: Structural Ceramics, Creep Damage, Gas
Turbines, Silicon Nitride
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MATERIALS PREPARATION, SYNTHESIS,
DEPOSITION, GROWTH OR FORMING

40. ATS THERMAL BARRIER COATINGS

$2,000,000

DOE Contact: Pat Hoffman, (202) 586-6074

ORNL Contact: Mike Karnitz, (423) 576-5150

Pratt & Whitney Contact: Mladen Trubelja,
(860) 565-0249

Siemens Westinghouse Contact: Steve Sabol,
(407) 281-5136

ORNL, Pratt & Whitney Aircraft Company, and Siemens
Westinghouse Power Corporation are developing,
characterizing, and testing thermal barrier coatings for
use on critical hot section components of gas turbines.
Thermal barrier coatings (TBCs) allow surface
temperatures to increase without compromising the
structural properties of the underlying alloy. This results
in considerable improvements in the durability of hot-
section turbine components as well as increases in gas
turbine efficacy. TBCs typically consist of a ceramic
thermal-insulating layer, deposited onto the substrate
with an intervening metallic layer (bond coat) which
imparts oxidation protection to the substrate and
provides a surface to which the ceramic layer can
adhere. The goal of this project is to: (1) develop
dependable TBCs that will enable increased turbine
rotor inlet temperatures, while maintaining airfoil
substrate temperatures at levels to meet advanced
turbine systems (ATS) life goals; (2) model and verify
lifetime predictions of TBCs; and (3) determine failure
mechanisms and repair techniques.

Keywords: Gas Turbines, Thermal Barrier Coatings

DEVICE OR COMPONENT FABRICATION,
BEHAVIOR OR TESTING

41. CERAMIC COMPONENTS FOR STATIONARY
GAS TURBINES IN COGENERATION SERVICE
$3,900,000
DOE Contact: Pat Hoffman, (202) 586-6074
Solar Contact: Jeff Price, (619) 544-5538

The performance of stationary gas turbines is limited by
the temperature and strength capabilities of the metallic
structural materials in the engine hot section. To realize
the benefits of higher temperature, uncooled ceramics
with superior high temperature strength and durability
with lower emissions signature will be substituted for
metallic parts in the engine hot section. The ceramic
parts comprise the first stage silicon nitride blades, first
stage silicon nitride nozzles and silicon carbide-based
ceramic composite combustor liners. This project will
design and test these components for a stationary 4.0
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Mw gas turbine for cogeneration service. Ceramic
composite combustor liners have been run in field tests
for more than 4,000 cumulative hours; silicon nitride
blades have been field-tested for more than 1,200
hours.

Keywords: Structural Ceramics, Ceramic Composites,
Cogeneration, Gas Turbines, Silicon Nitride

42. AIR COOLED CERAMIC VANES FOR GAS
TURBINES
$300,000
DOE Contact: Pat Hoffman, (202) 586-6074
Pratt and Whitney Contact: Bili Day,
(860) 565-0086

Pratt and Whitney and United Technologies Research
Center (UTRC) are developing an impingement cooled
and vented first stage turbine vane in silicon nitride
ceramic. Compared to a gas turbine with air-cooled
metal components, low cooling of first stage ceramic
vanes helps the ceramic gas turbine realize increased
efficiency and power output. First stage ceramic vanes
can better withstand the intense gas turbine environ-
ment and require substantially less cooling air. Air-
cooled ceramic vanes provide higher inlet temperature
to the rotor without raising combustor outlet
temperature or emissions. Goals for the ceramic vane
project include reducing the cooling air required by the
first stage vane by approximately 5 percent of total core
flow, while limiting surface material temperatures of the
silicon nitride vanes to a level allowing extended
operational intervals in field use. The project partners
plan to evaluate the ceramic vanes in a sector rig
cascade test under temperature, temperature
distribution, and pressure conditions similar to those
encountered in actual engine operation.

Keywords: Gas Turbines, Ceramic Vanes, Silicon
Nitride

CONTINUOUS FIBER CERAMIC COMPOSITES
(CFCC) PROGRAM

The Continuous Fiber Ceramic Composites (CFCC)
Program operates as a collaborative effort between
industry, national laboratories, universities and the
government to develop advanced ceramic composite
materials to a point at which the industry will assume
full risk of further development. There are currently five
industrial teams developing more than 15 industrial
applications for continuous fiber ceramic composite
materials. The National Laboratories, along with
universities, are developing supporting technologies
(e.g. material design, processing methods, manufac-
turing techniques) and conducting performance

evaluations. The DOE program managers are
Merrill Smith, (202) 586-3646 and Debbie Haught,
(202) 586-2211.

MATERIALS PREPARATION, SYNTHESIS,
DEPOSITION, GROWTH OR FORMING

43. CFCC PROGRAM - INDUSTRY TASKS
$6,400,000
DOE Contact: Merrill Smith, (202) 586-3646

The goal of the CFCC Program is to develop, in U.S.
industry, the prirnary processing methods for the
reliable and cost-effective fabrication of continuous fiber
ceramic composite components for use in industrial
applications such as gas turbine components, heat
exchangers, and hot gas filters. The first phase,
completed in 1994, established performance
requirements of applications and assessed feasibility of
potential processing systems. Phase two, process
engineering and component development, is in
progress. Indusirial participants inciude AlliedSignal
Composites, Dow Corning, General Electric, McDermott
Technologies, and Textron.

Keywords: Ceramic Composites, Continuous Fiber

MATERIALS PROPERTIES, BEHAVIOR,
CHARACTERIZATION OR TESTING

44, CONTINUOUS FIBER CERAMIC COMPOSITES
(CFCC) SUPPORTING TECHNOLOGIES
$2,000,000
DOE Contact: Debbie Haught, (202) 586-2211
ORNL Contact: Mike Karnitz, (423) 574-5150

This project provides basic or generic support to the
industry teams conducting CFCC research. Tasks
include: composite design, materials characterization,
test methods development, database generation, codes
and standards, and life prediction.

Keywords: Ceramic Composites, Material
Characterization, Test Methods

ADVANCED INDUSTRIAL MATERIALS (AIM)
PROGRAM

New or improved materials can save significant energy
and improve productivity by enabling systems to
operate at higher temperatures, last longer, and reduce
capital costs. The Advanced industrial Materials
program is a crosscutting program with emphasis on
industrial needs of the Industries of the Future effort and
of crosscutting industries including carbon products,
forging, heat treating, and welding. Efforts in FY 1998
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were focused on partnerships between industry and the
National Laboratories for commercialization of new
materials and processes. The program manager is
Charles A. Sorrell, (202) 586-1514.

MATERIALS PREPARATION, SYNTHESIS,
DEPOSITION, GROWTH OR FORMING

45. INTERMETALLIC ALLOY DEVELOPMENT AND
TECHNOLOGY TRANSFER OF
INTERMETALLIC ALLOYS
$450,000
DOE Contact: Charles A. Sorrell, (202) 586-1514
ORNL Contacts: M. L. Santella, (423) 574-4805

and V. K. Sikka, (423) 574-5112

The objective of this project is to develop and apply the
excellent oxidation and carburization resistance and
higher strength of intermetallic alloys including nickel
aluminides to Industries of the Future related
manufacturing applications. Progress in bringing
technologies to development and commercialization in
FY 1998 included: (1) identified IC-438 as a higher
strength Ni,Al base alloy castable composition for
higher temperature service than IC-221M; and
determined thermophysical and thermomechanical
properties; (2) weld microstructure of IC-221LA (weld
metal) in IC-221M was identified; and thermal aging of
1IC-221M after 5000h service at 900C was determined,
and (3) preliminary deformation maps for nickel
aluminide were developed for workability of cast or
powder metallurgy materials to sheet, bar and wire, and
(4) three additional licensees have been added, Alcon
Industries, Inc (casting); Stoody and Polymet
Corporation (welding wire).

Keywords: Nickel Aluminides, Processing, Steel,
Metalcasting, Heat Treating, Welding,
Chemical, Properties

46. DEVELOPMENT OF ADVANCED
INTERMETALLIC ALLOYS
$220,000
DOE Contact: Charles A. Sorrell, (202) 586-1514
ORNL Contact: P. J. Maziasz, (423) 574-5082,
M. L. Santella, (423) 574-4805 and
V. K. Sikka, (423) 574-5112 and C. T. Liu,
(423) 574-4459
Univ. of Cincinnati Contacts: A. Jordan and
O. N. C. Uwakweh, (513) 556-3108

The objectives of this project are to develop advanced
intermetallic alloys including FeAl and Ni;Si. The FeAl
effort is focused on alloys with improved weldability and
mechanical and corrosion properties for use in
structural applications; and the development of weldable
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FeAl alloys for use in weld-overlay cladding
applications. The Ni,Si effort focuses on alloy
composition, welding and processing. Developments
made in FY 1998 include: (1) interactions continued
with DuPont and Dow with evaluation of specimens in
various commercial chemical environments, (2) the
melting of two 500Ib heats and casting into heavy wall
tubes was performed, (3) evaluated FeAl for use in salt
bath heat treating processing at a steel plant,

(4) developed weld overlay technologies for FeAl on
various substrates, (5) mechanical properties of cast
FeAl were determined, and (6) various compositions of
Ni;Si were prepared and welding tests were successful
on various alloys.

Keywords: Iron Aluminides, Nickel Aluminides,
Coatings, Claddings, Thermophysical
Properties, Casting, Thermomechanical
Properties, Chemical industry, Steel
Industry, Welding, Alloys

47. SYNTHESIS AND DESIGN OF MoSi,
INTERMETALLIC MATERIALS
$100,000
DOE Contact: Charles A. Sorrell, (202) 586-1514
Los Alamos National Laboratory Contacts:
J. J. Petrovic, (505) 667-0125 and
Richard Castro, (505) 667-5191

Th objective of this effort is to develop structural silicide-
based materials with optimum combinations of high
temperature strength/creep resistance, low temperature
fracture toughness, and high temperature oxidation
resistance. In FY 1998, testing of suite of materials in a
gas radiant tube furnace facility was performed (339h;
at temperature between 1000°C and 1100°C depending
on location). Specimens were placed on both the
outside and on the inside of the radiant tubes to
evaluate the materials behavior in endothermic and
combustion environments. Most materials performed
very well. Additional efforts focused on the use of
molybdenum disilicide for corrosion resistant sight
tubes and temperature measurement systems for glass
related applications.

Keywords: Composites, Intermetallics, Molydisilicides,
Coatings, Radiant Tubes
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48. COMPOSITES AND COATINGS THROUGH

REACTIVE METAL INFILTRATION

$440,000

DOE Contact: Charles A. Sorreli, (202) 586-1514

Sandia National Laboratories Contact:
R. E. Loehman, (505) 844-2222 (includes
effort on coating technology at Stanford
Research Institute)

Ceramic-metal composites have advantages as
engineering materials because of their high stiffness-to-
weight ratios, good fracture toughness, and because
their electrical and thermal properties can be varied
through control of their composition and microstructure.
Reactive metal infiltration is @ promising new route to
synthesize and process a wide range of ceramic and
metal-matrix composites to near-net-shape with control
of both composition and microstructure. In FY 1998

(1) MoSiO,-AlL,O; composites were made by reacting
Mo, Al, and mullite powders and mechanical property
measurements were made, and (2) composites of
ALO4-Nb, Al,O4-Ni, Al,O5-Mo(SiAl), were successfully
prepared. Discussions are on-going with a refractory
supplier and a manufacturer of ceramic-metal
composites for potentiat applications of this technology.

The effort on coating technology at Stanford University
focuses on developing a low-cost approach to paint
based coatings by combining preceramic polymers and
inorganic powder fillers. In FY 1998 efforts related to
improving formulations using modified polymers and
evaluation of a number of fillers including AL/ALO;
Zn/Al,Ozand TIO/ALO,.

Keywords: Metal Matrix Composites, Reactive Metal
Infiltration, Ceramics, Composites, Inorganic
Coatings, Corrosion

49. CONDUCTING POLYMERS: SYNTHESIS AND
INDUSTRIAL APPLICATIONS
$250,000
DOE Contact: Charles A. Sorrell, (202) 586-1514
Los Alamos National Laboratory Contact:
S. Gottesfeld, (505) 667-0853

The process of separating pure components out of a
mixture of gases is of great industrial importance.
Current gas separation technologies have major
shortcomings, including poor energy efficiency and the
generation of secondary pollution. In FY 1998, the use
of conducting polymers for electrochemical reactors
(ECRs) based on polymeric electrolytes was addressed.
The objective of this effort is to develop and test
electrochemical reactors for the chlor-alkali industry,
based on polymer membrane/electrode assemblies and
on oxygen or air electrodes. In FY 1998, a new cell

configuration was produced which has high
performance and stability of a Chlor-alkali ECR with an
oxygen cathode. The stable cell performance
parameters include operation at 2.2 V at 400A/ft*This is
compared to current state-of-the-art ECRs in the chlor
alkali industry which operate at 3.2V, and 300-400 A/ft>.

Keywords: Electrically Conducting Polymers, Gas
Separation, Electrochemical Reactors,
Cathodes

50. MEMBRANE SYSTEMS FOR EFFICIENT
SEPARATION OF LIGHT GASES
$ 300,000
DOE Contact: Charles A. Sorrell, (202) 586-1514
Los Alamos National Laboratory: D. J. Devlin,
(505) 667-9914

Ethylene and Propylene are two of the largest
commodity chemicals in the U.S. and are major building
blocks for other chemicals. More energy efficient
separation processes are necessary. The main technical
objective of this project is the development and precise
control of the pore structure of membrane material.
Membranes must have specially shaped channels in the
2 to 4 nanometer range. In FY 1997, membranes
produced by otlique angle sputter deposition techniques
have been tested for a number of systems. Systems
consisting of gas mixtures of methane, ethane, propane,
nitrogen, and propylene/hydrogen have been evaluated.
Good separation with exceptional fluxes have been
obtained for tested systems. The effort will continue in
FY 1999 as a CRADA with Amoco.

Keywords: Sputtering, Separations, Olefins, Hydrogen,
Methane, Membranes

51. PLASMA PROCESSING—ADVANCED
MATERIALS FOR CORROSION AND EROSION
RESISTANCE
$275,000
DOE Cortact. Charles A. Sorrell, (202) 586-1514
Los Alamos National Laboratory: M. Trkula

The project focuses on developing coating technologies
to obtain erosion, and corrosion resistant, thermo-
dynamically stable, and adherent coatings on die
materials used to cast aluminum and other metals. Low
temperature organometallic chemical vapor deposition
combined with immersion ion processing is being
developed as the coating technology. In FY 1988,
B-C-H, Al/N, and Cr-C-O coatings were produced on
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stainless steel substrates. The Cr-C-O coating was
found to be effective against corrosion of Al on Steel.

Keywords: Plasma, Processing, Corrosion, Erosion,
Coatings, Materials .

§2. UNIFORM DROPLET PROCESSING

$600,000

DOE: Contact: Charles A. Sorrell, (202) 586-1514

ORNL Contact: Craig A. Blue, (423) 574-4351,
and Vinod Sikka, (423) 574-5123

Massachusetts Institute of Technology Contact:
J-H Chun, (617) 253-1759

Northeastern University Contact: T. Ando,
(617) 373-3811

The purpose of this project is to adapt the uniform
droplet process to higher melting materials e.g.,
intermetallic alloys, stainless, steel, superalloys; to
provide superior metal powders for the powder
metallurgy industry and to develop methods for spray
coating or casting of high temperature materials,
including aluminide intermetallics. Spray forming of
metallic systems is being investigated. Participants in
the research include Oak Ridge National Laboratory,
Massachusetts Institute of Technology, Northeastern
University and powder metal companies. In FY 1998:
(1) the medium temperature system (up to 1200°C) was
competed and the high temperature unit was started;
(2) systems were completed for multi-nozzle spraying;
multi-nozzle spraying of Al sheet was successfully
performed; conditions were studied for the production of
porosity free aluminum strip; and materials were
characterized; (3) analytical models were developed to
explain the fundamental mechanisms during droplet
formation and splashing during sheet formation.

Keywords: Powder, Near Net Shape Forming,
Aluminum, Alloys, Steel, Copper,
Intermetallic Alloys

53. ADVANCED MATERIALS/PROCESSES
$450,000
DOE Contact: Charles A. Sorrell, (202) 586-1514
ORNL Contact: P. Angelini, (423) §74-4459

The goals of this project are to develop new and
improved materials. Many metals, intermetatlic alloys,
refractories and ceramics possess unique properties
and have the potential to be developed as new materials
for energy related applications. In FY 1998: (1) infra red
transient liquid coating technology was developed; it is
based on room temperature application of materials
followed by infra red heating to enable very rapid and
controlled formation of coatings; (2) an invention
disclosure was prepared on infra red heating
technology, (3) corrosion resistant, weldable and
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formable lron-Chromium-Silicon alloys were developed
and tests continued in various glass industry
applications.

Keywords: Intermetallic, Alloys, Metalcasting, Glass,
Alloys, Welding, Corrosion, Infra Red
Heating, Coatings

MATERIALS PROPERTIES, BEHAVIOR,
CHARACTERIZATION OR TESTING

54. MATERIALS FOR RECOVERY BOILERS
$900,000
DOE Contact. Charles A. Sorreli, (202) 586-1514
ORNL Contact: James R. Keiser, (423) 574-4453

The purpose of this project is to determine the cause of
failure of composite tubes used in Kraft Black Liquor
recovery boilers during pulp and paper making, and to
develop new materials to eliminate failures. The project
consists of three efforts: (1) to obtain operating data
and failure analyses, (2) determination of residual
stresses in new and used composite tubes and
microstructural characteristics of tubes, and

(3) development of new materials and/or fabrication
methods for improvements in boiler efficiency, service
life, and safety. In FY 1998, (1) short transient
temperature excursions (up to 100°C above operating
temperature) were confirmed to occur in boiler floors;
(2) residual stresses in tubes have been measured
under simulated operating conditions; (3) modeling
efforts have identified optimum alloys for use in
composite tubes for boiler floor operations; (4) panels
fabricated from more optimum alioys for use as boiler
tubes were installed in operating boilers and are being
monitored and evaluated. Participants include Oak
Ridge National Laboratory (ORNL), Institute of Paper
Science and Technology (IPST), and the Pulp and
Paper Research Institute of Canada (PAPRICAN),

18 pulp and paper companies, and 6 boiler and
materials suppliers.

Keywords: Corrosion, Recovery Boilers, Composite
Tubes, Pulp and Paper, Alloys, Stresses,
Neutron Residual Stress, Measurements,
Modeling, Mechanical Properties
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55. METALS PROCESSING LABORATORY USER
(MPLUS) FACILITY L
$400,000 ’

DOE Contact: Charles A. Sorrell, (202) 586-1514

Oak Ridge National Laboratory Contact:
G. M. Mackiewicz-Ludtka, (423) 576-4652
and H. W. Hayden, (423) 574-6936

The Metals Processing Laboratory User (MPLUS)
Facility was officially designated as a DOE User Facility
in February 1996. Its primary focus is related to the
Office of Industrial Technologies (OIT) efforts including
the "Industries of the Future," national, and cross-
cutting programs. The purpose of MPLUS is to assist
U.S. industry and academia in improving energy
efficiency and enhancing U.S. competitiveness. MPLUS
includes the following user centers: Metals Processing,
Metal Joining, Metals Characterization and Metals
Process Modeling. As of the end of FY 1998, 107
proposals were received from 60 different companies
and universities representing states across the U.S.A.
Projects crosscut all of the seven industries in the
Industries of the Future effort; other crosscutting
industries including forging, heat treating, and welding;
and national programs.

Keywords: Industry, User Center, Metals, Materials,
Processing, Joining, Properties,
Characterization, Modeling, Process

MATERIALS STRUCTURE AND COMPOSITION

56. METALLIC AND INTERMETALLIC BONDED
CERAMIC COMPOSITES
$170,000
DOE Contact: Charles A. Sorrell, (202) 586-1514
ORNL Contacts: P. F. Becher, (423) 574-5197,
and T. N. Tiegs, (423) 574-5173
Southern lllinois University: R. Koc,
(618) 453-7005.

To improve the reliability of ceramic components, new
approaches to increasing the fracture toughness of
ceramics over an extended temperature range are
needed. One method is the incorporation of ductile
phases into ceramic matrix alloys for local plastic
deformation during crack bridging processes. This
objective of this program is to develop ceramic
composites with high fracture toughness for
intermediate temperature use in wear, tribological and
engine applications. In FY 1998 properties database
was developed for the new materials and specimens
were tested in a number of environments.

The effort on ceramic powder processing has the
objective of developing new synthesis methods using

carbothermic reduction of carbon coated precursors for
producing high purity, submicron metal carbide, metal
nitride and metal boride systems. During FY 1998 the
formation of TiC was investigated from carbon-coated
precursors (kinetics of reaction) and the materials used

- to understand the sintering behavior of resultant TiC

powder with Nickel. TiC powder was also supplied to
ORNL for additional testing and evaluation.

Keywords: Ceramics, Composites, Nickel Aluminide,
Powder, Carbides, Borides

DEVICE OR COMPONENT FABRICATION,
BEHAVIOR OR TESTING

57. MICROWAVE JOINING OF SiC
$45,000
DOE Contact: Charles A. Sorrell, (202) 586-1514
FM Technologies, Inc. Contact: R. Silberglitt,
(703) 425-5111

The objective of this project is to develop and optimize a
joining method that can be applied to large scale
fabrication of components such as radiant burner tubes
and high temperature, high pressure heat exchangers.
Microwave joining of both reaction bonded silicon
carbide and sintered silicon carbide has been
demonstrated for tubes up to 5 cm in diameter. Joints
are leak tight at service temperature, and have
adequate mechanical strength for desired applications.
In FY 1998 the effort included a detailed investigation of
SiC produced from several different commercially
available polymer precursors in order to assess their
relative usefulness as filler materials of microwave
joining. A study of the shrinkage during pyrolysis and
annealing of SiC particulate loaded polymer was
completed relative to microwave joining technology.
Tubes were successfully joined with the use of
microwave technology. The tubes were then tested to
failure at 1050°C at the Oak Ridge National Laboratory.
All failures occurred at the tubes or collars and no
failures were observed at joints.

Keywords: Microwave Processing, Microwave Joining,
SiC, Tubes, Heat Exchangers

58. SELECTIVE INORGANIC THIN FILMS
$350,000
DOE Contact: Charles A. Sorrell, (202) 586-1514
Sandia National Laboratories contact:
T. M. Nenoff, (505) 844-0340

The purpose of this research is to develop a new class
of inorganic zeolite based membranes for light gas
separation and use this technology to improve on
separation efficiencies currently available with polymer
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membranes, particularly for light alkanes. The approach
is to nucleate and crystallize zeolithic phases from sol-
gel derived amorphous coatings, using porous fiiters
and gas membranes as supports for these films. In FY
1988. the CRADA with Amoco was continued. Modeling
was performed for predicting separations through
inorganic crystalline pores. Membranes were
synthesized, with the variables studied including
composition, crystallite size, extent of coverage,
supports, and "caulking" media. Defect-free composite
films have been successfully produced and tested.

Keywords: Coatings, Sol-Gel Processing, Membranes,
Separations, Zeolite

59. HIGH TEMPERATURE PARTICLE FILTRATION
TECHNOLOGY
$40,000 (project also includes additional effort
from the CFCC program)
DOE Contact: Charles A. Sorrell, (202) 586-1514
Oak Ridge National Laboratory Contact:
T. M. Besmann, (423) 574-6852

The objective of this project is to develop high
temperature materials for high temperature filtration
needs. High temperature filters are critical in many
chemical and other industrial processes. The effort
includes bench-scale testing and analyses of
compatibility of materials in various environments up to
over 1000C. The current focus is on filtration technology
for the dimethyldichiorosilane process. In FY 1998, the
CRADA with Dow Corning continued. The filter media
evaluated included carbon, silicon carbide, oxide
ceramics, and metal alloys. After exposure specimens
were characterized and mechanical properties testing
performed.

Keywords: High Temperature, Filtration, Chemicals,
Compatibility, Corrosion, Composites,
Ceramics, Metals

FINANCIAL ASSISTANCE PROGRAM

The goal of the Financial Assistance Program is to
support the IOF effort by providing critical financial
assistance to: (1) speed the development of new energy
efficient inventions, and (2) leverage industry and other
resources to demonstrate, and promote the benefits of
energy savings, pollution prevention and cost savings
possible through the adoption of clean, energy-efficient
industriaf technalogies. OIT provides grants and
assistance to independent inventors and small
businesses with promising new ideas through its
inventions and innovation (I&1) Program. OIT also
provides grants to help fund technology demonstrations
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through its National Industrial Competitiveness through
Energy, Environment and Economics (NICE®) Program.

INVENTIONS AND INNOVATIONS - DOE Contact
Sandy Glatt, (202) 586-3897

DEVICE OR COMPONENT FABRICATION,
BEHAVIOR OR TESTING

60. INNER SOLAR ROOF SYSTEM
$36,407
DOE Contact: Rolf Butters, (202) 586-0984
Inner Solar Roof Systems, Inc. Contact:
Joseph Allegro, (561) 997-8479

The purpose of this project is to develop an unglazed
solar collector used to replace the roof, intended for
residential installation. Solar roof panels will be
designed, built and tested with a monitoring system on
a test roof. Additional testing will be performed by
Sandia National Laboratory.

Keywords: Residential, Solar, Roof

61. AEROCYLINDER
$99,925
DOE Contact: Ramesh Jain, (202) 586-2381
Aeroproducts International, Ltd, Corp. Contact:
Kenneth L. Smedberg, (773) 734-3064

The technology uses airspring bellows combined into
assemblies for use on machines such as punch
presses, in place of conventional air cylinders, to control
motion and large masses. The air springs act as
counter balances and press cushions and eliminate
alignment problems associated with conventional air
cylinders. The project work includes building and testing
several cylinders in a controlled environment, as well as
field performance testing.

Keywords: Air Cylinder, Metal Stamping, Punch Press

62. ENVIRONMENTAL TENSOMETER
$99,223
DOE Contact: Ramesh Jain, (202) 586-2381
Contact: Richard E. Tressler, (814) 466-3168

The invention is a system for high temperature testing
of the tensile strength and related physical properties of
single filament refractory fibers under varying
atmospheric conditions. The system integrates a
furnace, testing unit, gas handling system, vacuum
system and PC based software. Work will focus on
refining the design of the environmental tensometer,
and building and testing a second-generation prototype
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of the device. The unit will then be tested in a laboratory
setting.

Keywords: Filament Refractory Fiber

63. ENERGY EFFICIENT, ELECTRIC ROTARY
FURNACE FOR GLASS MOLDING
(REPRESSING) PRECISION OPTICAL BLANKS
$99,999
DOE Contact: Roif Butters, (202) 586-0984
Advanced Glass Industries Contact: Tony Marino,

(716) 458-8040

The invention is an electrically heated rotary furnace for
glass molding (i.e., repressing) to produce precision
optical blanks. The proposed oven design can automate
and optimize the production heat cycle for each of over
a thousand types of glass, thereby converting from a
highly labor intensive process to an automated flexible
manufacturing operation which greatly increases
production capacity. The project work will focus on
reducing output quality variations; improving
temperature control and reducing variances; increasing
production capacities; and maximizing energy
efficiency.

Keywords: Glass, Rotary Furnace

64. METHOD FOR PRODUCING GLASS FIBER
$97,971
DOE Contact: Rolf Butters, (202) 586-0984
Glass Fiber Technologies Contact:
Warren (Wendell) Drummond,
(352) 377-4429

This is a system for producing glass fiber for glass
insulation and composite materials, where glass fiber is
used as a reinforcing member. This new system can
reduce energy consumption per ton of glass fiber
produced by 40 percent. Project work will develop and
demonstrate a pilot-scale melter to produce consistent
diameter textile fiberglass.

Keywords: Glass Fiber, Insulation, Composite,
Fiberglass

65. THERMAL HEAT AND DIFFUSION TREATMENT
OF BULK POWDERS
$99,983
DOE Contact: Rolf Butters, (202) 586-0984
Kemp Development Corporation (KDC) Contact:
Willard E. Kemp, (281) 492-6767

The technology is a process and hardware design to
treat powdered metals during production for making
parts. This system significantly increases energy

efficiency and productivity for the domestic powder
metal industry by about 70 percent. The hardware
consists of a rotating kiln that holds a batch of
powdered metals under vacuum while annealing and/or
carrying out gas phase reactions necessary to nitride,
aluminize, carburize etc., metal powder particles. The
project aim is to build and demonstrate the technical
and economic suitability of a mechanically fluidized
powder treatment machine, which produces high-quality
products through thermo-chemical treatments of
industrial powders. A machine will be designed,
constructed and tested with a wide range of metal and
cermet powder treatments. Sufficient treatments will be
demonstrated to prove technical and economic
capability of the machine and method. Other treatments
not currently possible by existing means will also be
investigated.

Keywords: Metal Powder, Ceramic Powder, Vacuum,
Anneal, Aluminize, Carburize

66. DENSITY SEPARATION IN COMPLEX-MODE
VIBRATION FLUIDIZED BEDS
$98,000
DOE Contact: David Crouch, (202) 586-4844
Incisive Engineering, Inc. Contact:
Arthur P. Fraas, (423) 525-4095

A new generic process of solids-solids separation using
complex-mode mechanical vibrations to fluidize and
effect separation of components of streams of crushed
solids that consist of particles of different densities and
sizes. Normal linear mechanical vibrations do not
produce fluidization and a satisfactory separation of
materials of different sizes. Project work will focus on
developing a complex-mode separations machine for
coal and mineral separations.

Keywords: Solids Separation, Fluidized Bed

67. MOLTEN FILM HIGH-INTENSITY PAPER
DRYER
$99,657
DOE Contact: David Crouch, (202) 586-4844
Harvest Technology Contact:
David Walter Warren, (818) 767-3157

The technology is a system for high-intensity drying of
paper utilizing surface-applied molten films composed
of low melting point eutectic alloys. The project work will
build and test a heat-integrated molten fluid dryer, which
will allow continuous steady-state operation of the dryer
over extended time periods. Extended dryer test runs
will be conducted at varying speeds, paper grades, and
molten bath temperatures. Test result data will be
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analyzed to determine overall operational and scale-up
performance.

Keywords: Paper Drying

68. LASER ULTRASONIC FURNACE TUBE COKE
MONITOR
$98,670
DOE Contact: David Crouch, (202) 586-4844
Contact: David Walter Warren, Harvest Energy
Technology, Inc., (818) 767-3157

The technology is a laser-based instrument for
measuring the thickness of coke deposits in a tubular
industrial furnace while the furnace is in use. The
real-time measurement data on coke deposition can
then be integrated with control and simulation software
for optimization of furnace variables. Project work will
demonstrate the performance and practical use of a
laser ultrasonic probe for measuring the thickness of
coke deposits located within the high-temperature tubes
of a thermal cracking furnace.

Keywords: Sensor, Coke, Thermal Cracking Furnace,
Laser Ultrasonic

69. APPARATUS AND METHOD FOR FILTERING
' MOLTEN METAL
$99,999
DOE Contact: David Crouch, (202) 586-4844
Contact: Jay R. Hitchings, (610) 269-4513

The invention is an automated means of filtering slag,
dross, and other non-metallic impurities from molten
metals, through the use of refractory filter cloth, in the
process of casting metal parts on injection molding
metal casting machines. A filtering cloth is
automatically advanced to a clean portion between each
injection shot of the molding or casting machine. The
project work will focus on developing and testing a large
and small working prototype units. These units will then
be tested at an appropriate commercial foundries.

Keywords: Metal Casting, Filter

70. SELF-DRESSING RESISTANCE WELDING
ELECTRODE
$42,888
DOE Contact: Lisa Tunstall-German,
(202) 586-2487
Lektro Corp. Contact: Bryan Prucher,
(248) 644-1233

The technology is a spot-welding electrode cap

designed to operate at lower average temperature and
to maintain a constant contact area during extended
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operation, thus minimizing weld energy requirements.
The project will produce an electrode from a unique
metal matrix composite material that employs a ceramic
substrate as the load bearing element and a metal
matrix as the conduit for the electric current flow. The
model will be verified, performance tested, and
evaluated.

' Keywords: Welding Electrode

MATERIALS PROPERTIES, BEHAVIOR,
CHARACTERIZATION OR TESTING

71. TRIBOPOLYMERIZATION AS AN ANTI-WEAR
MECHANISM
$99,743
DOE Contact: David Crouch, (202) 586-4844
Virginia Polytechnic Institute & State University
Contact: Michael J. Furey, (540) 231-7193

The technology is a process for improving lubricity and
reducing wear in high temperature ceramic engines and
similar applications. A carrier liquid containing a low
concentration of selectively polymerized monomers is
used. These monomers form adhering lubricating films
that are regenerated as they wear. An advanced testing
platform will be designed and constructed to simulate
ceramic engine operating conditions. This platform will
be used to test various tribopolymerization formulae.
Samples that perform favorably will then undergo
further analysis.

Keywords: Ceramic Lubrication, Polymerized Monomers

72. NICKEL-BASED SUPERALLOY WITH
IMPROVED WELDABILITY AND OXIDATION
RESISTANCE
$99,174
DOE Contact: David Crouch, (202) 586-4844
Pennsylvania State University Contact:

Eric Whitney, (814) 865-3916

The invention is a new composition of nickel-based
superalloys with the addition of up to 50 atomic percent
palladium. This material should permit the welding of
superalloy components, such as jet engine rotor tips
(and other parts exposed to very high temperatures) so
that damage from high temperature erosion and
corrosion can be repaired. Project work will focus on
defining the compositional range of an alloy that is
suitable for evaluation and qualification by a commer-
cial enterprise. The foliowing alloy properties will be
determined: weldability, oxidation resistance, creep
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strength, resistance to thermo-mechanical fatigue,
microstructure stability, and cost.

Keywords: Welding, Superalloy, Nickel, Palladium

73. FOAMED RECYCLABLES
$98,900
DOE Contact: Lisa Tunstall-German,
(202) 586-2487
Kaiser Ceramic Composites Contact:
Wade H. Brown, (510) 562-2456 x251

This process produces low cost, lightweight, foamed
structures using polymers and filling agents such as fly
ash or bauxite residue (red mud). This technology can
reduce waste disposal problems associated with fly ash
and bauxite residue. This also has the potential to
create new products at lower cost, especially for the
home building industry. Work includes the design and
development of a production line for foamed and solid
recyclables; testing of foamed and solid recyclables;
and the development of specialized products.

Keywords: Fly Ash, Bauxite, Foam

74. HIGH R-VALUE, ENVIRONMENTALLY SAFE
RIGID FOAMS BLOWN WITH
FLUOROIODOCARBONS (FICs)
$99,990
DOE Contact: David Crouch, (202) 586-4844
Environmental Technology & Education Center

Contact: Jon Nimitz, (505) 345-2707

The invention consists of using fluoroiodocarbons
(fluorine, iodine and carbon - FICs) as blowing agents
for the manufacture of such foam insulation materials
as polyurethane, polyisocyanurate and polystyrene. This
foam is used for insulating refrigerators and water
heaters and as building insulation. The FICs would
replace now-banned CFC-11 and the current interim use
of HCFC blowing agents. The overall goal is to make
rigid insulating foams with performance and
environmental properties superior to foams blown with
CFC-11 or CFC-12. Sample foams will be produced and
tested. Properties of these foams will be determined by
appropriate ASTM testing procedures. An improved
synthesis of the preferred FIC blowing agent will then be
designed and tested in the laboratory.

Keywords: Foam, Refrigerant, Fluoroiodocarbons,
Fluorine, lodine and Carbon, FIC, CFC-11,
CFC-12, HCFC, Polyurethane,
Polyisocyanurate, Polystyrene

MATERIALS PREPARATION, SYNTHESIS,
DEPOSITION, GROWTH OR FORMING

75. IMPROVED RADIANT BURNER MATERIAL
$99,950
DOE Contact: Rolf Butters, (202) 586-0984
Superkinetic, Inc. Contact: John V. Milewski,
(505) 856-6259

The technology is a manufacturing process for
producing single crystal ceramic fibers, specifically
single crystal sapphire fibers for use in radiant burners.
The process is based on vapor-deposition and produces
single crystal fibers. The higher-purity, single-crystal
fibers from this process have significant advantages
over polycrystailine fibers. The project work focuses on
constructing a single crystal fiber growth facility sized to
meet the radiant burner prototype needs and growing
highly perfect single-crystals. A furnace and control
assembly will be designed and built. Fibers of sufficient
quantity and quality will be grown for felt formation. A
test apparatus to simulate burner operating conditions
will be constructed. A prototype burner using the felt
material will be constructed and tested under a variety
of conditions.

Keywords: Ceramic Fibers, Single Crystal

76. HIGH THROUGHPUT MANUFACTURING OF
HIGH EFFICIENCY SOLAR CELLS
$99,761
DOE Contact: Rolf Butters, (202) 586-0984
AVA Technologies Contact: Kurt L. Barth,
(970) 491-8411

This technology is a continuous vacuum chemical vapor
deposition (CVD) process designed to replace
conventional batch CVD processes for manufacturing
high efficiency cadmium telluride (CdTe) solar cells. The
process is amenable to automation. Project work will
develop a manufacturing prototype unit that will
continuously produce one 10 percent efficient 3x3-inch
CdTe solar cell per minute. Pre-production prototype
processes will be optimized. Process robustness will be
studied by producing and testing the process stability
and efficiency of several lots of 200 consecutive cells.

Keywords: Solar Cell Fabrication, Cadmium Telluride,
CdTe, Automation
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77. COMPOSITE ELECTRODES FOR ADVANCED
ELECTROCHEMICAL APPLICATIONS
$99,975
DOE Contact: David Crouch, (202) 586-4844
North Coast Crystals Contact: Chris Kovach,

(216) 231-5524

A process to reduce thermal expansion stresses
between CVD deposited diamond thin films on copper.
The technology would enable using copper electrodes
with a stable inert coating in electrochemical
applications. The project work will develop a
proof-of-principal composite electrode using titanium
substrates. This includes sample preparation, coating
analysis, coating preparation, and electrode testing.

Keywords: Composite, Electrode, Electrochemical

78. PROCESS TO RECOVER ACID AND METAL
SALTS FROM PICKLING LIQUORS
$99,904
DOE Contact: David Crouch, (202) 586-4844
Green Technology Group Contact:
Douglas R. Olsen, (914) 855-0331

An innovative process for recycling waste pickling liquor
from sulfuric acid-based baths in the iron and steel
processing industries with several economic and
environmental advantages and benefits over competing
processes will be pursued. This project focuses on
conducting two pilot tests at different metals processing
facilities using this process. The process will be tested
with copper metal and sulfuric acid, and with iron and
steel and hydrochloric acid.

Keywords: Acid Recovery, Iron, Steel, Galvanize,
Sulfuric Acid, Hydrochloric Acid

MATERIALS STRUCTURE AND COMPOSITION

79. A LOW PLATINUM LOADING, HYDROPHILIC
FUEL CELL ELECTRODE FOR USE WITH A
PROTON EXCHANGE MEMBRANE
$99,999
DOE Contact: Rolf Butters, (202) 586-0984
Contact: George Marchetti, (630) 759-0800

This technology demonstrates a new design approach
for Proton Exchange Membrane (PEM) fuel celis. This
electrode provides more efficient hydration with good
water control, which gives better hydronium ion
migration rates and thus more power density. The
project aim is to build an engineering prototype of a fuel
cell battery using low platinum loading, hydrophilic
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graphite electrodes with a proton exchange membrane
and demonstrating on-site power delivery capabilities.

Keywords: Fuel Cell, , Hydrophilic Proton Exchange
Membrane (PEM)

80. COMBINED BATTERY AND STRUCTURE FOR
HEIGHTENED ENERGY STORAGE
$91,392
DOE Contact: David Crouch, (202) 586-4844
Boundless Corp. Contact: Philip C. Lyman,
(303) 415-9029

The invention is a nickel-metal-hydride (NiMH)
structural battery system for electric vehicles, portable
electronic devices, etc. The batteries are assembled in
the form of lightweight honeycomb structural panels.
The battery panels can form integral structural
members of the device. An initial application of this
technology will be for portable electronics. A prototype
structural battery for equipment needing long-lasting,
lightweight battery power will be built.

Keywords: Structural Battery, Nickel Metal Hydride
(NIMH), Electric Vehicle

81. ELECTRIC U