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Abstract 
.. . . .-. . 

This document is a compilation of one-page technical briefs that summarize the highlights of thirty-eight innovations 
that were presented at the seventh Innovative Concepts Fair, held in Denver, Colorado, on April 20-21, 1995. Sixteen 
of the innovations were funded through the Innovative Concepts Program, and twenty-two innovations represent other 
state or federally funded programs. 

The concepts in this year's fair addressed innovations that can substantially improve industrial processes. Each tech 
brief describes the need for the proposed concept; the concept being proposed; and the concept's economics and market 
potential, key experimental results, and future development needs. A contact block is also included with each flier. 
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Summary 
I. ,. . .._ . 

In 1983 the Office of Energy Utilization Research within the U.S. Department of Energy (DOE) initiated the Innovative 
Concepts Program (ICP). The program is now a part of DOES Inventions and Innovation Division. The continuing 
objective of this program is to identify immature concepts having the potential for saving substantial amounts of energy 
and to provide seed money for a preliminary investigation of their technical and economic feasibility. This report pro- 
vides information on the industrial process improvement concepts selected for presentation during the seventh cycle of 
the Innovative Concepts Program. For the Fair and this report, a technical brief was written to summarize the highlights 
of each innovation. 

The approach used in this project assumes that 1) good concepts come from experienced, knowledgeable innovators; 
2) innovators frequently generate more.good ideas than can be used within their own organizations; and 3) ideas are 
frequently generated in an organization unable to realize the benefits of further development. Therefore, other 
industrial organizations or federal agencies may be interested in providing financial support for further development of 
such concepts. 

This project is an experiment in a continuing program to harvest creative, novel approaches to saving energy. This 
year's Fair sought innovative concepts and inventions that could improve industrial processes. As with the last cycle of 
the program, conducted in April 1993, several agencies with interests in this topic co-sponsored the Fair. Besides the 
DOE, the federal sponsors of this year's ICP were Pacific Northwest Laboratory, the National Renewable Energy 
Laboratory, the Colorado Advanced Technology Institute, and Therm0 Technology Ventures. Those agencies worked 
in cooperation with the U.S. Small Business Administration, the Boulder Technology Incubator, the Coleman Research 
Corporation, and the Colorado Innovation Foundation. 

Ninety innovative proposals were received by ICP in response to the formal call for concepts. Sixteen concepts were 
chosen to receive grants of $22,000 each under the ICP, and twenty-two innovators who have currently, or in the past, 
received state or federal funding for innovations in the area of waste minimization or utilization were asked to also 
present their concepts at the Fair. Each of the 38 concepts is summarized below. 

ICP Grantees 

Ultrasonic Contamination Monitor for Process Liquid Streams 

A non-intrusive sonic technology can monitor contamination in any liquid process stream. The sensor can be installed 
without modifying piping, disrupting operations or process flow, or requiring sample-conditioning equipment. 

Bidirectional Reflectance Web Imaging Using Fiber Optics 

An optical remote sensing device will provide online measurement of various constituents in commercial, paper sheets 
to identify flaws earlier in the manufacturing process. The approach uses a device referred to as a scanned multi- 
channel optical fiber array, which produces high-speed cross-directional measurements of reflectance using optical 
remote sensing. 

Fiber Optic Sensors for Chemical Detection and Control 

SMART CABLE is a multipoint, fiber optic system that detects, identifies, and locates fluids and leaks in many 
applications. The key to the system is its simple and rugged sensors. The external sensors, each used to provide 
specific information, are attached to the cable along its length at marked intervals. The selective dissolution and 
swelling of common and specifically engineered polymers are used to cut the fiber and thereby obtain a recognition 
signal. 
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Structural Repair and Retrofit Systems Eased on Shape-Memory Alloys 

Shape-memory alloys are being investigated for repairing, retrofitting, or upgrading infrastructure systems that have ' 
deteriorated under load and weathering effects, increased service loads, or faulty/outdated design and construction 
practices. A self-repair capability jg also possible, to deal with such damaging effects as severe earthquakes, 
explosions, and tempor& overloads. 

Regenerative Metal Sorbent. for Desulfurizing High-Temperature Gas Streams 

A novel metal sorbent is being developed to desulfurize gases to H,S concentrations levels of a few ppm or less. This 
concept uses two waste materials, H,S and iron scrap, and produces a useful chemical--iron sulfate--which is sold as a 
chemical fertilizer. 

' 

Dynamic Feed Control for Injection Molding 

An innovative process for manufacturing plastic parts can eliminate the need for retooling and can reduce product 
development time, while increasing the product quality and process capability. The new method increases the number 
of degrees of freedom available in injection molding. 

Solid-state Thermal Treatment of Metal Powders 

A mechanically fluidized vacuum machine can eliminate agglomeration and provide exacting control of chemicals in 
producing metal powders in many industrial applications. The machine will provide significant energy and production 
cost savings. 

Diagnosing and Optimizing Combustion by Frequency Spectra Analysis 

A burner flame analyzer and several sofhvare burner optimization packages are being developed to balance and 
optimize the operation of individual burners in industrial boilers. The new system will lower NO, emissions and 
increase the performance of Fomrnercial combustion systems. 

Ozone and Electrolysis for Synthesizing Surfactants from Oil and Grease Contaminants 

A process will allow rinse water and cleaning solutions to be recycled indefinitely. The process significantly reduces 
energy consumption and operational costs, and eliminates waste disposal costs. 

MAG/GATE: A System for Controlling Molten Metal Flow 

A device using electromagnetics offers many advantages for better control of the flow of molten steel. The device 
avoids the need for high-frequency currents, has relatively simple magnetic requirements, and could have a very 
compact magnetic structure. 

The Pickliq yrocess for Recovering Acid and Metal Salts from Pickling Liquors 

The Pickliq process can purify and recycle acids from pickling liquors at the point of use. The process also recovers the 
metal salts, which can be sold. The process saves energy and reduces fuel, personnel hours, and material. 

The AIR Process for Controlling Fugitive Emissions 

A new emissions control technology combines two highly effective systems and uses a proprietary photocatalyst to 
destroy emissions economically and efficiently. A very compact and inexpensive unit can be designed to control the 
many small, continuous sources typical of chemical plant fugitive emissions. 
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Magnetic Regenerator Materials in Fine Wire Form 

Fabricating rare earth materials in the form of fine wires offers potential high efficiency for all types of regenerators. 
Key to the concept is a niobium diffusion barrier, which protects the rare earth materials from oxidation during wire 
fabrication. .. ~ . .:. 
Selective Separation of PET from PVC for Plastics Recycling 

A new technology is using froth flotation to separate PET from PVC for plastics recycling. Because of the simplicity of 
the process and low price of the reagent used, the technology requires low capital investment and low operating cost. 

Rain-Drop Spray Cooling System for Metallurgical Processes 

A new system, called Rain-Drop Spray Cooling, offers high heat transfer at a reduced water usage and better control of 
the cooling pattern in metallurgical processes. The system improves product quality and reduces capital, operational, 
and maintenance costs. 

Fine Crumb Rubber from Recycled Tires 

An innovative size-reduction process is using new dispersants to effectively pEoduce fine crumb rubber to the desired 
mesh. This process can be adapted immediately without requiring major changes to existing processes. 

Other State or Federally Funded Innovators 

Advanced Aerogel Materials for Environmental Cleanup 

Aerogel sorbents are being developed for highly efficient capture of many polluting gases and vapors. The aerogels 
offer many advantages over, conventional technologies, including little or no sorbent loss or waste disposal costs. 

CopperlokTM Bonding Process for Marine Anti-Fouling Coatings 

An anti-fouling coating process for treating boat and ship hulls and other marine structures reduces maintenance time 
and costs significantly. Treating marine growth reduces fuel requirements to operate naval vessels, cargo ships, and 
cruise ships, and improves the speed factor of recreational boats. 

Adaptable, Metal-Reinforced Carbon Composites - 

An innovative process produces a tailored, composite carbon material that can be used to manufacture wear and 
structural components that do not require any lubricants. The process is compatible with high temperatures up to 400°C 
and with hostile environments. 

Can-Printing Process Uses UV-Curable Coating 

A technology uses ultraviolet light to cure the decorative image on the exterior of aluminum beverage cans. It is an 
environmentally improved alternative to the conventional, gas-fired cure process. 

Metal Injection Molding of Electronic Packages and Connectors 

New processes for metal injection molding can reduce by 80% the cost to manufacture large metal housings for 
electronic packaging applications. Prototypepackages as large as 6 square inches (sintered) have been fabricated for 
process evaluation and testing. 
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Interactive Multimedia Training for Employee Productivity 

Interactive multimedia training can effectively solve many employee productivity challenges. This technology reduces 
learning time while increasing learning retention. 

.. . 
Automated Acquisition for'Nonproduction Commodity Goods 

An automated acquisition process uses a virtual catalog model for fast access to products, prices, and vendor 
information, benefiting both the customer and the supplier. The system could save 10% or more in comparison with 
current procurement practices, by combining reduced process overhead and lower product cost. 

New Screening Process for Manufacturing Color Picture Tubes 

A new process uses electrophotographic techniques in manufacturing color picture tubes. It is less expensive, reduces 
energy and water consumption, and produces little waste. 

Advanced CO, Pellet Accelerator for Solvent-Free Cleaning 

An advanced centrifuge technology accelerates frozen CO, pellets to high speeds to clean various coatings and remove 
paint from surfaces. Compared with conventional technology, this new technology provides better pellet contiol and 
higher energy efficiency. 

Step Waveform Electrical Power Converter for Electrically Isolated Generators 

A step waveform converter can simultaneously convert electrio power from multiple isolated sources, such as fuel cells, 
wind turbines, solar panels, and diesel generators. The step converter should match or exceed the efficiencies of 
traditional, static converters. 

META-LAX Stress Relief and Weld Conditioning Process ' 

META-LAX is a patented quiet, vibrational stress-relieving process for neutralizing undesirable thermal stress in metal 
structures during fabrication. The process uses precise, nondestructive low-frequency vibration. 

Integrated Ion-Beam Milling and Coating to Fabricate Precision Optics 

One ion source is being used to provide both ion-beam milling and coating for fabricating precision optics. Using one 
source can significantly reduce processing time from weeks to- days. . 

Solid-state Shear Extrusion Pulverization for Recycling Commingled Plastic Waste 

A pulverization process will recycle commingled pre- and post-consumer plastic waste without the costly sorting step. 
This process should be much more energy efficient than conventional repetitive grinding because the pulverization 
occurs in one step. 

Paper Additive for Low Submicron Air Filtration 

Filter media use a special filter paper, made of glass fibers, to capture fine particulates that contaminate the air. The 
filter saves energy and money by eliminating the need to draw in outside air during the purifying process. 

Long-Distance Transport of Coal by Coal Log Pipeline 

Coal can be compacted and transported through a water-filled underground pipeline over long distances. This mode of 
transportation is economical and better for the environment than conventional overland transportation. 

viii 
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Reusable Vacuum Bagging Device for Producing Composite Parts 

A device provides for a reusable vacuum bag process to fabricate composite parts used in the aircraft and other 
industries. The process reduces the cost of labor for each part produced. 

I .  . 
A New Hydrocyclone for Removing Oil from Oil-Water Mixtures 

A new hydrocyclone design is being developed for de-oiling water. Potential applications include cleaning oily water 
on offshore platforms, bilge and ballast water on ocean vessels, and other waste streams, such as recycled plastic 
materials. 

Improved Tank Cleaning Process Using Ultrasonics 

A process using ultrasonic transducers to clean tanks eliminates using cleaning solvents and disposing of used solvent. 
The cleaning cycle is shortened, resulting in both energy and labor savings. 

An Integrated Knowledge Capture and Delivery System: KATIE 

A multimedia computer system can troubleshoot maintenance problems for process control in industry. This easy-to- 
use technology eliminates complete reliance on engineer assistance to capture and deliver valuable information. 

A New Thermoelectric Generator for Rural Electrification 

A new solid-state electric generator can convert almost any available fuel into low-cost electricity. It has promising 
application in undeveloped countries as well as in North America. 

Biological Tracer for Waste Site Characterization 

A natural, biological tracer has proven to assist characterization activities in support of remediating hazardous waste 
sites. It is a safe alternative to conventional techniques using radioactive and other tracers. 

New Technology for Removing Volatile Organic ,Contaminants and Oil from Water 

An air-sparged hydrocyclone combines high throughput with high removal efficiency to remove volatile organic 
compounds and dispersed oil droplets from water. This efficient process provides a higher processing capacity at a 
lower cost for equipment, installation, and operation. 
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Introduction 
. . .. . .-~ . 

The initiation of inventiodinnovation needs to be accelerated in the United'States to speed up the entire process of 
technology transfer. During the past several years, business leaders, engineers, scientists, and lately, politicians have 
recognized that our industrial competitiveness has been deteriorating while our excellence in research continues. This 
trend has produced a growing consensus that we must improve our ability to bridge the gap between research and the 
marketplace in the United States. We can no longer afford the patterns of the past where innovative technology trickled 
out into the marketplace in a serial process that took as long as 25 years. International competitors are bringing 
technology into the marketplace in months instead of years. 

Many solutions are being proposed to accelerate technology into the marketplace. Acceleration of the latter stages of 
this process is already occurring. State and federal programs help fund and develop new technologies having well 
demonstrated technical and economic feasibility. However, concepts that have not been given that initial chance pro- 
vided by a preliminary evaluation of the technical and economic potential are very unlikely to get further assistance. 
Very few programs are specifically designed to assist in the very beginning of the process of defining the technical and 
economic feasibility of brand new ideas. 

The U.S. Department of Energy (DOE) established the Innovative Concepts Program (ICP) in the Office of Energy 
Utilization Research in 1983 after two years of planning. The ICP objective is to develop and demonstrate methods for 
identifying and encouraging the growth of immature concepts having the potential to save energy and increase pro- 
ductivity through innovative approaches fundamentally different from current practices. The ICP is encouraging the 
first steps of the inventiodinnovation (technology transfer) process. 

Pacific Northwest Laboratory (PNL)(a) operates the ICP for DOE to provide a bridge: between fundamental scientific 
progress and technology areas of energy utilization research and to identify large energy-saving improvements to 
eliminate energy-intensive activities. The program is designed to accomplish these tasks by the following activities: 

identify a focus area (for example, waste stream minimization and use) for a cycle of innovation 

solicit concepts in this focus area and select a limited number for further investigation 

provide modest funding to innovators for investigating the concepts' technical and economic potential of the limited 
funding 

develop a one-sheet description ("tech brief') of the concept' and provide editing of the proceedings 

introduce the selected concepts to potential sponsors. 

This document is provided to assist potential sponsors in their search for worthwhile products or programs for reducing 
or using waste streams. 

Innovators who originated these concepts received $22,000 to perform a preliminary investigation of the technical and 
economic potential of a concept. A preliminary investigation sometimes proves that a concept should be developed 
further. 

The original goal of ICP was to have 10% of the funded concepts receive follow-on funding by other programs or 
organizations. This is the seventh funding cycle sponsored by the ICP. The previous six cycles were as follows: 

(a) Pacific Northwest Laboratory is operated for the U.S. Department of Energy by Battelle Memorial Institute under 
Contract DE-AC06-RLO 1830. 
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Building Materials Innovative Concepts in May of 1984 funded 12 concepts 

Industrial Processes Innovative Concepts in November of 1985 funded 10 concepts 

Industrial Separation Innovative . Concepts t. . in 1986 funded 10 concepts 

Building Retrofit Innovative Concepts in October of 1989 funded 8 concepts 

- -  . 

Waste Stream Preventiofltilization Innovative Concepts in April of 1991 funded 15 concepts 

Waste Stream Preventiofltilization Innovative Concepts in April of 1993 funded 15 concepts. 

Of the 70 concepts funded in these six cycles, 41 or 59% have received substantial follow-on funding totaling more 
than $20.9 million to date; 2 companies have been started, 20 patents have been issued; 13 patents are pending; and 
many master theses and more than 80 journal articles have been written on these concepts. 
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Ultrasonic Contamination 
. r  . Monitor for Process Liquid 

Streams 

Wes N. Cobb 
Applied Sonics Incorporated 

A non-intrusive sonic technology can 
monitor contamination in any liquid 
industrial process stream. The sen- 
sors can be installed without modify- 
ing piping, disrupting operations or 
process flow, or requiring sample- 
conditioning equipment. 

I Electronics and 
Operator Readout 

Ultrasonic Waves 

Mounted 
on Pipe 

Signal 
to Control 
Room 

Ultrasonic Contamination Monitor 

I ntrod ucti0.n 
Operators of industrial processes 
need better tools to monitor their 
process and waste streams. For 

' example, oil production facilities 
must measure small quantities of oil 
remaining in the waste water they 
produce. Current control methods for 
these measurements are based on in- 
frequent, manual analysis of samples 
of the water streams. However, the 
operators are blind to upsets between 
samples, and the sample may not 
represent the process liquid flowing 
through the pipe. Online monitoring 
of small levels of contaminants in a 
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liquid has also been pursued, but con- 
ventional technologies are intrusive, 
prone to fouling, and expensive. 

Concept Description 
Applied Sonics is developing non- 
intrusive sonic technology for moni- 
toring contamination in liquid indus- 
trial process streams. The technology 
can be used for any process to opti- 
mize operations or to ensure quality. 
The only requirement is that the liq- 
uid must carry the ultrasonic wave 
with only small amounts of gas 
bubbles. 

. 

The monitor's basic design is shown 
in the figure. The ultrasonic sensors 
are strapped to opposite sides of the 
pipe that carries the process liquid. 
An ultrasonic transducer transmits 
ultrasonic waves, which travel 
through the pipe walls and the liquid, 
and are received on the opposite side 
of the pipe by a receiving ultrasonic 
transducer. The electronics unit 
processes the received signal, con- 
verts it into a reading of the contami- 
nant's concentration, and sends it to a 
control room for operator display and 
alarm handling. Once installed, the 
monitor is calibrated using samples 
of the process liquid taken during the 
unit's operation. 

Because of their non-intrusive design, 
sonic sensors never come in contact 
with the process liquids. The sensors 
can be installed without modifying 
piping, disrupting operations or proc- 
ess flow, or requiring sample condi- 
tioning equipment. These features 
are critical for existing processes 



where installing a by-pass stream is 
expensive and may not provide an 
accurate liquid sample. The non- 
intrusive design also eliminates main- 
tenance because thesensors are imc .- 
pervious to process liquids that 
would normally damage or foul intru- 
sive devices. Compared with con- 
ventional techniques, the sensors also 
are more sensitive to contaminants 
because they sense a cross-section 
through the pipe, rather than a sample 
stream. 

Economics and Market 
Potential 
Introductory markets being explored 
for the concept are the petroleum i d  
chemicals industries, and the plastics 
industry. While the U.S. plastics in- 
dustry has -10,000 polymer produc- 
tion and processing facilities, only 
-10% use continuous production 
processes in which a liquid polymer 
passes through a pipe during pro- 
duction. A commercial monitor for 
this market is expected to sell for 
-$30,000. Because no other monitor 
exists for such measurements, a mar- 
ket penetration of at least 20% is ex- 
pected, for a potential net sales of 
$6 million. 

By using the sonic monitor to mea- 
sure residual monomer and provide 
better reactor control, a major plastics 
manufacturer estimated a 4% poten- 
tial improvement in capacity. A 
single reactor can produce about 
400 million lb of plastic ($0.50/lb) a 
year, for a payback of 4 months for a 
$30,000 monitor. 

About 3,000 U.S. production facil- 
ities and 200 refineries need to 
monitor oil-in-water compositions. 
Because of its ease and low-cost in- 
stallation, a clamp-on monitor for oil- 
in-water would be very competitive at 
a selling price of $20,000. 

The monitor's sonic technology can 
be used in any industry and for any . 

application to determine what is 
flowing through apipe (or tube). 
Potential markets yet to be explorec 
include industries such as food and 
beverage, pharmaceutical, pulp and 
paper, and environmental monitoring. 
The non-intrusive technology is par- 
ticularlyaseful for applications in 
difficult environments, such as those 
with corrosive materials and high 
temperatures. 

Key Experimental 
Results 
Prototype monitors were field tested 
within the petroleum and chemicals 
industries. At an oil production facil- 
ity, a prototype monitor was strapped 
to the outside of the water outlet pipe 
at the bottom of a 120-ft-long separa- 
tion vessel. [The water line did not 
have an oil-in-water meter, and in- 
stallation would have required a cost- 
ly shutdown (-$200,000)]. 

Online measurements confirmed that 
excessive oil was being drawn into 
the water leg at repetitive intervals 
because of improper control of the 
water dump valve. The prototype 
therefore provided the information 
needed to better control the valve and 
improve water quality. 

In a second application, the prototype 
measured the amount of residual 
monomer left in the manufactured 
polymer after the polymerization 
reaction. (The residual monomer is 
the primary quality control parameter 
for this plastic material.) Before the 
prototype w& available, samples of 
the polymer were drawn off and ana- 
lyzed in a laboratory every 2 hours, 
which resulted in poor control of the 
reaction process. The online sonic 
monitor gave operators a new reading 
every 20 seconds, allowing real-time 
reactor heating adjustments and sub- 
stantially increasing the quality con- 
trol for the produced polymer. The 
monitor readings were as accurate as 
or better than the laboratory analysis. 
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Several prototype monitors have 
now been sold for monitoring high- 
volume plastics production 
(>lo0 million lb/yr). 

Current laboratory tests are determin- 
ing the lower sensitivity limit for both 
liquid (crude oil) and solid contami- 
nants in water streams. Initial results 
indicate that the sonic technique can 
detect oil concentrations down to the 
0.005% level by volume, even in 
small-diameter pipes (1 "), and that 
the sonic technique is sensitive to 
solid particle contaminants down to 
10 mgAiter solids in water. 

. 

Future Development 
Needs 
Other key applications must be iden- 
tified and developed for the sonic 
technology. Also, a monitor must be 
developed, placed at the users' sites, 
and evaluated. 

After additional industrial markets 
are better understood, a portable 
monitor will be introduced to provide 
readings simply by touching it to a 
process pipe. The portable monitor 
would allow an operator to pinpoint 
problem locations quickly and inex- 
pensively, and would eliminate the 
need for permanent clamping or cabl- 
ing of the sensor mounts. The moni- 
tor would provide quick information 
on pipe contents, rather than con- 
tinuous information at one location. 

For more information, contact 

Dr. Wes N. Cobb 
Applied Sonics Incorporated 
2592 So. Belvoir Blvd. 
Cleveland, OH 4.41 18 ' 

Phone: (216) 371-2171 ' 

Fax: (216) 371-2171 

Compiled by 
Pacific Northwest Laboratory for the U.S. 
Department of Energy, Innovative Concepts 
Program 590240. This flier was printed on 
recycled paper. 



Bidirectional Reflectance 
. .  

-. . 
.. . . Web Imaging Using Fiber 

Optics 

Gary R. Hanson 
Unified Analysis, Inc. 

An optical remote sensing device will 
provide online measurement of var- 
ious constituents in commercial, 
paper sheets to identify flaws earlier 
in the manufacturing process. 

Speed of Switching Apertures 
20 meledsecond 

- Prototype Width: 0.6 meters - 
c-d Linear Pixel Array 

SMOFA Sampling Trajectory 

Introduction 
Several practical methods are avail- 
able for imaging commercial sheets 
to detect gross flaws and streaks that 
characterize areas to be deleted when 
deliverable rolls are made up. Indus- 
try strives to detect flaws between 0.2 
and 2 mm in width. 

In the paper industry, conventional 
sheet imagery of material properties 
such as basis weight, %moisture, 
gloss, and floc uses a sensor to trans- 
verse the sheet in a bus drawn 

mechanically across the web. How- 
ever, the sensor platform does not - 
provide complete sampling of the 

' 

web and it is bulky, resulting in a 
slow scanner motion in the cross 
direction. Several other forms of 
imagery also are used--laser-raster 
scanning, camera inspection systems, 
opto-mechanical scanners--but they 
all have limitations for characterizing 
materials. 

Concept Description 
An alternative imaging approach is 
being developed for manufacturing 
control of commercial sheets. The 
approach uses a device referred to as 
a scanned multichannel optical fiber 
array (SMOFA), which produces 
high-speed cross-directional (c-d) 
measurements of reflectance using 
optical remote sensing (see the 
figure). 

The scanner consists of many fiber 
optic (light-pipe) assemblies deliver- 
ing light to the sheet as an array of 
beams at aspecific incident angle, an 
opto-mechanical multiplexer for I 

switching light into these illumination 
channels in a pattern dispersed across 
the sheet, and many fiber optic 
assemblies for delivering light re- 
mitted at specific angles into a single, 
light-spectral detector assembly. The 
multiplexer ensures that the light- 
analyzing module receives remitted 
light from only one pixel at the time 
of signal acquisition. These acquired 
signals are then normalized and 
stored in a c-d profile matrix. 
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SMOFA directly detects streaks with 
a resolution equal to the pixel spac- 
ing. It can be designed to detect 
property streaks that are l-mm wide, 
thinner than the pixel spacing, if the 
device is displaced: d i s h c e  e q u a  . 
to the optical element spacing--or 
-5 mm. The SMOFA measures 
quantities of remitted light directly 
related to the spectral radiance of 
strongly scattering surfaces at various 
angles in different wavelength bands. 
SMOFA then classifies those quaiti- 
ties relative to various other material 
properties of interest, primarily com- 
position and surface quality. 

. 

. 

An enormous waste of resources 
occurs when a roll is deemed un- 
acceptable for printing after a high- 
speed printing press operation. If the 
variance of surface constituents for a 
particular roll was measured online 
with a SMOFA and found to be ’ . 
above a certain limit, the manufac- 
turer could virtually know that the 
coating would not print well and 
therefore could save the expense of 
shipping, handling, and printing. The 
roll then could be allocated to less 
demanding press applications. ’ 

Compared with conventional techni- 
ques, optical sensing is an optimal 
method to determine coatweights, 
coverage, and uniformity because it 
provides significantly more informa- 
tion in a short time. SMOFA could 
provide a coatweight reflectance 
scanner operating in the W and 
require a single unit, compared with 
present technology of using two 
separate beta-gauge scanners. 

Economics and Market’ 
Potential 
The potential market for SMOFA is 
significant. Industrial production of 
sheet material, such as paper, metals, 
coatings, plastics, and textiles, repre- 
sents huge investments in raw re- 
sources and process energy. Annual 

domestic paper production alone is 
50 million tons. 

The cost of a particular SMOFA unit 
depends on its application and re- 
quired optical components. Each 
illumination and detection channel is 
composed of lens elements and fiber. 
For applications in the visible light 
range only, these optical components 
are about $2/lens and $l/fiber when 
purchased in quantity, which is rela- 
tively inexpensive. Because each 
illumination channel has one lens for 
switching at the input end and one 
projector lens at the output end, the 
illumination of each chahel--or 
pixel--requires two lenses and a short 
length of fiber. Therefore, optical 
components could cost $5 per pixel 
for illumination and $4 for a detec- 
tion channel--$9 per pixel, total. 3 

Key Experimental 
Results . 
Using an optical bench consisting’of 
the optical elements to be incorpo- 
rated into a SMOFA, signal levels 
and optical aspects were investigated 
to assess scanner design parameters. 
Diffuse reflectance measured at 
254 nanometers (nm) varied with a 
reflectance change of 0.063 per 1% 
change of added latex concentration 
in a commercial coating on woodfree 
basestock. For the sample, diffuse 
reflectance at 313 nm varied <0.009 
per 1% change of added latex. Vary- 
ing coatweight, specular reflectance 
at 254 nm changed 3.37 glosshb 
applied to 3300 ft2 for calendered 
coating and 0.5 glosshb applied per 
3300 ft? for uncalendered coating 
applied to woodfree basestock. 

Similar results were found for the 
same coating applied to wood con- 
taining commercial-grade basestock. 
The importance of moisture for re- 
flectance has been similiyly investi- 
gated and further work will be done.. 
This benchwork indicates that the op- 
tical concept is valid. 

Several practical aspects of the multi- 
plexer have been developed. The 
first mechanical design is complete 
and the parts have been fabricated. 
The first electronic design also is 
complete and some of the board work 
is complete. A modular approach for 
the multiplexer optical assembly has 
been developed and assembly begun. 

Future Development 
Needs 
Online testing at a mill will improve 
the design, demonstrate value, and 
test the long-term accuracy of the 
signal information compared with 
actual product qualities of interest. A 
critical variable to be evaluated is 
pixel signal to background noise in 
the mill environment. The optical . 
test bench will be used further to 
obtain detailed measurements on 
reflectance changes from moisture at 
different wavelengths and angles for 
commercial sheets. 

SMOFAs have optical design dif- 
ferences that have different resolution 
and applications. Photodetectors and 
optical couplers will depend on spe- 
cific applications in the W, visible, 
and near-IR bands. Illumination 
sources and fiber and lens com- 
position may be chosen to adapt the 
probe wavelength to particular band- 
passes,,depending on the commercial 
application. 

For more information, contact 

.G& R. Hanson 
Unified Analysis, Inc. 
10402 171st Ave. N.E. 
Redmond, WA 98052-2737 
Phone: (206) 883-0739 

Fax: (206) 883-0739 

Compiled by 
Pacific Northwest Laboratory for the U.S. 
Department of Energy, Innovative Concepts 
Program 590240. This flier was printed an 
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Fiber Optic Sensors for 
Chemical Detection and 

. . .. . v, . 

Control 

Joram Hopenfeld SMART CABLE is a multipoint,jiber 
optic system that detects, ident@es, 
and ZocatesPuids and leaks in many 
applications. The key to the system is 
its simple and rugged sensors. 

f l  Portion of Cable 

SMART CABLE System for Detecting 
Storage-Tank Leaks 

Introduction 
Advanced sensors are increasingly 
being demanded by the environ- 
mental monitoring, industrial process 
control, and medical industries. Al- 
though the scientific community has 
long recognized the advantages of 
fiber-optic-based sensors, market 
penetration has been slow because of 
the lack of rugged and inexpensive 
sensors that can withstand harsh 
environments. 

For environmental monitoring, the 
sampling techniques often used can 
be expensive and insufficient for 
providing early detection of potential 
problems. On the other hand, in situ 
monitoring can determine the effec- 
tiveness of subsurface pollution bar- 
riers, can monitor the migration of 
plumes, and can provide early detec- 
tion of leaks from storage facilities 
and pipelines. Fiber optic technology 
is being used to develop in situ sen- 
sors, but it is still expensive and 
complicated. 

Concept Description 

SMART CABLE is a multipoint, 
fiber optic system that detects, identi- 
fies, and locates fluids and leaks, 
such as from long-distance pipelines. 
The SMART CABLE uses several 
fibers that are connected to an Opti- 
cal Time Domain Reflectometer 
(OTDR), which pinpoints the loca- 
tion of the leak. The focus of our 
current development efforts with the 
SMART CABLE are the external 
sensors. (Inline sensors, which have 
potential for medical and other appli- 
cations, will be a later focus.) 

. 

The external sensors, each used to 
provide specific information, are 
attached to the cable along its length 
at marked intervals. The selective 
dissolution and swelling of common 
and specifically engineered polymers 
are used to cut the fiber and thereby 
obtain a recognition signal. 

- 

The sensors, which are mounted on 
the outer jacket of the fiber optic 



cable, do not introduce transmission 
losses into the fiber. Therefore, this 
design is particularly appropriate for 
long-distance monitoring. Also, the 
fiber can be used for ordinary com- 
munication without disrupting the- r-. .. 
sensors in the array, thereby serving a 
dual purpose as a detection device 
and a communication medium. 

The external sensors of the SMART 
CABLE differ from existing sensors 
by providing only a binary signal; 
that is, each sensor acts as an ordoff 
switch. However, because the cable 
consists of an array of sensors, with 
each sensor having a different set 
point, the cable in essence provides 
quantitative results while retaining 
the simplicity of a go/no-go device. 

The figure shows how SMART 
CABLE can be used to detect leaks 
from storage tanks. One end of the 
SMART CABLE is connected to the 
OTDR, which sends optical pulses 
into the cable. When a pulse encoun- 
ters a cut fiber, a reflected signal trav- 
els back to the instrument, thereby re- 
vealing the location of the leak. (A 
false signal from an inadvertent cut 
can be identified by comparing sig- 
nals from a spare cable.) 

Because the OTDR is a closed-circuit 
optical radar that uses only one end 
of the fiber, a contaminated sensor 
would not disable the rest of the sys- 
tem. The contaminated sensor can 
be replaced and spliced when the 

’ pipe is repaired. Instead of using a 
dedicated OTDR, one end of the fiber 
can be connected to a light source 
and the other end to a photodetector. 
When any one of the sensors cuts the 
fiber, the photodetector activates an 
alarm. The operator then can attach a 
hand-held OTDR to locate the leak. 

The system can incorporate special- 
purpose (some reversible) fiber optic 
probes for remote measurements of 
pH, corrosion rates, liquid levels, and 
interfaces. An alternate configura- 
tion, consisting of a light source, a 
multiplexer for sensor addressing, 

and a photodetector, can be used to 
identify the location of a probe. 

Economics and Market 
Potentiall 

The low cost and simplicity of the 
new external sensors create a unique 
opportunity to accelerate market 
penetration of fiber optic sensors. An 
obvious application is monitoring 
leaks from long-distance pipelines 
and tank farms. Other potential ap- 
plications include detecting cyanide 
that has leaked into the soil during 
gold mining and monitoring under- . 
ground plumes of hazardous 
contaminants. 

The target markets are the waste 
management and environmental 
restoration industries, where the 
demand for cost-saving new tech- 
nologies is imperative. For example, 
many tanks containing radioactive 
liquid waste at Hanford are known to 
leak. While it is believed that the 
contaminated liquid will not migrate’ 
towards the Columbia River, .the fiber 
optic sensors can provide added 
assurance by in situ monitoring of the 
soil moisture at strategic locations 
around the leaking tanks. 

The SMART CABLE is uniquely 
suited for installing sensors along 
new long-distance pipelines. . 
SMART CABLE is distinguished 
from existing leak detection cables by 
its ability to selectively respond to 
various chemicals, not only to water 
and hydrocarbon liquids. SMART 
CABLE also is more versatile, more 
reliable, and muchmore affordable. 
Because present federal regulations 
do not require installation of leak de- 
tection systems, the market for the 
SMART CABLE depends on local 
and state requirements, which vary 
widely. 

The basic SMART CABLE system 
for detecting and locating water or 
hydrocarbon liquids costs less than 
$l/ft. All components have an 

expected life of at least 20 years and 
require no maintenance. 

Key Experimental 
Results 

In experiments, the external sensor 
was optimized to cut the fiber in 
hydrocarbon liquids and in water. 
The main design parameters affecting 
sensor response time have been char- 
acterized. Response time varies be- 
tween 30 minutes and 8 hours, de- 
pending on liquid and sensor design. 
The feasibility of using osmotic pres- 
sure to cut the fiber with a practical 
sensor has been established. An 
osmotic-based sensor can selectively 
measure contaminants in the ppm 
range. 

‘ 

Future Development 
Needs 
A field demonstration of SMART 
CABLE is ready for detecting water 
and hydrocarbon liquids. Smaller 
sensors need to be manufactured to 
facilitate the use of smaller-diameter 
cables, which would lower cable and 
installation costs. The goal is to re- 
duce the present cable, which has an 
outer diameter of %,” to 1/4” outer 
diameter. The present working 
model will be used to measure detec- 
tion limits for at least 10 chemicals. 
Prototypes will be constructed and 
tested. Inline sensors based on an 
innovative concept using absorption/ 
fluorescence will be further tested. 

For more information, contact 

Dr. Joram Hopenfeld 
1724 Yale Place 
Rockville, MD 20850 
Phone: (301) 340-1625 

Fax: (301) 762-351 1 

Compiled by 
Pacific Northwest Laboratory for the U.S. 
Department of Energy, Innovative Concepts 
F’rogram 590240. This flier was printed on 
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Structural Repair and 

Shape-IVlemory Alloys 
.. . . ,. . Retrofit Systems Based on 

Jer-Wen Hsu 
DPD, Inc. 
Parviz Soroushian 
Michigan State University 

Shape-memoly alloys are being in- 
vestigated for repairing, retrofiting, 
or upgrading infrastructure systems 
that have deteriorated under load 
and weathering effects, increased 
service loads, or faulty/outdated 
design and construction practices. A 
self-repair capability is also possibIe, 
to deal with such damaging effects as 
severe earthquakes, explosions, and 
temporary overloads. 

EPOXY 
Shear Impregnated 

Shape-Memory Alloys 

Approach Based on 4 4  4 4 
Conventional Approach Shape-Memory Alloys 

Shape-Memory Alloys Versus Conventional Methods for Structural 
Repair and Retrofits 

Introduction 
Rehabilitating and upgrading the 

, infrastructure’s deteriorated and out- 
dated-components would cost an esti- 
mated $4 trillion in the United States 
alone. Current methods of strength- 
ening and rehabilitation through post- 
tensioning with steel are labor- and 
time-intensive, require costly anchor- 
age systems, and suffer from short- 
and long-term losses of the post- 
tensioning force. Also, conventional 
methods do not have any self-repair 
capability. 

Concept Description 

A new technplogy uses shape- 
memory alloys to repair or retrofit in- 
frastructure systems through post- 
tensioning and strengthening. While 
$e shape-memory effect has been 
known for the last 40 years, it has not 
been used for structural repair and 
retrofit systems. 

Shape-memory alloys are metallic 
materials which, after an apparent 
plastic deformation, return to their 
original shape when heated. In cer- 
tain temperature ranges, the same 
class of materials is super-elastic-- 
they can be strained up to -10% and 
still return to their original shape 
when unloaded. 

The approach uses shape-memory 
rods with a transformation tempera- 
ture well below the ambient tempera- 
ture. When these rods are below 
their transformation temperature, they 
are stretched to -5% strain and are 
kept below the transformation temp- 
erature, thus retaining their plastically 
stretched form after load removal. 
The rods are then taken to the job site 
and anchored to the structural compo- 
nent, for example, by simply bolting 
them to plates adhered on the surface 
of concrete. 

* 

As the shape-memory rods warm up 
to ambient temperature, their trans- 
formation to the parent phase 
prompts forced recovery to the origi- 
nal (shorter) length; the constraint 
provided by the end anchorage, how- 
ever, resists this recovery and trans- 
fers the required corrective forces to 
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the structure. When compared with 
post-tensioning of steel, they can 
tolerate the creep deformations with- 
in the anchorage without suffering 
major losses of their constrained re- 
covery force. This.advabtage also ..’ . 
makes them immune to major losses 
of post-tensioning force under such 
short- and long-term effects as elastic 
deformations, creep, and shrinkage. 

The current focus is on applying cor- 
rective forces to structural systems 
through constrained recovery of 
shape-memory alloys. The tech- , 

nology can also use super-elasticity to 
build self-repair capability into struc- 
tural systems. Super-elasticity occurs 
when a shape-memory alloy in the 
austenite phase is deformed within a 
temperature range where martensite 
can be made stable when stress is 
applied, but becomes unstable again 
when the stress is removed. ’ 

As an example application, super- 
elastic wires could be incorporated 
into a reinforced concrete container 
of radioactive waste during construc- 
tion or adhered to the surface of an 
existing container. Under the de- 
structive effects of severe earth- 
quakes and explosions, the super- 
elastic wires could withstand large 
deformation and then return the.struc- 
ture to its original configuration or 
shape. 

Economics and Market 
Potential 
In rehabilitatibdupgrading projects 
relying on post-tensioning with steel, 
the labor, equipment, and material 
expenses are -50%, 25%, and 25% of 
the total expenses, respectively. The 
proposed technology substantially 
reduces the labor and equipment 
costs, but adds to material expenses; 
the net effect is major cost savings. 

The technology requires minimum 
equipment at the job site and sub- 
stantially reduces the time spent at 
the site. The technology’s self-repair 
capability represents major gains in 
safety and life-cycle costs. 

While the immediate focus is on in- 
frastructure systems, the technology 
hai broader potential in the aero- 
space, defense, transportation, and 
other industries. 

Key Experimental 
Res u 1 t s  
The technology was adapted to re- 
habilitate-a damaged reinforced- 
concrete beam. The beam was instru- 
mented to measure the strain in ten- 
sion reinforcement as well as the load 
and midspan deflection. The beam 
was designed to fail in flexure and 
offered safety against shear failure. It 
was designed to carry a total service 
load of -18 KN (assuming a super- 
imposed dead load of 2.5 KN) over a 
span of 1.8 m. 

To rehabilitate the beam with shape- 
memory rods, the end anchorage was 
made of steel and was adhered on the 
concrete surface with an epoxy adhe- 
sive (after the concrete and steel sur- 
faces were prepared following stan- 
dard procedures). The process of 
surface preparation, and application 
and curing (at ambient temperature) 
of the epoxy required only. a few 
hours and was highly efficient. 

After the beam was loaded to failure, 
a maximum post-tensioning force of 
55 KN was applied with ihape- 
memory rods without exceeding the 
allowable tensile and comprehensive 
stress limits during post-tensioning 
and under service loads. This correc- 
tive force restored the beam’s integ- 
rity, corrected deflections, closed 
cracks, more than doubled the beam’s 
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service load capacity, and increased 
ultimate flexural strength by -60%. 

Future Development 
Needs 
The durability of the system needs to 
be verified under long-term weather- 
ing and load effects. In particular, 
the stability of shape-memory char- 
acteristics needs to be studied under 
sustainedfatigue loads and severe 
exposure conditions. The self-repair 
capab5lity of the technology, particu- 
larly when super-elasticity is used 
strictly for this purpose, needs to be 
verified. Long-term effects and per- 
formance at different temperatures 
also need to be investigated. Extend- 
ing the technology to other fields 
needs to be investigated. Shape- 
memory and super-elastic wires could 
be incorporated into a polymer matrix 
to produce composites that could be 
directly adhered (as patches) on the 
surface of structural systems to apply 
corrective forces and to add to the 
structural value of critical cross 
sections. 

Finally, field investigations are 
needed to assess the economic and 
technical advantages of the tech- 
nology and the long-term perform- 
ance of the system under actual load 
and weathering effects. 

. 
‘ I  

~~ 

For more information, contact 

Dr. Jer-Wen Hsu 
DPD, Inc. 
2000 Turner Street 
Lansing, MI 48906 
Phone: (517) 347-5648 

Fax: (517) 485-9583 
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Pacific Northwest Laboratory for the U.S. 
Department of Energy, Innovative Concepts 
Program 590240. This flier was printed on 
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Mahesh C. Jha 
Nick Mor0 
Entech Global, Inc. 

Regenerative Metal 

High-Temperature 
Gas Streams 

. .. . Sorbent for Desulfurizing 

A novel metal sorbent is being de- 
veloped to desulfurize gases to H2S 
concentration levels of a few ppm or 
less. This concept uses two waste 
materials, HJ and iron scrap, and 
produces a useful chemical--iron 
sulfate-which is sold as a chemical 
fertilizer. 

Fresh Sorbent 
H,S-Free Gas 

Reactor 

Gas Containing 

Granulation 

Iron Sulfate Iron 
scrap . 

Granules 

Regenerative Metal Sorbent Process for Removing H,S 
from Gas Streams 

Introduction 
Hydrogen sulfide (H2S) is present in 
many high-temperature gas streams 
during extraction and processing of 
fossil fuels, natural gas, and geother- 
mal brines. H2S is also found in 
many industrial process gases, par- 
ticularly in the mineral and metal- ' 

lurgical process industries. Because 
it is highly toxic, explosive, and 
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corrosive, H2S must be removed 
completely as early in a process as is 
possible. 

Conventional methods for removing 
H2S often require the total gas stream 
to be cooled and reheated. This 
requirement represents a significant 
energy loss, particularly in Integrated 
Coal Gasification Combined Cycle 
and Molten Carbonate Fuel Cell 
processes used for coal-based power , 

production. Some regenerative metal 
oxide sorbents are being developed, 
but they are expensive and pose dura- 
bility and reactivity problems during 
repeated multi-cycle use. 

Concept Description 
Entech Global, Inc., is developing an 
economical method for removing H2S 
from natural gas and from hot coal 
gas before it is used in turbines, fuel 
cells, and other similar applications 
for producing power. ' . 

The concept, shown in the figure, 
uses a fixed or moving bed high- 
temperature reactor. Fresh copper 
metal in the form of a porous sponge 
is added at the top of the reactor, and 
the H,S-containing gas is introduced 
at the bottom of the reactor. This 
arrangement provides efficient 
countercurrent contact, allowing the 

.H2S to be completely removed from 
the gas. The hydrogen produced in 
the reaction increases the fuel value 
and quality of the desulfurized gas 
exiting the top of the reactor. 



The solids leaving the bottom of the 
reactor are a mixture of CuS and 
Cu,S, depending on the reactor's 
temperature and pressure, and on the 
gas stream's HzS concentration. 
These solids are dumped into an &r-.- 
sparged, hot-water 1each.tank where 
the copper sulfide is oxidized to cop- 
per sulfate and dissolved in water or 
an iron sulfate solution. 

The solution is then treatea with 
scrap iron &ning--or similar high- 
'surface-area, iron-based materials--in 
the cementation reactor where copper 
metal is produced. After the copper 
sponge is recovered by filtration, the 
iron sulfate solution leaches more 
copper sulfide. The iron sulfate ' 
solution increases in concentration by 
repeated use in the leaching and 
cementation reactions. Iron sulfate 
granules are then produced and sold 
as a fertilizer chemical to provide 
iron and sulfur nutrients to soil. 

The concept overcomes the problems 
with using mixed-metal-oxide sor- 
bents. The sponge copper provides 
high surface area for desulfurization; 
but because it is malleable, the 
sponge copper will not degrade or 
erode, eliminating dust formation and 
sorbent loss. 

Economics and Market 
Potential. 
The concept has wide potential use 
for desulfurizing coal gas, biogas, 
natural gas, geothermal gas, and other 
industrial gases. The two primary 
target markets are hot coal gas and 
natural gas. If 10 million tons of coal 
(only 1% of U.S. consumption) are 
processed annually using high- 
temperature desulfurization and ' 

contain 1% sulfur, 100,000 tons of 
sulfur must be removed per year. 

The second potential market is for 
small, low-quality natural gas wells 
in remote locations. Current tech- 
nologies require substantial capital 
and cannot be used for small 

reserves. The proposed sorbent, on 
the other hand, can be advantageous- 
ly used in these applications because 
it will be regenerated onsite. 

In both applications, the economic 
key is the sale of the iron sulfate 
byproduct. Each ton of sulfur 
removed by this sorbent would pro- 
duce -6 tons of iron sulfate granules. 
A preliminary review indicated that a 
potential market for 100,000 tons of 
'iron sulfate exists in the southwestern 
United States alone. The current 
market price is from -$300 to $400/ 
ton. Potential revenues from desul- 
furization ~d from the sale of iron 
sulfate could be $10 to $20 million 
initially and $100 to $200 million 
eventually. 

Key Experimental 
Results 
The most critical of the concept's 
four distinct but interconnected oper- 
ations are cementation and desulfuri-' 
zation because they form the basis of 
the process. Laboratory scale tests 
were performed on these two 
operations. 

In testing cementation, steel wool and 
steel turnings of various thicknesses 
were used as the iron source. Copper 
sulfate solution was prepared by dis- 
solving chemical grade CuS0,.5Hz0 
crystals in water. Both the amount of 
copper cemented out and its particle 
size distribution could be controlled 
by changing the process variables. 
Near complete precipitation of 
copper was obtained in a semi- 
continuous column test performed at 
above-ambient temperature. The 
product's particle size covered a wide 
range, primarily from 48 to 
270 mesh. 

Desulfurization tests were performed 
in a horizontal tube furnace, using a 
glass tube reactor of -1-in. diameter. 
About 30 g of copper metal, pro- 
duced during cementation testing, 
was used as the sorbent and held in 
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place by a glass frit. Two gas cylin- 
ders were used with independent 
pressure controls and rotameters. 
One cylinder contained technical 
grade nitrogen gas, the other 0.5% 
H2S in nitrogen. 

These tests measured temperature 
and residence time, which was calcu- 
lated from the measured gas flow 
rates and the sorbent bed volume. 
The sorbent was very effective in 1 

completely removing the H2S gas to 
undetectable levels at all tempera- 
tures tested, from 15°C to 800°C. At 
any given temperature, the break- 
through occurred (H2S was detected 
in the exit gas) only when the resi- 
dence time was reduced below a cer- 
tain limit. This residence time limit 
was very small (<0.3 sec) at 300°C 
and increased to '1.5 sec at 15°C. 

Future Development 
Needs 
Product quality and specifications 
need to be further investigated. The 
sorbent capacity at saturation needs 
to be determined in various appli- 
cations as a function of temperature 
and gas composition. The sulfided 
sorbent will then be used to com- 
pletely define the regeneration 
Scheme. The market size needs to be 
quantified for both coal gas and 
natural gas, with initial focus on the 
oil and gas business in the southwest 
United States. 

For more information, contact 

Mahesh C. Jha 
Entech Global, Inc. 
5950 McIntyre Street 
Golden, CO 80403 
Phone: (303) 273-7284 

Fax: (303) 273-7204 
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Pacific Northwest Laboratory for the U.S. 
Department of Energy, Innovative Concepts 
Program 590240. This flier was printed on 



Dynamic Feed Control for 
.. . 

. .. . Injection Molding 

David Kazmer & Philip Barkan 
Stanford University 

An innovative process for munu- 
facturing plastic parts can eliminate 
the need for retooling and can reduce 

In many facilities, the current mold- 
ing process cannot meet these cus- 
tomer requirements, resulting in long 

product development time, while in- 
creasing the product quality and 
process capability. 

Ram Plastic - 

Dynamic Feed Control for Injection Molding 

Introduction 
Injection molding is the most heavily 
used production process for manu- 
facturing plastic commercial goods 
because of its ability to quickly form 
complex shapes that require no fin- 
ishing operations.' However, molders 
are manufacturing increasingly com- 
plex part shapes with thinner wall 
thicknesses, more precise dimen- 
sional tolerances, and more stringent 
quality control measures. 

- 

product development cycles, exces- 
sive tooling costs, low process yields, 

' and inferior product quality. 

Concept Description 
Dynamic Feed Control is a new 
method to increase the number of de- 
grees of freedom available in inject- 
ion molding. Many potential ap- 
proaches are possible for this con- 
cept, but the most generic approach is 
to provide a way to instantly modify 
the diameters in each branch of a run- 
ner system. As the figure shows, the 
diameters are modified by positioning 
a tapered valve stem with a hydraulic 
actuator. Because the resistance to 
flow is determined by the gap thick- 
ness between the valve stem and the 
mold wall, the valve stem can be 
axially displaced to dynamically vary 
the flow rate and pressure drop 
through each valve. If used in a . 

. closed-loop control system, Dynamic 
Feed Control directly controls either 
valve positions or cavity pressures. 

Dynamic Feed Control introduces 
three new characteristics that provide 
extra degrees of freedom to the mold- 
ing process.. First, independent con-' 
trol of each valve allows the process 
dynamics in each area of the cavity to 
be isolated. Previously, changes to 
improve an area of the part being 
molded often produced other detri- 
mental effects. Second, the valves 
can be repositioned within the mold- 
ing cycle. For example, one set of 
valve positions could profile flow 
rates in the filling stage and a differ- 
ent set of valve positions could pro- 
file pack pressures. 



Finally, the valves can be controlled 
. with feedback from process sensors 

in the mold cavity; this provides 
closed-loop control of multiple, 
cavity-state variables that directly 
determine the product quality. V&-- 
ation in machines and materials can 
be compensated for by adjusting the 
valves to produce consistent parts. 
Moreover, by controlling the cavity 
variables, pressure measurements can 
be used as a process control tech- 
nique to automatically detect quality 
problems, eliminating the need to 
manually inspect the parts. 

. 

Economics and Market 
Potential 
Conventional injection molding has 
tool and die costs for technical appli- 
cations (such as automotive body 
panels and instrument panels) typi- 
cally from $100,000 to $500,000, 
which might include 30% for rework. 
Between start-up and common de- 
fects, process yields are typically 
between 70% and 90%. For produc- 
tion quantities of 100,000 units, a 
typical application has -$150,000 
cost from unacceptable mold andor 
part quality. This total does not con- 
sider the cost of engineering time, 
production downtime, or loss in sales 
from production delays. 

Dynamic Feed Control promises to 
significantly increase process yield, 
while providing the process flexi- 
bility to eliminate some of the re- 
quired tooling changes. For larger 
production runs, the concept has po- 
tential savings of -$100,000 per 
application. The concept has two 
implementation costs. First, each 
application requires an additional 
tooling cost of -$2,000 per gate (list 
price) for modifying the mold and for 
inserting the process instrumentation. 
Second, a control system is needed 
while the application is in produc- 
tion; multiple applicationscould use 
the same control system if they’re not 
in production simultaneously. The 

control system consists of capital 
equipment--hydraulic servos, elec- 
tronics, and control logic. 

Total start-up costs for bringing 
Dynamic Feed into a molding house 
would be -$60,000. However, once 
installed, other applications using the 
technology would impose lesser costs 
of -$lO,OOO per application for in- 
strumentation and installation on a 
typical 4-drop mold. Moreover, if the 
technology becomes pervasive, the 
control system could easily be imbed- 
ded in the molding machine con- 
troller, reducing tooling costs. Com- 
pared with conventional tooling, the 
technology could impose only a $500 
increase per gate in injection molding 
equipment costs. 

Retrofits offer a large potential mar- 
ket for Dynamic Feed Control, both 
for molding machines and current 
tools in production. Many current 
molding machines do not have feed- 
back control of process variables and 
provide little feedback on the current 
production quality. To remain com- 
petitive, molders must upgrade their 
technology and purchase new mold- 
ing machines (-$200,000 to 
$500,000). This purchase could be 
eliminated because Dynamic Feed 
controls the injection molding 
process and exceeds the capabilities 
of even new molding machines. 

Key Experimental 
Results 
Experimental molding trials have 
validated the capabilities of the Dy- 
namic Feed Control to control the 
flow and pressure dynamics through- 
out the mold cavity. The process 
flexibility has been greatly increased, 
allowing product characteristics to be 
altered without tooling changes. Proc- 
ess consistency has also been in- 
creased by a factor of three over con- 
ventional injection molding, provid- 
ing consistent products even with 

variations in materials, machines, and 
operators. Additionally, molding 
trials have shown that the process can 
selectively control part dimensions to 
accommodate different resins, com- 
positions, or colors and can compen- 
sate for warpage. Dynamic Feed also 
allows knit-lines to be relocated or 
eliminated, and sink and flash across 
the part to be reduced. 

Future Development 
Needs 
Concept validation has been com- 
pleted, and proof of concept and 
process capability have been estab- 
lished. Now, a system needs to be 
implemented in production and a 
prototype developed. This involves a 
one-year timeframe and a $400,000 
investment, originating from several 
sponsors. After initial validation, a 
more robust control system will be 
developed as a production-ready 
prototype. This effort will involve * - 
integrating robust hydraulic and 
electrical subsystems into a rugged, 
transportable unit for a variable num- 
ber of drops. The current control sys- 
tem will need to be expanded to 
include a simplified, graphical user- 
interface and multi-drop control 
algorithm. Commercial units could 
.be available in two to three years. 

~~ 

For more information, contact 

Phil Barkan 
Stanford University, MS 4021 
Design Division 
Department of Mechanical 
Engineering 

Stanford, CA 94305 
Phone: (510) 463-7222 

Fax: (415)723-3521 , 

Compiled by 
Pacific Northwest Laboratory for the U.S. 
Department of Energy, Innovative Concepts 
Program 590240. This flier was printed on 
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Solid-state Thermal 
Treatment of Metal 
Powders 

W.E.Kemp . 
Kemp Development Corporation 

A mechanically fluidized vacuum 
machine can eliminate aggloiner- ' 

ation and provide exacting control of 
chemicals in producing metal pow- 
ders in many industrial applications. 
The machine will provide signifcant 
energy and production cost savings. 

MFV Powder Treating Machine 

Introduction .. 
In 1993 the production of pressed and 
sintered parts, powder spraying, and, 
composite structures required 
360,000 tons of powder. The volume 
is increasing more than 10% per year 
partly because automakers are mak- 
ing critical engine components using 
pressing and sintering powders rather 
than traditional forging or casting 
techniques. 

Most powders require supplemental 
thermal treatments such as nitriding, 

. 
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annealing, and coating and diffusion 
alloying to enhance their usefulness. 
Many of these supplemental proc- 
esses are costly, inefficient, and 
energy-consuming. The supple- 
mental treatments also have quality 
problems, such as partial agglomera- 
tion and inexact chemistry controls. 

Concept Description 
A mechanically fluidized vacuum 
(MFV) machine eliminates agglomer- 
ation and provides exacting control of 
chemicals in producing metal pow- 
ders in many industrial applications. 
The MFV machine, shown in the fig- 
ure, uses an atmosphere-controlled, 
heated vacuum retort. The retort (a 
metal cylinder) is horizontally mount- 
ed on axles so'it can be rotated while 
the exterior is heated. The retort is 
filled to -65% .capacity with the pow- 
der to be treated. 

The retort's atmosphere is controlled 
to any desired gas or vacuum level by 
ports through the axle. Rotating the 
retort at the proper speed creates a 
fluid-like motion of the particles. In 
this fluidized state, the particle mass 
possesses very high thermal conduc- 
tivity so that all powders within the 
retort are the same temperature as the 
wall. 

. .  

The MFV machine offers many ad- 
vantages in manufacturing metal 
powders. For example, the fluidized 
action tlioroughly mixes internal 
gases and powders. Because the 
fluidization is entirely mechanical, 
gas consumption is limited to that 
needed for metallurgical alloying, 



sometimes 1000 times less than con- 
ventional processes. A second ad- 
vantage is that mechanical fluidiza- 
tion creates high heat transfer, which 
allows precise temperature control of 
individual powders,' which increases" ' 
heating and cooling rates and de- 
creases production times. Another 

. advantage of the MFV machine is 
that the continuous motion of the 
fluidized powders prevents agglomer- 
ation, allowing much higher operat- 
ing temp.eratures and improved 
metallurgical conditions. A fourth 
advantage is that the precise manipu- 
lation of temperature, time, and inter- 
nal atmosphere allows much greater 
control of alloy content compared . 
with present techniques. 

Economics and Market 
Potential 
Two representative cases for treating 
powders compared conventional 
techniques with the MFV machine. 
Each case used a 36-month cost 
amortization to calculate fixed costs. 

Case 1: Conventional.vacuum fur- 
naces for annealing 30,000 lbimonth 
of copperfleadlbronze powders cost . 
52$flb, including 44g fixed costs. . 
Problems with the furnace include 
high costs because of its low use, and 
problems with moving the purging 
gases, drawing a vacuum, and intro- 
ducing subsequent cooling gases. 
The fine powders are readily blown 
about the furnace's interior by very 
slight gas movements. . 

With a capital cost of under $60,000, 
the MFV machine can treat up to , 

3000 Ibhr of the same powders for - 15gflb, including 1 1 6 fixed costs. 
Rotation prevents the powders from 
agglomerating. 

Case 2: Using a conventional, long- 
tube furnace to blend and heat 
30,000 lb/month of 80-micron nickel 
powders with 5-micron aluminum 
powders costs -2l$Ab, including'l26 

fixed costs. However, the powders 
agglomerate and must be placed into 
a mechanical separating device and 
physically broken apart: 

The MFV machine would save ener- 
gy and time, with total costs of 
-9$/lb, including 6$ fixed cost. Tem- 
peratures are precisely controlled to 
assure uniform coating of the nickel 
powders without excessive diffusion. 
Because the powders are constantly 
fluidized, the temperature time is re- 
duced and agglomeration is not a 
concern. 

Key Experimental 
Results . 

Tests to date have concentrated on 
proving the W ' s  mechanical con- 
struction and operational feasibility. 
Key results are as follows: 

Stainless steel particles were sub- 
jected to 980"C, with no sign of ag- 
glomeration; higher temperatures 
are believed possible. Under static 
conditions, the same stainless pow- 
ders are known to agglomerate at 
730°C. 

Heat trgnsfer within the retort is at 
least as fast as that of a gas fluid- 
ized bed using the same powder 
size. A university program is now 
attempting to quantify the actual 
heat transfer rate. . 

Stainless steel powders were suc- 
cessfully nitrided to an average 
nitrogen content in excess of 3%, 

* and these powders were then flame 
sprayed. 

Single-digit, micron-sized, fluo- 
rinated metal powders and an 
organic material were successfully 
reacted in the machine to produce a 
100-plus micron composite materi- 
al, which will be used as a blending 
agent to produce high-wear- 
resistant, low-friction plastics. 

A technique was tested up to. 930°C 
to extract metallurgical samples 
without stopping the machine or. 
exposing the powders to outside 
atmosphere. 

Future tests will concentrate on 
1) quantifying the internal vacuum 
pressure versus time and temperature 
for specific powders; 2) producing 
and metallurgically examining vari- 
ous powder alloy or coating combina- 
tions to determine the temperature, 
time, and partial pressure combina- 
tions to produce satisfactory prod- 
ucts; and 3) treating spherical metal 
powders with nitrogen and carbon to 
produce solid spherical cermets, such 
as aluminum nitride or titanium 
carbide. 

Y 

Future .Development 
Needs 
A third-generation MFV machine 
mockup is now in use and most of the 
mechanical problems are well under- 
stood. Production designs have been 
executed. Two parallel steps now 
need to be taken as funds or partners 
are available. One step involves con- 
tinued general research into using the 
machine for treating powders. In the 
other step, a machine needs fo be 
tested at a commercial facility, spe- 
cifically to produce a required pow- 
der on a production basis. 

For more information, contact 

Willard E. Kemp, President 
Kemp Development Corporation 
P.O. Box 21 8943 
Houston, TX 77218-8943 
Phone: (713) 492-6767 

Fax: (713) 492-7026 

Compiled by 
Pacific Northwest Laboratory for the U.S. 
Department of Energy, Innovative Concepts 
Program 590240. This flier was printed on 
recycled paper. 
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Diagnosing and 

Frequency Spectra 
Analysis 

. ,. . Optimizing Combustion by 

Mark J. Khesin 
Physical Sciences, Inc. 

A burner flame analyzer and several 
software burner optimization pack- 
ages are being developed to balance 
and optimize the operation of indi- 
vidual burners in industrial boilers. 
The new system will lower NO, emis- 
sions and increase the performance 
of commercial combustion systems. 

Electric Isolators 
Connecting Cables 

StoreEiecall 
AladFault  

User Interface 

Conceptual SpectraTuneTM System 

Introduction 
The 1990 Clean Air Act Amend- 
ments require utility and large indus- 
trial boilers to reduce NO, emissions 
in order to reduce acid rain and 
ground-level ozone. 

Most conventional burners in boilers 
cannot be controlled individually, 
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largely because their individual inlet 
and outlet streams cannot be moni- 
tored. No instrumentation exists to 
diagnose and optimize combustion 
for balanced and optimized operation 
of individual burners. 

Concept Description 
A new system for combustion diag- 
nostics and optirdzation is being 
developed to balance and optimize 
the operation of individual burners. 
The system has the potential to lower 
NO, emissions and to improve the 
performance of commercial com- 
bustion systems. This system will be 
commercialized in the form of new 
products: a burner flame analyzer 
(SpectraTunem) and several software 
packages. 

The SpectraTunem system can deter- 
mine a flame-monitoring algorithm 
optimized for the specific burner de- 
sign, type of fuel, and operating con- 
ditions and for a selected criterion, 
such as.NO,. The new system will be 
available as a separate standalone in- 
strument and also as a software pack- 
age that is compatible with existing 
burner management systems. 

This concept is the result of a new 
source of combustion information 
that was discovered in temporal fluc- 
tuations of conventional, readily 
available measurements, such as 
flame radiation and flue gas constitu- 
ents. It was proved experimentally 
that the temporal frequency compo- 
nent of combustion measurements, 



which is usually filtered out as 
useless noise, can be correlated 
to important--and presently 
unavailable--parameters of the com- 
bustion process, such as fuel-to-air,. . 
ratio, NO, emissions, and flame 
stability for individual burners. 

. 

The system can be applied to almost 
all combustion sources, including 
utility and industrial boilers. The sys- 
tem can sc,an individual flames for 
appropriate radiative signatures and 
recognize patterns associated with 
low-NO, and low, unburned carbon 
flames. A rule-based system or 
neural network could be used to proc- 
ess the flame signatures and provide 
appropriate control inputs. Likely 
burner control parameters include air- 
flow or swirl to individual burners to 
ensure acceptable burner operation 
over a range of load conditions. 

Economics and Market 
Potential 
While the focus was on a sensor- 
software system, the most likely 
market for this instrument is as a part 
of an integrated, low-NO, control 
system applied to individual burners. 
The proposed system can provide a 
flame quality factor (Q) for each bur- 
ner when the burner is tuned by the 
vendor and accepted by the operator. 
More importantly, Q is very sensitive 
to burner fuel-air ratio changes dur- 
ing normal operation, so online bur- 
ner balancing and tuning are possible. 

To determine saving estimates from 
the concept, a 500-MW boiler was 
examined that produces -40,000 lbkr 
of flyash at full load. This ash either 
is landfilled at a cost of $8 to $30/ 
ton, or sold for various structural uses 
at -$2 to $10/ton (if it contains 4% 
carbon). A baseloaded boiler pro- 
duces -125,000 tons of ash/yr. If the 
SpectraTunem system allows a utility 
to sell just 10% more flyash, the 
potential annual savings are $125,000 
to $400,000. 

The system can increase boiler effi-, 
ciency by lowering excess air and 
increasing carbon conversion. The 
500-Mw boiler bums -1.2 Mtodyr 
to heat the air to 65°C stack tempera- 
ture. Increasing combustion'effi- 
ciency from 99.5% to 99.6% would 
save -1225 ton of coaVyr, or 
-$40,00O/yr (at $33/ton). Reducing 
excess air from 20% to 18% would 
save -$50,OOO/yr in fuel cost. 

The SpectraTunem system is ex- 
pected to add -$25,000 to each low- 
NO, combustion system, whether the 
boiler is new equipment or a retrofit. 
Coallfired boilers contain from 4 to 
98 burners, each costing -$50,000 to 
replace (installed), while a low-NO, 
combustion system may only add a 
few hundred thousand dollars to the 
cost of a new power plant sited and 
built for about $1500/kW ($750 mil- 
lion for a 500-MW unit). With po- 
tential savings of $100,000 to $1 mil- 
liodyr, the additional investment 
required by the SpectraTuneTM sys- 
tem will pay for itself within 2 to 20 
weeks. 

Key Experimental 
Results 
Data were collected from several 
power plants for different burner de- 
signs and at several single-burner 
combustion test facilities. Data anal- 
ysis confirmed that satistical values 
extracted from temporal frequency 
flame spectra can be developed into 
effective algorithms for combustion 
diagnostics and optimization, particu- 
larly for coal-fired, low-NO, burners. 

The new approach to analyzing tem- 
'poral flame frequency spectra ex- 
ploits the correlation between charac- 
teristics of individual burner flames 
and statistical values derived from the 
spectra. On this basis, a series of 
algorithms was developed related to 
burner stoichiometry and mixing rate, 
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which can be used for characterizing 
and optimizing flame. A method of 
forming optimum algorithms was also 
developed to characterize specific 
parameters, such as NO, and burner 
fuel-to-air ratio. The' approach pro- 
vides a new method of combustion 
optimization with a broad range of 
commercial applications. 

The method is continuing to be tested 
on several utility and industrial boil- 
ers equipped with different types of 
burners, with particular emphasis on 
the low-NO, coal burners. A new 
NO, compliance strategy is also being 
developed based on application of the 
system. 

Future Development 
Needs 
The computer processing system 
offers two immediate applications: 
identifying out-of tune burners and 
balancing burners. Two additional 
applications are expected during the 
next phase of development: optimiz- 
ing burners for selected criteria (such 
as minimum NO, or maximum flame 
stability), and optimizing boiler NO, 
compliance and combustion. These 
applications are the most difficult and 
challenging, and are hoped to be con- 
ducted in cooperation with commer- 
cial partners. 

For more information, contact 

Mark Khesin, 
Physical Sciences, Inc. 
20 New England Business Center 
Andover, MA 0 18 10 
Phone: (508) 689-0003 

Fax: (508) 689-3232 
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Pacific Northwest Laboratory for the U.S. 
Department of Energy, Innovative Concepts 
Program 590240. This flier was printed on 
recycled paper. F 



Ozone and Electrolysis for 

.from Oil and Grease 
Contaminants 

.. . ,- , Synthesizing Surfactants 

e 
Reconcentrated 

Cleaning 
Solution 

Michael P. McGinness 
Custom Process Systems & 
Service Co. 

Custom Process Systems has de- 
veloped a process that will allow 
rime water and cleaning solutions to 
be totally recycled indefinitely. The 
process signijicantly reduces energy 
consumption and operational costs, 
and eliminates waste disposal costs. 

Cleaning I 
Process 

and 
Cleaning Reusable Cleaning Solution 
Solution 

Contaminated Cleaning Solution 

Generator Generator \03rl Current Power 

Advanced 
Oxidation 
Reaction 
Vessel 

Reverse Osmosis 
Means 

I I I 
Contaminated Rinse 

Ozone and Electrolysis Process 

Introduction 
Rinse water from various cleaning 
processes is one of the largest waste 
streams in industry. Reverse osmosis 
membrane water separation and 
purification systems have not been 
successful in most applications for 
rinse water recycling, primarily 
because the membrane surface 
rapidly fouls with oily, organic films . 
that substantially reduce the mem- 
brane's flow rate. 

New regulations are contributing to a . 
major shift from solvent-based to 
water-based cleaning processes. 
However, increased use of water- 
based cleaning and rinse processes is 
increasing the waste water volume 
and treatment requirements. Systems 
for treating waste water do not elimi- 
nate pollution, but instead produce 
sludges that must be landfilled. 
Existing methods of extending the 
useful life of water-based cleaners 
include oil skimmers and ultra- 
filtration systems, but most are 
impractical and too costly to compete 
with current treatment and disposal 
methods. 

Concept Description 
Custom Process Systems has de- 
veloped a process that will allow ' 

rinse water and cleaning solutions to 
be recycled indefinitely. The first 
stage uses a combination of ozone 
and electrolysis to oxidize oils and 
greases that have been left in cleaning 



solutions. The oxidation process 
converts them into polar water- 
soluble surfactants that can be reused 
in the same cleaning process. 

The concept combines reverse osmo- 
sis membranes with a regenerative 
cleaning solution process that 
Custom Process Systems developed 
earlier. The regenerative process 
uses advanced oxidation to partially 
oxidize organic compounds, thereby 
converting them into useable, water- 
soluble organic surfactants. This 
same conversion process also will 
dlow the rinse water to be reused by 
using reverse osmosis membranes to 
split the rinse water from the cleaner. 
The membranes will not foul because 
they will be reconcentrating a regen- 
erated cleaning solution that is 
essentially free of oil and grease. As 
the cleaner is reconcentrated in the 
reverse osmosis membrane, it will 
actually clean the membrane. All of 
the rinse water and cleaner can be 
continuously reused. 

At the same time, existing surfactants 
and organic contaminants are oxi- 
dized into carbon dioxide and water. 
The only waste produced by the 
process is a very small amount of 

. precipitated inorganic solids, which 
easily can be rendered nonhazardous 
or even recycled if they contain 
heavy metals such as lead. 

The process uses a pressure-swing, 
adsorption oxygen generator, which 
feeds dry, high-purity oxygen to a 
corona-discharge ozone generator. 
The oxygen and ozone are generated 
and used as needed. Alternating dc . 
current is fed to permanent electrodes 
immersed in the tank. The system 
can be activated with a start-up clean- 
ing formulation that can vary with the 
application. In sbme cases, titration 
and addition of very small amounts of 
additives may be desirable through- 
out the year. 

This new process reduces the amount 
of water and chemicals needed to 

maintain the cleaning process, and 
eliminates the cost of waste disposal 
because the water and cleaning com- 
pounds are reused. The process sig- 
nificantly reduces energy consump- 
tion by eliminating the energy used to 
treat and destroy waste from existing 
cleaning processes. This process also 
allows the cleaning bath to be 
maintained at the peak performance 
of a new bath, resulting in a more 
efficient and cost effective cleaning 
process. 

Economics and Market 
Potential 
Replacing a 40-kW water evaporator 
with a 1-kW water pump and reverse 
osmosis membrane would reduce the 
energy consumed by 98%. Industry 
is just now making a major shift from 
solvent-based to water-based cleaners 
and will need to decide how to deal 
with the rinse water in the next ten 
years. Industry has not made major 
investments in evaporative systems 
yet, although such systems are being 
heavily promoted and advertised. 
Over 100,000 new water-based clean- 
ing systems are estimated to go online 
in the United States in the next 
10 years. 

The concept has potential for wide- 
scale use in both the commercial and 
defense sectors. Hundreds of $f- 
ferent industries couId benefit from 
the type of cleaning process offered 
by the concept, including 

a 

a 

a 

a 

a 

manufacturing - new parts, parts 
washers, and paint lines 
electroplaters 
machine shops - parts washers 
general automotive repair . 

vehicle washing 
food industry - process tank 
washing 
trucking - tank washing 
petrochemical industry - process 
tank and pipe washing/flushing 
labs - glassware washing 
industrial hygiene - respiratory 
washers 

medical industry - surgical instru- 
ment washing. 

Key Experimental 
Results 

A full-scale prototype system has 
operated successfully for two years 
on a heated, alkaline water-based 
spray washer. 

Future Development 
Work 
The aqueous cleaner recycling 
process using ozone and electrolysis 
was demonstrated with a full-scale 
system. Equipment is set up now to 
bring in experimental batches of used 
cleaning solutions from potential 
clients for treatment with the ozone 
electrolysis process. After treatment, 
the rejuvenated cleaner will be 
returned to the customer for testing in 
their cleaning systems. 

Data need to be collected on the 
reverse osmosis concept’s flux rates 
at various concentrations and feed 
pressures in order to properly size 
and cost reverse osmosis rinse water 
recovery systems. These data could 
be produced immediately after used 
sample cleaners are processed in the 
ozone/electroly sis process. 

For more information, contact 

Michael P. McGinness 
Custom Process Systems & 

2710 South Shaver Unit #D 
Pasadena, TX 77502 
Phone: (713) 941-0907 

Service Co. 

Fa: (713) 868-2332 

Compiled by 
Pacific Northwest Laboratory for the U.S. 
Department of Energy, Innovative Concepts 
P r o w  590240. This flier was printed on 
recycled paper. 
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‘ MAG/GATE: A System’for 
. r .  . Controlling. Molten Metal 

Flow 

Richard D. Nathenson 
Concept Engineering Group, Inc. 

A device using electromagmtics 
offers many advantages for better 
control of theJlow of molten steel. 
The device avoids the need for high- 
frequency currents, has relatively 
simple magnetic requirements, and 
could have a very compact magnetic 
structure. 
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Molten Metal 

r Iron 
Flux Return 

DC hisymmetric Flow Control Device (Shercliff 1962) 

. Introduction 
In both the ferrous and nonferrous in- 
dustries, controlling the flow of metal 
from one vessel to another is vital to 
the process, whether it is from a melt- 
ing or holding furnace to multiple 
molds in a batch casting process or 
from a ladle to a tundish to a mold in 
a continuous caster. 

Conventional flow control devices in- 
clude metering nozzles, stopper rods, 
and slide gates. These devices all 
suffer from operational problems. 
Electromagnetic flow control has also 
been successfully used in industrial 
metal pouring, most notably in using 
an electromagnetic mold for ingot 
casting of aluminum. However, this 
approach has significant problems 
with flow control in continuous cast- 
ing of steel. 

Concept Description 
Still in the laboratory stage, a mag- 
netic gate (MAGIGATE) is being in- 
vestigated for controlling the flow of 
molten metal. The device is based on 
a largely forgotten device first shown 
by Shercliff (1962) in his book, The 
Theory of Electromagnetic Flow- 
Measurement. The device has the 
potential to overcome the disadvan- 
tages of high frequency, high power 
electric currents that have been tried 
previously. 

. 

Shown in the figure, the device’s 
configuration is axisymmetric, allow- 
ing it to be used around conventional, 
ceramic pouring tubes. The braking 
action is developed internally by the 
induced drag of a conducting fluid 
trying to move through a steady 
magnetic field. 

With this device, high-frequency cur- 
rents are not needed, the magnet re- 
quirements are relatively simple, and 
the magnetic structure can be very 
compact. The power requirements 
are substantially lower and equipment 
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costs are less than .for high frequency 
devices. Flow brakes using the same 
principle have successfully been used 
in liquid metal reactors. 

An electromagnetic flow control 
device offers several benefits com- 
pared with conventional devices: 

~ .- . .. . 

electromagnetically improves the 
steadiness of the pouring stream, 
eliminating turbulence from the 
ladle stream and the tundish, thus 

. improving quality 

provides heat electromagnetically 
at the nozzle to reduce inclusion 
deposition and freezing, and to re- 
melt any deliberately frozen off 
strand, avoiding the damage typi- 
cally done by an oxygen lance . 

provides a greater capacity to deal 
appropriately with hot or cold heats 

with the trend toward larger tun- 
dishes, provides a new capability to 
offset the extra head present with 
the greater depth that is needed to 
minimize vortexing and to maxi- 
mize inclusion float 

gives the computer better and more 
responsive control over the metal 
flow rate through the caster in 
order to better match to.the furnace 

achieves more uniformity from cast 
to cast by reducing the reliance on 
individual operator’s skill and pos- 
sibly the number of operators 
needed 

increases strand yield by reducing 
costly events such as breakouts, 
nozzle lancing, and caster 
turnarounds. 

Economics and Market 
Potential 
Although the electromagnetic flow 
control device has potential for all of 

the metals industries, its largest mar- 
ket is the world‘s steel industry. In 
particular, flow control from the ’ 

tundish to the stand in a continuous 
caster offers significant process 
improvement. 

The axisymmetric device could b.e 
used on a typical slab caster with an 
annual capacity of 2.6 million tons. 
Under the normal operating head in a 
48-in. tundish, the magnetic field 
would vary and reduce the casting 
rate from 100% to 10%. 

An initial analysis showed that an 
electromagnetic ‘flow control device 
at the tundish in a steel continuous 
caster could reduce overall costs and 
provide process improvements from 
$1 to $10 per ton. Because the . 
United States produces 90 million 
tons of molten steel each year, the net 
savings to the U.S. steel industry 
could range from $90 million to 
$900 million annually. 

Of the -500 kwh needed to melt and 
process each ton of steel using an 
electric furnace, an electromagnetic 
flow control device increases energy 
consumption by only -10 kWh/ton. 
Significant energy savings could be 
realized by increasing strand yield. A 
1% increase in strand yield from the 
processing enhancements of an 
electromagnetic valve could save 
-450 million kwh annually in the 
United States. 

Key Experimental 
Results 
An upcoming experiment will consist 
of pouring a melt of a’given mass 
from one vessel to another through 
two spouts, one with a simulated flow 
control device and one without. The 
difference in the amount of metal dis- 
charged through each,spout will be 
measured. Using dimensional anal- 
ysis, lab results will be related to 
various industrial situations. 

Future Development 
Needs 

An improved numerical method has 
been completed to calculate the per- 
formance of the axisymmetric flow 
control device. 

Next steps include conducting addi- 
tional laboratory scale experiments 
with a range of field strengths, metal 
heads, and flow rates; then refining 
and optimizing the design based on 
those test results. A design code 
needs to be developed to size units 
easily; and a beta test industrial 
prototype needs to be designed, 
including electromagnetic, fluid, 
thermal, and mechanical analysis. 
Next, an industrial test site needs to 
be located and prepared for testing, 
including determining and obtaining 
required utilities power needs, instru- 
mentation, test setup, data acquisi- 
tion, and controls. Finally, a full in- 
dustrial system needs to be designed, 
consisting of the flow control device, 
support hardware, power supply, con- 
trol system, and interface into the 
plant supervisory control system. 
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The Pickliq Process for 
Recovering Acid and Metal 
.Salts from Pickling 
Liquors 

Douglas R. Olsen 
Olsen Environmental Management & 
Technologies Ltd. . the point of use. The process also 

The Pickliq process can purifi and 
recycle acidrfrom pickling liquors at 

recovers the metal salts, which can 
be sold. 

.......................... ....................... b 
Steel Work Being Pickled 

Pickling Tank 

Depleted Acid Recovered Acid 

Pickliq Process 

Ferrous Sulfate 
to Market 1 

Pickliq Process 

Introduction 
Sulfuric and hydrochloric acid are 
top-ranking wastes in the national 
Toxic Release Inventory. Much of 
this waste comes from pickling 
liquors from the primary metals and 
metal finishing industries. A typical 
sulfuric-acid pickling operation 
requires an acid bath that must be 
pumped out as waste when the acid . 

strength is depleted. That bath then 
must be replaced with a new bath 
made up from fresh sulfuric acid and 
water. 
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Current acid recovery systems have 
high maintenance costs and corrode. 
When acid recovery is not used, 
waste pickling bath is typically neu- 
tralized with caustic soda and land- 
filled or injected into deep wells. 
These treatments typically require the 
waste acid to be transported in tank 
trucks over the highway'for consider- 
able distances. These operations 
carry a high cost and an environ- 
mental risk because of the corrosive 
materials being handled. 

Concept Description 
The Pickliq process is being develop- 
ed to recover and reuse purified sul- 
furic acid onsite and to produce 
crystalline ferrous sulfate heptahy- 
drate (metal salts) for the market. 
Ferrous sulfate is used in substantial 
quantity in water treatment, agricul- 
tural chemicals, and pigments. The 
process uses membrane diffusion 
dialysis, cold crystallization, and heat 
interchange in a unique combination 
that requires low energy and pro- 
duces a nonhazardous product. 
While this combination of technolo- 
gies is unique, key elements have 
been used for several years in analo- 
gous solutions. 

As the figure shows, in the Pickliq 
process, a side stream of depleted 
acid is taken from the pickling tank. 
Heat and acid are removed from the 
stream and added to the purified 
stream that is returned to the pickling 
tank. The ferrous sulphate heptahy- 
drate from the pickling tank stream is 



crystallized at a low temperature. 
The crystals are dewatered in a 
centrifuge anddropped into bulk 
shipping containers. The liquid from 
the centrifuge is sent to the diffusion. 
dialysis portion of &e system, wheGe 
it reiovers the acid and returns it to 
the pickling tank. 

A unique advantage of this process is 
its ability to produce a nonhazardous 
material because the acid is removed 
by diffusion dialysis. This feature 
lowers the cost of construction ma- 
terials and extends equipment life 
because the Pickliq process takes 
place in a less corrosive solution. 
The product may be shipped as a 
non-corrosive material because the 
pH is above 2.0. 

The process saves energy in several 
ways: recovered acid uses less 
energy to make than new acid; the 
need for treatment with caustic soda 
is eliminated; and the transportation 
cost of shipping used acid offsite is 
eliminated. Fuel, personnel hours, 
and material are also saved because 
higher average acid strengths reduce 
pickling times and a constant acid 
level minimizes rejected work caused 
by insufficient pickling. 

Economics and Market 
Potential 
The concept’s economics were esti- 
mated using a galvanizing plant. The 
plant currently galvanizes 20 million 
lb of steel per year, resulting in 
A000 g d w k  of pickling acid waste 
that must be hauled away and treated 
at a cost of >$l/gal. This waste . 
liquid contains both acid and ferrous 
sulfate and is eventually neutralized 
and lanailled. 

The facility’s optimal capacity has 
been estimated to be 40 million lb of 

steel per’year. The Pickliq process 
could eliminate acid purchases and 
waste hauling costs, and generate 
-$315,000 in savings each year. 
While these savings are very good, 
this facility is “small” compared with 
steel strip mills and larger galvanizing 
facilities, which would produce sub- 
stantially larger savings. Equipment 
payback for the Pickliq process is 
estimated at 1 to 2 years. 

also used to demonstrate the recycl- 
ing of acid to the diffusion dialysis 
membranes and the crystallization of 
the deacidified pickling liquor. 

Yet,to be demonstrated is the energy 
and material balance from a produc- 
tion sized unit that is operated con- 
tinuously. These data will demon- 
strate conclusively the operating 
economics and product character- 
istics for the market. 

The process has widespread applica- 
tion in the primary metals industries Future DeveloDment 
for pickling operations. It also is 
applicable in all metal-working 
industries for metal pickling and 
cleaning, and in the metal finishing 
and the circuit board industries for 
recovering the acid and metal salts 
from all types of etches and metal 
strips. Acids that can be recovered 
are hydrochloric, sulfuric, nitric, 
hydrofluoric, phosphoric, and others 
(including nonmineral acids). The 
metals’whose salts can be recovered 
include ferrous, nickel, copper, zinc, 
tin, manganese, and aluminum. 

Key Experimental 
Resu I ts 

. 
Needs 
Future funding is needed to further 
commercialize the process, including 
testing and documenting the proto- 
type performance, further defining 
and promoting the market, and 
developing technology transfer ’ 
media. Assistance is also needed for 
the post-prototype design and com- 
mercial process marketing. 

A technology‘ demonstration project 
of a system prototype at a galvanizing 
plant in Utica, New York, is expected 
to verify system performance and 
confirm the energy balance and the 
exact productxharacteristics. Tech- 
nology transfer can then be initiated 
to begin ultimate commercialization 
of the system. 

The physical chemistry of ferrous 
sulfate in sulfuric acid is documented 
in the literature and well understood. 
Crystallizing ferrous sulfate from 
sulfuric acids at various acid . 
strengths and temperatures is an 
essentially simple operation and 
requires minimal development work. 

From commercial operations and 
from bench and pilot operations, data 
were obtained for diffusion dialysis 
on pickling acids containing sulfuric 
acid and ferrous sulfate. Experiments 
have shown that production pickling 
acid can be deacidified to a pH of 
above 2.0. A pilot unit operating on 
a side stream of a production unit was 
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The AIR Process for 
. .... Controlling Fugitive . 

Emissions 

Charles W. Quinlan 
BE, Inc. 

A new emissions control technology 
combines two highly effective systems 
and uses a proprietary photocatalyst 

catalytic oxidation are complex, must 
operate at elevated temperatures, and 
have questionable economic perform- 

~~ 

to destroy emissions economically 
and ejiciently. 

To 
Exhaust AIR Process Unit 

W 

ance. Thermal incinerators also have 
high operating temperatures, require 
excessive supplemental fuel for dilute 
mixtures of volatile organic com- 
pounds (VOCs) in air, and exhibit 
uncertain selectivity for chlorinated 
VOCs (CVOCs). Activated carbon 
adsorption creates a haz'ardous solid 
waste; and carbon regeneration by 
steam is generally economical only 
for very large-scale operations. 

One Application of the AIR Process: A Centrifigal Pump 

introduction 
Fugitive emissions in chemical manu- 
facturing plants and general industrial 
operations using volatile solvents are 
a source of environmental contamina- 
tion. Starting in 1994, new regula- 
tions are being implemented over the 
next 2 to 3 years to curtail fugitive 
emissions from leaking equipment 
(59 FR 19568). 

Conventional technologies for reduc- 
ing fugitive emissions have many dis- 
advantages. Combustors based on 

. Concept Description 
KSE, Inc., has developed a new air 
pollution control technology by inte- 
grating two highly effective systems: 

, dilute stream separation (adsorption) 
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and concentrated streaq purification 
(catalyzed chemical reaction). This 
technology, termed the Adsorption- . 
Integrated-Reaction (AIR) Process, 
operates at ambient temperatures and 
pressures to destroy CVOCs (with 
99+% conversion), oxygenated 
VOCs, and mixtures of CVOCs and 
common volatile compounds. 

the AIR Process, a contaminated 
air stream enters a reactor, where the 
VOCs or CVOCs are trapped on the 
surface. of a proprietary catalytic 
adsorbent. The catalytic adsorbent is 
continuously illuminated with an 
ultraviolet (UV) light bulb. The 
trapped contaminants are catalytically 
destroyed on the adsorbent, con- 
tinuously regenerating it. Only the 
oxygen in the air is needed as a reac- 
tant. For VOCs, harmless carbon 
dioxide and water are formed, which 



are carried away in the contaminant- 
free aifstream leaving the reactor. 
For CVOCs, the resulting chlorine . 

product can be captured in a small 
effluent trap. . . .. . .. -. 
The AIR Process is ideal for in-plant 
fugitive emissions control because it 
has no hazardous sparks or high 
temperatures. The proprietary 
photocatalyst--the heart of the 
process--is orders of magnitude more 
Bctive than competitive photocata- 
lysts. Only a pint of catalyst might be 
required for the process. Therefore, a 
very compact and inexpensive unit 
can be designed to control the many 
small continuous sources typical of 
chemical plant fugitive emissions. 
For intermittent applications, the W 
light can be simply turned on or off 
as needed. The ambient-temperature 
process responds instantly to the W 
light illumination. 

The figure shows one application of 
the concept. A centrifugal pump, 

. typical of those used in chemical 
manufacturing processes, is shown as 
the source of the fugitive emissions. 
Such pumps are frequently sources of 
fugitive emissions because their sim- 
ple, inexpensive seals often leak. 
The potential fugitive emission is 
captured at the seal and is immedi- 
ately destroyed in the process unit. 
The capture system can easily be 
designed to have a network of pumps 
served by a single process uht. 

Economics and Market 
Potential 
The concept’s potential economics 
were estimated using centrifugal 
pumps in a chemical manufacturing 
facility. An average-sized chemical 
manufacturing plant contains -100 to 
200 pumps, each processing up to 
1500 gdminute. Because many of 
the pumps have single seals, the seals 
must be replaced with double or 
tandem seals to meet regulations. For 
pumps moving more than -100 gal/ 
minute, this represents an estimated 
$45,OOO/pump, or -$1.1 million for a 

plant having 25 pumps. With 
-12,000 U.S. chemical plants, such 
replacements could cost industry 
billions of dollars. 

As an alternative to replacing seals, 
the AIk Process could collect the 
fugitiveVOCs or CVOCs from 
25 pumps and destroy them with a 
single unit. For each pump,.-2 ft3/hr 
of air plus contaminant must be with- 
drawn from the pump’s single seal to 
eliminate the fugitive emissions, for a 
total contaminated airflow rate of 
-50 ft3/hr for a 25-pump system. . 

The process unit would cost tens of 
thousands of dollars, compared with 
more than $1 million for seal replace- 
.ment. At most, a few pints of catalyst 
would be required to completely de- 
stroy emissions. The system would 
require a 60-W W light source and a 
small vacuum pump to capture the 
contaminants, together incurring an 
annual operating expense of -$loo. 
Destroying CVOCs could add operat- 
ing costs for a dedicated trap to cap- 
ture inorganic chlorine. 

Other applications for the concept 
include the many market segments in 
the environmental control industry. 
Systems can be designed to address 
intermittent releases from tanks and 
to capture emissions from waste 
water treatment. The technology 
could also control general indoor air 
quality in chemical plants and reduce 
the ;elease of toxics into the air. 

Key Experimental . 

Results 
Initially, experimental efforts were 
focused on destroying the extremely 
toxic CVOCs. The process’s catalyst 
is stable against deactivation and pro- 
duces no noxious byproducts. The 
process destroys various CVOCs 
from ambient-temperature feeds, at 
reactor residence times as low as 
0.2 seconds, compared with other 
photocatalysts, which have much 
higher reactor residence times. 

In a two-month continuous field 
demonstration, the AIR Process met 
or exceeded all performance specifi- 
cations, destroying dichloroethane in 
an air stripper effluent that had an air 
flow of 50 standard cubic feet per 
minute. Because this demonstration 
was of much larger scale than units 
expected for fugitive emissions con- 
trol, it provided excellent engineering 
information to design and construct 
systems. . 
Future Development 
Needs 
The AIR Process is now available for , 

controlling CVOCs and oxygenated 
VOCs. Systems can be constructed 
to meet a wide range of needs in the 
chemical manufacturing and related 
industries. The immediate develop- 
ment need is to market the system. 
Specific applications must be defined 
and cost/performance specifications 
provided to begin market penetration 
of the technology. Photocatalyst 
development and process demonstra- 
tion will focus on commonly encoun- 
tered hydrocarbons such as toluene, 
hexane, and ethylene. 
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I Magnetic Regenerator 
Materials in Fine Wire 

- Jeffrey M. Seuntjens 
Supercon, Inc. 

Fabricating rare earth materials in 
the form offine wires offers potential 
high ejjiciency for all types of regen- 
erators. Key to the concept is a 
niobium d imion  barrier, which pro- 
tects the rare earth materialsfrom 
oxidation during wire fabrication. 

Copper Sheath 
Rare Earth Material 
Barrier Material 

Schematic Design for Model Gd and Gd,$y,k 
Billets 

Introduction 
Regenerator materials can be used in 
both conventional, gas compression 
cycle-based refrigeration (GCCR) 
and in active magnetic regeneration 
refrigeration (AMRR): Conventional 
refrigeration can use a passive regen- 
erator to improve overall efficiency, 
whereas AMRR uses a magnetic 
material both as a regenerator materi- 
al and as the working material in the 
thermodynamic cycle. Magnetic . 
refrigeration technology promises 
high efficiency because it is based on 
the magnetization and demagnetiza- 
tion cycle, which is nearly perfectly 
reversible. 
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Materials consisting of rare earth 
metals, rare earth alloys, and rare 
earth/transition metal compounds 
have the highest known heat capaci- 
ties for regenerator technology. 
However, conventional powder 
processes for manufacturing such 
materials produce powders with a 
wide range of sizes. Many of these 
particles are too large or too small for 
use in an AMRR system. To be ef- 
ficient, regenerator working materials 
must be very uniformly subdivided to 
100 to 300 micrometer diameters and 
very uniformly compacted to -60% 
density. 

Concept Description 
A process is being developed for 
fabricating magnetic regenerator 
materials in fine wire form by using a 
niobium (Nb) barrier between a rare 
earth material and a copper sheath 
(see the figure). The barrier fraction 
and copper sheath can ultimately be 
minimized to a few percentages of 
cross sectional area. 

The materials can be used as a re- 
generator for conventional GCCR, 
AMRR, and heat pump applications. 
The concept uses rare earth materials 
in the form of fine wires because 
such materials offer the best potential 
for gaining the highest possible ef- 
ficiency for all types of regenerators. 
One of the most important benefits of 
the barrier is that it can provide the 
wire with a surface that is much less 
sensitive to oxidation and moisture- 
related degradation than is the rare 
earth material underneath the barrier. 



This concept offers several advan- 
tages over existing technology: 

The wire geometry provides perfect 
uniformity of the .- cross . section. ,_ , 

The proposed Nb barrier produces 
a sheath around the rare earth 
AMRR material that greatly 
reduces problems with material 
degradation over the system’s life. 

The extrusion and draw processes 
yield -80% to 85% useable wire, 
double the efficiency of other 
known processes for fabricating 
AMRR material. 

Economics and Market 
Potential 
Using rare earth materials in the pro- 
posed fine wire form provides out- 
standing market potential. The proc- 
ess reduces energy consumption and 
efficiently uses the expensive, high- 
energy-intensive rare earth metal raw 
material by increasing process yields. 
Many applications use intermediate- 
to large-size refrigerator (heating) 
systems. Large improvements in 
these systems’ efficiencies, in part 
from the concept, may create a large 
demand worldwide for AMRR sys- 
tems and components. Steyert (1978) 
calculates that -1 kilogram of AMRR 
working material is needed for each 
kilowatt of cooling (heating) power. 

An early application for this concept 
may be in cryocooler refrigerators, 
which operate from 10 K to 80 K and 
provide cooling for electronics, 
sensors, and superconductivity 
applications. 

Key Experimental 
Results 
Two commercial-grade rare earth 
materials were processed to demon- 
strate the concept’s feasibility. One 
was gadolinium metal (Gd); the other 
was an alloy of Gd with dysprosium 

@y), nominally Gd,,,Dy,,. The billet 
design had a copper billet sheath with 
an outside diameter (O.D.) of 51 mm 
and a rare earth ingot O.D. of 36 mm. 
The barrier volume fraction was 7% 
of the rare earth cross section. Both 
billets were assembled, evacuated, 
welded, and extruded to 12.4-mm 
diameter. The billets were drawn to 
fine wire on a die line with nearly 
identical reductions between each die 
pass. Periodic anneals were used to 
recrystallize the rare earth core and 
restore its ductility. 

The Gd billet processed almost with- 
out incident. The billet processed in 
a single piece to -1-mm diameter 
where it was cut in half. Half was set 
aside and the rem&nder drawn to 

‘ 

0.254-mm diameter. No breakage 
occurred until the very last drawing 
die to 0.254 mm. Several pieces, 
each >lo00 m, were obtained. At the 
final size, the Gd + Nb core diameter 
was -200 microns, which is in the 
desirable range for regenerator appli- 
cations. The barrier was robust 
enough to protect the rare earth dur- 
ing a pickling process of removing 
the copper jacket with nitric acid. 

The Gd&y,,4 alloy composite 
showed less ductility than the Gd 
metal composite, despite its some- 
what lower oxygen content. After 
some breakage, a modified schedule 
with fewer die passes betweenan- 
neals was successfully used, and a 
sample length of >lo0 m was proc- 
essed to nominally 0.25 mm without 
breakage. 

The G&.,Dyo, core is more irregular 
than the Gd core. The barrier is 
stretched because of the larger perim- 
eter of the regular core, which makes 
it effectively thinner than it would be 
in a perfectly round core case. In 
addition, local protrusions of rare 
earth into the irregular barrier may 
lead to problems if the billet jacket 
needs to be.removed. The barrier’s 
thin spots can lead to bum holes, 
where acid gets through the barrier 
and dissolves the rare earth core. 

Future Development ‘ 
Needs 
Considerable work remains to opti- 
mize and demonstrate the process’s 
robustness and reproducibility. The 
feasibility of the concept needs to be 
demonstrated in other rare earth 
alloys, such as neodymium. 

Experiments are needed to optimize 
the barrier volume fraction, the billet 
sheath material composition, and wall 
thickness. This work will determine 
how these parameters affect the qual- 
ity of the final product and help mini- 
mize etching costs if the billet copper 
sheath is to be removed. Minimizing 
the barrier fraction will maximize the 
amount of rare earth working material 
in the regenerator. 

The process variables of annealing 
time, temperature, extrusion reduc- 
tion ratio, and strain between anneals 
must be optimized to minimize the 
diffusion and reduce the amount of 
drawing processing. Also, work is 
needed to develop an etching line for 
removing the jacket from fine wire. 

Reference 
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Selective Separation of 
PET from PVC for Plastics 
Recycling 

Joey Yang 
Advanced Processing 
Technologies, Inc. 

A new technology is usingfioth$ota- 
tion to separate PETfrom PVC for 
plastics recycling. Because of the 
simplicity of the process and low 
price of the reagent used, the tech- 
nology requires low capital invest- 
ment and low operating cost. 

Introduction 
US. plastics production has grown 
by -10% each year in the last several 
years. Six polymers account for 
about 80% of the total polymer pro- 
duction: low-density polyethylene, 
high-density polyethylene (HDPE), 
polypropylene, polyvinyl chloride 
(PVC), polystyrene, and polyethylene 
terephthalate (PET). 

Plastics recycling is hampered by the 
polymers’ different melting points 
and thermal stabilities, which con- 
taminate the main polymer product 
and reduce the quality and the price 
of the recycled plastic. The inability 
to separate a complex mixture-of 
plastics limits the recycling and reuse 
of several polymers. 

PVC and PET cannot be separated 
using conventional gravity separation 
techniques because their specific 
gravities overlap; PVC density ranges 
between 1.32 to 1.37 g/cc and PET 
density varies from 1.33 to 1.37 g/cc. 

Currently, recycling technologies use 
relatively homogeneous plastics be- 
cause hand-sorting waste feed is too 

expensive. Many promising tech- 
nologies for separating mixed 
thermoplastics are being investigated, 
but they are still uneconomical and 
unreliable. 

Concept Description 
A technology using froth flotation is 
being developed to separate PVC and 
PET. The process consists of a mix- 
ing step and a flotation step. The sur- 
face chemistry of the two polymers is 
modified in a mixing step before the 
flotation process. 

PVC and PET c8n be separated 
through froth flotation because of the 
differences in their surface properties. 
For example, the surface tension and 
critical surface tension of wetting at 
20°C are 42 and 39 dynekm for 
PVCs and 45 and 43 dynekm for 
PETS. 

Because of PVC’s and PET’S dif- 
ferent chemical compositions, their 
surface properties can be modified 
before flotation by adjusting the 
aqueous solution chemistry. In other 
words, the problem can be viewed as 
selective separation of oxide material 
from chloride material. The literature 
indicates that several water-soluble 
organic compounds (amines, sulfates, 
alcohols, glycols) can adsorb prefer- 
entially at the PET/aqueous phase or 
PVC/aqueous phase interface and 
therefore can modify polymer surface 
properties @ann 1970; Wolfram 



1966). The changes were observed 
in the critical surface tension of 
wetting for both PET and PVC, as 
affected by dissolved organic com- 
pounds @ann 1970). These observa- 
tions indicate a potiintiai for modi: “ ‘ 
fying polymer surface properties. 

Economics and Market 
Potential 
Selective separation of PET and PVC 
from mixed thermoplastics in plastic 
recycling offers the potential to re- 
duce solid waste streams and fossil 
fuel consumption because recycled 
plastics can partially displace virgin 
polymers produced from refined 
fossil fuels. A typical facility for 
recycling post-consumer plaStics 
could realize a six- to hvelve-month 
payback. 

Using this technology to separate 
PET from PVC could increase the 
sale price for both recycled products 
by more than 30% because of their 
higher quality. Because of the sim- 
plicity of the process and low price of 
the reagent used, this new technology 
requires low capital investment and 
low operating cost. In addition, the 
process offers reduced energy con- 
sumption compared with the manu- 
facture of virgin polymer. 

The potential market for clean re- 
cycled PET includes most product 
applications that use virgin plastic, ’ 

excluding food applications, currently 
served by virgin PET and HDPE. 
The potential market also includes 
applications currently served by other 
virgin polymers or other materials. . 

For example, PET has been men- 
tioned recently as a good material for 
producing home insulation. If a clean 
PET can be made available by this 
technology, markets are likely to 
develop to use large quantities of the 
PETPVC waste collected. 

Key Experimental 
Results 
One of the most crucial tasks for suc- 
-cessfully separating PET and PVC is 
surface characterization of these two 
polymers. In this task, the technical 
feasibility of the proposed separation 

. technique can be established through 
studies on the thermodynamics of 
wetting and bubble-particle contact. 

For surface characterization, contact 
angles were measured using both the 
sessile-drop and captive-bubble tech- 
niques for air/aqueous phases of both 
PET and PVC. Virgin PVC polymer 
and the PET recovered from plastic 
products were examined. Surface- 
active additives of different com- 
positions and concentrations were 
used to modify the surfacdinterfacial 
properties of these systems. While 
both PET and PVC are hydrophobic, 
adding appropriate reagent(s) that 
adsorb at surfaces of PET and PVC 
can render PET hydrophilic while 
maintaining the hydrophobicity of 
PVC. This provides a fundamental 
basis for the selective flotation of 
PVC from PET. 

After the contact angles were meas- 
ured, the flotation test used a proprie- 
tary chemical reagent at a total dos- 
age of 10” M. The flotation pH was 
controlled at 10.5, and the particle 
size of PET and PVC was 3x4 mm. 
Because this particle size is not ideal 
for common flotation practice (the 
ideal particle size for common 
flotation practice should be <28 
mesh), a slow flotation method was 
used. On the other hand, the separa- 
tion efficiency for particles with a 
size 4 8  mesh should be superior to 
the flotation test data. 

The first flotation test used PET 
(pellets) and 10% talc-filled PVC 
(virgin, flexible). In this case, the 

talc-filled PVC particles were hydro- 
philic and remained as a tailing prod- 
uct, while the PET particles were 
present’in the froth product. A sec- 

’ ond flotation test used PET (pellets) 
and reground PVC (flexible). In this 
case, the PVC was rendered more 
hydrophobic, compared with the 
hydrophobicity of PET under the 
same reagent addition; the PVC was 
then found in the froth product, while 
the PET remairied as a tailing prod- 
uct. In each case, an excellent flota- 
tion separation of PET from PVC was 
achieved as designed. 

Future Development 
Needs 
With the results obtained from the 
preliminary experimental work, fu- 
ture development includes refining 
the concept, establishing the optimal 
reagent conditioning and flotation 
conditions, conducting a large-scale 
feasibility test, and doing a detailed 
cost and economics analysis. 
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Rain-Drop Spray Cooling 
.. . 

. I. , System for Metallurgical 
Processes 

S. C .  Yao A new system, called Rain-Drop 
Carnegie Mellon University . Spray Cooling, offers high heat 

transfer at a reduced water usage 
and better control of the cooling 
pattern in metallurgical protesses. 
The system improves product quality 
and reduces capital, operational, and 
maintenance costs. 

Water (Air) 

Rain-Drop Spray Cooling System 

Introduction 
Metallurgical processes generally use 
mist sprays, particularly for cooling 
vertical surfaces or the bottoms of 
metal sheets. With mist sprays the 
water mass fluxes can be adjusted to 
provide well-controlled cooling dis- 
tribution. Although mist sprays use 

smaller amounts of water, they also 
provide relatively small total cooling 
rates. 

Cooling by laminar water sheets is a 
common alternative to mist sprays in 
metallurgical processes. Water sheets 
can achieve very high cooling rates, 
but have inadequate cooling quality . 
and inefficient water usage. In loca- 
tions where water supplies are ample, 
this method of cooling is popular in 
steel and aluminum industries. 

Another consideration with both mist 
sprays and water sheets is the sig- 
nificant capital investments required 
for water handling, treatment, and 
processing equipments; The opera- 
tional and maintenance costs are gen- 
erally high, and the water consump- 
tion rates are substantial. 

Concept Description 
A new process combines the advan- 
tages of both mist sprays and laminar 
sheets to provide greater cooling effi- 
ciency and a refined water distribu- 
tion pattern, which results in higher- 
quality products. Uniformity of 
material properties across the sheets 
or slab can be easily achieved. 

The process, called Rain-Drop Spray 
Cooling, has rain-drop diameters 
from 3 to 15 mm. The drops leave 
the nozzle at a high velocity and 
impact directly onto the hot surfaces 
(see the figure). 

' I  
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Because of the process’s high speed, 
it can be applied from different direc- 
tions (see the figure). Because of the 
large drop sizes, the drop velocities 
do not decelerate during flight, which 
provides strong momenhm and sufl. 
ficient contact time to suppress the 
vapor blanketing. Therefore, the 
liquid directly contacts the hot sur- 
face and achieves substantial cooling. 

The system includes the total water 
system, control elements, a calibra- 
tion process, a production control 
strategy, and maintenance 
procedures. 

Economics and Market 
Potential 
The Rain-Drop system offers reduced 
castal costs because less water is 
needed. The capital costs of a typical 
laminar sheet cooling system are 
about $8 million, whereas the capital 
costs of a Rain-Drop system are 
likely to be half--or about $4 million. 
The reduced water usage also reduces 
the operational and maintenance 
costs significantly, and allows 
processing capacity to be expanded in 
areas where water availability is 
limited. 

The United States currently has hun- 
dreds of steel and aluminum mills 
using the mist sprays or laminar sheet 
cooling systems. Many of the mills 
will be expanding their capacity, 
renovating their existing systems, and 

seeking more uniform material 
properties in their products. Also, 
new plants will be built to replace the 
old ones. The Rain-Drop Spray 
Cooling system is superior to both the 
mist spray and the laminar sheet cool- 
ing systems, and can be used in any 
applications where the conventional 
systems are being used, simply by 
retrofitting the spray heads. 

Key Experimental 
Resu I ts 
Experimental studies have been con- 
ducted to determine the effects of 
water droplet sizes on the system’s 
operations. Parameters included 
cooling rate, water mass flux temp- 
erature, and impacting velocity. For 
example, with all the other param- 
eters kept constant, increasing the 
drop diameter 0.5 to 1 mm almost 
doubled the cooling rate. 

Water droplet size versus cooling rate 
was compared using the same water . 
mass flux and the same impacting 
velocity. At the same water mass 
flux, each rain drop of 1-mm diam- 
eter corresponded to 8 rain drops of 
0.5-mm diameters, yet the 8 smaller 
rain drops did not provide greater 
cooling of the surface than did the 
one large drop. While this result was 
unexpected, it can be explained by 
the impaction phenomena of the large 
drop, which are very-different from 
those of the small drops, especially 
regarding the direct contact at the 

impaction point. For larger drops of 
5-mm diameter and larger, the cool- 
ing phenomenon will be more similar 
to that of a laminar water sheet in- 
stead of droplets. 

Future Development 
Needs 
Extensive laboratory testing is cur- 
rently in progress to identify the opti- 
mal working conditions for this 
process and to provide information 
on the refined control of the cooling 
process in various situations. 

In the next stage of development, a 
practical nozzle and distribution sys- 
tem will be designed to generate the 
desirable rain-drop spray in plants 
and to provide an adequate range of 
cooling control. Finally, the system 
will be developed for implementation 
in a plant. 

For more information, contact 
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Mechanical Engineering Department 
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Fine Crumb Rubber from 
Recycled Tires 

Ling Zhou 
Advanced Processing 
Technologies, Inc. 

An innovative size-reduction process 
is using new dispersants to effectively 
produce fine crumb rubber to the de- 
sired mesh. This process can be 
adapted immediately without requir- 
ing major changes to existing 
processes. 

Introduction 

Recycling crumb rubber is becoming 
increasingly popular in the United 
States because of ever-increasing 
environmental awareness. This pop- 
ularity may also be attributed to the 
low relative cost and the improved 
melting properties of recycled rubber 
compared with virgin rubbers. 

To exploit the advantages of recycled 
rubber, most of the rubber has to be 
ground to -80 mesh. However, cur- 
rent technology can only produce 
-15% of crumb rubber in the desired 
size range because of the static and 
stringing properties of fine crumb 
rubber during grinding. 

Concept Description 
An innovative size-reduction process 
is effectively using new dispersants to 
produce fine crumb rubber to 
-80 mesh. The process involves add- 
ing an appropriate dispersant either 
during or after the grinding, but 
before the screening process. The 
particles passing -80 mesh are re- 
tained as the final product; particles 
larger than -80 mesh are returned to 
the mill. 
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Because of the static, elastic, and 
entangling properties of fine crumb 
rubber during grinding, the dispersant 
plays a critical role in minimizing the 
adhesion of the fine crumb rubber 
particles to the large rubber particles. 
The process uses an innovative dis- 
persant scheme during grinding and 
can produce more than three times ' 

the amount of fine crumb rubber than 
conventional processes can. The dis- 
persants provide a coating (i.e., a 
foreign substance) for the new sur- 
faces generated during grinding and 
prohibit the adhesion of the new sur- 
faces to other crumb rubber particles. 

Economics and Market 
Potential 
Minus 80 mesh crumb rubber has 
significant market potential because it 
can react with asphalt cement. By 
1995, over one-third of U.S. inter- 
state pavements will have outlived 
their useful lives, creating an increas- 
ing demand for a product such as 
high-quality fine crumb rubber. 

The dispersants studied in developing 
this concept can be immediately 
adapted by the rubber recycling 
industry for producing fine crumb 
rubber without changing any existing 
processes. In addition, the dis- 
persants investigated are low-cost 
chemicals and will not significantly 
increase the processing cost, but will 
greatly erihance the production effi- 
ciency for the fine crumb rubber. 



Thus, the net effect is a larger supply 
of fine crumb rubber product and’ a 
higher profit. 

Other applications for the crumb 
rubber product include other rubbe;-’ 
using industries, for making products 
such as tennis shoes and rubber- 
based barrier walls adjacent to 
freeways. 

Key Experimental 
Results 
Experiments on dispersants for pro- 
ducing fine crumb rubber were con- 
ducted in a pulverizing grinding 
machine that is commonly used in 
mineral processing. The effects of 
dispersant type, grinding time, and 
grinding stage were investigated for 
five different dispersants. For com- 
parison, a blank sample having no 
dispersant was used. 

The tests sh,owed that adding a dis- 
persant enhanced the amount of fine 
crumb rubber produced as compared 
with separation without a dispersant. 
Also, the different dispersants had 
different effects on the fine crumb 
rubber production. The tests showed 
that adding the right dispersant 
tripled the amount of -80 mesh fine 
crumb rubber compared with the 
blank test. 

. The timing of dispersants also affects 
the size separation. The test results 
showed that a particular dispersant 
added after grinding provided better. 
mesh yield than if it was added dur- 
ing the grinding process, which is not 
recommended because additional 
mixing will be needed. 

Additional testing for the optimum 
amount of dispersant is planned in 
order to identify the lowest cost for 
the dispersant and the best separation 
results for the fine crumb rubber. 

Future Development 
Needs 
The next major objective is to test 
whether the presence of these dis- 
persants in the fine crumb rubber will 
affect the crumb rubber applications. 
Although some of dispersants are 
used in the rubber industry during 
vulcanization, other dispers,ants have 
never been used by the industry. . 

The efficiency of fine crumb rubber 
production will be influenced by the 
configuration of the size reduction 
circuit. Because particles of fine 
sizes inside the grinding device 
exhibit a damping effect, which 
decreases the efficiency of the size- 
reduction process, adding an 

appropriate size-separation step en- 
hances the circuit effectiveness for 
producing fine crumb rubber. 

Each size-reduction machine is 
characterized with respect to particle 
size range, design relationships, wear, 
and efficiency of energy use. 
Systematic study of the size-reduction 
process for a specific grinding device 
using the size-reduction model will 
help improve the efficiency of 
producing fine crumb rubber. This 
study will need to establish the 
breakage and selection function of 
crumb rubber for the specified 
grinding device. 

For more information, contact 

Ling Zhou or 
Ye Yi 
Advanced Processing 
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Advanced Aerogel 
Materials for 
Environmental Cleanup 

Yosry A. Attia 
The Attia Applied Sciences, Inc. 
(TAASI) 

Aerogel sorbents are being developed 
for highly eficient capture of many 
polluting gases and vapors. The 
aerogels offer many advantages over 
conventional technologies, including 
little or no sorbent loss or waste dis- 
posal costs.' 

Calcium Calcium Sorbent 
1 Convection Sections 1 

Proposed TAASI 
Aerogel Sorbents 

DisposaVRecycle H,O with Calcium 
Based Processes 

Sodium Sorbent 

One Application for Using the Proposed TAASI Aerogel Sorbents 

Introduction 
In the past decade, environmental 
technologies aimed at reducing 
pollution have been emerging in both 
the U.S. and worldwide marketplace. 
A major focus of pollution control is 
air quality. Industrial companies and 
fossil fuel combustion are being 
targeted as major contributors to air 
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pollution. An emerging marketplace 
is developing for technologies to 
reduce smokestack emissions, emis- 
sions from internal'combustion 
engines, and airborne chemical pol- 
lutants. Contaminated waters are 
another market area for clean-up 
technologies. 

Wet scrubbing is one currently avail- 
able commercial technology for 
reducing SO, and NO, emissions 
from power plants, but it is costly and 
creates hazardous slurry wastes. Dry 
sorbent injection technologies seem 
more promising but have inefficient 
sorbent utilization and form 
hazardous wastes. 

Concept Description 
TAASI aeroge1s;which are highly 
porous materials with high surface 
areas and low densities, can adsorb, 
and therefore capture, gaseous efflu- 
ents such as CO,, SO,, NO,, CO, and 
H,S. TAASI Corporation has demon- 
strated the ability of aerogels contain- 
ing calcium oxide (CaO) and magne- 
sium oxide (MgO) to capture green- 
house gases from fuel combustion 
both by chemical and physical sorp- 
tion mechanisms. Aerogels also 
make excellent catalysts for certain 
applications, such as photocatalytic 
destruction of organic pollutants of 
air, water, or soil/sand. Using these 



aerogel materials in direct sunlight 
can destroy pollutants such as 
.benzene, cyanide, and other 
hazardous organic chemicals. 

- .-.- 
The proposed application of the 
aerogel sorbents is on the particulate- 
free gases. Ash, dust, and smoke 
particulates in waste flue gases are 
filtered out first, and the aerogel sor- 
bent is placed after the pdculate  
control system (electrostatic precipi- 
tator or baghouse). 

. 

A major advantage of aerogel sor- 
bents over current technology is that 
they do not produce any hazardous 
wastes. When the effluents are cap- 
tured, the gels can be regenerated and 
reused; and the gases can be further 
separated and used commercially. 
Also, through reactions between their. 
metal oxide components and effluent 
gases, the aerogels produce sub- 
stances such as calcium sulfite &d 
sulfate, calcium carbonate, magnesi- 
um carbonate, and calcium nitrate 
products useable as fertilizers or 
building materials. . 

Other advantages of TAASI aerogel 
sorbents include their greater effi- 
ciency compared with dry sorbent 
powders because of their extremely 
high porosity (>go%) and greater sur- 
face area (600 to 1600 m2/g vs. 1 to 
20 m2/g). Also, the aerogels will lose 
less sorbent and are more versatile 
than powders or agglomerates be- 
cause they can be molded to any 
shape or size. Because.of their 
properties, these aerogels can capture 
(sorb) several times their weight of 
the gaseous effluents. 

Economics and Market 
Potential 
A preliminary cost estimate for a 
potential manufacturing plant pro- 
ducing 1 million liters of aerogel 
annually indicates that these aerogel 
sorbents should be very competitive 
with current commercial SO, and 
NO, sorbents for electric utilities. 

The market for the aerogel sorbents is 
potentially vast. In principle, wher- ' 

ever alcohol and fossil fuels are used, 
aerogel sorbents could capture waste 
gases before they are emitted into the 
atmosphere. Fossil fuels are used in 
many everyday activities, such as 
power generation, home/office heat- 
ing, combustion engines, and various 
industrial activities. Industrial plants, 
oil refineries, and fermentation plants 
could use the aerogel sorbent for 
capturing H,S noxious gas and meth- 
ane. Because of the aerogels' photo- 
catalytic potential, they also could 
have many applications in the clean- 
ing of oil-polluted waters and sands, 
and in the room-temperature destruc- 
tion of volatile organic compounds 
from polluted air. Currently, 
TAASI's target markets are industrial 
manufacturing or refining companies 
with sales >$lo0 million/yr. 

Key Experimental 
Results 
Tests performed by TASSI with 
aerogels containing CaO and MgO 
(made by a proprietary process) 
found that, in simulated flue gases, 
more than 95% CO, and between 

85% and 100% SO, were removed. 
In air mixtures, 100% of the NO and 
-95% of CO were removed. 

X-ray diffraction analysis of the 
aerogels after SO, and CO, gas 
adsorption showed the presence of 
sulfites and carbonates of both mag- 
nesium and calcium, indicating that 
aerogels adsorbed the flue gases. 
These materials also were able to 
adsorb >105% of their weight of gas. 
Preliminary tests also indicate that 
aerogels containing CaO can adsorb 
H2S, which is generated by petroleum 
refineries and coal gasification plants, 
to form calcium sulfide (CaS) and 
water. 

Future Development 
Needs 
Short-term objectives are to begin 
small-scale production of the TAASI 
aerogel. Long-term goals include a 
recycling process to recover adsorbed 
products from used aerogels and re- 
cycle the aerogel material itself. 

For more information, contact 

Dr. Y0sry.A. Attia 
The Attia Applied Sciences, 

Incorporated (TAASI) 
1275 Kinnear Road 
Columbus, OH 43201 

. Phone: (614) 487-3654 
Fax: (614) 487-3704 
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,CopperlokTM Bonding 
.. . 

Process for Marine Anti- 
Fouling Coatings 

AI Bosna 
Copperlokm Systems 

An antifouling coating process for 
treating boat and ship hulls a@ other 
marine structures reduces mainte- 
nance time and costs significan.tly. 
Treating marine growth reduces fuel 
requirements to operate naval ves- 
sels, cargo ships, and cruise ships, 
and improves the speed factor of 
recreational boats. 

Cross Section Prepared Metallizing 
of Copperlokw Process Substrate Gun 

CopperlokTM Bonding Process 

Introduction . 
Marine growth on submerged marine 
structures and the bottom of boats 
and ships can accumulate in layers 
more than 6 inches thick. Naval ves- 
sels, commercial ships, and recre- 
ational boats waste significant 
amounts of energy because of the 
drag that marine growth imposes. 
Also, marine-based oil platforms, 
power plants, and other industries 
using water for cooling must spend 
considerable sums to protect inlet 
surfaces from contamination and 
clogging caused by marine growth. 

, 

Anti-fouling protection using copper 
in various sheet or cladding forms has 
been used effectively for centuries to 
prevent marine growth on wooden 
hulls. With the introduction of steel . 
and fiberglass hulls, the use of copper 
became impractical and other anti- 
fouling methods were investigated, 
including the use of toxic paints. 
Because these paints contain volatile 
organic compounds, biocides, and 
toxins that are hazardous to humans, 
sea life, and the environment, their 
use is now being strongly restricted 
by the U.S. Environmental Protection 
Agency. 

Concept Description 
An updated use of copper for anti- 
fouling protection, the Copperlokm 
bonding process, provides a copper 
alloy method for treating existing 
hulls and marine structures (see the 
figure). The Copperlokm process is 
also being integrated into new hull 
production to save considerable 
energy and significantly reduce 
anti-fouling maintenance for both 
vessels and marine structures. This 
new coating system allows the bond- 
ing of thick metal coatings to many 
different metallic and non-metallic 
materials. 

The Copperlokm process combines 
the advantages of new composite 
technology and thermal spray tech- 
nology to produce a coating process 
that can be applied to a wide variety 
of surfaces: This coating process 
uses resin that contains hollow, 
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micron-size glass or ceramic spheres, 
or foaming agents, as a base coating. 
After being abraded, the base coating 
exhibits a rough outer surface with 
millions of nooks, crannies, and 
undercut voids. 

- .-. . -. . 

The final metal coat is thermally 
applied to this surface using a metal- 
lizing spray gun. Copper, copper 
alloy, or copper-nickel wire drawn 
into the back of the gun is released in 
malleable pellet form. The released 
metal entering the voids becomes 
embedded, thus developing strong 
mechanical links between the base 
coat and final coat. This mechanical 
linking or interlocking produces a 

. high-bond strength that allows thick 
metal coatings to be applied without 
fear of delamination, peeling, or other 
failure. 

The bond coat is so versatile that the 
process can be tailored to accommo- 
date almost any substrate material. 
The bonding system can be varied to 
adhere to a wide variety of surfaces, 
and the thermal spray can be done by 
the twin arc or flame spray process to 
provide electrical conductivity and 
corrosion and wear resistance. 

Economics and Market 
Potential 
A savings in offshore platform clean- 
ing costs can be realized in using 
copper-nickel sheathing in very 
heavy marine growth areas. In severe 
marine growth areas, such as offshore 
California, some operators choose to 
remove marine growth rather than 
design the structures to alleviate it. 
By attaching the copper-nickel 
sheathing to deter marine growth, up 
to $100,600 per year could be saved 
in cleaning costs. 

This long-term, anti-fouling protec- 
tion can be used for many appli- 
cations that will last from 10 to 
15 years. 

The Copperlokm process can 
protect hulls and underivater ma- 
rine structures for up to 10 years 
without requiring refurbishment. 
The application eliminates the 
usual need for hauling, paint re- 
moval, and paint reapplications 
every 2 to 3 years. The continued 
effectiveness of the copper-based, 
anti-foulant continuously elimi- 
nates buildup of marine structures 
that cause drag and attendant loss 
of speed and fuel economy. 

In electromagnetic or radio- 
frequency-shielding applications, 
the Copperlokm process can be 
used by applying sprayed copper in 
single- or multiple-layered con- 
figurations to meet shielding 
requirements. When applied to 
three-dimensional circuit board 
production, the process requires 
less capital equipment and process- 
ing than traditional methods. Laser 
etching of a Copperlokm-coated 
substrate can produce compact and 
rugged heat-dissipating circuit 
materials. 

Many hrchitectural applications 
could benefit from the 
Copperloknf process’s ability to 
adapt to a variety of substrates and 
compound curves and shapes. 

Key Experimental 
Results 
In experiments to develop the 
Copperlokm process, automated and 
manual thermal spray coating offered 
a practical method for shaping and 
applying the copperhickel alloy to a 
hull’s compound curvatures. By. 
comparison, existing spray coating 
technology required that an initial 
base coat of aluminum, zinc, or 
nickel aluminide be applied to the 
grit-blasted substrate. The dissimilar 
metals used in this approach made it 
impractical for use in saltwater. An 
alternative approach, spray coating a 

grit-blasted gel coat, was also tried, 
but it did not provide the bond 
strength needed to support the re- 
quired metal thickness. The problem 
was solved by the Copperlokm 
process--by using the resins contain- 
ing hollow micron-size glass or 
ceramic spheres, or foaming agents. 

Four Copperlokm samples were ex- 
posed to barnacle fouling in brackish ‘ 

water in Florida. The samples con- 
tinued to be resistant to hard fouling 
even after 1,369 days. In another 
test, a treated panel exposed to zebra 
mussels showed that only three 
mussels had attached to it after three 
months of testing. 

Future Development 
Needs 
Copperlokm Systems is ready to 
commercialize its process and is 
seeking boat manufacturers, ship- 
yards, and other marine companies to 
license the process. 

Copperlokm Systems is establishing 
a mobile demonstration capability in 
California and will travel to boat- 
yards and shipyards on the West 
Coast to demonstrate the process. 

For more information, contact 

Timothy Champ 
Copperlokm Systems 
11900 Jefferson Blvd. 
Culver City, CA 90230 
Phone: (310) 915-0028 

Fax: (310) 915-7242 
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Adaptable, Metal- 
Reinforced Carbon 
Corn posi tes 

Ralph A. Burton and 
Gaines Burton 
Burton Technologies 

An innovative process produces a 
tailored, composite carbon material 
that can be used to manufacture wear 
and structural components that do 
not require any lubricants. The proc- 
ess is compatible with high tempera- 
tures up to 400°C and with hostile 
environments. 

Cross Section of MRCC Grade 300 (-3OOX) . 

Introduction 
Moving parts fabricated from com- 
.mercially available material generally 
require a lubricant. The use of lubri- 
cants can create several problems: 
explosions in the compressed gas 
industry; contamination of the fluids 
being pumped in the refrigeration, 
food processing, and chemical 
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industries; and a tendency to boil off 
in aerospace applications. Using 
lubricants adds energy, maintenance, 
and supply costs, and creates 
environmental concerns. 

Concept Description 
Metal-reinforced carbon composites 
(MRCC) that require no lubricant are 
a new class of material made up of 
nongraphitic, continuous-phase, un- 
structured carbon binder and continu- 
ous metal fibers. A noteworthy ad- 
vantage of the MRCC process is that 
it can be applied not only to small 
parts, such as bearings and seals, but 
also to large castings, such as pump 
bodies and compressor cylinders. 

The process for manufacturing the 
MRCC is a simple, single-stage 
pyrolysis of a resin-formed green: 
body, Le., metal and carbon com- 
posite particles held together by bin- 
der or resin.. Machining can be per- 
formed on the greenbody or on the 
final fired component, depending on 
required tolerances. 

The MRCC material offers several 
desirable features: 

Self-lubricating - When run in a dry 
condition, the material has lower 
friction and wear than conventional 
materials that are run lubricated. 
The chances of contamination of 
lubricant streams and the potential 
for catastrophic failure in high- 
speed rotary components, such as 
jet engines and large computer 
coolant systems, are almost 
eliminated. 



Impermeable - The material is 
impervious to,diffusion when used 
in seal systems, which makes it 
exceptionally useful in air- 
conditioning and other high- 
pressure, chemicd-containment- '. . 
system components. 

Chemically resistant - The binding 
matrix of MRCC is a continuous 
glassy phase of unstructured car- 
bon, which is completely invulner- 
able to chemical attack from most 
acids, bases, and other corrosives. 

Lightweight - MRCC can be made 
in grades that have 50% of the spe- 
cific gravity of conventional, ' 
graphitekopper materials. These 
lightweight composites are espe- 
cially efficient ;n dynamic compo- 
nents, such as pistons and other 
moving parts. 

Controlled strength and conductiv- 
ity - The continuous metal fibers 
allow for control of the properties 
of the thermal and electrical con- 
ductivity material. Selective cool- 
ing of high-temperature com- 
ponents opens up many possible 
applications of the process. 

High-temperature tolerance - The 
integiity of MRCC materials has 
been verified for wear up to 218°C. 
No loss of integrity occurred when 
specimens were subjected to tem- 
peratures of 1,650"C in static tests. 

Vacuum and dry atmosphere - 
MRCC components do not require 
special atmospheres for high per- 
formance; the components' wear 
performance in a vacuum atmos- 
phere is actually superior to that in . 
air. 

Economics and Market 
Pot en t i al 
h4RCC costs can be well under 
$1.75/lb, depending on the metal con- 
tent. Its cheapest competitor, elec- 
trode carbon, which is essentially a 
pencil lead material, costs over $2/lb. 
The nearest performance competitor, 
chemical vapor deposition (a coating 
process for conventional materials), . 
is very expensive. It costs about 
$1,000 to have a component coated 
with a thickness of a few thousandths 
of an inch--of almost an intangible 
weight. Another competitor, low- 
temperature diamond material, is too 
new to evaluate economically, but it 
is expected to cost many thousands of 
dollars per pound--if it is even feas- 
ible and/or practical to produce in 
large quantities. 

Any of the material characteristics of 
MRCC can be optimized for specific 
applications by choosing the appro- 
priate fiber in the matrix and by 
adjusting the process parameters. A 
detailed market analysis of applica- 
tions is available for review by poten- 
tial investors. These applications 
include 

current collectors (motor brushes, 
slip rings, railroad pantographs, 
and other high-temperature and 
electromagnetic applications. 

mechanical components (tip seals 
for rotary engines compressors, 
seals, vanes, bushings, bearings, 
gears, and piston rings for engines) 

biomedical needs (prosthetics and 
valves). 

Key Experimental 
Results 
Material samples have been tested by 
four independent laboratories: 
NASA and three U.S. Department of 
Energy laboratories. Information on 
these tests is available upon request. 

A family of MRCC materials has 
been developed by Burton Technolo- 
gies. Specimens of up to 2-in. diam- 
eter and 8-in. long can be produced 
now, and larger components will be 
possible when the equipment is 
scaled up. Formula selection for 
custom applications is under 
development. 

Future Development 
Needs 
Burton Technologies can provide . 
drop-in prototype specimens for 
evaluation by equipment manufac- 
turers who may directly license the 
process and material. Burton Tech- 
nologies does not plan to manufac- 
ture specific materials or compo- 
nents, but can make arrangements 
with other manufacturers. 

For more information, contact 

Gaines Burton 
Burton Technologies 
P.O. Box 33809 
Raleigh, NC 27636 
Phone: (919) 783-0035 

Fax: (919) 783-0035 

Compiled by 
Pacific Northwest Laboratory for the U.S. 
Department of Energy, Innovative Concepts 
Program 590240. This flier was printed on 
recycled paper. 
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Metal Injection Molding of 
.. . 

. .. . Electronic Packages and 
Connectors 

Roger T. Dirstine 
Flatirons Labs, Inc. 

New processes for metal injection 
molding can reduce by 80% the 
cost to manufacture large metal 
housings for electronic packaging 
applications. 
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Metal Injection Molding Process and Example of a Package 
Showing Selected Features Molded into the Structure 

Introduction 
Metal hermetic packages for applica- 
tions such as radio frequency and 
microwave, power semiconductors, 
fiber optics, discrete devices, and 
hybrid circuits are often manufac- 
tured by machining from Ni-Fe and 
Ni-Fe-Co alloys. The machined 
housings are expensive because the 
housings are complicated, the mate- 
rials are difficult to machine, and the 
starting feedstock is costly. In addi- 
tion to the initial material cost, 50% 
to 75% of the material typically 
becomes scrap during machining. 
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An alternative to machining is metal 
injection molding, in which fine 
metal powders are combined with 
organic binders, lubricants, and 
dispersants to construct a feedstock 
for forming a shape in a mold. Metal 
injection molding uses equipment 
similar to that used in plastic injec- 
tion molding. After the shape or part 
is molded, the organic components 
are removed from the structure by a 
solvent or thermal process and the 
remaining metal powder is sintered in 
a furnace at a high temperature. The 
final part is of high density and 
replicates the shape of the original 
part after molding, but it is typically 
18% to 20% smaller because of 
shrinkage during sintering. As a 
result of that shrinkage, the use of 
metal injection molding in industry 
has been limited to manufacturing 
electronic packages that are 2 square 
inches. 

Concept Description 
Metal injection molding is being 
applied by Flatirons Labs, Inc. @XI) 
to manufacture large and complex 
electronic packages. Under a 
Technology Agreement with the 
Watkins-Johnson (W-J) Company, 
FLI is developing alternative mate- 
rials systems and state-of-the-art, 
advanced processing capability at 
W-J’s Palo Alto facility to manufac- 
ture significantly larger and complex 
packages. 

Prototype packages as large as 
6 square inches (sintered) have been . 
fabricated for process evaluation and 
testing. Proprietary W-J products 



will be manufactured based on the 
technolob that is being established. 
FLI plans to manufacture future prod- 
ucts exceeding 12 square inches in 
floor space. FLI is incorporating 
proprietary changes'to the materid; . 
and process systems to reduce envi- 
ronmental concerns and is intro- 
ducing improved processing proce- 
dures and tool designs to be able to 
manufacture the larger products. 

The figure shows the metal injection 
molding process currently under 
development. The drawing includes 
some of the features that can be inte- 
grated into the final part'. FLI plans 
to also establish advanced processing 
techniques to fabricate integrated 
ceramic and metal structures by co- 
molding. 

Economics and Market 
. Potential 
In 1993, electronic sales for the top 
50 electronics companies worldwide 
exceeded $572 billion. Sales from 
U.S. electronics firms reached 
-$271 billion, of which $50.9 billion 
was in electronic components and 
$5.5 billion was in the packaging and 
connector markets. FLI foresees sig- 
nificant opportunity for sales of pack- 
ages and connectors in the RF/ 
MIMIC (microwavdmillimeter wave 

integrated circuits), fiber optic, dis- 
crete semiconductor, and multichip 
.hybrid circuit markets. 

The new proprietary processes being 
developed by FLI will reduce by up 
to 80% the cost to manufacture large 
metal housings for packaging applica- 
tions. In addition to lower costs, 
metal injection molding provides 
unique advantages in terms of circuit 
isolation, overall reduction in pack- 
age size, forming of non-uniform 
shapes, and elimination of handling 
and inventory of multiple compo- 
nents through product integration. 
FLI is also developing a series of 
alloys with controlled physical 
properties (such as thermal expansion 
coefficient) which can be tailored to 
the specific requirements of the cus- 
tomers, electronics and feed-through 
configurations. 

Key Experimental 
Results 
FLI is currently developing the ad- 
vanced materials systems, alternative 
tool designs, and manufacturing proc- 
essing steps. Prototype parts are be- 
ing fabricated and tested. 

In the latter part of 1995, FLI plans to 
use the technology currently under 
development at W-J at its own manu- 
facturing facility in Colorado.. The 

Flatirons facility will focus on manu- 
facturing specialized metal packages 
and connectors for the electronics in- 
dustry, continuing advanced product 
development, and training personnel 
for strategic partnership agreements 
internationally. 

Future Development 
Needs 
Once the current development work 
is implemented in manufacturing ad- 
vanced electronic packages and con- 
nectors, FLI plans to expand into 
other products based on similar metal 
alloy systems. For example, these 
products would include packages for 
magnetic shielding and soft magnetic 
applications such as solenoid cores. 
Future research work is also being 
planned in ceramic and metal- 
ceramic packages. 

For more information, contact 

Roger T. Dirstine 
Flatirons Labs, Inc. 
1821 Lefthand Circle, Suite B5 
Longmont, CO 80501-6740 
Phone: (303) 776-141 1 

Fax: (303) 776-6238 

Compiled by 
Pacific Northwest Laboratory for the U.S. 
Department of Energy, Innovative Concepts 
Program 590240. This flier was printed on 
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Can-Pri n ti ng Process 
. ,. I Uses UV-Curable Coating 

Eric Donhowe and Robert Brady 
Coors Brewing Company 

A technology uses ultraviolet (W) 
light to cure the decorative image on 
the exterior of aluminum beverage 
cans. It is an environmentally im- 
proved alternative to the conven- 
tional, gas-Bred cure process. . 

Ink Plate -, . 

Mandrel Blanket Ink Delivery 

TI 

Overcoat Unit P Overcoat Application Roller 

W Printing Process for Beverage Cans 

Introduction 
’ Approximately 100 billion aluminum 
cans are produced annually, mainly 
for the beverage industry. Early tech- 
nologies for decorating the cans often 
used solvent-based coatings contain- 
ing solvents at concentrations of 
-70% to 75% by volume (Randall 
1992). The solvent composition was . 

’ 

contains less solvent. In high-solids 
coatings, which are water-based, the 
solids content ranges from 10% to 
35%, the water content from 45% to 
72%, and the solvent content from 
13% to 27%. The solvent is used to 
control viscosity, disperse pigments, 
and aid in wetting. Curing is done 
with a thermal oven,’ which requires a 
high operating temperature. ‘How- 
ever, this method also results in VOC 
emissions. 

Concept Description 
A can printing technology, developed 
by Coors in partnerships with several . 
other companies, has significant envi- 
ronmental, energy, and cost benefits 
over other technologies now used. 
The Coors plant is currently the only 
manufacturing plant to use ultraviolet 
0 light to cure the decorative 
image on the exterior of beverage 
cans rather than cure the cans in a 
gas-fired oven. The W process . 

increases printing speed, reduces 
energy consumption, and lowers air- 
borne emissions. 

In this can-printing process, separate 
W “fountains” (ink delivery sta- 
tions) supply the ink to rollers, which 
coat individual printer plates (see fig- 
ure). The plates, one for each color 

.used, are raised positive images of 
the graphic design that will be printed 

. 

on the cans. The printer plates con- 
tact, in registration, a rubberized 
blanket on a rotating wheel, thus 
forming a complete negative color 
image on the blanket. Clean cans are 
fed into the printer and are placed on 
a steel mandrel. The spinning man- 
drel, in rotating the can body against 
the rotating blanket, transfers the 
final graphic image onto the can. 
The rotating mandrel wheel then 

typically a mixture of aliphatic hydro- 
carbons, aromatics, ethers, cello- 
solves, and acetates. Unfortunately, 
this method released significant emis- 
sions of volatile organic compounds 
(VOCs) and hazardous air pollutants 
(HAPS) into the environment. 

A current coating method that is 
widely used, high-solids coatings, 

. 
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immediately carries the can to an 
overvarnish wheel, and the W over- 
varnish is directly coated over the wet 
ink on the can body. The cans aie 
carried on short chains from the 
printer to vacuum belts, where they ’ 
are transported to the W oven for 
curing with W light. One W oven 
is typically paired to one printer. 

To ensure complete curing of all ink 
residues, the interior surfaces of the 
cans are also exposed to W light at 
the same time as the exterior sur- 
faces. The entire W can decorating 
process is very rapid: printing speeds 
are -1600 to 1800 cans per minute, 
and the oven cure time is -0.7 sec- 
onds. A coating is next sprayed over 
the interior surface of the cans, which 
are then thermally cured in natural- 
gas-fired ovens. 

The W ovens require only a 5- 
minute startup time--much faster than 
thermal ovens. The controls for the 
W ovens are simpler; and because 
they operate at a low temperature, 
they require less maintenance. The 
newer W ovens use vacuum-can 
conveyor belts, which are simpler, 
more reliable, and easier to maintain 
than the long 4 0 0 4  chain-style belts 
that transport cans through conven- 
tional, hot thermal ovens. 

Coors’ method of applying the over- 
varnish directly on top of colored 
inks is cal1ed.a “wet on wet” coating 
application. The inks and over- 
varnish chemicals are pastes contain- 
ing only a trace of water and essen- 
tially no solvent&. The overvarnish 
and ink chemistries are matched to 
allow curing a wide variety ofink 
colors without requiring photo- 
initiator additions to the ink. The 
product viscosities are also matched 
to apply a clear, non-smearing over- 
coat on top of the inks. 

Economics and Market 
Potential 
Coors compared the cost of W with 
conventional thermal can printing 

technologies: thermal curing and the 
thermal technology with incinerator 
air emission controls applied. Elec- 
trical costs are similar for W and 
.conventional thermal curing. Chemi- 
cai costs are currently approximately 
5% higher for W inks and over- 
varnishes, but these costs are offset . 
by a savings in natural gas, which is 
not required for W ovens. Thus, us- 
ing the W technology can save an 
estimated $170,000 to $420,000 per 
billion cans produced. 

Electrical power consumption is 
slightly higher for W than for ther- 
mal curing because of the W lamps, 
’but thermal ovens require comparable 
electrical power’to run blowers and 
the chain conveyors: Because the 
W technology does not require a 
thermal oven after the printer, its net 
energy savings are -14,000 million 
B& compared with thermal curing 
alone, and 50,000 million Btu per bil- 
.lion cans produced in comparison 
with thermal curing with air emis- 
sions control. 

A key advantage of the W process is 
that it has a significantly lower envi- 
ronmental impact. Coors’ analysis 
included not only the air emissions 
fromathe direct oven source, but also 
the air emissions from the power util- 
ity generating the electricity for the . 
W or thermal ovens. 

For a fully commercial can market, 
including all beverage categories, 
more technical development is. 
needed to formulate a higher abrasion 
resistance. This resistance is ex- 
pected to be achievable with new 
formulations of cationic W over- 
varnish (Milton-Thompson 1993). 

.Key Experimental 
Results 
The Coors Can Manufacturing Plant 
has conducted studies to estimate the 
environmental impact of the W 
printing technology. Testing ranged 
from laboratory analysis of ink and 
overvarnish to full stack studies 

according to Environmental Protec- 
tion Agency methodology. 

To date, Coors’ testing shows VOCs , 
emitted to be extremely low: -0.3 ton 
per billion cans. These emissions are 
lower than those estimated for a ther- 
mal oven with incinerator controls, 
and approximately 100 times lower 
than those of a thermal oven with no 
control devices. Furthermore, the 
W process generates significantly 
less COP than does the thermal proc- 
ess with its control devices. Data col- 
lected from protocol testing of the 
W process show that only trace 
amounts of HAPS are emitted. 

, 

Future Development 
Needs 
Coors’ goal is to have the W tech- 
nology reviewed and accepted by the 
can industry. Coors is testing a new 
generation of overvarnish that has 
better abrasion resistance that should 
be more accepted by the industry. 

References 
Randall, P.M. 1992. “Pollution 
Prevention Methods in the Surface 
Coating Industry.” J. Haz. Materials 

Milton-Thompson, A. 1993. 
“Cationic W Curing Technology 
Bnd.Meta1 Packaging.” Rad Tech 
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For more information, contact 

Erik Donhowe 
Coors Brewing Co. 
#BC395 
Golden, CO 80401 
Phone: (303) 277-2196 

Fax: (303) 277-2463 
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Interactive Mu Itimedia 
Training for Employee 
Productivity 

Julia Geisman 
InterComm International, Inc. 

Interactive multimedia training can 
effectively solve many employee 
productivity challenges. This tech- 
nology reduces learning time while 
increasing learning retention. 

Introduction 
A major means of maintaining 
productivity in business is to train 
and educate employees. Although 
training specialists are mandated to 
implement comprehensive curriculum 
that keeps pace with changes in their 
particular industry, they may not have 
the necessary financial and human 
resources. Consequently, trainers 
must find and use new technologies 
to leverage their resources. 

Traditionally, training usually takes 
place either on the job or in a class- 
room setting. Each approach has 
disadvantages. When training occurs 
on the job, both the senior and the 
new employee are involved in the 
learning process, one of whom is 
taken away from daily job functions. 
Additionally, “bad” habits and errors 
can be perpetuated. On the other 
hand, classroom presentations are 

1 strongly influenced by the facilitator, 
instructional integrity of the session, 
and quality of the group dynamics. 
Rarely are all participants fully 
attentive throughout the entire 
program, primarily because people 
learn at different paces and in 
different ways. 

To increase the productivity and 
effectiveness of training, new tech- 
nology was introduced about 20 years 
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ago. The best known technology is 
computer-based training (CBT), 
which has become increasingly more 
sophisticated. 

Concept Description 
Interactive muitimedia technology is 
a computer-controlled system that 
incorporates text, photographs, com- 
puter animation, video, and text. 
User input is required to activate the 
program; every response from the 
user elicits a response from the com- 
puter. An interactive multimedia 
training program is similar to a video 
game; that is, the “player” (user) can 
interactively manipulate the presenta- 
tion of material. 

Interactive multimedia training offers 
several benefits. For example, re- 
search has shown that it increases 
learning efficiencies and effective- 
ness (50% reduction in learning time, 
60% increase in retention). Com- 
pared with conventional training, 
users have to make decisions, answer 
questions, evaluate situations, and 
actively participate in the program. 
Because it is self-paced, users can re- 
view a concept or skill application as 
often as they need in order to under- 
stand it--or, conversely, proceed as 
quickly as they want. The self-paced 
learning also eliminates the fear of 
making mistakes in front of a peer 
group. Another benefit is that vari- 
ous assessment criteria are designed 
into the program to help ensure that 
users understand a concept or skill 
before progressing to the next step. 
Feedback is based on the choices 



made by the user, and feedback can 
be affirming information, remedia- 
tion, coaching, or a continuation or 
breakdown in a procedure. 

Total per 
Participant 

Another benefit of ’i’nteractive traisng 
is that a method for tracking user per- 
formance can be designed into the 
program. Reports can be generated, 
either individually or collectively for 
all users, at the end of a unit or the 
completion of an entire program. 
Programs can be designed to keep 
users on a learning track until they 
demonstrate specific competencies, 
ensuring that learning objectives are 
achieved. A further benefit is that 
“reality-based” situations can be 
simulated. Simulations are particu- 
larly valuable for training employees 
working in potentially dangerous 
situations, such as hazardous waste 
handling. Finally, interactive training 
provides on-demand training because 
the programs are available 24 hours a 
day, 7 days a week, allowing employ- 
ees to train at times convenient for 
their work schedule. 

‘ 

$795 $541 .Economics and Market 
. Potential 
Training needs to be viewed as an 
investment in the future of a com- 
pany, but a return on the investment 
must be achieved to further justify the 
training’s benefit. One way to recap- 
ture a return is to find ways of in- 
creasing training efficiency; another 
is to tie the results of the program to 
measurable productivity issues, such 
as increased sales. 

A cost/benefit analysis compared the 
cost of delivering a classroom-based 
program versus an interactive pro- 
gram. For the analysis, Company A 
is planning to train 2,250 people in 
235 locations, 75% of whom travel to 
a centralized training facility. The 

training costs -$795 (including trav- 
el) per participant for a 5-day pro- 
gram. Participants are paid an aver- 
age hourly rate of $8.00. The com- 
pany has a 24% attrition rate, which 
is expected to remain consistent for 
the next three years. 

Over three years, -6,750 people will 
be trained in three subject areas. The 
interactive program development 
costs for those three programs will be 
$740,000. For this scenario, the fol- 
lowing compares the per-person cost 
(per year) of delivering a classroom- 
based program versus an interactive 
program. 

Instructor 
SdXY 

Student Time 

~ 

Facilities 
Overhead 

‘F (40hr) . (20hr) 

Travel 

Development 

A comparison of the three-year cost 
for training the -6,750 people yielded 
an average savings of $49l/person 
with the interactive training. The 
analysis took the per-person yearly 
costs and factored in the interactive 
development costs for the first year 
only. It also included a.3% inflation 

. factor for the second and third years 
only for student and instructor time. 

Key 1 
Resu 

Ixperimental 
Its 

In the process of developing an 
education program in the Denver 
schools, a test was conducted in an 
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English as a Second Language envi- 
ronment. Although the testing was 
conducted only for two weeks, stu- 
dents using the interactive multi- 
media training scored higher in lan- 
guage proficiency than did others in a 
traditional classroom curriculum. 

Future Development 
Needs 

Many issues must be carefully 
considered when evaluating inter- 
active multimedia as a training 
delivery platform: financial and . 
actual design and development of a 
program. The complexity of these 
issues diminishes as interactive multi- 
media is integrated into a training 
curriculum. This delivery platform 
provides greater leverage than the 
traditional approaches. It increases 
the accountability of training pro- 
grams as well as the delivery effkien- 
cies. Employees become more pro- 
ductive faster--a critical challenge 
facing companies today. 

InterComm International, Inc., is 
developing off-the-shelf programs 
and can customize programs to fit 
many training needs. 

For more information, contact 

Julia Geisman 
InterComm International, Inc. 
910 16th Street, Suite 525 
Denver, CO 80202 
Phone: (303) 592-1300 

Fax: (303) 592-7345 
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Automated Acquisition 
- .. . for Nonproduction 

Commodity Goods 

Geoffrey S. Goedde An automated acquisition process 

access to products, prices, and ven- 
dor information, benefiting both the 
customer and the supplier. 

’. ReQuisite Technology, Inc. (RTI) uses a virtual catalog model for f i t  

Customers 

Marketing Finance 

Mgrnt. Info. Sys., 
Info Svs.. Info Tech, 

I Facilities 
Manaaernent < .  

/ -  / f 
/Current Pice Up-to-Date 

I Availability and 
Product 

Descriptions 

RTI Production 
Services 

Re:QuesfM Concept 

Introduction 
Major corporations and institutions 
procure large volumes of goods clas- 
sified as nonproduction, commodity 
goods. These goods include desktop 
computers, software, office supplies, 
floor wax, and other items that sup- 
port the organizations’ operations. 
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. .  
Acquiring these goods typically 
represents 20% of an organization’s 
total expenditures, but 80% of their 
purchase transactions. For example, 
a typical $250 million revenue com- 
pany purchasing $25 million in non- 
production goods annually, with an 
average order of $750, generates 
33,333 transactions. If each trans- 
action costs $150 to process, the 
organization spends over $5 million 
on the process of buying commodity 
goods. Ironically, when more than 
two or three suppliers are invited to 
bid, the actions involved add substan- 
tially to the process cost, yet typically 
yield only small incremental savings. 

Many of the “new electronic purchas- 
ing systems” available from vendors 
are not intended to accommodate 
competitive procurement practices. 
Conversely, they try to capture most 
of the customer’s business by locking 
the customer into a proprietary pur- 
chasing methodology or specific 
application interface. 

Concept Description 
RTI’s solution to purchasing products 
is a software-based application, de- 
signed as an enabling technology, for 
automating the procurement of non- 
production goods. The concept is a 
framework for “electronic com- 
merce,” a virtual catalog, published 
and owned by the customer. Sup- 
pliers transmit their “customer spe- 
cific” pricing information directly to 
each customer’s electronic catalog. 
Price changes can be updated as fre- 
quently as necessary. Descriptive 
product information is regularly . 



transmitted and updated to both 
customers and suppliers by RTI. 

The RTI concept requires three sepa- 
rate systems running at the different 
sites: the RTI production system, 
customers’ systems, and suppliers’ 
systems. Each system sends informa- 
tion electronically to update the other 
systems. 

. ,., .. 

Three key technology elements are 
required to run the system: a uni- 
versal interface (front-endgraphical 
user interface [GUII), a cross- 
referencing database (a new type of 

. electronic catalog), and a “messag- 
ing” scheme (communications proto- 
col and data format for product and 
pricing updates). These elements en- 
able the customers’ incumbent sup- 
pliers to connect electronically to the 
system to individually update each‘ 
customer’s catalog (pricing, avail- 
ability, etc.), and then to enable the 
customer to easily access and price 
compare products and better manage 
its trading partnerships. 

The RTI concept is based on a scale- 
able architecture so the system will 
work well in both large and small 
organizations. Several different tech- 
nologies are incorporated into the 
design of the system, including 
1) clienthewer architecture, 2) rela- 
tional database management system, 
3) GUIs, 4) remote communications, 
5)  open systems, and 6) rapid 
prototyping. 

Economics and Market 
Potential 
To date, the best estimate is that non- 
production goods and services ac- 
count for 20.1% of the total expendi- 
tures of large institutions. Also, esti- 
mates indicate that in aggregate, these 
large institutions spend $2.6 trillion 
per year on all production and non- 
production goods. Therefore, the 
total nonproduction goods’ market is 
worth over $520 billion per year. 

The RTI performance-support system 
will be priced initially at $15,000 to 
$125,000 per copy (depending on the 
number.of simultaneous users), with 
a corresponding monthly information 
coordination fee of $1,250 to 
$10,400. A third fee-based revenue 
source will come from $100 annual 
connection fees from product sup- 
pliers for partnership management, 
Le., providing and growing the base 
of prequalified, trading-partner 
prospects. 

The RTI solution will be offered as a 
high-end, performance-support sys- 
tem that can save 10% or more in 
comparison with current procurement 
practices, by combining reduced 
process overhead and lower product 
cost. Companies spending $25 mil- 
lion annually on nonproduction 
goods--and -$5 million in processing 
costs--should realize a payback in 
less than three months. Conservative 
estimates put a company’s savings 
potentid at 60% in procurement turn- 
around time, 30% in overhead costs, 
and 3% in products costs. 

Key Experimental 
Results 
The system architecture, functional . 
specifications, and prototype have 
been completed. Quotations have 
been received from a number of 
qualified software development firms 
for participating in building and inte- 
grating the basic modules. The “look 
and feel” of the GUI have been de- 
fined, i.e., it must be ‘.‘intuitive.” 
Database software has been evalu- 
ated, and a unique object-oriented, 
database tool has been licensed to 
create the schema of the cross- 
referencing catalog module. 

RTI has established strategic relation- 
ships with firms having expertise in 
developing sophisticated database 
applications, and one firm has taken a 
small equity position in RTI. In addi- 
tion, two other allies will provide RTI 

with product-related information in 
an electro,nic format, thereby allow- 
ing RTI to launch its initial universal 
catalog with over 150,000 cross- 
referenced, nonproduction-related 
products, representing about 40% of 
the cohnodity goods purchased by a 
typical large customer. This percent- 
age is important to the customer, just- 
ifying shifting to RTI’s purchasing 
solution. 

Future Development 
Needs 
Future development will focus on 
“porting” the solution to other oper- 
ating systems and database platforms, 
including Microsoft Windows NTm 
operating systems and other RDBMS. 
These efforts will extend the imple- 
mentation options available for both 
customers and suppliers. 

RTI has targeted the Fortune 1000 
industrial companies and the Fortune 
Service 500, largest buyersof com- 
modity products, as the initial target 
market. RTI will focus on teaming to 
build an environment that auto- 
matically delivers “pre-negotiated” 
price quotes with a minimum over- 
head. The performance-support sys- 
tem will be able to accommodate 
whatever level of integration either 
the supplier or RTI desires in auto- 
mating their other related functional 
piocesses and tasks. 

For more information, contact 

Geoffrey S. Goedde 
ReQuisite Technology, Inc. (RTI) 
1821 Lefthand Circle, Suite 2B 
Longmont, CO 80501 
Phone: (303) 772-9056 

Fax: (303) 678-8505 

Compiled by 
Pacific Northwest Laboratory for the U.S. 
Department of Energy, Innovative Concepts 
Program 590240. This flier was printed on 
recycled paper. 



New Screening Process 
for Manufacturing Color 
Picture Tubes 

Istvan Gorog 
. Thomson Consumer Electronics 

A new process uses electrophoto- 
graphic techniques in manufacturing 
color picture tubes. It is less espen- 
sive, reduces energy and water con- 
sumption, and produces little waste. 

i3- Shadow Mask . + +  

EXPOSE t ., ,- \ 

DEVELOP 

ElectroPhotographic Screening Process 

Introduction 
More than 150 million color tele- 
vision picture tubes, also called color 
cathode ray tubes (CRTs), are pro- 
duced worldwide annually. Color 
tubes are the principal display com- 

. ponents in virtually all TV sets and in 
most personal computers. Manufac- 
turing CRTs is & industry that is still 
growing, particularly as consumer 
demand rises in the developing econ- 
omies of South America, China, and 
the former Soviet Union. Also, as 
new information age applications 
emerge in the more developed 
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regions of the world, the need for 
CRTs increases. 

CRT plants are typically organized as 
“lines.” A plant’s production line re- 
ceives incoming components, princi- 
pally glass, metal parts, electron 
guns, and deflection yokes, and pro- 
duces finished tubes. Phosphor 
screening is a key operation in the 
line process. 

Practically all picture tube manufac- 
turers worldwide use a slurry-based 
process, wherein mixtures of the 
phosphor powders and a photosensi- 
tive material are applied as thin layers 
onto the glass, are optically exposed, 
and subsequently developed by wash- 
ing away the unexposed regions. 

Concept Description 
Thomson Consumer Electronics has 
developed an alternative screening 
process to the slurry-based process, 
ElectroPhotographic Screening 
(EPS). EPS uses electrophotographic 
techniques requiring less capital 
investment, reducing energy and 
water consumption, and producing 
practically no waste. 

The EPS process sequentially de- 
posits three kinds of cathodolumine- 
scent materials, phosphors, in pre- 
cisely controlled, interleaved patterns 
onto the inside surface of the front 
glass or faceplate of the picture tube. 
In the first step, the inside of the face- 
plate is coated with a conductive . 
layer. In the next step, a photocon- 
ductive layer is coated over the con- 
ductive layer (see figure la). The 
surface of the photoconductor is sub- 
sequently charged uniformly with a 



corona charger, and the charged sur- 
face is then exposed. The shadow 
mask (shown in figure la) serves as 
the optical exposure mask, the same 
as in the conventional slurry proces?.. 
In a finished CRT, the shadow mask 
serves to selectively constrain the 
scanning electron beams so that they 
strike only the appropriate phosphor 
elements. 

During phosphor screening, the 
shadow mask is placed in its pre- 
cisely predetermined position with 
respect to the glass faceplate and is 
appropriately illuminated. The opti- 
cal system is arranged so that the 
illuminating light rays accurately 
mimic the electron trajectories of the 
scanning beams during normal tube 
operation. Optical elements provide 
a projected light source arrangement 
that produces the required illurk- 
nation (see figure la). As a result of 
the exposure, the .photoconductor his- 
charges the surface in the illuminated 
regions, while it retains the surface 
charge in regions shadowed by the 
mask. 

The next step is phosphor develop- 
ment (see figure Ib). Here, the de- 
veloper housing and developer grid 
comprise a suitable process developer 
unit, on top of which the exposed 
glass plate is placed face down, Le., 
with its charged surface facing inside 
the developer unit. In the developer 
unit, electrically charged phosphor is 
blown against the charged plate. As 
shown in figure Ib, the surface 
charge is positive, causing positively 
charged phosphor particles to be 
repelled by the surface charge to 
accumulate only in the previously 
illuminated and discharged regions. 
The charge, expose, and develop 
steps are repeated in sequence three 
times, with the light source arrange- 
ment in the exposure step appropri- 
ately moved each time to produce the 
desired interleaved red, green, and 

. blue phosphor patterns. 

In the final step, the phosphor parti- 
cles are fixed in position by exposure 

to intense infrared radiation that 
softens the photoconductor. Fixing 
ensures that the phosphor particles do 
not move during subsequent phases 
of tube manufacturing. 

Economics and Market 
Potential . 

Studies have shown an estimated 
energy savings of 4 kWh per tube 
produced with the EPS process over 
the conventional slurry phosphor I 

screening of CRTs. Further, phos- 
phor use is expected to be signifi- 
cantly reduced. For example, in the 
conventional process about 75% of 
the phosphor applied to the faceplate 
is removed during development of 
the CRTs. Some of the phosphor 
wasted during application and de- 
velopment is lost; some of it is cap- 
tured and recovered in a complex 
chemical process that has its own 
waste stream. In the EPS process all 
phosphor that is applied and not 
attached to the faceplate during de- 
velopment is captured and can be 
reused after a simple sieving 
operation. 

The potential market for the EPS 
phosphor screening process is sub- 
stantial with more than 150 million 
color tubes produced worldwide each 
year. If the useful life of a screening 
machine is 15 years, then even.in the 
absence of market growth, screening 
capacity capable of producing 10 mil- 
lion tubes per year must be replaced 
each year. 

Key Experimental 
Results 
All process segments and required 
materials for the EPS process have 
now been completely developed. 
Some patents have been obtained and 
others are pending. In the laboratory, 
many commercial-quality phosphor 
screens have been produced and 
fabricated into functioning picture 
tubes. A pilot manufacturing facility 
designed to produce one screened 
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faceplate per minute is nearing com- 
pletion at Thomson’s plant in 
Marion, Indiana. This pilot facility 
will establish process capabilities in a 
higher-volume manufacturing envi- 
ronment. To evaluate the benefits of 
the EPS process, accurate quantita- 
tive monitoring of all materials and 
energy consumption will be com- 
pleted as part of the pilot project. 

Future Development 
Needs 
The advantages of EPS have been 
proven in the laboratory, but it now 
needs to be refined and proven in 
production.‘ An area with obvious 
economic and environmental impor- 
tance that requires additional research 
and development is solvent recovery. 
While the EPS process requires only 
minor amounts of solvents to coat a 
faceplate, in mass production this 
adds up to substantial volumes. 

Current plans are to incinerate the 
exhausted solvents. Given the avail- 
able technologies today, the EPS sol- 
vent stream is too dilute and too 
small for economical recovery. 
Nevertheless, developing a suitable 
recovery technology could produce 
economic benefits and reduce waste 
heat. With solvent recovery EPS 
could become a completely closed 
system, where all input materials are 
either shipped out as part of the 
finished product, or are recycled 
internally. 

For more information, contact 

Istvan Gorog 
Thomson Consumer Electronics 
1002 New Holland Avenue 
Lancaster, PA 17601 
Phone: (717) 295-6938 

Fax: (717) 295-6489 

Compiled by 
Pacific Northwest Laboratory for the U.S. 
Department of Energy, Innovative Concepts 
Program 590240. This flier was printed on 



Advanced CO, Pellet 
Accelerator for Solvent- 

- *. .. 

Free Clean 

J. R. Haines, P. W. Fisher, and 
C. A. Foster 
Oak Ridge National Laboratory 

’ An advanced centrijkge technology 
accelerates frozen carbon dioxide 
(COJ pellets to high speeds to clean 
various coatings and remove paint 
from surfaces. Compared with con- 
ventional technology, this new tech- 
nology provides better pellet control 
and higher energy eflciency. 

8 
0 

Pellet 
Entrance 

I 1 

CentnBge Pellet Accelerator 

Introduction 
Conventional methods for removing 
surface contaminants often require 
using solvents or high-speed abrasive 
materials that affect the environment 
and/or increase the waste stream. 
New technologies use frozen pellets 
that strike the surface, ablate the con- 
taminant, and then evaporate, sepa- 
rating the contaminant from the 
cleaning media. 

Several commercially available sys- 
tems use sandblasting-type equipment 
to accelerate dry ice (CO,) pellets 
through nozzles using compressed 
air. These systems have been effec- 
tive for cleaning grease from sur- 
faces, for removing oxide layers from 
metals, and for stripping paint. How- 
ever, pneumatically accelerated pellet 
systems are limited in speed by vis- 
cous drag from the air stream. Also, 
they are not efficient for converting 
compressor power into cleaning pow- 
er delivered to the surface; prospects 
for improving these systems are not 
promising.. 

Concept Description 
Oak Ridge National Laboratory 
( O W )  has developed a centrifuge 
that accelerates frozen CO, pellets to 
high speeds for cleaning various sur- 
faces, including removing paint and 
coatings of various types. These 
coatings include oxide, metal, organ- 
ic, and oil and. grease. Using frozen 
pellets instead of conventional metal, 
plastic, sand, or other abrasive mate- 
rials that remain solid at room temp- 
erature mimimizes the waste stream 
emitted during the cleaning process. 

The pellets are loaded onto a spin- 
ning arbor (accelerator wheel) that 
accelerates them and then slings them 
off its outer edge at high speeds (see 
figure). Because the frozen CO, 
“floats” on a self-generated gas bear- 
ing when placed on a smooth surface, 
the pellets are accelerated with virtu- 
ally no contact forces between the 
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pellet and the accelerator. The 0.35- 
m diameter arbor is spun using a 
brushless, 11-kW dc motor. The 
speed of the motor and, thus, the 
speed of the pellets, can be precisely.. 
controlled to strip &e contaminant . . 
while leaving the base material un- 
disturbed. The motor and arbor are 
designed to be mounted on a robotic . 

apparatus that can move the device 
over the desired surface region at a 
controlled scan rate. 

The centrifugal .pellet accelerator 
offers several advantages: 

. It requires only 15 to 20 hp, com- 
pared with 150 hp needed for the 

m2h with the panels at room temper- 
ature. By raising the panel tempera- 
ture to - 100°C, it was possible to 
strip paint at more than 22 m2/h. 

ORNL's success with cleaning sur- 
faces includes removing grease from 
gears and other machinery parts, ox- 
ides from various metal surfaces, 
epoxy-based paint from aluminum, 
and paint from concrete. In metal 
work, this technology removed burrs 
from the edges of machined stainless 
steel and shaped aluminum sheets. In 
other testing, glues and other com- 
pounds were removed from textiles 
and plastic molds were cleaned. 

sandblaster-type accelerator, and 
has better performance. 

Economies and Market 
Potential 

The mechanical acceleration of the 
pellets results in a waste stream 
containing only the pellet and the 
removed material. By comparison, 
the sandblaster-type accelerator re- 
quires a large compressor and ex- 
haust gas-handling system for the 
large volume of compressed air 
needed to accelerate the pellets. 

The pellets are delivered with 
forceful, even velocity, whereas the 
velocity of sandblasted pellets is 
limited and dispersed. 

Key Experimental 
Results 
O W s  testing shows that the centri- 
fuge technology will deliver CO, pel- 
lets at feed rates as high as 450 kg/h 
with pellet velocities of 350 ds. The 
pellets are.distributed over an area . 
-0.13-m wide as the apparatus is 
scanned across a surface. In one test, 
epoxy-based paint was removed from 
aluminum panels at a rate of -6.7 

Although detailed costs to implement 
this technology are not available, the 
cost of the centrifugal accelerator sys- 
tem is expected to be about one-half 
the capital cost of a compressed air/ 
sandblast system that has the same 
CO, throughput. Furthermore, com- 
pared with the compressed air sys- 
tem, the centrifuge pellet accelerator 
has an energy efficiency that is more 
than an order of magnitude higher, 
which significantly reduces operating 
costs. 

This technology has potential appli- 
cation for the following: 

aerospace^ and electronics: 
depainting of aircraft and non- 
destructive super cleaning 

. petrochemical: explosion-proof 
cleaning of ships, barges, and proc- 
ess equipment; removal of lead 
paint from storage tanks; and re- 
moval of gummy, tarry substances 
from surfaces without the need to 
use solvents 

toxic and hazardous chemical 
cleanup: surface removal of poly- 
chlorinated biphenyls (PCBs), mer- 
cury, or biohazards; removal of 
contaminated coatings, such as lead 
paint; and final cleaning after 
asbestos removal 

food: nondestructive surface clean- 
ing and sterilization of all types of 
food plant equipment and tools 

nuclear: nondestructive cleaning of 
structural surfaces, equipment, and 
tools, particularly decontamination 
for reuse of expensive items. 

Future Development 
Needs 
Pellet feed systems need to be further 
developed and improvements need to 
be made in developing mobile equip- 
ment. ORNL will work with indus- 
trial partners in tailoring these im- 
provements to specific customer 
applications. 

For more information, contact 

John R. Haines 
Oak Ridge National Laboratory 
P.O. Box 2009 
Oak Ridge, TN 37831-8071 
Phone: (615) 574-0966 

Fax: (615) 576-7926 

Compiled by 
Pacific Northwest Laboratory for the U.S. 
Department of Energy, Innovative Concepts 
Program 590240. This flier was printed on 
recycled paper. 
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Step Waveform' Electrical 
Power Converter for. .. . . ,- . 

Electrically Isolated 
Generators 

Donald J. Hammerstrom, 
Lawrence A. Schienbein, and 
Matthew K. Donnelly 
Pacific Northwest Laboratory 

A step waveform converter can simul- 
taneously convert electric power 
from multiple isolated sources, such 
as fuel cells, wind turbines, solar 
panels, and diesel generators. The 
step converter should match or ex- 
ceed the ejiciencies of traditional, 
static converters. 

Four-itep Experimental Voltage 

U I 

Three-Phuse Prototype Step Converter 

Introduction 
The electrical power utility infra- 
struckre is changing in response to 
many factors: non-utility generation, 
demand side management, use of 
renewable energy resources, industry 
deregulation, and the need to better 
use existing utility hardware (e.g., 
power distribution lines, transformer 

.stations). As a result, flexible power 
conversion solutions are increasingly 
needed at the interfaces between the 
utility power grid, standard and re- 
newable generators, energy storage 
devices, and customer power' 
demands. 

The ability to generate variable-speed 
(asynchronous) electrical power 
allows plant operators to improve 
efficiency, and it provides other bene- 
fits, such as improved water manage- 
ment options fgr hydroelectric facili- 
ties. Although many power plants 
could benefit from variable-speed . 
operation, few retrofits have been 
carried out because such operation is 
relatively new to the United States. 
Its wide-scale application is seriously 
'impeded by the cost of the required 
off-the-shelf equipment options, 
which include pole-switching gener- 
ators, doubly-fed generators, and 
inverters. 

Concept Description 
The electrical power converter tech- 
nology involving step waveform of- 
fers electrical power producers the 
ability to generate variable-speed 
power while delivering clean, 60-Hz 
power to the'utility. In addition, syn- 
chronous and asynchronous genera- 
tors and dc sources can be connected 
to the converter, allowing the most 
cost effective generator to be selected 
for the specific installation. 

Staff at the Pacific Northwest 
Laboratory (PNL) have recently 

~ 
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designed and tested a power con- 
verter topology. The converter 
topology is based on the Pulse- 
Amplitude-S ynthesis-and-Control 
(PASC) inverter built at Montana 
State University (MSU) in the lati ’.. . 
1980s. MSU personnel originally 
conceived of PASC inversion for 
consolidating power from magneto- 
hydrodynamic generators. 

While many devices convert dc to ac 
power, they.convert from a single 
source only. The proposed step con- 
verter can simultaneously convert 
electric power from multiple isolated 
sources, such as fuel cells, wind tur- 
bines, solar panels, and diesel gener- 
ators. Isolating individual power 

. sources allows’each source’s power 
production to be optimized. For ex- 
ample, converter control might detect 
a malfunctioning solar panel serviced 
by the step converter, remove it from 
service for repairs, and later optimize 
its renovated operation without shut-. 
ting down the neighboring panels that 
feed the same step converter. #While 
in theory the sources can be very dis- 
similar, such as from combined wind 
and photovoltaic generation, such 
operation has not yet been 
demonstrated. 

. 

. The step waveform converter may be 
placed in series with a second power 
converter to provide an ac-dc-ac link- 
age. This linkage allows variable- 
speed control of motors and opera- 
tion of generators, a capability that 
may be valuable to wind turbine 
generators, carbon and hydrocarbon 
generators running off their nominal 
ratings, large manufacturing utility 
power customers, and hydro- 
generators. 

Economics and Market 
Potential 
The expected markets for the step 
converter are the power generation 
industry, the renewable energy 

industry, and motor controller manu- 
facturers. While detailed market 
analyses have not yet been con- 
ducted, the wind power industry in 
new power plants offers significant 
market potential. Atits current rate 
.of growth---lo00 h4W per year 
worldwide--the market would be 
4 1 2 5  million for this industry alone 
over the next 10 years. 

The.step converter should match or 
exceed present static converter effi- 
ciencies. It #so provides ease of 
maintenance, controlled operation of 
individual power sources, and im- 
pressive unfiltered total harmonic 
distortion. The converter operates in 
either online or offgrid operation 
modes. 

In its present configuration,’the con- 
verter is complex and requires many 
power electronic components, which 
may hinder its design reliability. 
However, the hardwire costs are 
similar to those for bulk converters 

. because the step’converter’s many 
low-power-rating components replace 
static converters’ few high-power- 
rating components. 

Because the step converter requires a 
set of transformers to consolidate the 
sources, it will be most competitive 
where voltage step-up transformation 
is needed, such as wind power plants, 
solar thermal power plants, fuel cells, 
and other power plants having a num- 
ber of smaller discrete power gener- 
ators whose power must be consoli- 
dated. In those cases, the transformer 
costs for the step converters are not 
detrimental. Factors that affect this 
device’s economics require further . 

research, testing, and development. 

Key Experimental 
Resu I ts 
A PASC prototype consisting of a 
single-phase, 24-kVA, eight-step sys- 
tem was built and tested at MSU in 

the late 1980s. Tests confirmed the 
viability of the processor controlled, 
step waveform generation. Further 
tests have been carried out on a 
10 kVA, four-level, three-phase 
prototype.designed and built at PNL 
(see the figure). 

Future Development 
Needs 
At this stage, the step power convert- 
er needs full-scale testing and evalu- 
ation in real applications to address 
issues concerning efficiency, flexibil- 
ity, and cost effectiveness. There- 
fore, PNi’s research team will con- 
duct and participate in two field tests 
beginning in 1995. In one, the con- 
verter will consolidate and‘invert dc 
power from an array of solar panels“ 
generating 6.8 kW at Tinker Air 
Force Base in Oklahoma. In the 
secqnd test, a converter will be de- 
signed and built to convert and inte- 
grate power from four 65-kW wind 
turbines operating at variable speeds. 
This activity is taking place through a 
cooperative research agreement with 
the ZOND Systems Inc., one of the 
nation’s largest fully integrated wind 
power companies. 

. 

. 

. 
, 

Further laboratory-scale tests also 
will focus on simulating and testing 
improved control using PNL’s 10-kW 
bench-top unit. 

For more information, contact 

Lawrence A: Schienbein, K5-20 
Pacific Northwest Laboratory 
P.O. Box 999 
Richland, WA 99352 
Phone: (509) 375L6817 

‘Fax: (509) 375-3614 

Compiled by 
Pacific Northwest Laboratory for the U.S. 
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META=LAX Stress Relief 
and Weld Conditioning 
Process 

August G. Hebel, Jr. 
and August G. Hebel III 
Bonal Technologies, Inc. 

META-LAX is a patented quiet, 
vibrational stress-relieving process 
for neutralizing undesirable thermal 
stress in metal structures during 
fabrication The process uses pre- 
cise, nondestructive low-frequency 
vibration. 

META-LAX Process Used During Welding 

Introduction 
Common fabrication of metal struc- 
tures and components using high- 
temperature methods, such as 
machining and welding, frequently 
introduces thermal stresses that 
manifest themselves in various ways. 
This can include material distortion, 
crack propagation at welds, and other 
undesirable characteristics that are 
usually reduced by heat treat stress 
relief. The power and laborhandling 
requirements of these heat treatments 
contribute to high production costs 
and the wasteful use of energy. 
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Concept Description 

The NTA-LAX process accom- 
plishes stress relief by inducing a 
mechanical energy into a workpiece 
through vibration. Different levels of 
induced energy will have different 
effects on metal. With vibration, as 
with heat, there is an optimum energy 
level that will cause stress relief. All 
metal components exhibit harmonic 
and nonharmonic responses to exter- 
nal energy input. The amplitude of 
displacement of the metal component 
is a function of the induced vibration 
frequency, 

When the frequency of vibration is 
increased, the metal dissipates the 
induced energy through internal fric- 
tion and results in lower amplitudes. 
The amount of energy being dissi- 
pated by the metal is its stress-relief 
potential. This dissipated energy 
reaches a maximum at and near the 
leading portion of the harmonic curve 
(“subharmonic”), which is the opti- 
mum stress-relief vibration fie- 
quency. Beyond this range, the metal 
component cannot dissipate the in- 
duced energy and responds with a 
violent reaction (higher amplitudes), 
which is usually observed as bounc- 
ing, with high noise levels. Beyond 
the harmonic range, the metal regains 
its capability to dissipate the induced 
energy, which results in lower 
amplitudes. 

If the metal component contains 
thermally induced stress, the har- 
monic curve will be out of location 
when compared with its natural loca- 
tion in a stress-free state. Upon 



META-LAX stress-relieving, the ini- 
tial harmonic curve shifts to and 
stabilizes in a new location which is 
its natural frequency location. The 
equipment used for the process con- 
sists of a direct-current force inducz . 
tion unit, a custom-designed and 
patented control transducer, and an 
electronic console to analyze, moni- 
tor, and control the frequency input. 

The system electronically determines 
the harmonic frequency of the part, 
then induces a lower frequency to 
achieve stress relief through mole- 
cular action. This process can be 
used during metal fabrication or 
welding. The weld-conditioning 
application relieves thermal stresses 
as they are being introduced during 
weld solidification. This process 
minimizes or eliminates weld crack- 
ing and distortion. 

Economics and Market 
Potential 
The META-LAX process can be 
applied to a wide range of metals, in- 
cluding low- and medium-carbon 
steel, tool steel, aluminum, stainless 
steel, cast iron, and some exotic met- 
als. META-LAX is applicable to a 
spectrum of processes including 
weldments, castings, forgings, and 
other fabricationhardening process- 
es. The process offers many advan- 
tages over conventional stress 
relieving: 

no treatment distortion 
95% less processing cost 
98% less processing time 
41% less machining time 
200% fatigue life improvement 
84% less distortion 
95% less weld cracking 
66% less preheat (up to 177°C) 
less weld porosity 
no limit on size or weight. 

The process is particularly applicable 
to die casting to quality-check stress 

relief on new incoming dies prior to 
use, to apply periodic stress relief to . 
the dies, and to stress-relieve during 
repair welding. 

When used to stress-relieve one 
weapons system for the US. Army, 
the META-LAX process reduced 
annual energy costs by $230,000. In 
another case, a weld company saved 
an average of $243,000 annually us- 
ing the META-LAX process over 
thermal stress relieving. 

Bonal Technologies has introduced 
META-LAX equipment into a num- 
ber of industries. Several models of 
production equipment are available, 
ranging from portable to automated 
systems. META-LAX has wide 
applicability throughout the metal 
fabrication industry. With significant 
savings in energy consumption and 
the potential for increased productiv- 
ity of metal fabrication, the META- 
LAX process can further enhance the 
U.S. preeminence in manufacturing. 

Key Experimental . 

Resu Its 
Traditionally, internal stresses are 
removed by heat treating the metal, 
bringing its temperature up to a speci- 
fied level, and then cooling it as 
slowly and evenly as possible. Test- 
ing demonstrated that heat treating 
large pieces of steel was expensive, 
time-consuming, and inconsistent if 
the heat treater did not cool the metal 
properly. Nonthermal stress relief 
alternatives were researched, includ- 
ing resonant vibration energy in 
Bonal' s precision machining environ- 
ment. The vigorous testing indicated 
that resonant vibration, as a stress- 
relief method, was only 40% effec- 
tive and definitely not appropriate for 
quality work. Other organizations 
abandoned interest in all vibration 
studies but Bonal continued develop- 
ing and perfecting the use of vibra: 
tion for stress relief. 

During 18 .months of testing, Bonal 
isolated the set of critical factors that 
formed the basis of effective use of 
vibration for consistent stress relief. 
Bonal identified the subharmonic 
level of vibration as the critical factor 
for effectiveness; competitors were 
using the highest portion of the har- 
monic curve with less success. Test- 
ing was continued to verify the capa- 
bilities and limitations of sub- 
harmonic energy. Limitations were 
identified with both cold-worked 
material and copper. The technology 
has since been taken to Ford and 
General Motors for testing and 
demonstration. Bonal participates in 
testing at companies across the U.S., 
and companies send samples to Bonal 
for stress relieving. 

Future Development 
Needs 
Today research and development of 
the META-LAX technology are con- 
ducted extensively in Bond's ma- 
chining facility so that results can be 
evaluated in a practical applications 
environment. Bonal has two com- 
puterized models for demonstration; a 
third computerized model is being 
developed. The META-LAX process 
is extremely versatile because of the 
size range to which it can be applied: 
from very small parts to parts as large 
as rock crusher tonnage. 

For more information, contact 

Thomas E. Hebel 
Bonal Technologies, Inc. 
21 178 Bridge Street 
Southfield, MI 48034 
Phone: (800) 638-2529 

(810) 353-2041 
Fax: (810) 353-2028 

Compiled by 
Pacific Northwest Laboratory for the US. 
Department of Energy, Innovative Concepts 
Program 590240. This flier was printed on 
recycled paper. 
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Integrated lon-Beam 
.. . . I  . Milling and Coating to 

Fabricate Precision Optics 

c 

Kathy W. Hylton, 
Charles M. Egert, and 
Kathy A. Thomas 
Oak Ridge National Laboratory 

One ion source is being used to pro- 
vide both ion-beam milling and coat- 
ing for fabricating precision optics. 
Using one source can signiJicantly 
reduce processing time from weeks to 
days. 

Ion Miliina 

Gun Rotated 
90 Degrees n 

I I  
Ion Source 

I I  

Integrated Ion 
MillingEoating 

U - - 
Gun Rasters Gun Rasters 
In X and Y In X and Y 
Directions Directions 

Schematic of Ion Source Position for Ion Milling and Coating 

Introduction 
Optics manufacturers must devise 
better techniques to produce pre- 
cision optics. Mechanical polishing 
works well for optic flatskpheres up 
to 1/20 wave (1 wave = 6328 ang- 
stroms) peak-to-valley error. How- 
ever, achieving better figure accura- 
cies or specialized geometries signifi- 
cantly incre&es costs because the 
traditional process requires many 
polishlmeasure iterations to achieve a 
completed optic. 

A viable alternative to mechanical 
polishing that has not yet gained 
widespread use is ion-beam milling. 
Ion-beam milling offers significant 
advantages in fabricating optics 
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because it can complete an optic in 
one pass. A highly deterministic and 
repeatable fabrication process, ion 
milling uses an energetic ion beam to 
remove a precise amount of material 
from an optic surface. Sometimes 
only a single iteration is needed to 
achieve the desired final surface 
accuracy, thereby saving both time 
and money. Unlike mechanical 
polishing, ion-beam milling produces 
no edge roll-off or difficulty in 
comers, making it very applicable to 
unusual component shapes. 

Traditionally, coating is a separate 
process that follows polishing. The 
separate processes require significant 
amounts of time to complete, which 
in turn impacts the cost of fabricating 
optics. 

Concept Description 
A new system is being developed to 
integrate ion milling and coating. 
The system uses the same ion source 
for removing material from the opti- 
cal surface as it does to sputter depos- 
it (coat) material onto the surface. 
For ion milling, the ion source is di- 
rected perpendicular to the optical 
surface. For coating, the ion source 
is rotated by 90" and is directed onto 
a sputter target positioned at a 45" 
angle from the optical surface and the 
ion gun axis (see the figure). 

The sputter target is attached to the 
ion gun carriage, allowing the ion 
source-sputter target assembly to be 
rastered over the optical surface 
during coating in the same way as 
during ion milling. This capability to 



raster the coating source allows uni- 
form coatings to be deposited or the 
coating thickness to be varied at 
different locations on the optical 
surface. ~ a .  . 

Economics and Market 
Potential 
Combining the ion-beam milling and 
coating processes offers increased 
process efficiency and quality. Since 
either final figure correction or 
aspherizing is the last step for remov- 
ing material before any required thin 
films are applied to the optical sur- 
face, the need to break vacuum and 
refixture the optical component in a 
coating chamber are eliminated when 
the processes are integrated. The ion- 
milling process is performed under a 
vacuum, as is thin film deposition, 
which produces a clean surface and 
eliminates the need to clean the pre- 
cision optic between final figuring 
milling and coating. The clean sur- 
face thus ensures that the coating will 
better adhere. 

. 

Reduced process time is a major 
advantage of integrating the final 
optical figuring process and subse- 
quent coating operations. For exam- 
ple, a silicon carbide optic that is 
10 cm in diameter can be ion-milled 
to better than 1/20 wave in 18 hr and 
then thin-filmed coated in 55 min. 
By comparison, polishing a similar 
optic can ordinarily take weeks. 

The payback is rapid and the market 
potential is unlimited for the inte- 
grated process if an existing coating 
facility is available. Only an ion . 
source and a translation stage system, 
which costs -$SO,OOO, would be 
needed to transform an existing coat- 
ing facility into an integrated ion- 
millinglcoating facility. Payback will 
result from significantly reduced 
process time and will vary according 
to the application. The markets 
targeted are optics manufacturers 
(e.g., telescopes and space applica- 
tions) and lithography equipment 
manufacturers. 

Key Experimental 
Results 
Laboratory testing demonstrated that 
integrating ion milling and coating 
can reduce the amount of time re- 
quired to fabricate an optic. what 
would require weeks to polish would 
require only days to ion mill to the 
same accuracy. 

Tests used a basic ion-milling system 
with a 3-cm Kaufmann, hollow- 
cathode ion source.(with 1..7-cm- 
diameter grids) mounted on a vertical 
x-y stage that can raster over a 60- 
cm-diameter optical surface. For 
these experiments, the ion source 
mount was modified to allow rotation 
by k90" to optical surface normal. 
Also attached to the ion source mount 
was a single, sputter-target fixture, 
which holds a 10-cm-diameter sputter 
target at a 45" angle about 12 cm 
from the ion source. The capability 
to rotate the ion source through 90" 
provides the possibility of adding a 
second sputter target opposite the 
first target, permitting the deposition 
of multi-layer thin films. In addition 
to making these changes to the ion- 
source mount, a quartz crystal thin 
film deposition monitor was attached 
to the optics-mounting fixture to 
monitor relative deposition rates dur- 
ing the coating experiments. 

A key issue in using'an integrated 
approach is to determine the effect 
that aperturing the coating material 
has on the deposition rate and the 
material distribution. The sputtered 
material has a cos2 distribution; 
therefore, the sputtered material must 
be apertured to achieve a more nar- 
row distribution. The smaller the 
distribution of the sputtered material, 
the less time must be spent dwelling 
off the optic to generate a uniform 
coating. To tese this, a 1-cm and a 
2.5-cm aperture made of copper was 
mounted at an angle of 45" to the 
sputter target (parallel to the optical 
surface). 

The two different apertures were used 
to reduce the size of the sputtered 
material distribution. A much more 
narrow distribution was achieved 
with the aperture that was 1-cm in 
diameter. This material distribution 
has a full-width, half-maximum 
(FWHM) of 3 to 5 cm, but with a 
maximum deposition rate of only 
0.18 83s. (FWHM is the width of the 
beain at half the maximum sputtered' 
amount.) The 2.5-cm aperture pro- 
duced an FWHM of 5.5 cm, but with 
a somewhat larger maximum deposi- 
tion rate of 1.03 83s. The larger 
aperture can be readily used to 
sputter-coat optical components. 

Future Development 
Needs 
More work needs to be done to make 
the process even better. As the need 
increases for more accurate and less 
expensive optics, untraditional proc- 
esses, such as ion-beam milling, will 
be required to meet these needs. 
Integrated ion-beam millingkoating 
should move the optics community to 
the next level of figure accuracy. 

An ion-beam milling facility is avail- 
able to users. The facility is part of 
O W s  Ultra Precision Manufactur- 
ing Technology Center, which in turn 
is part of ORNL's Centers for 
Manufacturing Technology. 

For more information, contact , 

Kathy W. Hylton 
Oak Ridge National Laboratory 
P.O. Box'2009 Building 920 
MS 8066 
Oak Ridge, TN 37831 
Phone: '(615) 574-0342 

Fax: (615) 574-0334 
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Solid-state Shear 
. ,. . Extrusion Pulverization for 

Recycling Commingled * 

Plastic Waste 

Klementina Khait 
Polymer Reclamation Center at 
BIRL, Northwestern University 

A pulverization process will recycle 
commingled pre- and post-consumer 
plastic waste without the costly sort- 
ing step. This process should be 
much more energy eflcient than con- 
ventional repetitive grinding because 
the pulverization occurs in one step. 

Post-Consumer 
Plastics 

Cooling Water 

Heated Zone 
~ 

Solid-State Shear Extrusion 

Introduction 
Plastics account for about 20% (by 
volume) of the municipal waste 
stream. Decreasing landfill space and 
rapidly rising disposal costs have 
forced many municipalities to begin 
curbside recycling of post-consumer 
waste. 

Most existing processes for recycling 
plastic waste result in products that 
are less valuable than the original 
plastic. Generally, the physical prop- 
erties of recycled commingled (un- 
sorted) plastics are inferior to the 
virgin materials because of chemical 
incompatibilities and varied colors in 

collected waste. Fillers and other 
additives make recycling mixed 
plastics even more difficult and more 
expensive. 

Concept Description 
A nonconventiond pulverization 
process known as solid-state shear 
extrusion (SSSE) is being developed 
for recycling commingled, unsorted, 
pre- and post-consumer plastic waste. 
The process uses a specially designed 
co-rotating twin-screw extruder with 
integrated heating and cooling. It is 
currently in operation at BIRL Poly- 
mer Reclamation Center. This work 
is being pursued in cooperation with 
Hermann Berstorff Maschinenbau 
GmbH. 

This continuous process converts 
post-consumer waste in chopped or 
shredded form to a controlled ' 

particle-size powder or fluff, which 
may include ultrafne powders 
(400  microns). The pre- and post- 
consumer plastics include high- 
density polyethylene (HDPE), low- 
density polyethylene (LDPE), poly- 
propylene (PP), polystyrene (PS), 
polyethylene terephthalate (PET), and 
even small amounts of polyvinyl 
chloride (PVC). Powdered materials 
are advantageous in plastics process- 
ing because they can be blended 
easily with other materials and addi- 
tives if needed and used for other 
applications, such as powder coating, 
rotational molding, and 
compounding. 



The particle size of the produced 
powder and fluff is controlled by 
changes in the screw design and by 
the desigdadjustment of screw ele- 
ments and process parameters. The 
formation of powder involves the- '. . 
rupture of chemical bonds. Because 
of the fine powder size, the number 
of broken bonds is expected to be 
high, and the powders consequently 
will be reactive. This reactivity is 
being investigated and could allow 
new polymer blends to be produced 
from normally incompatible plastics 
in the post-consumer waste stream. 

The process can handle any plastic or 
mixture of plastics. This process 
differs from traditional extrusion in 
that the product is in particle form, 
rather than large extruded shapes or 
granules. These powders can be 
further processed by standard 
processing equipment. 

Economics and Market 
Potential 
The high cost of sorting is one reason 
for the low success of recycled plas- 
tics in the marketplace. Collected 
and sorted post-consumer plastics are 
usually more expensive than virgin 
materials. By eliminating the need to 
sort the plastics, the solid-state shear- 
extrusion process offers a significant 
cost advantage over conventional 
technology. 

This process should be much more 
energy efficient than conventional 
repetitive grinding because the 
pulverization occurs in one step. The 
powders are formed in the solid state 
by shear deformation under pressure, 
coupled with a rapid temperature 
change. When the process conditions 
are optimal, a spontaneous fiagmen- 
tation occurs, producing particles that 
are smaller than any of the clearances 
in the extruder. This particle forma- 
tion mechanism is dramatically 
different than the mechanisms of 
grinding. 

This process should offer new 
opportunities for developing high 
value-added products from com- . 
mingled plastic waste. Examples of 
such products include compatibilized 
polymer blends from traditionally . 
incompatible polymers, block and 
graft copolymers, and reinforced 
thermosets. Novel products such as 
these are expected to stimulate inter- 
est in recovering post-consumer 
waste, leading to new markets ahd 
applications. 

Key Experimental 
Results 
Post-consumer, mixed-color LDPE, 

tained from various recyclers were 
processed in a bench-scale, 25-mm 
twin-screw extruder. Plastics were 
fed as individual components and as 
dry blends at various ratios. The final 
products are strongly affected by the 
cooling available for the extruder and 
by'the intensity of shearing during the 
process. The products range from 
flakes, (2 to 3 mm) and fluff (1 to 2 
mm) to various particle-size powders, 
including ultrafine powders below 
200 microns. 

HDPE, PP, PS, PET, and PVC Ob- 

The post-consumer plastics include 
various colors, but the products from 
this process have homogeneous, un- 
usually light colors rather t h q  the 
conventional dark sliades of gray or 
brown in recycled commingled plas- 
tic products such as plastic lumber. 
Products of a single, uniform color 
could be formed from this material, 
and the color could be adjusted by 
adding additional pigments if needed. 

Initial studies of pulverized LDPE 
and PP prove that reactive sites (rup- 
tured bonds) are formed during proc- 
essing. These sites are observed with 
electron spin resonance spectroscopy 
and are not seen in samples of LDPE 
and PP before pulverization. This 

preliminary result provides good sup- 
port for our concept. Plans are tg 
develop new polymer blends by in- 
situ compatibilization of dissimilar 
plastics via SSSE pulverization 
technology. 

Future Development 
Needs 
Further development of the pulveriza- 
tion process and equipment is pro- 
ceeding simultaneously on manu- 
facturing and bench-scales. Addi- 
tional bench-scale experiments are 
needed to determine parameters for 
optimizing process design and oper- 
ation. Currently at BIRL's new 
Polymer Reclamation Center, demon- 
stration trials are being conducted 
using a bench-scale, twin-screw ex- 
truder built by Hermann Berstorff. 
These trials are aimed at producing 
powders from various polymer waste 
streams for testing and application 
development. 

Injection molding of complex parts 
has been successfully conducted 
using PP powder as a feedstock. Cur- ' 

rently, a rotational molding applica- 
tion is being investigated for recycled 
polyolesin powder products made by ' 
the SSSE pulverization process. 
These applications include, but are 
not limited to, extrusion, compound- 
ing, and powder-coating processes. 

For more information, contact 

Klementina Khait 
Polymer Reclamation Center at 

1801 Maple Avenue 
Evanston, IL 60201-3135 
Phone: (708) 491-2742 

BIRL, Northwestern University 

Fax: (708) 467-1022 

Compiled by 
Pacific Northwest Laboratory for the U.S. 
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Paper Additive for Low 
Submicron Air Filtration 

.. 

Max Klein 
Tech Paper, Inc. 

Filter media use a special filter 
paper, made of glassfibers, to cap- 
ture$ne particulates that contami- 
nate the air. ThefiEter saves energy 
and money by eliminating the need to 
draw in outside air during the puri- 
fying process. 

Larger particles (3 to 10 microns) that 
normally lodge in the nose and throat 
contribute to respiratory illness. Par- 
ticles below 3 microns are small 
enough to be inhaled deep into the 
lungs, where they can interfere with 
the exchange of oxygen in the 
bloodstream. 

Rugged Steel Construction 

I Power tight Indicator 

A SteL. Casters 

Filter Media 
Storage/Dispensing Chamber 

Mobile ((Kj9 Filter Using Air Filter Media 

Introduction 
Air pollutants from numerous indus- 
trial and other processes pose serious 
health hazards to humans, animals, 
and the environment. The polluting 
dusts from wood, ceramic, and man- 
ufacturing processes; from agri- 
cultural operations; and in homes 
produce dust in sizes from 10 mi- 
crons to 0.1 microns (a micron is one 
40-millionth of an inch). Particles 
below 5 microns stay suspended in 
the air for long periods of time. 
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Budget and other restrictions typi- 
cally prevent industrial managers and 
home owners from incorporating 
methods to capture dangerous respir- 
able dust particles in their work and 
living environments. Further, until 
somewhat recently, the public has not 
been made aware of health hazards 
associated with contaminated air. 

Concept Description 
Tech Paper uses the DOP-20 filter 
media in its filter equipment. . . 
DOP-20 is a nonwoven, wet-laid 
paper composed of a combination of 
micron-diameter glass fibers and a 
patented paper additive, 
MICROBITS. 

The MICROBIT particle has a unique 
shape that can trap and hold 
submicron-sized dusts that would be 
missed by competitive filter paper 
using only glass fiber. Because the 
MICROBITS are uniformly dispersed 
throughout the matrix, they act as 
bulking agents to open up spaces be- 
tween the glass fibers. This bulking 
process allows for full use of the 
glass fiber surface area in efficiently 
capturing the dusts at a low resistance 
to airflow. The latter is important be- 
cause it enables the system to be 
operated at a reduced amount of 
power. 



The filter media are used with several 
filtration systems: 

The Mobile “K” Filter (see figure) . 
is designed for home and school 
workshops, automotive workshops, 
and industrial workshops, and can 
be wheeled around. It plugs into a 
standard wall outlet, and the filter 
media can be changed quickly and 
easily. Because of its quiet opera- 
tion and low power requirements, it 
can be used 24 hours a day. 

The Rolling Air Filter is designed 
for air-volume capacities up to 
100,000 cfm. The operating face 
velocity is above 300 ft/min. The 
filter medium is advanced in a zig- 
zag path through the filter chamber 
to minimize filter clogging and 
waste. 

The Aero-Roll Dispenser is used in 
heating, ventilating, and air- 
conditioning systems for paint 
spray booths, in cleanrooms, and 
other areas. It replaces traditional 
throw-away frame filters. The fil- 
ter paper is dispensed from a slot at 
the bottom of the unit and is intro- 
duced across a dirty airstream in 
front of a perforated metal screen. 
Differential air pressure holds the 
filter media flat against the screen. 
The paper is changed by pulling on 
the roll until fresh paper is in place. 

The “Q’ Filter is a tabletop or wall- 
mounted unit. It uses a two-stage 
disposable filtration system to cap- 
ture submicron particulates and 
toxic vapors. This unit is partic- 
ularly effective for controlling 
smoke, spray can effluent, and par- 
ticulates/vapors from food proc- 
essing applications. 

Economics and Market 
Potential 
DOP-20 filter media provide a 20% 
to 30% improvement in capture effi- 
ciency and a 20% to 30% reduction 

in resistance to airflow, as compared 
with competitive glass fiber medias. 
The filter media save energy by 
eliminating the need for outside 
makeup air to be heated or cooled for 
the interior environment. 

provided 70% to 80% positive re- 
sponses concerning the DOP-20’s 
effectiveness. 

Future Development 
Needs 

The price of the example filtration 
system, the Mobile “K” Filter (shoyn 
in figure), is about $250, far less than 
fixed air filtration systems that may 
cost between $800 and $5,00O/unit. 
An 18-in. by 100-ft roll of DOP-20 
filter paper costs $75 and provides 
for about 50 filter changes. The 
Mobile “K” Filter needs an average 
of two to four rolls per year. 

Although the filtration system was 
originally focused to benefit industry, 
its use in homes and schools has con- 
tinued to increase, particularly in 
workshops. The National Cancer 
Institute has used a prototype for its 
research. 

Key Experimental 
Resu I ts 
Tech Paper has worked with several 
major manufacturers to research the 
particles comprising fine dust that 
created a problem of buildup in early 
filter systems. The solution was to 
design a housing for the filter that 
included a standard fan. Later, 
refinements such as a power light, 
three speeds, and a fuse were added. 

In the testing, a special panel of ex- 
perts reviewed the efficiency of the 
Rolling Air Filter. Tests were run at 
Lawrence Livermore National Labor- 
atory, and a product model was in- 
stalled at a major company. 

A Department of Energy grant re- 
duced development costs, making the 
Mobile “K” Filter affordable to 
schools.’ Also, following a large 
engineering firm’s study of the 
DOP-20, a questionnaire was sent to 
shop teachers at various schools who 
had tested the DOP-20. The teachers 

A major aerospace company is evalu- 
ating MICROBITS for another pos- 
sible application, high-strength 
thermoplastic composites. 
MICROBIT-containing precursor 
paper, when put together and heat 
pressed, is used to form the com: 
posite materials. In addition to being 
waterproof, lightweight, and high- 
strength, this application can be 
manufactured in a variety of forms. 

Tech Paper, Inc., will demonstrate 
this technology to interested compan- 
ies anywhere in the United States and 
we will also make our filter units 
available on a trial basis. 

For more information, contact 

Max Klein 
Tech Paper, Inc. 
46 Queen Anne Drive 
Shrewsbury, NJ 07702 
Phone: (908) 747-0978 

Compiled by 
Pacific Northwest Laboratory for the U.S. 
Department of Energy, Innovative Concepts 
Program 590240. This flier was printed on 
recycled paper. 
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Conveyor Logs . 
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Long-Distance Transp.ort 

C w h e n  

of Coal by Coal Log 
Pjpeline 

T.R. Marrero 
Capsule Pipeline Research Center 
University of Missouri 

Coal can be compacted and trans- 
ported through a water-filled under- 
ground pipeline over long distances. 
This mode of transportation is eco- 
nomical and better for the environ- 
ment than conventional overland 
transportation. 

Binder 

Cntshed Coal 
Machines Coal Mxer 
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coal Log Enters 
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Coal Log Pipeline for Advanced Coal Transportufion System 

Introduction 
Each year in the United States, one 
billion tons of coal are mined. De- 
livered coal costs two to four times 
its price at the mine, depending on 
the mine location, the distance to the 
coal consumer, the availability of 
existing freight transport, and the 
shipping quantity. In fact, transpor- 
tation costs are becoming even a 
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greater percentage of the delivered 
price of coal because of stricter envi- 
ronmental regulations. 

Traditionally, coal is transported long 
distances by barge and/or railroad, 
which are costly and can impact the 
environment. The conventional pipe- 
line transport of coal is by coal slurry 
pipeline. 

Concept Description 
An innovative technology is being 
developed to transport coal through a 
water-filled pipeline over long dis- 
tances. Called “coal log pipeline” 
(CLP), this technology features low 
water requirements and costs com- 
parable to existing railways. The 
coal-to-water-mass ratio is 4 to 1. 

The CLP concept presses coal into 
the form of circular cylinders-coal 
logs--so that coal can be transported 
by water flowing through a single 
underground pipe. (This method is 
being used in another application-- 
transporting cylindrical capsules . 
hydraulically through pipelines.) The 
coal log pipelines have advantages of 
relatively low-energy consumption 
and simple dewatering at the end of 
the pipeline. 

The diameter of the coal log is about 
nine-tenths the diameter of the inside 
of the pipe. The log length is always 
greater than its diameter, with ratios 
of about 1.8. Coal-log specific gravi- 
ties are preferably slightly greater 
than one, about 1.3. The coal logs I 

are propelled by a pump by-pass sys- 
tem and travel butted together, as 

’ 



trains. For pumping purposes a cer- 
tain amount of space is required 

, between these coal log “trains.” 

After the coal logs are transported to. 
their destination, they come out of &e 
pipe onto a moving screen where the 
logs are separated from the water. 
The logs are crushed for subsequent 
burning to meet the fuel specifica- 
tions for different boilers (see the 
figure). For a power station with a 
fluidized-bed combustor, only simple 
crushing is needed. For a power sta- 
tion with pulverized coal or cyclone- 
type boilers, the logs may be pulver- 
ized to pieces that are d in. . 

In general, coal logs can be manufac- 
tured by one of two processes: with 
and without binder. Coal logs made 
with binder at’room temperature-- 
emulsified bi’tumen--require d 
weight % binder. The binder has a 
high heating value and serves as a 
lubricant. These logs can be fabri- 
cated either by a fast single-punch 
press with multiple stations or by a 
large rotary press. Because of its 
costs, the amount of the binder used 
is kept to a minimum. Coal logs 
made without binder are heated to 
about 100°C, with compaction pres- 
sures of -20,000 psi. Experimental 
testing suggests that there is an opti- 
mum moisture level, depending on 
the type of coal. The final compac- 
tion process chosen will depend on 
the process’s capital and operating 
costs. 

Economics and Market 
Potential 
In 1993, the University of Missouri 
conducted an economic study of total 
CLP 5ystems (eig., components, legal 
aspects, and water rights and pennit- 
ting) (Liu et al. 1993). The university 
upgraded the study to include new 
commercial costs for compqnents. 
The cost methodology was also modi- 
fied to include conservative methods 
used by the pipeline industry. These 
economic trade-off studies indicate 
that the proposed CLP system (grind- 

ing, compaction, injection, transpor- 
tation, and end-of-pipeline handling 
processes for logs and water) is cost 
competitive with other modes of coal 
transport. 

Compared with the better-known coal 
slurry pipeline, the CLP features one- 
third to one-fourth the water usage 
and twice the coal throughput. The 
unit cost (dollars per ton) of trans- 
porting coal through a CLP is -50% 
of the cost of a corresponding coal 
slurry pipeline. 

The CLPcan compete with existing 
coal transpo.rtation systems at dis- 
tances from 50 to 1,000 miles. An 
8-in. CLP has a throughput of about 
2.5 million tons per year. When no 
adequate coal transportation system 
exists, then a pipeline’s cost competi- 
tiveness becomes even greater with 
rail or truck, a typical condition in 
Third World countries. 

’ 

Key Experimental 
Resu Its 
The CLP system was tested at the 
University of Missouri and included 
1) coal log hydrodynamics, 2) fabri- 
cation methods for logs with the 
minimum amount of binder, and 

.3) methods to inject and control the 
flow of logs. 

Flow tests quantified pumping re- 
quirements of logs at about lift-off 
velocity, the extent of abrasion of the 
coal logs, and potential problems 
regarding startup andor flow around 
bends. Coal logs were tested by cir- 
culating them through both small and 
large loops. Abrasive effects were 
minimal when logs traveled at about 
ift-off velocity. Coal logs tested at 
lift-off velocity in the small test loop 
for 1 hour provide a relative index for 
the satisfactory long-range transport 
of coal logs flowing through a 
smooth, straight commercial pipeline. 
Compaction tests to fabricate coal 
logs were conducted on bituminous 
and subbituminous coals. In binder- 
less compaction, testing shows that 

the particle size and moisture content 
must be controlled. 

Future Development . 
Needs 

In 1995 the University of Missouri 
will update the 1993 (Liu et al.) eco- 
nomic analysis of CLP to include 
cod log manufacturing costs and cost 
data obtained since 1992. The update 
will be used to evaluate several sites 
that are being considered for the first 
demonstration project. Based on a 
national survey of coal and utility 
companies, this “demo” will be about 
50 miles long and transport a few 
million tons of coal per year. 

All the components of a CLP are be- 
ing developed at the university. The 
university is. designing a machine to 
rapidly produce coal logs, and several 
companies have indicated an interest 
in manufacturing coal logs. To en- 
sure the rapid commercialization of a 
CLP, a 12-mile prototype system 
needs to be designed, constructed, 
and operated, ideally located on an 
abandoned coal field near a power 
plant. 

’ References 
I .  

Liu, H., R. Zuniga, and J. L. Richards. 
1993. Economic Analysis of Coal Log 
Pipeline Transportation of Coal. CPRC 
Report No. 93-1, University of Missouri, 
Columbia, Missouri. 

For more information, contact 

Thomas R. Marrero 
Capsule Pipeline Research Center 
E2422 EBE . 
University of $lissouri 
Columbia, MO 65201 
Phone: (314) 882-3802 
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Reusable Vacuum Bagging 
.. I 

.. . Device for Producing 
Composite Parts 

Cosby Newsom 
Bondline Products 

A device provides for a reusable 
vacuum bag process to fabricate 
composite parts used in the aircrafr 

’ and other industries. The process 
reduces the cost of labor for each 
part produced. 

m Silicone Rubber Vacuum Bag 

Reusable Vacuum Bagging Device 

Introduction 
Current practice in manufacturing 
composite parts involves placing con- 
tinuous-filament or woven-fabric 
lamina over a mold to shape the part. 
A thermoset resin is then coated over 
the lamina. For high-performance 
parts, such as those used in aircraft, it 
is notuncommon to build up, coat by 
coat, up to twenty layers of lamina. 

63 

The lamina in each coat is laid up, 
layer by layer, according to design 
specifications. Any voids or air 
bubbles between layers can cause the 
part to delaminate under stress. 
Thus, a sheet of silicone rubber or 
high-performance plastic film is usu- 
ally placed on the part, and a vacuum 
is used to squeeze out the voids and 
air bubbles after every few layers are 
laid up. The manufacturing cost is 
increased because the rubber sheet or 
film is usually discarded after just 
one use. 

Bondline’s improved process repre-. 
sents the first change in this manufac- 
turing process in 40 years. Up till 
now, a large q o u n t  of the material 
had to be discarded with each cure. 
Sealing the thin film to the sticky tape 
had to be done by hand, and the leaks 
that could form during cure often 
meant the part had to be rejected. An 
added problem has been with 
wrinkling in the rubber sheet or film, 
which complicates the heat-flow 
process over some areas of the part. 

Concept Description 
Bondline’s patented auto-vac keyhole 
and channel seal works like an ordi- 
nary valve (see figure). An airtight, 
separable joint is formed between the 
channel, which is bonded to the tool 
base and the keyhole, which is 
bonded to the flexible, silicone rub- 
ber diaphragm. This allows for rapid 
assembly of an airtight membrane 
over the layers of composite mate- 
rials. The layers are compressed . 



against the tooling and cured under 
even heat and pressure to form the 
part, eliminating any problem of 
wrinkling. 

A typical valve consists of a seat aiid 
a disc, which are brought together as 
two matching cylinders. In 
Bondline's auto-vac keyhole and 
channel system, the chapnel acts like 
the seat and is bonded in a continu- 
ous loop around the edges of the tool. 
The keyhole acts like the disc and is 
bonded to the diaphragm in a match- 
ing loop, which is pressed into the 
channel to form the seal between the 
two. 

Vacuum within the channel pulls the 
keyhole into it. This vacuum also 
pulls the sides of the channel tight 
against the keyhole. The two ele- 
ments can withstand continuous tem- 
peratures of 177"C, even surges to 
204°C. At those temperatures, the 
silicone rubber expands, which re- 
inforces the seal and enables the key- 
hole to mate and seal with metal 
grooves. 

No cleanup is needed after cure, the 
keyhole and channel seals are sepa- 
rated, and the part is removed without 
generating any scrap material or re- 
quiring any extra manhours. The 
tooling is then ready to go again. 

Economics and Market 
Potential 
The reusable vacuum bag allows the 
same silicone form to be reused for 

over 100 parts, reducing both mate- 
rial and labor costs. Typically, cost 
savings are 40% or greater per part, 
depending on the size of the produc- 
tion run. The quality of the produc- 
tion line is enhanced because more 
consistent parts are produced in the 
process. The small vacuum pump 
used in the process costs <$300. 

The vacuum bag fabrication process 
is widely used in the aircraft, aero- 
space, military, automobile, marine, 
and recreation industries; a market of 
>$1 billion per year is estimated. 
One user, Elmwood Sensors of 
California, installed the reusable 
vacuum bagging system on its cauls . 
and mounted three each in two 
baker's racks. The systems slid out 
of the rack one at a time for loading 
and unloading, and the racks were 
easily rolled into the oven for cure, 
saving at least two-thirds floor space 
in the process. In addition, the com- 
pany not only reduced its manpower, 
but saved a considerable amount of 
money in initial investment and 
follow-up cleanup costs. 

' 

Key Experimental 
Resu I ts 
Bondline tested different shapes to 
form the seal: by applying vacuum, 
measuring the vacuum, and then shut- 
ting it off to check the leak rate at 
room temperature. Approximately 
eight different types of seal mecha- 
nisms were built and then tested for 
leak rate at 177°C up to 204"C, in 

determining that the valve-like de- 
sign, the keyholekhannel seal, 
worked. 

Future Development 
Needs 
The invention is available for license 
to other manufacturers who can build 
their own reusable vacuum systems 
under license, or it can be incorpo- 
rated into specialized production 
equipment by Bondline. The inven- 
tion is being spun off into other 
specialized uses, such as the auto- 
clave alternate device for producing 
tubular-shaped. composites, at signifi- 
cantly reduced cost. 

Transfer of this technology is avail- 
able via instructional video tapes; in- 
plant, hands-on instruction; or li- 
censed use of methods. 

For more information, contact 

Cosby Newsom 
Bondline Products 
15517 Seaforth Ave. 
P.O. Box 1473 
Norwalk, CA 90651 
Phone: (310) 921-1972 

Fax: (310) 921-1869 
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A New Hydrocyclone for 
Removing Oil from 
Oil-Water Mixtures 

C.A. Petty, R.G. Dvorak, and 
H.C. Chen 
Michigan State University 

A new hydrocyclone design is being 
developed for de-oiling water. Po- 
tential applications include cleaning 
oily water on offshore platj6om, 
bilge and ballast water on ocean ves- 
sels, and other waste streams, such 
as recycled plastic materials. 

~~ ~~ 

Hydrophobic Material 
/ 

Oil 
Central Toroidal 

I 
I 
I 

Polymer 
Injection 

N e w  Hydrocyclone 

Introduction 
Emission standards for discharging 
bilge water from oil tankers and for- 
mation water from offshore platforms 
are challenging the available technol- 
ogy. Although several manufacturers 
offer hydrocyclone products for 
de-oiling water on offshore platforms 
and elsewhere, improvements in this 
technology are essential to comply 
with current and anticipated waste 
minimization constraints. 

65 

Michigan State University has re- 
sponded to this need by forming an 
industrial consortium to further de- 
velop a new class of hydrocyclones 
designed specifically to remove a 
“light” dispersed phase from a 
“heavy” continuous phase. 

Concept Description 
The goal of this concept is to develop 
a hydrocyclone separator capable of 
removing small amounts of oil 
(43,000 wppm) dispersed as fine 
droplets in water using swirling 
flows. 

The approach depends on two physi- 
cal effects that have not been ex- 
ploited previously: 1) the occurrence 
of a central toroidal recirculation 
zone for large swirl numbers, and . 
2) the use of friction-reducing poly- 
mers to control the drop-size 
distiibution. 

By introducing a dilute dispersion 
into a vortex field as an annular 
swirling jet, a toroidal recirculation 
zone forms about the axis of the vor- 
tex. This secondary flow provides a 
means to capture oil droplets from 
the circulating flow and to redirect 
them to an effluent orifice. Turbulent 
fluctuations on the axis of the vortex 
and within the central toroidal re- 
circulation zone may cause the liquid 
drops to break into finer drops. How- 
ever, by injecting a high molecular 
weight polymer into the core region 
of the vortex, turbulent fluctuations 
are dampened. If this stabilizes the 
internal drop size distribution, a more 
efficient separation will result. 



Economics and Market 
Pot en t i al 

Friction-reducing polymers are ex- 
pensive ($1 to $3/lb). Ifthe process . 
feed rate is large, then adding enough 
polymer to the entire feed to make a 
1000 wppm solution would be too 
costly and wasteful. Local injection 
of polymer into the separation zone, 
although awkward, reduces the quan- 
tity of chemicals needed by an order 
of magnitude. Polyethylene oxide 
and polyacrylamide are already used 
as flocculating agents in wastewater 
treatment facilities. At low concen- 
trations, these chemicals have a neg- 
ligible impact on the environment 
(Union Carbide 1985; Dow 1975). 
Therefore, by using a local injection 
strategy in which only 10% of the 
feed rate is treated with polymer, the 
back-mixed concentration of polymer 
in the clean water will be much less 
than 100 wppm. 

As a compact separator, the hydro- 
cyclone offers many new opportu- 
nities for liquid-liquid separation 
(Goldberger 1973). Depending on 
the specific application, it would 
either compete with, or complement, 
other technologies such as gravity 
separators, filters, parallel plate 
coalescers, gas flotation, and centri- 
fuges (Wyer et al. 1975). 

Key Experimental 
Results 
Although the commercial merits of 
the new separator have not been . 
fully tested, it has the potential for 

improved performance compared 
with the conventional hydrocyclone 
design. 

The new separator design contains 
three distinct zones of separation. 
The resulting performance of the 
unique piggyback configuration is 
expected to give an equivalent 
two-stage effect. Therefore, com- 
pafed with more conventional hydro- 
cyclone designs for liquid-liquid 
separation, the proposed new concept 
has the potential for 1) higher effi- 
ciency per stage, 2) more flexible 
turndown characteristics, and 3) low- 
er power requirements for an equiva- 
lent separation performance. 

Future Development 
Needs 
The proposed concept is presently 
being tested in a prototype vortex 
chamber. The performance of the 
separation concept as currently per- 
ceived should be compared quanti- 
tatively with current hydrocyclone 
technology for de-oiling water. 

The proposed concept stems from 
insights developed from earlier re- 
search. However, widespread accep- 
tance of turbulent vortex flows as a 
medium for liquid-liquid separations 
requires a better understanding of 
droplet breakup phenomena. The 
effect of turbulence production rate, 
the molecular viscosity, surface ten- 
sion, drop size, and particle concen- 
tration on the rate of drop breakup 
within a turbulent vortex has been 
quantified, Fundamental studies in 

this area can be developed using a 
laser doppler anemometry and in situ 
particle sizing by laser light 
scattering. 
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Angelo C. Piro 
The DuPont Merck 
Pharmaceutical Co. 

Improved Tank Cleaning 
. r. . Process Using Ultrasonics 

*. . 

A process using ultrasonic trans- 
ducers to clean tanks eliminates us- 
ing cleaning solvents and disposing 
of used solvent. The cleaning cycle is 
shortened, resulting in both energy . 
and labor savings. 

Tubular 
Resooaton 

Ultrasonic Tank Cleaning Process 

Introduction 
For over 50 years, small-scale-opera- 
tions, such as tanks used for testing, 
have successfully used an ultrasonic 
’process to remove insoluble particu- 
late matter from hard substrate sur- 
faces in tanks that are used for manu- 
facturing chemicals. However, using 
this process in larger-scale opera- 
tions, such as tanks used for process- 
ing, has generally not been consid- 
ered feasible. TFs  is because most 
ultrasonic transducers, which are a 
part of the technology, produce an 
energy wave that is uni-directional, 
Le., circulating in only a single direc- 
tion. To clean 100% of the tank’s 
interior wall surface, a cluster of 
several transducers would have to be 
fused together in a star-burst design. 

Even if several uni-directional trans- 
ducers are used in a single cluster, 
“dead spots” can form. This means 
the tank surface is not contacted by 
ultrasonic waves because of incorrect 
transducer angle or wave diffraction. 
In addition, the cluster of transducers 
is too large to fit into the access port 
on many smaller tanks. 

Concept Description 
An ultrasonic tank cleaning process 
using a tube resonator can be used in 
large-scale cleaning applications. 
The tube resonator, developed by 
Telsonic Inc., is an ultrasonic trans- 
ducer that is coupled with a resonat- 
ing tube that transmits the ultrasonic 
vibrations from the transducer into 
the liquid. The ultrasonic vibrations 
(20 kHz) from the transducer cause 
the resonator tube to become shorter 
and longer, thus increasing and de- 
creasing the diameter of the tube. 
The ultrasonic vibration is therefore 
transmitted into the liquid in 
360 degrees. 

The tube resonator is rod-shaped and 
available in several lengths, ranging 
from 30 in. to 70 in., making it pos- 
sible to fit the length of the tube 
resonators to the size of the tank. 
The diameters of all the tube reso- 
nators are -3 in. Because of the tube 
resonator’s high energy efficiency 
(>go%), it generates very little heat, 
allowing continuous operation for . 
unlimited amounts of time, if 
necessary. 

The tube resonators easily -fit into the 
manhole of most tanks (see figure). 
The tank is completely filled with 
water, which acts as the cleaning . 
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fluid. The tube resonators a?e 
mounted into the tank’s access port. 

The omni-directional ultrasonic 
energy produced by the ultrasonic 
transducers causes.&o phenomeni . 
that clean the surface of the tank. 
First, the high- and low-pressure 
regions generated by the ultrasonic 
waves traveling through the liquid 
cause small bubbles or vacuum 
cavities to form in the water. The 
bubbles implode violently, resulting 
in cavitation, providing an intense 
scrubbing action on the surface of the 
tank walls. The cavitation bubbles 
are small enough to penetrate even 
microscopic crevices, which results 
in superior cleaning compared with 
conventional cleaning methods. The 
second action, “micro-streaming,” 
results in a “wiping” action that I 

removes particles from the surface of 
the tank. 

The number of tube resonators re- 
quired to clean the interior of a tank 
will vary according to the volume of 
the tank. Generally, between 4 W 
and 12 W of ultrasonic energy is 
required per gallon of tank volume. 
Each tube resonator supplies 
-1000 W of ultrasonic energy. As an 
example, a 100-gal tank would prob- 
ably require two tube resonators, de- 
pending on the type of contaminant 
that is being removed. 

After 2 to 4 hours of cleaning time, 
the tube resonators are removed from 
the tank and the water is drained from 
the tank. The water can be discarded 
at this point or filtered to remove any 
particulates and reused. If both the 
cleaning water and the particulates . 

are reclaimed, the cleaning process 
results in a waste-free process. 

Economics and Market 
Potential 
A pilot plant at DuPont Merck‘s 
Chambers Works site is outfitted with 
14 process tanks and associated 

equipment. The pilot plant manufac- 
tures quantities of developmental 
bulk pharmaceutical compounds for 
use in Phase I and Phase 11 clinical 
trials. The tanks in the pilot plant 
range from 20 to 300 gallons. The 
projected annual savings for the ultra- ‘ 

sonic cleaning process at the DuPont 
Merck pilot plant is $293,000 (1992 
dollars). 

The payback period on investment 
for this project is 0.43 years. These 
savings are primarily a result of 
energy savings, waste reduction, 
elimination of raw materials, and 
labor savings. In addition, the ultra- 
sonic cleaning reduces the quantity of 
hazardous wqte generated by 
DuPont Merck’s Chambers Works 
facility by 45.0%. 

The target markets for this process 
include any industry that uses sol- 
vents to clean process tanks, e.g., 
reactors, holding tanks, storage tanks, 
and receivers. The largest projected 
users are the chemical and pharma- 
ceutical industries. In both these in- 
dustries, cleaning will significantly 
reduce production downtime. In the 
pharmaceutical industry, the degree 
of cleaning provided by the ultrasonic 
process is critical to maintaining , 

product integrity. 

In most facilities, it would be reason- 
able to predict a 50% decrease in the 
time required to clean process ta;iks. 
This technology is applicable to tanks 
of all construction, including stainless 
steel, carbon steel, and glass-lined 
tanks. 

Key Experimental 
Resu Its 
To date, eight successful tests of the 
technology have been conducted. In 
the tests, tank size ranged from a 
30-gal stainless steel tank to a 300- 
gal glass-lined tank. From one to 
three tube resonators were used for 2 

to 4 hours of cleaning time. The pri- 
mary tank containment being cleaned 
was tank residue from the tank manu- 
facturer; one contaminant was an 
activated carbon catalyst. In each 
test, the results were acceptable. 

This technology appears to be most 
practical with smaller process tanks 
(-2000 gallons). Larger tanks 
(>2000 gallons) may require too 
many tube resonators to make the 
process economically feasible. The 
long-term effects of ultrasonic energy 
on the glass lining of the tanks is be- 
ing investigated. 

The tube resonators are also being 
used by two paint manufacturers who 
have successfully cleaned carbon 
steel and stainless steel tanks used to 
manufacture paint resin and mix 
paint. 

Future Development 
Needs 
Little remains to be developed by 
DuPont Merck. The New Jersey 
Institute of Technology has organized 
two informational seminars to inform 
others concerning the tank cleaning 
process. Chemical manufacturers in 
New Jersey, Pennsylvania, and 
Delaware have been contacted. 

For more information, contact 

Angel0 C. Piro 
The.DuPont Merck 

Pharmaceutical Co. 
Chambers Works, S-1 
Deepwater, NJ 08023 
Phone: (609) 540-4827 
. Fax: (609)540-4943 
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An Integrated Knowledge 
I .  Capture and Delivery 

System: KATIE 

Abigail G. Roberts, Eva B. Freer, 
R. Mitchell Childs, and 
Kathy W. Hylton 
Oak Ridge National Laboratory 

A multimedia computer system can 
troubleshoot maintenance problems 
for process control in indusny. This 
easy-to-use technology eliminates 
complete reliance on engineer 
assistance to capture and deliver 
valuable information. 

Introduction 
In process control, maintenance 
technicians have become responsible 
for increasingly complicated equip- 
ment and an overwhelming amount 
of associated information. The so- 
phisticated distributed control sys- 
tems have challenged technicians to 
the point where they need to rely on 
process engineers for troubleshooting 
guidance. Because it is difficult for a 
knowledgeable engineer to be readily 
available whenever a need arises, 
maintenance personnel themselves 
need to find a way to capture the 
information. 

Concept Description 
A computer system referred to as 
KATIE (Knowledge-Based Assistant 
for Troubleshooting Industrial Equip- 
ment) was first conceived as a solu- 
tion for maintenance problems in in- 
dustry. In developing this system, 
Oak Ridge National Laboratory 
(ORNL) first chose a specific, exist- 
ing processing system as a test case to 
gather all information on the system 
that was available in some form. 
Second, ORNL developed a method 
to capture and deliver this collection 

of information because technology 
for such delivery was not commer- 
cially available. 

After the available recorded informa- 
tion was gathered, possible sources of 
process control problems were deter- 
mined. Troubleshooting procedures 
were then written to address these 
problems, using the manufacturers’ 
hardware manuals and information 
from interviews with the experts. 
Photographs were included with each 
step in the procedures, allowing the 
text to be brief and concise. The 
procedures are interactive so the 
technician receives new information 
as he/she continues with a procedure. 

Any information that can be con- 
tained in ASCII text files can be in- 
cluded in the online manual. This 
information obviously includes the 
actual manufacturers’ manuals but 
also can include site-specific infor- 
mation such as jumper configuration, 
input/output connections, program 
information, &d simple tables and 
drawings. 

Even though the procedures and the 
manual contain the bulk of a system’s 
information, the technician needs 
guidance in choosing which proce- 
dures are appropriate for a particular 
problem. KATIE uses icons and 
menus for interacting and delivering 
information to the users. Users input 
their badge numbers in a login and 
then select the control system they 
will be diagnosing. The Symptom 
Selector then presents a view of the 



system. With the mouse, the user 
may select malfunctioning compo- 
nents in that image or use an icon to 
examine other views of the system. 
From the entered information, the 
system generates the code necessiij’ 
to interact with the underlying expert 
system. The expert system, Knowl- 
edge FACTory II, was developed at 
the Georgia Institute of Technology.”) 

When all desired components have 
been selected, the user indicates that 
the expert system should begin by 
selecting the “Go” icon. The expert 
system will then start that procedure, 
which is called a top-level procedure 
and generally covers an entire sub- 
system (such as inpudoutput or com- 
munications). When the exact prob- 
lem is determined, a subprocedure 
becomes available to give detailed 
repair instructions. For example, a 
top-level procedure might determine 
that a particular board is bad, and the 
subprocedure would explain how to 
replace the board. The connection to 
the manual would provide proper 
jumper and switch settings. 

Economics and Market 
Potential 
A method to preserve expert informa- 
tion is invaluable to a company, espe- 
cially because of personnel changes. 
Using a multimedia expert system 
that troubleshoots and trains offers 
many advantages. Equipinent down- 
time is minimized because the expert 
system is readily available, resulting 
in significant cost savings. Training 

(a) John F. Smith, May 30,1989. 

expenses are reduced; the total train- 
ing cost mainly consists of the initial 
investment to capture the information 
and enter it into KATIE and the time 
spent by the users being trained on 
KATE. The expert will no longer 
have to spend valuable time training 
others. Also, a single source of infor- 
mation is maintained. Maintenance 
personnel knowledge is leveraged. 
Payback on the system could be real- 
ized quickly, depending on how 
much @e system is used and how 
much equipment failures cost. 

The rich suite of existing features and 
the ability to create additional fea- 
tures, where required, make.this tech- 
nology well-suited for many diverse 
applications. The goal is to provide a 
generic system that can be tailored to 
specific applications, with assistance 
from ORNL. 

Key Experimental 
Resu I ts 
The case chosen to test KATIE was a 
complex system involving a conveyor 
rotary furnace and a robot. The fur- 
nace control has 256 inpudoutput 
points, and the system is composed of 
equipment from several different 
vendors. Typically, this equipment 
came with hardware manuals, but no 
actual troubleshooting procedures. 
The distributed controller also had a 
complicated prograrii that contained 
information needed by the techni- 
cians but not easily obtained from the 
code. The final source of information 
was experts on the particular hard- 
ware and on the operation of the sys- 
tem, the software, and the specific 
hardware configuration. 

In testing, ORNL used a general ap- 
proach to develop the system so it 
can be used for other applications. 
Because KATIE easily incorporates 
this knowledge, this approach can be 
applied to most systems. 

Future Development 
Needs 
Several extensions to the KATIE sys- 
tem have been proposed. Porting 
KATIE to Windows would allow 
other packages to run concurrently 
with KATIE and would allow KATIE 
to be used without bringing the sys- 
tem being diagnose& to a complete 
halt. As more Windows applications 
become available, the possibilities for 
KATIE increase. It may be possible 
to get actual signal values from a 
monitoringkontrol package, which 
would allow almost completely auto- 
mated troubleshooting. Because 
technology for presenting information 
in a multimedia format has improved 
over the past couple of years, those 
new technologies would be used in 
extending the KATIE system. 

For more information, contact 

Kathy W. Hylton 
Oak Ridge National Laboratory 
P.O. Box 2009 Building 9201-3 
MS 8066 
Oak Ridge, TN 3783 1 
Phone: (615) 574-0342 

Fax: (615) 574-0334 
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A New Thermoelectric 
Generator for Rural 
Electrification 

Jon M. Schroeder 
The Trymer Company 

A new solid-state electric generator 
can convert almost any available fuel 
into low-cost electricity. I t  has prom- 
ising application in undeveloped 
countries as well as in North 
America. 

Load 

Load 

Thermoelectric Generator Mechanism 

Introduction 
Rural electrification currently re- 
quires installing expensive, overhead 
electric transmission lines. These 
transmission lines need right-of-way 
clearing that devastates more vegeta- 
tion than the area serviced. An alter- 
native--onsite power generation using 
a motor-driven electric generator--is 
costly and often beyond the reach of 
most buyers. These generators also 
have short lives. 
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An inexpensive, alternative-energy 
electrification system is needed in the 
United States and Canada. A stand- 
alone, electric power supply would 
increase productivity and save money 
in a number of industries, including 
farming, ranching, and light manu- 
facturing, as well as provide electiic- 
ity to more isolated areas such as 
recreational areas. An even larger 
market for rural electrification exists 
in less developed parts of the world, 
where engine-driven generators are 
the only alternative. 

Concept Description 
The Trymer Company has developed 
a portable, solid-state, electric gener- 
ator based on the-thermocouple 
principle. A specially configured 
ring of metal plates produces a very 
high electric-current circulation when 
it is heated (see the figure). The cur- 
rent store of energy can be tapped to 
provide a source of ac and dc electric 
power, and electrical energy can be 
stored overnight. This generator 
operates with fuels, such as heat from 
various wastes, solar, wood, propane, 
or petroleum. It can produce 5 kW of 
power, at 120 V, 60 Hz; and its 
weight of 75 lbs allows portability. 
There are no moving parts to cause 
vibration or to make noise. 

The thermocouple principle requires 
the ends of two different metal wires 
to be twisted together, one terminal 
heated and the other cooled. This . 
causes current flow in the wires. The 
magnitude of the current depends on 
the temperature difference between 
terminals, the characteristics of the 



metals, and the electrical resistance 
of the two wires. Typical power from 
a thermocouple is one-thousandth the 
energy needed to power a light bulb. 

TO improve thermoioupie perform-'.' .- 
ante, the number of junctions is in- 
creased and placed closer together to 
reduce resistance. Connecting junc- 
tions in a loop increases current cir- 
culation to a maximum, thereby 
realizing the highest magnetic field 
and the highest magnetic energy 
store. A thermoelectric energy store 
requires a means of drawing energy 
from the circulating current store as 
electricity. This is done using a spe- 
cial Hall switch that converts mag- 
netic energy into conditioned elec- 
trical energy as needed. 

Economics and Market 
Potential 
Applications of this technology 
include *the transportation field's need 
for high-energy, low-polluting elec- 

for defense applications and for pros- 
pecting and mapping .of natural 
resources. 

A key advantage of this concept is 
that it uses a wide form of common, 
energy-producing products. These 
products include hay, grass, coal, 
animal dung, renewable fuels, and 
wood byproducts. 

, 

Key Experimental 
Results 
Laboratory tests on the generator 
have achieved densities up to 
120,000 ampshn?, which have been 
verified independently. Other testing 
shows that more than 1,000 V can be 
tapped by the Hall effect using a 
1-Tesla, 60-Hz field applied to a 
junction; output frequencies from 1 
Hz to 1 Ghz were achieved. Engi- 
neering studies performed at the 
Pulse Power Directorate at Picatinny 
Arsenal, New Jersey tested energy 
densities for specific applications 

tric power supplies for automobiles, * ranging from high-speed train suspen- 
busses, trains, trucks, tanks, and 
ships. This technology can be used 
as a suspension system for high- 
speed trains and for magnetic suspen- 
sion of machine elements such as ro- 
tating shafts and sliding bearings. 

Utility companies can benefit from 
this technology by generating addi- 
tional electricity from waste heat 
sources, with the capability for bank- 
ing some electrical energy for later 
use. Related applications will be in 
the field of magnetic plasma confine- 
ment for producing electrical energy 
from fusion. The technology can 
dso be used for biomolecular refin- 
ing of pharmaceuticals and for more 
sensitive, low-cost magnetic 
resonance imaging (MRI). Wireless, 
high-energy power transmission for 
terrestrial and space-based power is 
possible with this technology. Mag- 
netic sensing, beyond the sensitivity 
of radar and infrared, is also possible 

sion, biomolecular separation, auto- 
motive electric power supplies, and 
ship propulsion. Selected perform- 
ance data developed with various- 
sized laboratory models are sum- 
marized in the table below. 

Future Development 
Needs 
Trymer seeks development partner(s) 
to prototype and commercialize two 

types of products: electrical power 
supplies for the transportation indus- 
try and a 60~Hz/60O-MWhy diurnal, 
magnetic energy store for utility grid 
leveling. The partner should have 
product development experience and 
manufacturing and distribution capa- 
bilities. The markets for each of 
these products are projected to be 
greater than $100 million over the 
next 5 years. 

The 5-kW rural generator is.expected 
to be completed in 1995, and a distri- 
butor will be selected to market a 
family of thermoelectric generators 
for sale to Third World countries. 
This type of product is expected to 
have appeal to a government market, 
including the Federal Emergency 
Management Agency and the U.S. 
Department of Defense. The portable 
generator can serve as an engine 
starter or an auxiliary power unit. 
The primary goal is to supply a unit 
that sells in the international market 
for about $500. 

For further information, contact 

Jon M. Schroeder 
The Trymer Company 
14301 Bagdad Road 
Leander, TX 78641 
Phone: (512) 259-1141 

Fax: (512) 259-3833 
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Performance Data from Testing 
Fuel 

System Rating Power Consumption Operating 
Temp. Voltage Amps kW HP MBtu/hr Galh ' 
240°C 6.6 12,000 79 134 0.4 3.1 
340°C 
540°C 

8.9 
14.9 

17,000 151 256 
26,000 387 656 

0.7 
1.5 

5.3 
11.7 
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Biological Tracer for 
Waste Site .. . . I .. 

Characterization 

Janet Strong-Gunderson A natural, biological tracer has 

activities in support of remediating 
hazardous waste sites. It is a safe 
alternative to conventional tech- 
niques using radioactive and other 
tracers. 

’ Oak Ridge National Laboratory proven able to assist characterization 

Introduction 
Remediating hazardous waste sites 
requires detailed site characterization. 
In groundwater remediation, char- 
acterizing the flow paths and velocity 
is a major objective. Various tracers 
have been used for measuring 
groundwater velocity and transport of 
contaminants, colloidal particles, and 
bacteria and nutrients. 

The conventional techniques use dis- 
solved solutes, dyes, and gases to 
estimate subsurface transport path- 
ways. These tracers can provide 
information on transport and diffu- 
sion into the matrix, but their esti- 
mates for groundwater flow thiough 
fractured regions are very conserva- 
tive. Also, they do not have the same 
transport characteristics as bacteria 
and suspended colloid tracers, both of 
which must be characterized for 
effective in-place remediation. Bio- 
remediation requires understanding 
bacterial transport and nutrient distri- 
bution throughout the acquifer; 
knowledge of contaminants sorbed to 
mobile colloidal particles is just as , 

essential. 

. 

Concept Description 
A biological tracer developed by Oak 
Ridge National Laboratory ( O W )  
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has potential application for numer- 
ous sites for meeting sitewide needs 
to characterize waste-flow pathways. 
This product has been used domes- 
tically and internationally in other in- 
dustries; thus, much of the environ- 
mental and toxicological testing has 
been done. 

For its testing, ORNL used the com- 
mercially available SnomaxB prod- 
uct?) which is thejce nucleating 
active (INA) bacterium Pseudomonas 
syringae that is processed (killed and 
mixed with an inert ingredient). In 
addition to the dead SnomaxB prod- 
uct, ORNL has also investigated us- 
ing numerous other strains of INA 
bacteria (both viable and killed) in 
addition to or in place of the 
SnomaxB product. Viable bacteria 
may be particularly useful for char- 
acterizing in-situ bioremediation sites 
when the potential transport of live 
bacteria may be significantly different 
from that of inorganic tracers and 
dead bacteria. 

O m s  general method in character- 
izing waste sites introduces the INA 
material into the test system (e.g., the 
stream, groundwater, and drilling 
fluids) t.0 determine the INA tracer’s 
movement and distribution. The 
INKS presence or absence can be 
determined by measuring the freezing 
point and comparing it with the freez- 
ing point of the background water@). 

The INA tracer has numerous unique 
features that work in combination to 

(a) Produced by Snomax Technologies, 
Rochester, NY, who sell the bacterium as 
a nucleator for making artificial snow. 



provide additional information 
regarding the subsurface environ- 
ment. The material is natural and 
will eventually biodegrade. The 
active component in the Snomax@ 
product is a microbe, and thus wili '. . 
transport in a manner that is more 
similar to microbial transport. The 
tracer is stable within a pH range of 
2.3 to 11.0 and does not require ex- 
pensive and highly technical equip- 
ment. The presence of typical 
groundwater contaminants (e.g., . 
toluene, trichloroethylene, xylenes, 
and carbon tetrachloride at 10 ppm) 
does not interfere with the assay. 

Key Experimental 
Results 
In the first field testing, the INA 
tracer was injected along with micro- 
sphere beads, several viable strains of 
bacteria, and two virus strains into a 
fractured matrix. The INA tracer 
showed that a portion of the ground- 
water was moving more than 2 orders 
of magnitude faster than previously 
determined with the conservative 
tracers (rhodamine dye and noble 
gases). Furthermore, this information 
was obtained within 3 minutes of 
collecting the samples. Data from 
viable bacteria and viruses required 3 
to 5 days for sample processing. . 

The INA tracer was also demon- 
strated & part of a multi-point hydro- 
fracturing injection into a clay matrix. 
The demonstration was performed at 
a clean test site to determine if chem- 
icals and/or bacteria could be distri- 
buted into this matrix for remediation 
at a contaminated site. The INA . 
tracer was introduced along with 
bromide and forced into the'sub- 
surface using a high-pressure injec- 
tion method. Soil cores were col- 
lected and the concentration of the 
INA tracer and bromide were 
assayed. Results showed little detec- 
tion of the bromide above back- 
ground levels. However, the INA 
tracer was detected throughout the 
10-foot injection region and occa- 

sionally to 12 feet below land sur- 
face. The INA concentration was 
3 orders of magnitude above the 
detection limits. 

Using the INA bacteria as a drilling 
tracer, ORNL performed additional 
field tests in conjunction with a proj- 
ect examining the heterogeneities of 
subsurface bacteria. Soil cores were 
collected and microsphere beads-- 
along with the INA tracer--were used 
to identify core 'integrity. The results 
identified which portions of the soil 
core may have been contaminated 
with drilling fluids and thus could 
adversely af€ect the data collected for 
microbial analysis. The INA tracer 
corresponded directly with the micro- 
sphere beads; however, it was much 
more sensitive. 

Economics and Market 
Potential 
The cost for the INA tracer is mini- 
mal. The commercial SnomaxO 
biological tracer is used at 270 gm/ 
100,000 gallons (for snow making) 
and retails at $810.00/case (ten 270- 
gm pouches). The amount used in 
the groundwater transport testing has 
varied, depending on the potential 
dilution in the aquifer. However, the 
analysis of the groundwater samples 
(or soil samples) is somewhat labor- 
intensive and results in a maximum 
analysis of 50 to 75 samples per day, 
depending on the sensitivity needed. 

The advantages of using a tracer that 
provides immediate results have sig- 
nificantly outweighed the costs of 
sample analysis. For example, the 
results obtained with the INA tracer 
have been used to select and restrict 
the number of samples for other more 
labor-intensive tracer assays, such as 
those for bacterial and virus trans- 
port. The increased sensitivity has 
also provided infohation that is well 
below the detection limits of other 
tracers such as bromide and micro- 
sphere beads. Furthermore, the INA 
assay can be performed onsite, which 

has enabled ORNL to schedule its 
use at a radioactive groundwater 
plume study where samples cannot be 
transported offsite. The real-time 
picture obtained also allows for 
immediate field adjustments. 

Potential markets include numerous 
industries and agencies that need to 
perform site characterization studies 
involving fluid dynamics in surface 
waters (stream) and groundwaters 
(shallow or deep aquifers). The, 
ORNL tracer also has potential for 
use in drilling fluids when aseptic 
technique is vital to sample integrity. 

Future Development 
Needs 
Currently, a cost-effective, automated 
system is being developed for analyz- 
ing large numbers of contaminated 
samples. Recent site characterization 
tests have required analyses of 2,000 
to 5,000 groundwater samples, a , 

number currently not possible using 
the manual, method. 

A prototype of the analysis instru- 
ment, comparable in size to a port- 
able computer, has been designed and 
tested. The system is based on an 
optical detection scan, which has 
resulted in a 3-order-of-magnitude 
increase in the signal during the ice 
nucleation event. Field testing is 
planned for 1995. 

For more information, contact 

Janet M. Strong-Gunderson 
Environmental Sciences Division 
Building 1505, MS 6038 
Oak Ridge National Laboratory 
Oak Ridge, TN 37831-6038 
Phone: (615) 576-0179 

Fax: (615) 576-8646 
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New Technology for 

Contaminants and Oil 
from Water 

. v, Removing Volatile Organic 

Ye Yi 
Advanced Processing 
Technologies, Inc. 

An air-sparged hydrocyclone com- 
bines high throughput with high re- 
moval ejficiency to remove volatile 
organic compounds and dispersed oil 
dropletsfrom water. This ejficient 
process provides a higher processing 
capacity at a lower cost for equip- 
ment, installation, and operation. 

Introduction 
Volatile organic compounds (VOCs) 
and pollutants from their associated 
processing technologies generally can 
be found in solids, air, and water. 
For solids, thermal oxidation (thermal 
incineration) is the common tech- 
nology used to destroy VOCs. For 
air, the destruction technologies in- 
clude thermal oxidation, catalytic 
oxidation, adsorption, flaring, con- 
densation, biofiltration, membrane 
filtration, and ultraviolet oxidation. 

The technology used for destroying 
VOCs in water is aeration stripping, 
whereby the VOCs are stripped from 
the water into the air and the cleaned 
water is discharged. The VOC-laden 

* air that is generated can be either 
processed by air-destruction tech- 
nologies or discharged into the 
atmosphere (depending on the site, 
amount, and permit regulations). Al- 
though carbon absorption technology 
can also be used to directly absorb 
VOCs from water, this technology 
generates a secondary solid waste 
(VOC-laden carbons). 

Concept Description 
A new air-sparged hydrocyclone 
(ASH) technology has been devel- 
oped by Advanced Processing Tech-' 
nologies, hc. (APT) to remove VOCs 
from water into the air, or from solids 
if VOC-laden solids are in a slurry 
form. APT'S system provides a . 
stripping efficiency much higher than 
conventional equipment. The proc- 
essing capacity of the ASH technoi- 
ogy, measured in gallons of water 
processed per unit volume of equip- 
ment, is more than 100 to 500 times 
greater than that of conventional 
strippers. The ASH system therefore 
provides significant savings in equip- 
ment, operation, and building 
structurehstallation costs. 

. 

The APT system's flexibility allows 
customers to use it at different loca- 
tions and plants. Further, the sys- 
tem's mobility allows it to be easily 
transported to a site for emergency 
service contract work, a feature that 
giant conventional strippers cannot 
provide. 

In addition, the technology can re- 
move oil from water, such as from 
produced water, accidental oil spills 
on marine and inland water, ship bal- 
last and bilge water, or waste water 
from meat processing plants. ASH 
technology combines flotation princi- 
ples with the flow characteristics of a 
liquid/liquid cyclone and flotation 
separation. 



The basic process consists of a right- 
vertical tube having a jacketed porous 
wall and a conventiond cyclone 
header with no vortex finder outlet. 
The volatile contaminated water is 
fed tangentially througlfthe cyclong .. 
header to develop a swirl flow inside 
the porous tube. Pressurized air 
passes through the jacketed porous 
tube wall and is sheared into many 
fine bubbles by the high-velocity 
swirl flow of the water. 

Volatile matter is transported from 
the water phase into the air phase by 
the many freshly generated bubbles. 
The high-pressurized swirl flow of 
the water, developed inside the 
equipment through the hydrocyclone 
head, prevents the air bubbles from 
disturbing the flow characteristics. In 
this way, a high throughput of the 
water and a high removal efficiency 
of the volatile matter can be accom- 
plished at the same time. This results 
in a specific processing capacity that 
is several hundred times greater than 
that achieved by conventional 
equipment. 

Other features of the ASH technology 
as compared with conventional sys- 
tems are 

a better separation efficiency, 
especially for oils with a droplet 
size finer than 10 microns that can- 
not be handled by liquidlliquid 
cyclone and flotation technologies 

lower capital expenditure cost 

lower operating and maintenance 
cost 

very small floor space requirement 
making it especially suitable for 
offshore oil platforms. 

for similar-sized equipment, the 
benzene removal efficiency was com- 
parable. When comparing specific 
processing capacity (volume of water 
processedlmidff of equipment vol- 
ume), our equipment showed almost 
230 times greater specific processing 
capacity. APT’S equipment con- 
sumed less air per unit volume of 
water processed. 

Economics and Market 
Potential 
For a VOC application, ASH technol- 
ogy can be used in many source 
industries, including petroleum and 
natural gas production, surface 
coating, polymers and resins, organic 
chemicals, waste treatment and dis- 
posal, and at many U.S. Environ- 
mental Protection Agency @PA) 
Superfund sites. 

ASH is a competitive technology for 
530 to 900 of the Gulf of Mexico oil 
platforms that cannot meet the cur- 
rent residue oil limit of 29 parts per 
million (ppm) in discharged water 
resulting from oil platform opera- 
tions. This market will expand over 
the next 5 years to 1,600 oil platforms 
when the discharge limit is reduced to 
15 ppm. 

These two markets (VOC and oil) 
account for -$lo0 million to $300 
million in capital expenditures and 
$200 million to $600 million in oper- 
ations and services. These expendi- 
tures are expected to increase at a 
projected rate of about 3% per year. 

Key Experimental . 
Results 

Additional laboratory and field test- 
ing has fully and strongly demon- 
strated the technology’s applicability 
in many source industries and envi- 
ronmental agencies. For example, 
field testing at an Air Force base 
demonstrated 99% trichloroethylene 
(TCE) removal. 

Future Development 
Needs 
APT is ready to commercialize the 
ASH process. Investment from either 
a venture capital company or a strate- 
gic ally is needed to aggressively pur- 
sue the ASH technology for removing 
VOCs and oil from water. 

For more information, contact 

Ye Yi 
Advanced Processing Technologies, 
Inc. 
P.O. Box 58131 
Salt Lake City, UT 84158-0131 
Phone: (801) 581-1792 

Fax: (801) 581-0599 
APT’S equipment was compared with 
a conventional bubble column in 
early testing. The results &wed that 

Compiled by 
Pacific Northwest Laboratory for the U.S. 
Department of Energy, Innovative Concepts 
Program 590240. This flier was printed on 

Y 

76 



-. . 

Appendix 

Address .List of Inventors 



. . 

I 



Appendix 
. .  . ,. . 

Address List of Inventors 

Dr. Yosry A. Attia 
The Attia Applied Sciences, 

Incorporated (TAASI) 
1275 Kinnear Road 
Columbus, OH 43201 
Phone: (614) 487-3654 

Fax: (614) 487-3704 

Phil Barkan 
Stanford University, MS 4021 
Design Division 
Department of Mechanical 
Engineering 

Stanford, CA 94305 
Phone: (510) 463-7222 

Fax: (415) 723-3521 

Gaines Burton 
Burton Technologies 
P.O. Box 33809 
Raleigh, NC 27636 
Phone: (919) 783-0035 

Fax: (919) 783-0035 

Timothy Champ 
Copperlokm Systems 
11900 Jefferson Blvd. 
Culver City, CA 90230 
Phone: (310) 915-0028 

Fax: (310) 915-7242 

Dr. Wes N. Cobb 
Applied Sonics Incorporated 
2592 So. Belvoir Blvd. 
Cleveland, OH 44118 
Phone: (216) 371-2171 

Fax: (216) 371-2171 

Roger T. Dirstine 
Flatirons Labs, Inc. ' 

1821 Lefthand Circle, Suite B5 
Longmont, CO 80501-6740 
Phone: (303) 776-141 1 

Fax: (303) 776-6238 

Erik Donhowe 
Coors Brewing Co. 
#BC395 
Golden, CO 80401 
Phone: (303) 277-2196 

Fax: (303) 277-2463 

Julia Geisman 
InterComm International, Inc. 
910 16th Street, Suite 525 
Denver, CO 80202 
Phone: (303) 592-1300 

Fax: (303) 592-7345 

Geoffrey S. Goedde 
ReQuisite Technology, Inc. @TI) 
1821 Lefthand Circle, Suite 2B 
Longmont, CO 80501 
Phone: (303) 772-9056 

Fax: (303) 678-8505 

Istvan Gorog 
Thomson Consumer Electronics 
1002 New Holland Avenue 
Lancaster, PA 17601 
Phone: (717) 295-6938 

Fax: (717) 295-6489 

John R. Haines 
Oak Ridge National Laboratory 
P.O. Box 2009 
Oak Ridge, TN 37831-8071 
Phone: (615) 574-0966 

Fax: (615) 576-7926 

Gary R. Hanson 
Unified Analysis, Inc. 
10402 171st Ave. N.E. 
Redmond, WA 98052-2737 
Phone: (206) 883-0739 

Fax: (206) 883-0739 

Thomas E. Hebel 
Bonal Technologies, Inc. 
21 178 Bridge Street 
Southfield, MI 48034 
Phone: (800) 638-2529 

(810) 353-2041 
Fax: (810) 353-2028 

Dr. Joram Hopenfeld 
1724 Yale Place 

Phone: (301) 340-1625 
. Rockville,MD 20850 

Fax: (301) 762-3511 

Dr. Jer-Wen Hsu 
DPD, Inc. 
2000 Turner Street 
Lansing, MI 48906 
Phone: (517) 347-5648 

Fax: (517) 485-9583 

Kathy W. Hylton 
Oak Ridge National Laboratory 
P.O. Box 2009 Building 9201-3 
MS 8066 
Oak Ridge, TN 3783 1 
Phone: (615) 574-0342 

Fax: (615) 574-0334 

Mahesh C. Jha 
Entech Global, Inc. 
5950 McIntyre Street 
Golden, CO 80403 
Phone: (303) 273-7284 

Fax: (303) 273-7204 

Willard E. Kemp, President 
Kemp Development Corporation 
P.O. Box 218943 
Houston, TX 77218-8943 
Phone: (713) 492-6767 

Fax: (713) 492-7026 
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Klementina Khait 
Polymer Reclamation Center at 

1801 Maple Avenue 
Evanston, IL, 60201-3135 
Phone: (708) 491-2742' 

BIRL, Northwestern University 

Fax: (708) 467-1022 

Mark Khesin, 
Physical Sciences, Inc. 
20 New England Business Center 
Andover, MA 01810 
Phone: (508) 689-0003 

Fax: (508) 689-3232 

Max Klein 
Tech Paper, Inc. 
46 Queen Anne Drive 
Shrewsbury, NJ 07702 
Phone: (908) 747-0978 

Thomas R. Marrero 
Capsule Pipeline Research Center 
E2422 EBE 
University of Missouri 
Columbia, MO 65201 
Phone: (314) 882-3802 

Fax: (314) 884-4888 

Michael P. McGinness 
Custom Process Systems & 

2710 South Shaver Unit #D 
Pasadena, TX 77502 
Phone: (713) 941-0907 

Service Co. 

Fax: (713) 868-2332 

Richard D. Nathenson, P.E. 
Concept Engineering Group, Inc. 
610 William Pitt Way 
Pittsburgh, PA 15238 
Phone: (412) 826-3191 

Fax: (412) 826-3193 

Cosby Newsom 
Bondline Products 
15517 Seaforth Ave. 
P.O. Box 1473 
Norwalk, CA 90651 
Phone: (310) 921-1972 

Fax: (310) 921-1869 

... . 

Douglas R. Olsen 
Olsen Environmental Management & 

Technologies Ltd. 
58 North Quaker Hill Road 
Pawling, NY 12564 
Phone: (914) 855-5468 
1 Fax: (914) 855-5468 

Charles A. Petty 
Department of Chemical Engineering 
Michigan State University 
East Lansing, MI 48824 
Phone: (517) 353-5486 

Fax: (517) 353-5547 

Angel0 C. Piro 
The DuPont Merck 

Pharmaceutical Co. 
Chambers Works, S-1 
Deepwater, NJ 08023 
Phone: (609) 540-4827 

Fax: (609) 540-4943 

Dr. Charles W. Quinlan 
KSE, Inc. 
P.O. Box 368 
Amherst, MA 01004 
Phone: (413) 549-5506 

Fax: (413) 549-5788 

Lawrence A. Schienbein, K5-20 
Pacific Northwest Laboratory 
P.O. Box 999 
Richland, WA 99352 
Phone: (509) 375-6817 

Fax: (509) 375-3614 

Jon M. Schroeder . 
The Trymer Company 
14301 Bagdad Road 
Lander, TX 78641 
Phone: (512) 259-1141 

Fax: (512) 259-3833 

Jeffrey M. Seuntjens 
Supercon, Inc. 
830 Boston Turnpike 
Shrewsbury, MA 01545 
Phone: (508) 842-0174 W 

(508) 885-6295 H 
Fax: (508) 842-0847 

Janet M. Strong-Gunderson 
Environmental Sciences Division 
Building 1505, MS 6038 
Oak Ridge National Laboratory 
Oak Ridge, TN 37831-6038 
Phone: (615) 576-0179 

Fax: (615) 576-8646 

Joey Yang or 

Advanced Processing 
.Technologies, Inc. 

P.O. Box 58131 
Salt Lake City, UT 84158-0131 
Phone: (801) 581-1792 

Ye Yi i 

. I- 

Fax: (801) 581-0599 

Shi-Chune Yao 
Mechanical Engineering Department 
Camegie Mellon University 
Pittsburgh, PA 15213 
Phone: (412) 268-2508 

Fax: (412) 268-3348 

Ye Yi 
Advanced Processing 

Technologies, Inc. 
P.O. Box 58131 
Salt Lake City, UT 84158-0131 
Phone: (801) 581-1792 

Fax: (801) 581-0599 

Ling Zhou or 
Ye Yi 
Advanced Processing 

Technologies, Inc. 
P.O. Box 58131 
Salt Lake City, UT 84158-0131 
Phone: (801) 581-1792 

Fax: (801) 581-0599 
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