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O S T I  
Air Toxics Bein Measured More Accurately, 

Contro g: led More Effectively 
New technologies are being developed to reduce toxic emissions from coal 

combustion and to measure a wide variety of organic air pollutants. 
Opportunity 
Passage of the Clean Air Act Amendments of 1990 
focused public attention on the toxic air pollutants 
emitted by various industrial processes. Nearly 200 air 
toxics have been targeted for regulation, many of which 
are produced during combustion of coal and other fossil 
fuels. For industry to comply with tougher restrictions on 
air toxic emissions in the future, engineering and re- 
search is needed on innovative concepts that lead to 
improved measurement and control of air toxics. 

Argonne Solution 
In response to the directives of the Clean Air Act 
Amendments, Argonne National Laboratory is develop- 
ing new or improved pollutant control technologies for 
industries that burn fossil fuels. This research continues 
Argonne's traditional support for the U.S. Department of 
Energy's Flue Gas Cleanup Program. Research is under 
way to measure process emissions and identify new and 
improved control measures. 

Argonne's emissions control research has ranged from 
experiments in the basic chemistry of pollution-control 
systems, through laboratory-scale process development 
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and testing, to pilot-scale field tests of several technolo- 
gies. Whenever appropriate, the work has emphasized 
integrated or combined control systems as the best 
approach to technologies that offer low cost and good 
operating characteristics. 

Advantages 
New or improved technologies for measurement and 
control of air toxics will enable U.S. industry to 
continue to compete in a cost-effective, environmen- 
tally sound manner; 
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Industries that bum coal and other fossil fuels will be 
able to meet tougher restrictions on emissions of 
specific air toxics; 

Air quality can be improved in areas that are heavily 
industrialized. 

Technical Approach 
Argonne’s work on air toxics is divided into two major 
elements: 
1. Measures to improve mercury removal by existing 

pollution-control systems applied to coal combustion. 
The emphasis has been on evaluating activated car- 
bons and other low-cost dry sorbents that can be 
injected into a gas stream or incorporated into a filter. 
In addition, modifications for wet scrubbers, including 
chemical additives and various types of packing, are 
being evaluated. 

2. Development of sensors and control techniques for 
emissions produced by the textile industry. Formalde- 
hyde, for example, is known to be emitted in many 
processes, but the amounts are not well-known, and 
appropriate control measures or minimization strate- 
gies have not been developed. 

Status 
Although air toxics research is a relatively new area, 
Argonne’s program has already resulted in several 
accomplishments, including 

Improvements to coal combustion systems and 
identification of promising methods of controlling 
emissions of air toxics 

Development and construction of an experimental 
research facility to evaluate dry sorbents for removal 
of air toxics 

Characterization of several types of plain and treated 
activated carbons for mercury pollution control, 
comparative evaluations of proprietary sorbents 
supplied by industrial developers, and initial develop - 
ment of low-cost mineral-based sorbents 

Preliminary development of a new, low-cost solid-state 
sensor capable of measuring a wide variety of organic 
pollutants. 

Future Plans 
Additional testing of dry sorbents for capturing mercury 
and other air toxics will be conducted with the fixed-bed 
reactor and the laboratory-scale spray-dryer system to 
develop viable process concepts for large-scale tests at 
industrial sites. Tests of wet scrubbing for mercury 
removal will continue to define the potential and limits 
for that technology. A test facility will be established to 
support research on sensors and controls for various 
organic compounds. In parallel with these efforts, tests of 
gas-cleanup wastes and waste processing techniques will 
continue to ensure that land-based disposal can be done 
safely. 

Contacts 
For technical information, C. David Livengood, Energy 
Systems Division, Bldg. 362, Argonne National Labora- 
tory, 9700 South Cass Avenue, Argonne, Illinois 60439. 
Phone: (708) 252-3737; Fax: (708) 252-9728. 

For information on working with Argonne, contact the 
Industrial Technology Development Center, Argonne 
National Laboratory, 9700 South Cass Avenue, Argonne, 
Illinois 60439. Phone: (800) 627-2596; Fax: (708) 252- 
5230. 
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High-Temperature Superconducting Current Leads 
High-temperature superconductors with low thermal conductivity and zero electrical resistance are 

excellent replacements for conventional conductors in current leads. 

Opportunity 
The utilization of electrical devices operating in a cryo- 
genic environment (less than -15OOC) is increasing on a 
regular basis. Such devices include superconducting 
magnets for medical diagnosis (MRI), magnetic separa- 
tors, particle accelerators, motor/generators, and elec- 
tronics. One of the major refrigeration loads of these 
devices is the heat input from the electrical current leads 
that transfer energy between the ambient and low- 
temperature regions. Such current leads, conventionally 
made from normal metal (copper) conductors, provide 
heat input by solid conduction from warm to cold and by 
ohmic heating due to current passage. A low-heat-input 
current lead is needed to significantly reduce refrigera- 
tion system capital equipment and operating costs. 

Argonne Solution 
High-temperature superconductors (HTSs) with low 
thermal conductivity and zero electrical resistance are 
excellent materials for replacing the conventional con- 
ductors in current leads. Under the U.S. Department of 
Energy's Superconductivity Technology Program, 
Argonne National Laboratory and U.S. industry partners 
are developing HTS current leads suitable for various 
commercial applications. The work includes HTS 
materials development and characterization, develop- 
ment of application-specific designs, and the perfor- 
mance evaluations of commercial HTS current leads. 

Advantages 
Use of HTS current leads to deliver power to devices at 
low temperature can reduce refrigeration requirements 
to values significantly below those achievable with 
conventional leads. Argonne estimates a theoretical best 
reduction to 1/10 that of a conventional lead, with 
specific applications-driven designs capable of a 113 to 
1/5 reduction. 

Technical Concept 
HTS conductors are used to replace the cold portion of 
the current lead. The low thermal conductivity and 
virtually zero electrical resistance of the HTS materials 
significantly reduce the heat input to the low-tempera- 
ture refrigerant. In addition to good electrical and 
thermal performance, practical lead designs provide 
safety, reliability, long lifetime, manufacturability, and 
low cost. 

Status 
In an ongoing HTS 
current lead project, 
Argonne is collaborating 
with Superconductivity, 
Inc. (SI), to develop a 
1,500-A HTS lead for 
use in a SMES system 
for power quality con- 
trol. The lead's features 
include demountable 
HTS components, use of 
a sintered Y-123/15°/o Ag 
HTS conductor rod, and 
capability for shielding 
the magnetic field from 
SMES magnet fields. 
The lead pair has been 
assembled and installed 
in a liquid-helium test 
dewar for the evaluation 
of electrical and thermal 
performance. Perfor- 
mance measurements 
are under way. 

Argonne is collaborating with 
Superconductivity, lnc (SI), to 
develop this 1,500-A HTS lead 
for use in a SMES system for 
power quality control. 
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In another collaborative project with Babcock and 
Wilcox Co. (B&W), a 16-kA HTS current lead for use in 
a 0.5-MWh SMES device is being developed. Design 
features include conduction cooling and use of multiple 
elements of PIT Bi-2223 with an Ag/3% Au sheath 
contained in a stainless-steel safety lead. The lead’s final 
design is nearing completion. HTS conductor elements 
and a vapor-cooled 60-300K current lead are being 
procured from industry. Supporting research and devel- 
opment are being performed on the conductor elements, 
low-resistance electrical junctions, and the safety lead- 
conductor element support assembly. 

Contacts 
For technical information, contact Ralph C. Niemann or 
C. Arthur Youngdahl, Enera Technology Division, 
Argonne National Laboratory, 9700 South Cass Avenue, 
Argonne, Illinois 60439. Phone: (708) 252-6156 or 
-5029; Fax: (708) 252-5568 or -3604. 

For information on working with Argonne, contact the 
Industrial Technology Development Center, 9700 South 
Cass Avenue, Argonne, Illinois 60439. Phone: (800) 
627-2596; Fax: (708) 252-5230. 

Future Plans 
HTS materials development and characterization will 
continue, with emphasis on commercial HTS conductor 
elements. The SI and B&W lead assembly performance 
will be experimentally verified. Incorporation of the 
tested lead assemblies into actual SMES devices is 
planned. 
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Trainable, Rugged Microsensor Identifies Wide Range of Gases 
Argonne National Laboratory's electrocatalytic sensor, made from ceramic-metallic materials, could prove durable 

enough for continuous emissions monitoring of hot flue and stuck gases. 

Opportunity 
Regulation of emissions from industrial plants is becom- 
ing more stringent, requiring operators of furnaces and 
boilers to install emissions monitoring systems, even for 
relatively small combustion equipment. Industrial plant 
operators also need to demonstrate the reductions 
achieved when emissions control systems are installed or 
industrial processes improved. 

However, many available sensors for measuring gaseous 
emissions are too delicate to withstand the high-tem- 
perature, hostile environments found in industrial stacks 
and flues. These sensors can also be expensive, and their 
versatility and sensitivity are limited. 

Argonne Solution 
Argonne National Laboratory has developed a small 
electrocatalytic sensor made of ceramic-metallic (cermet) 
materials that identifies many different gases by their 
eIectrical signatures. The microsensor relies on an 
innovative combination of cermet materials, cyclic 
voltammetry, and neural network signal processing. 
Work is under way to train and evaluate the sensor to 
differentiate gases in mixtures. 

Advantages 
The sensor's intelligent pattern recognition system 
would allow industrial plant operators to comply with 
emissions regulations by measuring a wide variety of 
gases; 

The microsensor is inexpensive to produce, yet may 
prove rugged enough to survive in high-temperature, 
hostile environments; 

The microsensor can be remotely cleaned and does 
not require electrolyte replenishment or replacement; 

Compared with conventional sensors, power require- 
ments are lower (milliwatts). 

Technical Approach 
The sensors are produced using thick-film screening/ 
firing methods (with thin-film versions still in testing). 
The sensing technique involves constructing sandwiched 
cermet layers and measuring catalytic reactions at the 

sensing electrodes, which change the concentration of 
ions at the three-phase boundary between the gas, 
electrode, and solid electrolyte. This, in turn, changes the 
ionic current flow measured through the sensor. When a 
voltage is applied to measure the electrical current, the 
sensor produces a voltage/current "signature" that is 
unique for individual gases and mixtures. The sensor's 
intelligent signal processing uses neural networks to 
recognize the gas signature patterns and quantlfy the 
gases by their shape changes. 

Typical Sensor Training System (STS) and Miniature Sensor 
Support System (MSSS) 

ECG Microsensor and Miniature Sensor Support System (MSSS) 
(Actual size shown; microsensor is small chip in upper right 
corner.) 
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Status 
Researchers are evaluating applications for the 
microsensor, including monitoring stacks and flues for 
gaseous emissions of regulatory concern, characterizing 
environmental contaminants in the field, providing early 
fire warning, monitoring vapors inside machinery, 
detecting overheating computer components, and 
providing input information to process control systems. 

Future Plans 
The neural network processing now fits onto a 
microcontroller chip, which will minimize support 
electronics and transfer the burden of signal generation 
from the sensor itself to the support electronics. 

The cermet sensor research team is also developing other 
microsensors. For example, researchers are working to 
apply the new measurement techniques to tin oxide 
sensors and thin-film/thick-film hybrids based on various 
advanced materials. The team is also rebuilding the 
electrocatalytic microsensors to exploit a new thin-film 
process called metal organic chemical vapor deposition 
(MOCVD), which could reduce the sensor’s size and 
improve its response time. 

Contacts 
For technical information, contact Michael C. Vogt or 
Erika L. Shoemaker, Energy Systems Division, Argonne 
National Laboratory, 9700 South Cass Avenue, Argonne, 
Illinois 60439. Phone: (708) 252-7474; or -7846; Fax: 
(708) 252-6407 or -5210. 

For information on working with Argonne, contact the 
Industrial Technology Development Center, 9700 South 
Cass Avenue, Argonne, Illinois 60439. Phone: (800) 
627-2596; Fax: (708) 252-5230. 



Recovering Zinc from Galvanized Scrap 
A new technology for convetting galvanized steel scrap into clean scrap for Steelmaking 

can save miliions in rawmaieriul costs, as well as in environmental Compliance. 

opportunity 
Half of the steel produced in the United States is derived 
from scrap. With zinc-coated prompt scrap increasing 
fivefold since 1980, steelmakers are feeling the effect of 
increased contaminant loads on their operations. The 
greatest concern is the cost of treatment before disposal 
of waste dusts and water that arise from remelting zinc- 
coated scrap. An economical process is needed to strip 
and recover the zinc from scrap to prepare it for steel- 
making. 

Argonne Solution 
Through a cost-sharing program with Metal Recovery 
Industries US, Inc., Argonne National Laboratory is 
developing a new technology for converting galvanized 
steel scrap from stamping plant wastes into clean scrap 
for steelmaking. With further development, the technol- 
ogy could also process galvanized steel scrap from 
obsolete automobiles. 

Advantages 
Argonne estimates the operating-cost benefits to the 
steelmaking industry to be $140 million per year (com- 
pared to using non-scrap sources of iron). Environmen- 
tal compliance costs would be-mitigated by about $150 
million per year. Foreign exchange could also benefit by 
some $130 million per year, through reductions in zinc 
imports. 

Technical Concept 
The process consists of dissolving the zinc coating from 
scrap in a hot, caustic solution and recovering the zinc 
from the solution electrolytically. The zinc-bearing scrap 
is charged into an electrolytic cell containing a 7O'C to 
9O'C sodium hydroxide solution. Applying an electric 
potential dissolves the zinc into the hot caustic. Clean 
scrap is removed, rinsed, and recycled. The electrolyte is 
then pumped into a second cell, where the zinc is 
electrolytically removed from the solution. The zinc can 
be sold to refiners for purification and resale. 

Status 
Metal Recovery Industries U.S., Inc. has installed a 
50,000 ton-per-year pilot plant in East Chicago, Indiana. 
This plant has dezinced over 1,000 tons of automotive 

stamping waste, and tests have demonstrated that the 
process can remove not only zinc but also many plastic 
coatings. Tests continue to evaluate process economics 
and operation. 

Future Plans 
Plans are to provide 1,500 tons of dezinced scrap for a 
melt test to determine the environmental impact of 
dezinced scrap on furnace operations. If testing is 
successful, detailed engineering will begin on a 200,000- 
ton dezincing demonstration plant for late 1996. Plants 
like this one could be used for futwe commercial opera- 
tions. 

Contacts 
For technical information, contact Frederick J. Dudek, 
Energy Systems Division, Argonne National Laboratory, 
9700 South Cass Avenue, Argonne, Illinois 60439. 
Phone: (708) 252-7797; Fax: (708) 252-3443. 

For information on working with Argonne, contact the 
Industrial Technology Development Center, Argonne 
National Laboratory, 9700 South Cass Avenue, Argonne, 
Illinois 60439. Phone: (800) 627-2596; Fax: (708) 252- 
5230. 

The degalvanizing process will be tested on shredded auto 
scrap. This is the largest source of ferrous scrap. 
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Recovering Solid Propellant from Large Rocket Motors 
Systems analysis of propellant removal technologies will identfy economical, environmentally safe processes for 

recovering and reusing propellant materials 

opportunity 
Since the 1960s, millions of pounds of solid rocket 
propellant have been produced annually to support the 
United States missile and rocket programs. Today, the 
U. S .  Department of Defense has a requirement to 
develop safe and economic technologies to demilitarize 
and to dispose of large rocket motors loaded with either 
of two propellants (Type 1.1 or Type 1.3). This require- 
ment has occurred as a result of the Strategic Arms 
Reduction Treaties (START I and 11) and normal obso- 
lescence, as well as increasingly stringent environmental 
regulations that have made the open burning of propel- 
lant unacceptable. Such unconfined burning of these 
energetic materials typically releases large clouds of 
smoke and toxic gases, including hydrochloric acid. The 
volume to be disposed of may be over 30 million pounds 
per year. 

Argonne Solution 
In a joint program between Argonne National Labora- 
tory and the U.S. Army Defense Ammunition Center and 
School (USADACS), a systems analysis is being con- 
ducted on six different propellant removal technologies, 
as well as two different technologies for the treatment of 
effluent waste streams. Two versatile computerized 
products are being used to simulate the operation of 
these propellant removal systems: Aspen PlusR and the 
Environmental Simulation Program (ESP), both of 
which generate material and energy balances. Aspen Plus 
is also being used to identify the most promising inte- 
grated systems by estimating capital and operating costs. 

Advantages 
Argonne’s approach provides an independent, 
unified, consistent perspective for the analysis. 

Argonne is using the most sophisticated, versatile 
computer software for process simulation. 

The separate steps are being assembled into a viable, 
complete, and integrated system that incorporates 
opportunities for recovery and reuse of valuable 
propellant components. 

Implementation of the analysis will result in safe, 
environmentally sound operating practices. 

Technical Concept 
The technique for recovering solid propellant from a 
rocket motor casing begins with the application of work 
on the propellant, either with mechanical cutting or with 
hydraulic cutting via a very high-pressure jet of working 
fluid. Propellant particles are separated for further 
treatment and recovery, while any eccompanying dust 
and/or liquid wastes me sent to treatment facilities. 
Where possible, working fluid is recovered and recycled. 
After drying, if necessary, the propellant may be used in 
applications less demznding than rocket motors. For 
example, recovered propellant has successfully been used 
as a component of explosives for mining and quarrying. 
This particular reuse application appears to have very 
promising economic advantages for an integrated system. 

Status 
USADACS contractors have begun to operate pilot-scale 
facilities and to supply operating data and conditions to 
Argonne for use in computer process simulations, 
including process flow diagrams. The systems analysis 
and integration using the Argonne computer have been 
completed (except for economics) for all of the processes 
under consideration. This means that converged material 
and energy balances have been computed and used to 
generate a tabulation of all of the process stream flows, 
including waste effIuents from those processes that have 
waste streams. Note that some technologies have little or 
no waste effluent to treat. 

Future Plans 
Argonne’s joint work with USADACS will include the 
use of Aspen Plus to estimate the capital required to 
construct a selected full-scale recovery technology and to 
estimate the cost per pound to operate such a facility. 
The goal is to do this for both propellant types (1.1 and 
1.3). Such a comprehensive computerized description of 
a given technology is expected to be a valuable, user- 
friendly tool for thorough study of the process param- 
eters that could lead to an optimum design. 
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Contacts 
For technical information, contact Norman Brocheier 
or Shen-Lin Chang, Energy Systems Division, Argonne 
National Laboratory, 9700 S. Cass Avenue, Argonne, 
Illinois 60439-4815. Phone: (708) 252-9984; Fax: (708) 
252-3443; E-Mail: norm-brockmeier@qmgate.anl.gov. 

For information on working With Argonne, contact the 
Industrial Technology Development Center, Argonne 
National Laboratory, 9700 South Cass Avenue, Argonne, 
Illinois 60439. Phone: (800) 627-2596; Fax: (708) 252- 
5230. 
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Improving Energy Efficiency through Electrochemistry 
New electrochemical materials and processes are being applied to 

industrial technologies to improve their efficiency and product quality 

Background 
Electrochemistry plays a vitally important role in every 
facet of modern life. Devices and processes based on 
electrochemical principles are virtually everywhere. One 
such device is the battery. Batteries are needed to ener- 
gize portable computers, phones, and audiovisual equip- 
ment; they are used in automobiles, telecommunication, 
transportation, and even children’s toys. 

New electrochemical materials and processes are being 
developed daily and applied to industrial technologies to 
improve the efficiency and product quality. For example, 
very reliable electrochemical sensors are used to monitor 
and control industrial operations, and can improve 
production, reduce waste, and increase energy efficiency- 
Modern electrochemical processes are being applied in 
aqueous, organic, and molten-salt or solid-state media 
ranging in temperatures from -50°C to 20OO0C. 

New Applications of Electrochemistry 
in Industrial Technologies 

Novel engineered materials produced by electro- 
chemical processes provide ionic or electronic 
conductivity, or a specific electrochemical surface 
activity. These materials include electroactive (ion or 
electron conducting) ceramics, glasses, and organic 
polymers. Such new engineered materials have 
applications in high-efficiency energy converters, 
such as batteries and fuel cells, and in process 
control devices. In some cases, electrochemical 
processes are used to fabricate special engineered 
materials that are not electroactive themselves. 

Electrochemical surface engineering technologies, 
such as special ceramics and protective layers, are 
being used to produce corrosion-, erosion-, or 
abrasion-resistant layers on materials. Surfaces with 
special properties, such as those with catalytic 
activity or abrasion resistance, also can be made. 

Electric signals produced by electrochemical sensors 
are being used for automated computerized measure- 
ment and control. These may also be used in 
industrial processes and quality control, as well ‘as 
in combustion engineering. 

New n;e:hoS of en.rirolw.eitd y-cteceon 2re Seizg 
developed using ektrcche:r.izsl proceszes. Pcllut- 
m t s  can be elinhated at the source by electro- 
chemical procedures t h t  eiher remove or rxztralize 
the pollutant. Recyc!ing techno!ogies using elcctro- 
chemical processes produce Xgh-quzlity reprccessed 
materids for reuse. 

Argsnne’s Electrochemical 
Technology Development Program 
Researchers at Argonne National Laboratory are work- 
ing to increase U.S. competitiveness in the industrial, 
transportation, and energy sectors through the develop- 
ment of highly efficient electrochemical systems and 
processes. 

More than 60 experts in the fields of electrochemistry, 
materials science, solid-state ionics, ciystallography, 
chemistry, computer science, and cherniczl, electrical, 
and mechanicd engineering comprise the Electrocherni- 
cal Technology Program research team. Argonne’s 
scientists and engineers use the most up-tc-date research 
equipment and facilities in the world. 

Transfer of newly developed technology is a key element 
of the Electrochemical Technology Development 
Ragram’s R&D acthities. Recent successful projects for 
the U.S. Department of Energy and industria! partners 
include the development of high-performance batteries, 
fuel cells, sensors, and electroactive materials. Several 
projects in electroplating and corrosion prevention have 
also been successfully completed. 

Argonne’s Electrochemical Technology Program labora- 
tories are open for collaborative research with interested 
industrial partners through a U.S. Department of Energy 
cooperative research and development agreement 
(CRADA) . 
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Contacts 
For technical information, contact K.M. Myles, Electro- 
chemical Technology Program, Argonne National 
Laboratory, 9700 South Cass Avenue, Argonne, Illinois 
60439. Phone (708) 252-4329; Fax: (708) 252-5528. 

For information on working with Argonne, contact the 
Industrial Technology Development Center, Argonne 
National Laboratory, 9700 South Cass Avenue, Argonne, 
Illinois 60439. Phone: (800) 627-2596; Fax: (708) 252- 
5230. 



Model Characterizes Metal Erosion in Fluidized-Bed Systems 
New soffware can be used to mitigate metal erosion in fluidized-bed reactors, 

which reduces costs and improves reactor design and operation. 

opportunity 
In fluidized-bed reactors, boilers, and transport lines, metal 
loss occurs in varying degrees on the walls of vessels and 
internal components such as heat exchangers. Metal loss is 
plaguing the effective operation of these units by causing 
shutdowns for unscheduled maintenance/refurbishing, 
which cost millions of dollars in lost revenues each year. 
Erosion rates of 3 mm/1000 hours for reactor walls are not 
uncommon in conventional fluidized-bed boilers. Similar 
rates have also been reported in petroleum fluid cracking 
units and silicone products manufacturing reactors. 

Argonne Solution 
Argonne National Laboratory participated in a cost-sharing 
consortium with fluidized-bed boiler manufacturers- 
including ASFA, Babcock & Wilcox, ABB Combustion 
Engineering, and Foster-Wheeler Corporation-and with 
govemmental/private research agencies such as the U.S. 
Department of Energy’s Morgantown Energy Technology 
Center, the Electric Power Research Institute (EPRI), and 
the Tennessee Valley Authority. 

Using its advanced computational fluid dynamic capabili- 
ties, Argonne provided a mechanistic understanding of 
metal erosion in fluidized-bed systems by computing solids 
motion and assessing its impact on erosion of reactor 
vessels and internals. From these virtual reactor shula-  
tions, new effective sets of design guidelines were formu- 
lated to help industry mitigate and in some instances 
eliminate solids particle erosion in fluidized-bed systems. 

Advantages 
Through these solutions, companies can now save up 
to $2 million/yr on a large production-scale fluid- 
ized-bed process, by either refurbishing, modifying, 
and improving present processes and/or mitigating 
erosion problems. 

With Argonne’s advanced methodology, companies 
can now do a better job of designing and operating 
new fluidized-bed units with reduced erosion. 

Technical Concept 
The erosion mitigation software is based on fluid-solids 
hydrodynamic models which can predict, for a given 
reactor, three-dimensional distributions of solids loading, 

gas and solids velocities, pressures, and temperatures. 
These programs are based on the solution of Navier- 
Stokes multiphase equations using the IMF (implicit 
multi-field) numerical technique. The computer program 
can simulate dense ebulliated reactors as well as very 
dilute, short-contact-time reactors such as those used in 
the petroleum cracking industry. 

Status 
The erosion-reduction methodology developed at 
Argonne has been validated with proprietary data from a 
large-scale plant, which makes this methodology unique, 
proven, and directly usable by industry. Foreign custom- 
ers from emerging economies are seeking new reactor 
designs, and technology transfer plans are being formu- 
lated with private sector software companies. 

Future Plans 
Dow Corning Corporation, a world leader in silicone 
manufacturing, is considering developing Computational 
fluid Dynamic (CFD) software capabilities for fluidized- 
bed systems which are directly tailored to Dow Coming’s 
needs. A partnership agreement with Argonne, Dow 
Corning, and FDI (a software company) is currently in 
place to solicit Advanced Technology Programs funds 
from the National Institute of Standards and Technology 
(NIST). This agreement will further develop the technol- 
ogy and its implementation into advanced design soft- 
ware capabilities for industrial fluidized-bed reactors. 
From this NIST project, the development of new spin-off 
service and consulting companies is expected. 

Contacts 
For technical information, contact Jacques X. Bouillard 
or R W. Lyczkowski, Energy Systems Division, Indus- 
trial and Utility Technology, Argonne National Labora- 
tory, 9’700 South Cass Avenue, Argonne, Illinois 60439- 
4815. Phone: (708) 252-6518 or -5923; Fax: (708) 252- 
5210. 

For information on working with Argonne, contact the 
Industrial Technolorn Development Center, Argonne 
National Laboratory, 9700 South Cass Avenue, Argonne, 
Illinois 60439. Phone: (800) 627-2596; Fax: (708) 252- 
5230.4 
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Recycling Aluminum Salt Cake 
An economical salt cake treatment process will eliminate a 550,000 ton-per-year waste stream, 

save over 12 trillion Btu each year, and decrease the cost of aluminum to consumers. 

opportunity 
Although recycling aluminum saves significant amounts 
of energy and landfill space, it also generates a salt cake 
waste stream consisting of aluminum, salt, and oxide 
residue fractions. The increasing cost of salt cake dis- 
posal threatens the viabdity of the aluminum recycling 
industry. As a result, salt cake treatment processes have 
been developed. These processes tend not to be cost- 
effective because of the high energy costs associated with 
recovery of the salt fraction, and because the oxide 
residue fraction is still landfilled. Therefore, an opportu- 
nity exists to develop an economic salt cake treatment 
process that will recover the salt cake constituents, 
recycle the aluminum and salt fractions, and convert the 
oxide residue fraction to high value-added products. 

Argonne Solution 
Argonne is working with the Aluminum Recycling 
Association to develop cost-effective salt cake treatment 
processes. Because salt recovery by evaporation of 
process brine is extremely energy-intensive, new pro- 
cesses for the recovery salt from process brines are being 
evaluated. In addition, Argonne is working with primary 
aluminum producers and with a small entrepreneurial 
company to develop processes that convert salt cake 
oxide residues to high value-added products, such as 
ceramic fiber insulation, abrasives, and refractory aggre- 
gate for high alumina refractories. 

Advantages 
An economical salt cake treatment process will eliminate 
a 550,000 ton-per-year waste stream, save over 12 
trillion Btu per year, and, through decreasing operating 
costs to the aluminum industry, decrease the cost of 
aluminum to consumers. In addition, the viability of the 
aluminum recycling industry, and the energy, environ- 
mental, and economic benefits associated with that 
industry, wiU be preserved. 

Technical Concept 
Argonne is evaluating four salt cake treatment processes: 
1) a solvent-antisolvent process, where salt is precipi- 
tated from process brine by the addition of a water- 
miscible solvent, which is later recovered by low tem- 
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perature distillation; 2) a high-temperature, high-pres- 
sure process, where salt precipitation results from a 
partial flashing of a hot pressurized process brine; 3) 
electrodialysis, where salt is concentrated and precipi- 
tated under the influence of an electric field, and 4) 
evaporation with vapor recompression, where salt is 
precipitated by evaporation of the process brine, but the 
energy is effectively recovered by vapor recompression. 

Status 
Experiments and economic models indicating the cost- 
effectiveness of the various salt cake treatment processes 
are nearing completion. Pilot-scale testing of a process 
that converts oxide residues into fiber insulation prod- 
ucts is in progress. Bench-scale evaluation of processes 
that convert oxide residues to refractory aggregate is 
being initiated. 

Future Plans 
Selection of a salt cake treatment process for pilot-scale 
testing is scheduled for 1995. Success of the pilot-scale 
program will lead to commercial demonstration of the 
technology by 1997. Work on converting oxide residues 
to refractory aggregate is not expected to reach the pilot- 
scale stage until 1997. However, pilot-scale testing is 
currently under way for the conversion of oxide residue 
to fiber insulation products, and the process is expected 
to be in commercial demonstration in 1996. 

Contacts 
For technical information, contact John N. Hryn, Process 
Evaluation, Energy Systems Division, Argonne National 
Laboratory, 9700 South Cass Avenue, Argonne, Illinois 
60439-4815. Phone: (708) 252-5894; Fax: (708) 252- 
3443. 

For information on working with Argonne, contact the 
Industrial Technology Development Center, Argonne 
National Laboratory, 9700 South Cass Avenue, Argonne, 
Illinois 60439. Phone: (800) 627-2596; Fax (708) 252- 
5230. 

Argonne National Labolatory is operated by The University of Chicago for the U.S. Department of Energy under contract No. W-31-109-Eng-38. 
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Recovering Plastics from Scrapped Autos 
Metals in scrapped CUE are being recyded-why not plastics? 
Recycling plastics could reduce landfili wastes signifkant/y 

opportunity 
Auto shredders generate 3 to 5 million tons of waste, 
commonly known as automotive shredder residue 
(ASR), annually. Recycling automotive plastics, which 
constitute about 20% to 30% of ASR by weight, is not 
currently practiced on a commercial basis. Reasons are 
lack of a cost-effective technolorn for recovering plastics, 
potential contamination of the plastics with other 
materials from the ASR stream, and the absence of a 
strong market. 

Argonne Solution 
All that may change. Argonne National Laboratory is 
testing a technically promising, potentially economical 
process to recycle polymers from ASR. Recovered 
polymers could be used to make carpet padding, PVC 
piping, furniture, garbage cans, and automobile parts. 

Advantages 
If commercialized, the recovery of the foam and the 
thermoplastics by the Argonne process could reduce by 
about 25% the amount of ASR going to landfills. The 
value of the recovered plastics could be very competitive 
in a variety of applications: One of the first might be 
polyurethane foam for carpet padding. Because other 
recovered thermoplastics are compatible with virgin 
plastics, they can be used for a variety of products. 

Technical Concept 
The Argonne technique for recycling ASR begins 
with mechanical/physical separation of the ASR 
into several fractions: polyurethane foam, which is 
separated and cleaned; iron-oxide-rich “fines:) 
which may be used by the cement industry as a 
source of iron oxide; and a plastics-rich stream, 
from which Argonne dissolves and recovers heat- 
formed plastics (thermoplastics). The solvent used 
in the process is regenerated and continuously 
recycled. If fines, foam, and plastics are recycled, as 
much as 75% of landfill waste could be eliminated. 

Status 
A demonstration plant at a shredder site is now 
processing polyurethane foam. At the same time, 
four different plastics are being recovered in a 

batch-process unit, in quantities of 1 to 5 pounds each. 
The plastics being recovered for evaluation are acryloni- 
trile-butadiene-styrene, polyvinyl chloride, polyethylene, 
and polypropylene. Plans are also under way to run a 
large-scale test using fines in cement. 

Future Plans 
Some 20,000 pounds of polyurethane foam is being 
accumulated for an Argonne techno-economic evalua- 
tion in early 1995. Argonne engineers are designing a 
continuous-process demonstration plant that could 
produce 3,000 tons of foam per year. Commercialization 
of the polyurethane foam process could come as early as 
the beginning of 1996. 

Contacts 
For technical information, contact Bassam Jody, 
Argonne National Laboratory, 9700 South Cass Avenue, 
Argonne, Illinois 60439. Phone: (708) 252-4206; Fax: 
(708) 252-3443. 

For information on working with Argonne, contact the 
Industrial Technology Development Center, Argonne 
National Laboratory, 9700 South Cass Avenue, Argonne, 
Illinois 60439. Phone: (800) 627-2596; Fax: (708) 252- 
5230. H 
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Recovering Chlorine and Hydrogen from Waste Hydrogen Chloride 
Streams through Electrochemical Membrane Gas Separation 

opportunity 
Chlorinated organic compounds are applied widely in 
the industrial, commercial, and residential sectors. 
During their production, chlorine and/or hydrogen 
chloride are used, and one mole of hydrogen chloride is 
normally formed for each mole of the chlorine con- 
sumed. As hazardous air pollutants regulated by the US. 
Environmental Protection Agency, the presence of the 
hydrogen chloride (and sometimes excess chlorine) in 
process off-gases poses serious environmental concerns. 
Control devices-typically wet aqueous scrubbers-are 
installed for their removal. However, this practice not 
only results in a significant loss of useful materials but 
may also generate large quantities of aqueous wastes if 
no market for the dilute hydrochloric acid thus produced 
can readily be found. 

In addition, large quantities of chlorinated organic 
wastes are formed during the production and use of 
chlorinated organic compounds. Currently, these wastes 
are disposed of primarily through incineration. But this 
conventional approach requires both large capital 
investment and significant energy input. Also, if not 
designed and operated properly, incineration results in 
the formation of undesirable by-products such as dioxins 
and furans. 

An attractive alternative to incineration recovers the 
organic fraction from the chlorinated waste materials by 
catalytic or' thermal hydrogenation. Several such pro- 
cesses have reached an advanced stage of development, 
but while the organic compounds can be recovered for 
reuse, the chlorine in the wastes is reconverted as 
hydrogen chloride, a potential secondary waste stream. A 
process to recover the chlorine and hydrogen contained 
in the by-product hydrogen chloride would offer signifi- 
cant advantages. 

Argonne Solution 
An electrochemical membrane gas separation process, 
currently under development at Argonne National 
Laboratory (ANL), appears to be a very promising 
technique for recovering hydrogen and chlorine from 
hydrogen chloride in waste gas streams, since the process 
can effect the chemical dissociation and recovery in a 
single operation. Electrochemical membrane separation 
processes have been demonstrated successfully and 

patented for separation of sulfur dioxide from combus- 
tion flue gases and for recovering hydrogen and sulfur 
from hydrogen sulfide present in hot fuel gases. A U.S. 
Department of EnergyIANL patent has been granted for 
the latter application. A U.S. patent (No. 4,762,596) also 
was granted to ANL for application of the HCI process 
to waste incinerators. 

Advantages 
The electrochemical membrane gas separation process 
can be incorporated into a variety of existing process 
trains for waste reduction and energy savings. Aside from 
its potential use in treating chlorinated organic waste 
materials by incineration or hydrogenation, directly 
applying the electrochemical membrane separation to in- 
process recycling of hydrogen chloride during manufac- 
turing of chlorinated organic compounds appears to be 
equally promising. For example, in producing vinyl 
chloride monomer, preliminary estimates indicate that 
incorporating the electrochemical membrane process for 
chlorine recycle would potentially result in liquid waste 
reduction of about 1 million tons and ene ra  savings of 
about 50 trillion Btu annually. Cost savings also would 
be realized from the reduced reactor size (or increased 
throughput with the same reactor size) and simplified 
product separation operations. 

Technical Concept 
For the HC1-recovering process, electrochemical cells 
similar to those used in molten carbonate fuel cells are 
used. The gas stream that contains the hydrogen chloride 
is directed to and comes in contact with the cathode of 
the electrochemical cell. At this electrode, when suffi- 
cient voltage is applied, the following reaction occurs: 

HCl + e- C1- + 1/2 H, 

The chloride ions produced then enter the electrolyte, 
which is composed of metal chloride mixtures held in an 
inert membrane, and migrate to the anode, where the 
following reaction occurs: 

2 c1- > C1,+ 2 e- 
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The chlorine gas thus produced is recovered and can be 
recycled to upstream chlorination operations or for other 
uses. The hydrogen produced can also be recovered and 
used in the hydrogenation reactors in the plant or for 
power generation in a fuel cell system. 

Status 
Initial tests to demonstrate the concept’s technical 
feasibility were successfully completed using two types of 
laboratory-scale electrochemical reactors: a molten-salt 
bath reactor and a crossflow cell reactor. Hydrogen 
chloride separation efficiencies greater than 90% were 
achieved with excellent current efficiency. At the present 
time, discussions are being held with private companies 
to set up partnerships to further develop this process for 

different applications. The next phase of development 
activities will involve parametric tests with larger electro- 
chemical cells to obtain process scale-up data and 
evaluate the long-term performance of the individual key 
components. 

Contacts 
For technical information, contact Hann-Sheng Huang, 
Energy Systems Division, Argonne National Laboratory, 
9700 South Cass Avenue, Argonne, IL 60439. Phone: 
(708) 252-3125; Fax: (708) 252-9281. 

For information on working with Argonne, contact the 
Industrial Technology Development Center, Argonne 
National Laboratory, 9700 South Cass Avenue, Argonne, 
Illinois 60439. Phone: (800) 627-2596; Fax: (708) 252- 
5230. I 



opportunity 
The 1990 Clean Air Act Amendments, which essentially 
require the manufacture of “designer” gasolines, pro- 
foundly impact the operation of refineries. An attractive, 
cost-effective approach to meeting the regulatory man- 
dates is to alter the fluid catalytic cracking (FCC) unit to 
produce more oxygenate and alkylate precursors (ole- 
fins), while reducing the yield of undesirable products 
such as heavy gasoline and light cycle oils. The first step 
toward achieving this objective is for researchers to 
develop a fundamental understanding of the interaction 
of FCC kinetics with hydrodynamics. 

Advanced Fluid Catalytic Cracker Development Yields Cost and 
Environmental Benefits for Refinery Operations 

In Phase I1 of the project, the model will be validated at 
commercial scale, using data from commercial FCC units 
and cold-flow hydrodynamics scale-up studies. A three- 
dimensional regenerator model will also be developed 
and integrated into an overall FCC model. 

Accomplishments 
The current project builds on seven years of research at 
Argonne National Laboratory in developing models that 
describe reacting multiphase flows and the impact of 
hydrodynamics on combustion efficiency and pollution 
formation. 

The Department of Energy (DOE) is providing critical 
support to the development of an advanced FCC analyti- 
cal (design) capability. This would be used to define and 
evaluate optimized FCC operating conditions and 
potential hardware improvements to alter the fluid FCC 
product mix. Past efforts by the industry to develop such 
a capability have fallen short. Recent advances at 
Argonne National Laboratory in the development of 
two- and three-dimensional reacting flow models (simu- 
lations) that integrate kinetics with hydrodynamics 
further the development of the FCC design tool. 
Argonne’s research and DOES funding leverage 
industry’s investment and support the development of an 
advanced technology that meets DOE’S objectives of 
improved energy efficiency and reduced environmental 
impacts. 

Project Description 
The project focuses on the development and validation 
of a three-dimensional integrated hydrodynamic-kinetic 
model for predicting the interaction between FCC 
chemistry and the fluid dynamics of the process. The 
model is a critical design tool for modifying FCC hard- 
ware and processes to optimize operating conditions for 
specific feedstocks and to match product yields to 
environmental and market needs. Optimized FCC 
processes will also reduce source emission of pollutants. 

Phase I of the project concentrates on the development 
of the model, which is based on 1) a kinetic cracking 
model constructed from pilot-plant FCC kinetics data, 
and 2) conversion of existing three-dimensional compu- 
tational fluid dynamics codes to the FCC model. The 
model will initially be validated on an FCC pilot-scale 
test facility. 

Advantages 
Preliminary bench-scale studies indicate that an opti- 
mized FCC unit can increase the yields of FCC gasoline 
and alkylate by as much as 10 percent. The economic, 
energy, and environmental ccnsequences of full imple- 
mentation of an advanced FCC technology are consider- 
able: 

Higher yields of transportation fuels per barrel 
processed; . Increased energy efficiency; 
Reduced CO, S O ,  and NOxemissions; 
Reduced usage of crude oil. 

. . 
Status 
Technology developed through this project will be 
immediately available to Chevron, the largest refiner in 
the United States, and will be licensed to the remainder 
of the refining industry by UOP, the world’s leading 
supplier of FCC technology. Existing FCC units will be 
improved via revamps. Full penetration of the market- 
place is targeted for 2010. 

In addition, a 1 banellday FCC pilot-scale user facility 
derived from the project will be established at Argonne 
National Laboratory to allow individual refining compa- 
nies to develop models tailored to their unique feed- 
stocks. 
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Contacts 
For more information, contact Michael Petrick, Energy 
Systems Division, Argonne National Laboratory, 9700 
South Cas Avenue, Argonne, IL 60439. Phone: 
(708)252-5960; Fax: (708)252-5210. Chris Kuehler, 
Chevron Research and Technology Company, (5 l0)242- 
4858; Fax: (5 10)242-1376. Peter Knapik, UOP, (708)391- 

1 
2554; Fax: (708)391-3737. 

For information on working with Argonne, contact the 
Industrial Technology Development Center, Argonne 
National Laboratory, 9700 South Cass Avenue, Argonne, 
Illinois 60439. Phone: (800) 627-2596; Fax: (708) 252- 
5230. H 



Environmentally Acceptable Methods 
Control Pipeline Corrosion at Lower Cost 

The cost of controlling mivobially influenced corrosion in steel pipelines can be reduced 
by using less toxic chemicals, corrosion-resistant steels, and on-line detection methods. 

opportunity 
Colonies of bacteria often create leaks in steel pipes that 
carry natural gas and many other products. In pipeline 
systems where water collects, bacterial colonies can form 
deposits on metal surfaces and produce organic acids 
that accelerate corrosion and cause localized pitting. The 
bacteria act as environmental “catalysts,” creating 
corrosion under conditions that cannot be reproduced in 
the laboratory. Microbidly influenced corrosion (MIC) 
in the natural gas industry could be responsible for 15- 
3 0% of corrosion-related pipeline failures. 

In the U.S., industries spend $1.2 billion annually on 
biocidal chemicals to fight MIC. These treatments are 
not only costly, but they can also have a harmful envi- 
ronmental effect. As regulatory scrutiny of biocides 
intensifies, these chemicals represent potential environ- 
mental liabilities to industry. 

Argonne Solution 
Argonne National Laboratory is developing the next 
generation of mitigation approaches, which are intended 
to reduce dependence on toxic chemical treatment. To 
field test candidate technologies, Argonne established a 
cooperative R&D agreement With Southern California 
Gas Company (SoCal Gas). The next generation of 
approaches being developed and tested includes inex- 
pensive carbon steels that resist MIC, “alternative” 
biocides that are less toxic than those now in use, and 
improved on-line MIC detection methods. 

Advantages 
The cost of biocidal MIC control, and its potential 
environmental liabilities, will be reduced by using 
less expensive alternative chemicals. 

Better on-line monitoring methods can be used to 
target treatment schedules more effectively, which 
will also reduce costs. 

Improved MIC detection systems will provide early 
warning of pipeline failures and help avert worker 
injuries. 

Technical Approach 
Argonne and SoCal Gas have both set up experimental 
test loop systems to study the prevention and monitoring 
of MIC. Both systems use produced water from natural 
gas storage or production fields. The test loop systems 
are being used for 1) screening and development of 
inexpensive MIC-resistant carbon steels, 2) development 
of less toxic biocides, and 3) calibration and testing of 
on-line MIC detection methods and proprietary treat- 
ment approaches. 

SoCal Gas tests promising candidate metallurgies, 
treatments, and detection methods in the test loop 
system at the Montebello (California) natural gas storage 
field. In addition to providing technical support for these 
field tests, Argonne uses its own laboratory test loop 
system to develop the information needed to improve the 
application or design of these technologies. 

Status 
Argonne and SoCal Gas are currently field testing 
alternative chemical treatments in gas storage and 
recovery wells, which have traditionally been most 
susceptible to MIC. At SoCal Gas’s Montebello storage 
field, these treatment efforts are saving an estimated $1 
million/year. In addition, two on-line devices have been 
selected as candidates for MIC-specific monitoring. 

Future Plans 
Further reduction in chemical usage will require an even 
better understanding of corrosion mechanisms. In its 
laboratory test loop, Argonne will correlate localized 
corrosicn with a specific electrochemical signal. 
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Contacts 
For technical information, contact Michael V. Enzien, 
Energy Systems Division, Argonne National Laboratory, 
9700 South Cass Avenue, Argonne, IL 60439. Phone: 
(708) 252-5784; Fax: (708) 252-6407; E-Mail: 
mike-enzien@qmgate.anl.gov. Bob Skultety, SoCaI Gas. 
Phone: (213) 24-4-2690; Fax: (213) 244-8222. 

For information on working With Argonne, contact the 
Industrial Technology Development Center, Argonne 
National Laboratory, 9700 South Cass Avenue, Argonne, 
Illinois 60439. Phone: (800) 627-2596; Fax: (708) 252- 
5230. 
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Fouling Mitigation Offers Increased Energy Efficiency and Productivity 
opportunity 
The overall energy efficiency of most refining operations is 
dependent on feediefluent heat exchangers that recover 
thermal energy from high-temperature processes. Fouling 
buildup impedes heat transfer, and the lost thermal energy 
must be supplied by other sources. The resulting economic and 
energy costs are well-known: 0.2 quads of energy and more 
than $2 billion are lost each year in processes compromised by 
fouling and in efforts to prevent fouling. 

As the biggest cause of energy inefficiency in U.S. refineries, 
fouling is a major focus of efforts to improve industry perfor- 
mance. The U.S. Department of Energy’s Office of Industrial 
Technologies supports this project in order to accelerate the 
development of new fouling mitigation technologies that 
promise broad national benefits. Reduced fouling in refinery 
processes will: 

Improve energy efficiency; 

Improve environmental performance; 

Improve process productivity. 

Project Description 
The fouling mitigation project focuses on the development of 
better methods for reducing fouling in the oil-refining industry. 
The research involves three distinct elements: 1) the develop- 
ment of a fouling threshold prediction model that incorporates 
kinetic and fluid dynamic models; 2) the development of a 
kinetic model of fouling precursor formation; and 3) refinery- 
based crude-oil fouling experiments to validate model predic- 
tions. With the help of the prediction model and the experi- 
mental database, the following objectives will be achieved 

A new methodology for operating the equipment 
below threshold fouling conditions; 

Techniques to improve the effectiveness of chemical 
additives, thereby reducing the amounts used and 
environmental impacts; 

A sensor for detecting fouling potential at an early 
stage, to allow timely actions to avoid significant 
fouling; 

Dissemination of fouling mitigation information to 
the industry to ensure the effective use of data and 
analytical methods. 

Accomplishments 
Project researchers have developed a prediction model appli- 
cable to fouling in the production of petroleum products 
containing olefins and sulfur compounds. They have also 
developed an experimental database for validating the model. 
In addition, field units for determining fouling in refineries 
have been built, and fouling characteristics of selected en- 
hanced tubes have been established. 

Advantages 
Significant national benefits will be realized from new and 
improved fouling mitigation techniques: 

By providing a better understanding of time-depen- 
dent fouling characteristics, heat may be more 
effectively integrated into production processes, 
thereby improving the energy-efficiency of heat- 
exchange equipment. 

Less frequent use of harmful chemicals for fouling 
control and equipment cleaning reduces handling 
and disposal problems. 

More efficient heat-exchange equipment will require 
less supplemental heating, thereby reducing the 
emission of gaseous pollutants from burning fuels to 
provide heat. 

Better control over critical process temperatures will 
improve productivity and yields. 

Status 
Close coordination with industrial partners and a commitment 
to disseminate fouling mitigation information to the industry 
will help ensure transfer of successful technologies to industry. 

Contacts 
For more information, contact Ehr-Ping Huang Fu, DOE 
Office of Industrial Technologies, Phone: (202) 586-1493; Fax: 
(202)586-7114. C. B. Panchal, Energy Systems Division, 
Argonne National Laboratory, 9700 South Cass .4venue, 
Argonne, IL 60439. Phone: (708) 252-8070; Fax: (708) 252- 
9728. W. A. Eberg, Chevron Research and Technology Com- 
pany, Phone: (510) 242-3466; Fax: (510) 242-4647. J.W. Palen, 
Heat Transfer Research, Inc., Phone: (409) 260-6227; Fax: 
(409) 260-6249. 

For information on working with Argonne, contact the Indus- 
trial Technology Development Center, Argonne National 
Laboratory, 9700 South Cass Avenue, Argonne, Illinois 60439. 
Phone: (800) 627-2596; Fax: (708) 252-5230. W 
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Advanced Catal sis Systems Will Allow 
Production o Y Higher Quality Fuels 

opportunity 
The steadily degrading quality of crude oil feedstocks 
presents a growing problem for the domestic petroleum 
refining industry. Under strict mandates to produce 
cleaner burning transportation fuels, the industry is 
seeking better ways to reduce crude oil sulfur content 
prior to refining. Advanced catalysis systems with higher 
catalytic activity and more robust hydrodesulfurization 
will allow the production of higher quality fuels from less 
desirable high-sulfur crude oil. 

By supporting Argonne National Laboratory's research 
into better catalysis processes, the U.S. Department of 
Energy is accelerating the availability of new technolo- 
gies that will reduce pollution and contribute to the 
economic strength of the domestic petroleum refining 
industry. The research will: 

Improve air quality by reducing pollution caused by 
sulfur in crude oil; 

Reduce reliance on imported crude oil by opening 
reservoirs of domestic crude, currently not marketable 
because of higher sulfur content; 

Reduce refining costs by improving available catalytic 
processes to produce much higher yields. 

Project Description 
Arginne's projectcomprises two areas of investigation 
into improved catalysis processes: 

1. Advanced catalyst synthesis and characterization for 
petroleum refining. The primary goal of this research 
is to develop low-temperature, low-pressure catalytic 
processes for removing sulfur. The research utilizes 
advanced metal impregnation techniques to deposit 
extremely small ( a 5  atoms per particle) catalyst 
particles on various high-surface-area supports, 
thereby increasing catalyst activity by up to two orders 
of magnitude. The investigation also includes analysis 
of the individual components of hydrodesulfurization 
catalysis in both the feed and the output products, 
providing a better understanding of conversion- 
limiting process constituents, and allowing researchers 
to exploit this information in modifying catalyst 
composition. 

2. Application of synchrotron radiation to catalyst 
research. This work applies x-ray absorption spectro- 
scopy tools to the characterization of catalytic materi- 
als under normal high-pressure, high-temperature 
operating conditions. Better characterization of the 
reactive catalytic species improves the efficiency of 
new catalyst development. 

Accomplishments 
Mass-spectral techniques have revealed that asphaltene 
feed molecules are much smaller than previously be- 
lieved. Consequently, the size of the pores of the oxide 
supports used in current hydrodesulfurization processes 
may be too large, inhibiting efficient catalysis. New 
synthetic support materials with smaller pores have been 
developed to better fit asphaltene molecules, and new 
metal preparation techniques have been applied to 
catalyst preparation on both the new and classical 
support materials. A continuous-feed pilot unit has been 
constructed that allows rapid testing and evaluation of 
catalysts with liquid feeds under realistic pressure and 
temperature conditions. 

In investigating new catalysts, x-ray absorption spectros- 
copy has been used to characterize synthetic manganese 
oxide catalysts and to compare these materials to their 
natural analogues. The migration of transition metal ions 
on the surfaces of layered aluminosilicates has also been 
examined. 

Advantages 
Better catalytic processes offer numerous benefits for the 
industry and the nation: 

More efficient sulfur removal from crude oil allows 
refiners to meet environmental goals for clean fuels 
with more economical processes. 

Hydrodesulfurization of crude oil at lower temp- 
eratures and pressures may allow pre-refinery sulfur 
removal at the well head or in pipelines, making less 
desirable crudes more marketable to U.S. refiners. 

Reservoirs of very high-sulfur crude oil, which are 
currently unmarketable because of their high refining 
cost, may be opened for use by domestic refiners. 
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Capabilities for economical refining of lower quality 
crude will reduce industry's reliance on higher quality 
imported crude, helping to reduce the national trade 
deficit. 

Status 
Information about the catalysis materials, supports, and 
deposition techniques identified and characterized in this 
project is available to industry for implementation. 

Contacts 
For more information, contact Christopher L. Marshall, 
Phone: (708) 252-4310; Fax: (708) 252-9288. Randall E. 
Wmans, Phone: (708) 252-7479; Fax: (708) 252-9288. 
Stephen R. Wasserman, Phone: (708) 252-3527; Fax: 
(708) 252-9288. Chemistry Division, Argonne National 
Laboratory, 9700 South Cass Avenue, Argonne, Illinois 
60439. 

For information on working with Argonne, contact the 
Industrial Technology Development Center, Argonne 
National Laboratory, 9700 South Cass Avenue, Argonne, 
Illinois 60439. Phone: (800) 627-2596; Fax: (708) 252- 
5230. W 



Selective Removal of Lead from Copper-Base Alloys 
Proposed regulations limiting the lead content of brass plumbing fMures would 

prevent the use of current technology for recycling soldered-brass and copper radiators. 

opportunity 
Reduction or elimination of the lead content in brass 
plumbing alloys would virtually eliminate the feasibility 
of using a large resource of lead-bearing scrap from such 
sources as obsolete lead-soldered radiators, because a 
cost-effective technology for removing the lead from the 
recycled metal is not presently available. 

Argonne Solution 
Argonne National Laboratory and the Brass and Bronze 
Environmental Research Corporation are investigating 
several techniques for selective removal of lead from 
copper-base scrap to produce low-lead and no-lead alloy 
ingots and to enable the continued recycling of lead 
containing copper-base scrap. 

Advantages 
Each year, 250,000 tons of copper-based scrap materials, 
such as old plumbing fixtures, automotive radiators, 
tubing, and wire, are recycled by melting, adjusting their 
chemistry to standard industry specifications, and then 
casting into ingots. These ingots provide a low-cost raw- 
materials feed to brass and bronze founders. Each ton of 
recycled scrap used conserves the 25 million Btu of 
energy that would have been required to produce copper 
alloys from primary ores. 

Technical Concept 
The several lead removal and recovery techniques being 
examined include liquation, precipitation, use of fluxing 
reagents, chemical and electrochemical leaching, and 
vacuum refining. 

Status 
Several of these approaches have been examined experi- 
mentally and have been discounted for lack of effective- 
ness or high cost. One technique is showing promise in 
having the required combination of cost-effectiveness 
and ease of recovery of the lead. 

Future Plans 
A pilot plant is being planned for the most promising 
approach for lead removal and recovery from solder- 
brass and copper radiators. 

Contacts 
For technical information, contact Frederick J. Dudek, 
Energy Systems Division, Argonne National laboratory, 
9700 South Cass Avenue, Argonne, Illinois 60439. 
Phone: (708) 252-7797; Fax: (708) 252-3443. 

For information on working with Argonne, contact the 
Industrial Technology Development Center, Argonne 
National Laboratory, 9700 South Cass Avenue, Argonne, 
Illinois 60439. Phone: (800) 627-2596; Fax: (708) 252- 
5230. 
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Making Chemical Feedstocks from 
Renewable and Agricultural Resources 

America‘s agricultural industry could be revitalized by development of new, integrated 
processes for synthesizing chemical intermediates and derivatives from renewable resources. 

opportunity 
Large-volume industrial chemicals and materials are 
generally synthesized from fossil fuels. Other potential 
commercial feedstocks include resources from renewable 
and agricultural processes. However, these resources are 
not widely used due to the lack of cost-effective tech- 
nologies for manufacturing high-volume chemical 
building blocks from these materials. 

Argonne Solution 
Argonne National Laboratory is participating in a 
consortium of five national laboratories. The goal is to 
use resources from renewable and agricultural processes 
as feedstocks to demonstrate new pathways to produc- 
tion of chemicals such as succinic acid, the first target of 
Argonne’s program. Argonne is applying metabolic 
engineering to develop superior organisms that improve 
product yield, productivity, and tolerance. Electrodialysis 
techniques are being applied to product recovery, and a 
novel process is being developed to produce low-cost, 
high-purity intermediates suitable for further conversion. 
Argonne is also developing new, degradable polyester 
derivatives, which could increase the succinic acid 
market significantly. 

Advantages 
America’s agricultural industry could be revitalized 
by expanding market demand for farm and forestry 
products, while the chemical industry would benefit 
from less costly feedstocks. 

Compared with conventional methods, electro- 
dialysis could reduce the cost of succinic acid 
production by about 6c/lb. 

The large volumes of salt wastes associated with 
succinic acid production are eliminated. 

Technical Concept 
Currently, succinic acid is produced using a hydrocar- 
bon-based process that oxidizes n-butane to maleic 
anhydride. The maleic anhydride is then hydrated to the 
acid form and hydrogenated to yield succinic acid. A 
fermentation process using glucose derived from corn 
syrup can also produce succinic acid, but is not economi- 
cally competitive. Argonne is improving fermentation 
efficiency by using conventional and genetic techniques 
to develop superior succinic-acid-producing organisms. 

Conventional technology for primary purification in- 
volves addition of sulfuric acid to the fermentation broth, 
which contains calcium succinate. This step generates 
large volumes of calcium sulfate salt waste, which poses 
a serious waste management problem for industrial-scale 
processes. Other, newer technologies also generate 
different kinds of waste salts. In contrast, Argonne’s 
primary purification process uses advanced desalting and 
water-splitting electrodialysis technologies. These tech- 
nologies purify the succinic acid efficiently and economi- 
cally without generating a salt waste stream. 

Status 
The feasibility of electrodialysis for primary purification 
of succinic acid has been demonstrated using fermenta- 
tion broths. The feasibility studies of a novel secondary 
purification process is being studied. Genetic analysis of 
the succinic-acid pathways has generated metabolic 
engineering approaches for biocatalyst development. 

Future Plans 
For succinic acid production, Argonne will continue 
development efforts and participate in a demonstration 
of an integrated process for converting carbohydrate to 
succinic acid to lP-butanediol. The demonstration is 
planned to start in late 1995, and the integrated process 
will be operated continuously for a period long enough 
to test critical parameters in the fermentation, recovery, 
and catalytic conversion processes. Additional products 
such as butanol will be studied during 1995. Argonne 
will contribute its technical expertise in biocatalyst 
development and product recovery. 
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Contacts 
For technical information, contact Shih-Perng Tsai, 
Energy Systems Division, Argonne National Laboratory, 
9700 South Cass Avenue, Argonne, Illinois 60439. 
Phone: (708) 252-5006; Fax: (708) 252-9281 ; E-Mail: 
shih-pern@ai@qmgate.anl.gov. 

For information on working with Argonne, contact the 
Industrial Technology Development Center, Argonne 
National Laboratory, 9700 South Cass Avenue, Argonne, 
Illinois 60439. Phone: (800) 627-2596; Fax: (708) 252- 
5230. I 
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Analysis of Power Generation Fuel Cycle to Optimize CO, Recovery 
Resulk of a stageby-stage analysis of advanced power generation fuel cydes enable policymakers to optimize 

decisions on carbon dioxide recovery for reducing greenhouse gas emissions. 

opportunity 
Fossil-fuel combustion contributes significantly to 
emissions of carbon dioxide (CO,), the primary green- 
house gas. Technologies for capturing CO, and either 
using it or disposing of it need to be considered as part of 
an overall strategy to reduce greenhouse gas emissions. 
Systems that integrate coal gasification with combined- 
cycle power generation are an important option for 
future coal-based electricity supplies. Integrated gasifica- 
tionlcombined-cycle (IGCC) systems have a high energy 
conversion efficiency. Also, as shown by field studies, 
IGCC systems produce very low levels of sulfur oxides 
and nitrogen oxides, which cause acid rain and other 
pollution problems. 

Argonne Solution 
Argonne National Laboratory's work emphasizes IGCC 
systems combined with C0,-capture technologies. The 
entire fuel-cycle was considered, from mining the coal 
through CO, pipeline transport and sequestering. Com- 
mercial C0,-capture technology provided performance 
and economic baselines for comparing innovative 
technologies. 

Advantages 
IGCC systems feature,high energy conversion 
efficiency and low air pollutant emissions. 

CO, recovery from IGCC plants is less expensive 
than from conventional pulverized coal-fired boilers, 
because in addition to appreciable concentrations of 
C O ,  IGCC plants produce high levels of CO in the 
synthesis gas, which can be easily converted to 
additional CO, for recovery. 

Technical Concept 
By taking an overview of the fuel-cycle, it was possible to 
compare the overall impact of each stage of the cycle 
and assess its relative importance. Process evaluation 
included contact with commercial vendors to refine the 
engineering assessments for available technologies. These 
assessments identified potential problem areas and 
development needs, evaluated key process tradeoffs, and 
estimated costs for the technologies. 

Commercial processes based on CO, solubility in 
amines, glycol, and methanol were studied, as well as 
facilitated transport membranes (a still non-commercial 
technology). Also considered were high-temperature 
technologies (for example, calcium- or magnesium-based 
sorbents and molten carbonate membranes). CO, recov- 
ery was set at 90%, and the combustion turbine was fed 
a high hydrogen-content fuel. From the IGCC plant, a 
500-km pipeline took the CO, to geological sequestering. 

Status 
Results showed that the base IGCC plant was cheaper 
and more efficient than conventional pulverized coal- 
fired boilers. However, Argonne found significant reduc- 
tions in the IGCC plant's net electric power production. 
For a 458-MW base case, these reductions ranged from 
73.6 MW to 185.1 MW With a 0.29-0.53 kg/kWhe CO, 
release rate (after considering makeup power). Life-cycle 
CO, sequestering costs were $113-201/ton of CO,, 
resulting in electricity costs that are 74-1 13% higher than 
the base case. 

Future Plans 
Argonne will continue actively monitoring development 
of U.S. environmental policy related to greenhouse gases. 

Contacts 
For technical information, contact Richard Doctor, 
Energy Systems Division, Argonne National Laboratory, 
9700 South Cass Avenue, Argonne, Illinois 60439-4815. 
Phone: (708) 252-5913; Fax: (708) 252-9728. 

For information on working with Argonne, contact the 
Industrial Technology Development Center, Argonne 
National Laboratory, 9700 South Cass Avenue, Argonne, 
Illinois 60439. Phone: (800) 627-2596; Fax: (708) 252- 
5230. W 
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Recovering Hydrogen and Sulfur from Refinery Wastes 
An innovative plasma-chemical process for splitting 

hydrogen sulfide uses less energy and costs much less than current technologies. 

opportunity 
Each year the refining industry spends a quarter-billion 
dollars to produce hydrogen in order to remove sulfur 
from refinery products. This creates more than 6 million 
tons of hydrogen sulfide, a waste that requires treatment 
to meet environmental regulations. Current waste- 
treatment technology recovers nearly all of the sulfur 
(99.0-99.5%), but the remaining 0.5-1.0% is incinerated 
and emitted to the atmosphere as sulfur dioxide. More- 
over, the valuable hydrogen is burned to water, becoming 
another waste-treatment liability. 

Argonne Solution 
Argonne National Laboratory researchers are developing 
a new process-called MISHA-which utilizes microwave 
plasma chemistry to split hydrogen sulfide. This patented 
process recovers hydrogen and sulfur from hydrogen 
sulfide and recycles the hydrogen to the refinery. MISI-FA 
is an excellent fit for refineries because it would replace 
both the Claus and tail-gas clean-up units while decreas- 
ing costly hydrogen production. In some refinery situa- 
tions, MISHA can also replace the amine purification 
unit, thereby achieving even greater refinery savings. 

Advantages 
MISHA recovers both, the hydrogen and the sulfur at 
lower costs while saving energy and oil. 

MISHA’s hydrogen sullide emissions would be 
minuscule-less than 10 tons/yr-for a facility re- 
covering 158 long tonslday of sulfur and 
3.9 million scf/day of hydrogen; 

In some locations, MISHA could easily be used to 
recover marketable hydrogen from natural gas 
production operations. 

Technical Concept 
The plasma-chemical dissociation mechanism is a “non- 
equilibrium” plasma process because the final product 
composition contains significantly more hydrogen than 
predicted by an equilibrium calculation based on the 
reactor exit temperature. Two conditions must be satis- 
fied to explain the observed hydrogen sulfide conver- 
sions and the low energy consumption: 

1. The microwave energy must be efficiently transferred 
to the plasma to create a high-temperature zone 
(thousands of degrees). 

2. The fluid dynamics within the plasma-chemical 
reactor must isolate and stabilize the plasma and, 
simultaneously, rapidly separate and cool the 
products. This freezes the products at a composition 
which is characterized by the plasma temperature 
rather than the bulk-gas temperature. 

In order to satisfy these reactor conditions, the feed is 
injected tangentially into the reactor above the central 
plasma zone. This creates a turbulent cyclonic flow7 that 
prevents the plasma from contacting the reactor wall and 
minimizes energy losses. It also creates a thin, turbulent, 
high-temperature layer on the surface of the plasma, 
where hydrogen sulfide rapidly dissociates. The turbu- 
lence of this boundary layer ensures that the dissociation 
products are quenched as they remix with the bulk gas 
flowing around the plasma. Furthermore, the sulfur 
reacts with itself to form high-molecular-weight clusters 
that are driven to the wall of the reactor by the centrifu- 
gal forces generated by the cyclonic flow. This prevents 
sulfur from re-entering the turbulent boundary layer and 
back-reacting. 

Status 
Argonne’s experiments have confirmed the critical 
contribution of the cyclonic flow to increasing the 
hydrogen sulfide conversion and lowering its energy of 
dissociation. However, the experiments challenge two of 
the predictions derived from a theoretical plasma- 
chemical model: l) Argonne obtained a plasma at 
atmospheric pressure with less than 1 kW of power, 
whereas the model predicted that 30 kW or more was 
required; and 2) the Argonne experiments do not show 
the predicted sharp rise in dissociation energies at 
pressures greater than 0.65 atm. Furthermore, Argonne’s 
analysis of the gas dynamics in the plasma-chemical 
reactor indicates that additional improvements in 
hydrogen sulfide conversion and process efficiency are 
possible. 
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Future Plans 
Argonne is searching for an industrial partner to scale up 
the laboratory plasma-chemical reactor to an industrial- 
scale prototype reactor operating with 10-20 k W  of 
microwave power. This plasma reactor would provide 
the necessary engineering data to design a commercial 
hydrogen sulfide treatment process and the economic 
data needed to determine the commercial potential of 
the process. 

Contacts 
For technical information, contact John Harkness, 
Energy Systems Division, Argonne National Laboratory, 
9700 South Cass Avenue, Argonne, Illinois 60439-4815. 
Phone: (708) 252-7636; Fax: (708) 252-9728; E-Mail: 
john-harkness@qrngate.anI.gov. 

For information on working with Argonne, contact the 
Industrial Technology Development Center, Argonne 
National Laboratory, 9700 South Cass Avenue, Argonne, 
Illinois 60439. Phone: (800) 627-2596; Fax: (708) 252- 
5230. 

DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any Of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsi- 
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Refer- 
ence herein to any specific commercial product, process, or service by trade name, trademark, recom- 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, 
mendation, or favoring by the United States Government or any agency thereof. The views 
and ooinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 
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