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About the Cover: Cost-effective and environmentally acceptable power
generation using coal and coal-based fuels is a primary focus of the Pittsburgh
Energy Technology Center {PETC). Because coal will be the principal fuel for
electric utilities, both here and abroad for the foreseeable future, PETC is in

a unique position fo promote clean coal technologies worldwide. This transfer
of technology will provide obvious environmental benefits, but it also offers
economic benefits by selling American technology and expertise to our global
partners. In keeping with this focus, our cover features a map of the world with
four images reflecting PETC’s involvement overseas. Clockwise from the upper
left are: India’s Fuels Evaluation Test Facility, a large superconducting magnet
being transported to Russia, Thailand’s Mae Moh power station, and a view of

the cenfral city area of Krakow, Poland.
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FROM THE DIRECTOR

Coal is by far the most abundant fuel, not only in the United States,
but worldwide. At current consumption rates, the known recoverable coal
reserves of the nation are estimated to last for 200 to 300 years. Utility
plants consume almost 80% of the nation’s annual coal production to pro-
duce over half of our electricity. Three countries—the People’s Republic
of China, the C.I.S. (former U.S.S.R.), and the United States—possess 75%
of the world’s recoverable coal reserves
and currently consume about 55% of the
total world production of coal. Much of
the rest of the world, though less fortunate
in not having such extensive coal reserves,
relies heavily on coal for electricity gen-
eration. For the foreseeable future, coal
will continue to be the principal fuel for
electric utilities worldwide. Therefore, it
is imperative to continue to find ways to
use coal more cleanly and efficiently,
both here and abroad.

Much of the research being conducted
by PETC has concentrated on developing
economically competitive technologies

for burning coal more efficiently with
fewer emissions. Programs such as the

Sun W. Chun

Clean Coal Technology Demonstration
Program came into existence to implement those goals. As a result, the
United States has a strong lead in developing and implementing clean
coal technologies.

In past issues of the PETC Review, we have presented several articles that
focused on the seriousness of air pollution problems in many parts of the
world. Although air pollution is not attributable solely to burning coal
without environmental controls, that has certainly contributed to the
problem. Because of our commitment and leadership in developing and
implementing clean coal technologies, we are in a strong position to help
other countries achieve their emission goals. The result will be an
improved global environment.

Another goal, especially important in the United States, is creating jobs
to sustain economic development. We can contribute to meeting both the
environmental and economic goals by international involvement. For
example, through meetings and conferences, we can inform other countries
of our technologies for controlling pollutant emissions and for increasing
the efficiency with which coal is burned. If the other countries see a poten-
tial benefit, we can help them to initiate cooperation with U.S. technology
developers, equipment suppliers, and engineering companies. The result
will be additional jobs in the United States as well as in the country imple-
menting the technology.
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To achieve these results, our work with foreign nations takes many forms.
We sponsor many international and domestic conferences on fossil-energy-
related subjects. PETC engineers work with their foreign counterparts, as
we did when working with India on the construction of a Fuels Evaluation
Test Facility similar to the one at PETC. We worked with Poland to reduce
pollutant emissions from coal-fired plants by managing a solicitation for
proposals from U.S. firms to provide technology and by co-funding the
subsequent contract work. PETC has Memoranda of Understanding with
several countries aimed at sharing information on U.S. fossil energy tech-
nology development with them. Researchers and technologists represent-
ing a number of different countries have come to PETC, where they gained
valuable experience in various aspects of fossil fuel technology.

In these and many other ways, PETC is fulfilling its goals for encouraging
international involvement in fossil energy technologies. PETC has been
tapped by the DOE Office of Export Assistance to organize overseas con-
ferences to support these goals. The 1992 conference held in Kazakhstan
{PETC BReview, Issue 8) is a good example of the support being performed
by PETC in response to its international role in expanding the energy
market.

The response we have received from the international participants in all
of these programs has been very gratifying. Although we have shared our
knowledge with them, we have learned from them as well. Our personnel
have learned about working in foreign countries and with foreign econo-
mies. They have also benefitted by gaining an understanding of how U.S.
technologies can be adapted to international needs.

There is so much benefit to be gained from this work by all participants
and so much left to be learned that the next decade promises to be very
exciting for us all. We realize that even if we fully implement clean coal
technologies in the United States, the worldwide growth in emissions of
carbon dioxide and other pollutants will continue to increase. By pro-
moting investment in low-cost, innovative clean coal technologies world-
wide, we can help to solve our global environmental problems together.

Sl

Sun W. Chun
Director
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This aerial view of the
Bruceton Research Center
shows the present day site
of DOFE’s Pittsburgh Energy
Technology Center. The
site, about 10 miles south
of Pittsburgh, is also home
to the Pittsburgh Research
Center of the U.S. Bureau
of Mines, and a Mine
Safety and Health
Administration facility.

BU
TH

Yy Wi

D IT AND
1. COME

Because of its past accomplishments and the activities of its
employees, the Pittsburgh Energy Technology Center (PETC) has

a high international profile and ongoing cooperative agreements
with several countries. For example, in the 1993 fiscal year alone,
PETC was host to more than 140 international visitors, including
government officials, industrial executives, and academicians. In
1910, the Federal Government built its first coal research center in
Pittsburgh, Pennsylvania, and international (as well as domestic)
visitors have been coming to it ever since.

\]isitors come to PETC for a variety of reasons:
to participate in the many U.S. Department of
Energy (DOE) international assistance and
technology transfer programs; to collaborate in
research and publications; to train in PETC’s
in-house research facilities; to confer with their
counterparts in research, development, and pro-

gram functions; and to attend meetings and
conferences.

PETC’s history of international collaboration
goes back at least to 1926, when, as the Central
Research Station of the U.S. Bureau of Mines,

it hosted the First International Conference on
Bituminous Coal in Pittsburgh, Pennsylvania.
In subsequent decades, the Center was the
country’s principal facility dedicated to research
on coal. As such, PETC attracted visitors from
the rest of the world who were interested in the
study of coal. The energy crisis of the 1970s
heightened interest in coal research by an order
of magnitude. During that same decade (in 1977),
PETC became a DOE laboratory, and this fact
combined with the interest generated by the
energy crisis resulted in an increase in the num-
ber of international collaborations and visits.

Since the 1926 First International Conference
on Bituminous Coal, PETC has hosted or spon-
sored dozens of international meetings in Pitts-
burgh and at other sites throughout the country.
Each such meeting also draws foreign research-
ers to PETC, where they are able to confer with
their PETC counterparts, exchange information,
and frequently, present seminars.

In addition to numerocus other conferences that
attract foreign attendees, PETC has been a co-
sponsor, since its inception, of the Annual Inter-
national Pittsburgh Coal Conference, which is
held in Pittsburgh each September, and of the
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Annual International Technical Conference on
Coal Utilization and Fuel Systems, which is
held (in recent years) in Clearwater, Florida, in
March or April. PETC was also the host for the
1983 International Conference on Coal Science
held in Pittsburgh (see p. 17 this issue).

For several years, PETC has been the U.S. host
for the Annual U.S./Japan Joint Technical Meet-
ings in various coal technology areas. These
meetings alternate between Japan and the United
States; the 1994 meeting was in Hokkaido,
Japan. PETC is also the U.S. host for the U.S./
Korea Joint Workshops on Coal Utilization,
which are held alternately in Korea and the
United States.

The first United States/United Kingdom NOy
Workshop (PETC Review, Issue 7, p. 41) was held
at PETC June 13 to 15, 1992. Both nations are
making serious efforts to substantially reduce
nitrogen oxides (NOy) emissions. Important
future research needs were highlighted at the
workshop. Further U.S./U.K. collaboration will
attack these problems and will explore novel,
futuristic concepts for NOy, control.

In September 1993, PETC hosted a full-day
meeting with U.K. researchers to discuss mutual
interests in coal liquefaction. The exchange of
information was beneficial to both parties. For
example, as a result of recent success reported
by the British workers using filters to separate
the resid fraction from liquefaction, PETC is
reexamining filtration as an alternative to the
Kerr-McGee supercritical solvent extraction
process currently being used.

Uncommon Capabilities

Because PETC is a federal laboratory, its in-
house research and development is not propri-
etary except for protected information generated
under Cooperative Research and Development
Agreements (CRADAS); therefore, its personnel
are not inhibited in discussions with visitors,
as they might be in an industrial environment.
In addition, as a federal facility, PETC is per-
ceived as being able to provide an insider’s view
of the government’s policies and role in fossil
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energy. These considerations make PETC an
inviting place for foreign visitors.

Perhaps PETC’s greatest attraction is its long
and illustrious role as a coal research laboratory
with uncommon capabilities. Although other
well-equipped analytical facilities exist, PETC
is unique in its history and broad experience
of applying state-of-the-art techniques to coal,
coke, and coal-derived materials. Many of the
analytical methods currently used for coal were
formulated and developed in the Center’s ana-
lytical laboratories and were incorporated into
the accepted standard procedures used by coal
laboratories worldwide. The current standard
procedures for proximate analysis of coal
(moisture, volatile matter, and fixed carbon)
and ultimate analysis of coal (principal ele-
mental analyses) were first published by PETC’s
researchers when it was still in the Bureau of
Mines. These procedures formed the basis of
the methods adopted by the American Society
for Testing and Material—the ASTM Standard
Methods. Many of the other ASTM Standard
Methods were based on procedures developed
in the PETC laboratories. The standard reference
samples used for measuring Hardgrove Grind-
ability Index, a measure of the grindability of
coal, are prepared at PETC and provided (for a
fee) to laboratories worldwide. PETC has been
the federal referee laboratory for coal analysis;
as such, its data have been accepted by the
courts in federal lawsuits involving coal.

PETC’s hydrotreater unit is
designed to convert coal
to liquid fuels under high
pressure and to upgrade
heavy oils.



PETC’s X-ray photo-
electron spectrometer is
used to perform surface
or near-surface elemental
analyses.

PETC has pioneered the adaptation of new
methods to coal research and has originated
procedures that were initially intended for coal
but have achieved much wider applications.
Gas chromatographic (GC) analysis of coal-
derived liquids was initiated at PETC using a
GC instrument designed and built on site even
before commercial instrumentation was avail-
able. This analytical procedure led to the first
use of trimethylsilyl derivatization and to the
development of the ternary reagent consisting
of hexamethyldisilazane, trimethylchlorosilane,
and pyridine for forming derivatives of hydroxyl
and phenolic (-OH) groups. The reagent, devel-
oped and first used for the measurement of
phenolic groups in coal, subsequently became
a standard derivatization reagent that is still
widely used in sample preparation for gas
chromatography.

Always among the first organizations to apply
new techniques to coal research, PETC provided
some of the early spectroscopic investigations
in several areas. To the Center’s credit, PETC
was the possessor of several instruments with
single-digit serial numbers, which indicates early
entry into the use of the technique. However,
being a pioneer in research also meant suffering
through the problems associated with early
versions of equipment. The reward was the
opportunity to contribute to opening up new
techniques, using coal as the substrate on which
to base experimentation. Some of the earliest
work on measuring 13C nuclear magnetic reso-
nance spectra was carried out on coal at PETC.

One of the first applications of low-voltage, high-
resolution mass spectrometry to the group analy-
sis of complex mixtures was performed on coal
liquids by PETC analysts.

PETC has been applying spectroscopic proce-
dures to coal and its derivatives since the for-
mative stages of these techniques. Applied
procedures include infrared; nuclear magnetic
resonance, both proton and 13C; electron spin
resonance; and low-voltage, high-resolution
mass spectrometry. In each of these techniques,
PETC has made contributions not only in their
application to coal but also to the general un-
derstanding and application of the techniques
to classes of compounds and to the structure
elucidation of pure compounds and reaction
intermediates. In addition, PETC uses other
current spectroscopic tools in its continuing
research efforts, including scanning electron
microscopy, X-ray diffraction, and X-ray
photoelectron spectroscopy.

Between the 1930s and the 1960s, PETC was one
of the few, if not the only, research organizations
in the United States that was involved in coal
liquefaction, both direct (by hydrogenation) and
indirect (by Fischer-Tropsch chemistry). There-
fore, PETC established a worldwide reputation
for its studies into the mechanism of the chem-
istry involved in the reactions and behavior

of coal.

As an adjunct to its research on Fischer-Tropsch
chemistry, PETC was one of the first, and for
a time one of the very few, laboratories in the
world studying the chemistry of and catalysis
by metal carbonyls. This led to a practical syn-
thesis of octacarbonyl dicobalt, an important
catalyst in the Oxo reaction, in which carbon
monoxide and hydrogen are added to the
double bond in an olefin to produce an alcohol
(see sidebar). PETC became the world’s only
source of this catalyst for research purposes
until several commercial laboratories (operated
by former PETC employees) made it available.

For decades, PETC'’s facilities and personnel
have been acknowledged as international lead-
ers in coal preparation technology. Today, PETC’s
Coal Preparation Division operates a modern
facility, which can demonstrate the application
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of any preparation technology on coal at through-
put levels up to 500 lb (225 kg) per hour (see
PETC Review, Issue 5, “PETC’s Coal Preparation
Process Research Facility”). This showcase facil-
ity is the focal point for many coal technologists
from Japan, Korea, China, India, Australia,
Poland, Russia, Turkey, the United Kingdom,
and Canada. These visitors are interested in the
latest coal-cleaning technologies being tested

in the facility. These are technologies that the
United States can export to interested countries.

In the past two decades, PETC has expanded its
interests in response to the variety of demands
and restrictions that have been placed on the
use of coal. The result has been in-house re-
search on such areas as coal desulfurization;
microbiology involving fossil fuels; flue gas
clean-up involving both sulfur dioxide (SO,)
and NO, removal; improved combustion
methods; coal-slurry transport, stability, and
combustion; solids transport; and magneto-
hydrodynamics.

PETC's long and distinguished experience as a
federal coal research facility makes it of interest
to the international coal research community.
The Center's ongoing work continues to attract
international visitors and attention.

Visitors from Abroad
Poland

As a result of several visits by PETC researchers
to evaluate the Polish efforts in coal preparation
and liquefaction, a small but steady stream of
Polish coal researchers has come to the labs at
PETC. They came to study the various aspects
of flue gas desulfurization, liquefaction, and
analysis. This group has included academics,
scientists and engineers from coal research in-
stitutes, and personnel from industrial plants.
In the last several years, their interest has shifted
toward decreasing air pollution. Many Polish
governmental and industrial representatives
have visited PETC to discuss projects in Poland
to decrease air pollution (PETC Review, Issues
2, 3, 5, and 8) as well as to get hands-on experi-
ence in the related laboratory techniques.
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PETC’s Coal Utilization Division has hosted
several delegations of Polish visitors. Along
with discussing details of and participating in
meetings concerning technical solicitations for
cooperative U.S./Polish projects, these visitors
were very interested in PETC’s in-house R&D
laboratories.

Korea

The relationship between PETC and Korea has
been especially active. In 1982, a memorandum
of understanding was signed between the
United States and Korea, allowing PETC to in-
teract on behalf of DOE in a cooperative labora-
tory relationship with the Korea Institute of
Science and Technology (KIST) and the Korea
Institute of Energy Research (KIER) in the area
of coal use and technology. Following a visit
to Korea by PETC Director, Dr. Sun W. Chun,
PETC received many requests for information
and assistance. Arrangements were made for
representatives of the two institutes to travel to
PETC for short- and long-term assignments for
training and technology transfer. Through this
program, about 100 Koreans have visited PETC

- I
THE OXO REACTION

The Oxo reaction, or the hydroformylation reaction, involves the addition of carbon
monoxide {CO) and hydrogen {H) to the double bond of an olefin, catalyzed by
a transition metal compound.

R, H

I I
- R,— C—C—H
150 - 200°C [ |
H  CH,OH

Ry H
+ CO + 2H,
Ry H

catalyst

The Oxo reaction is related to the Fischer-Tropsch reaction (see PETC Review, Issues
2 and 4} in that both involve reactions of CO and Ho and transition metal catalysts,
and indeed, the Oxo reaction was discovered by Otto Roelen in Germany in 1938
while doing research on the chemistry of the Fischer-Tropsch reaction. Animportant
difference is that the Fischer-Tropsch reaction uses a solid, insoluble catalyst and the
Oxo reaction uses a soluble catalyst, the most common of which is octacarbonyl
dicobalt, Cos (CO)g. During studies on the two reactions, researchers at PETC
developed a convenient synthesis of this important catalyst. Before this, preparation
of research quantities of the catalyst had been inconvenient and produced only
small quantities at a fime. Indusirial-scale work relied on in situ preparation of the
catalyst species, which was never recovered as such.

The Oxo reaction is used to produce large quantities of higher alcohols from
petroleum-based olefins. These alcohols are used in the production of plasticizers
(e.g., dioctylphthalate) for plastics, in conversion to surfactants, and as solvents.




PETC's Combustion and
Environmental Research
Facility is used to examine
a variety of fuels and to
test novel control systems
and combustion
technologies.

since 1982. PETC has also provided technical
consultation to KIER and to KIST by sending
PETC scientists and other U.S. corporate repre-
sentatives to Korea—over 15 have visited Korea
since 1982.

The Korean visitors’ areas of interest have in-
cluded coal preparation, combustion, pollution
control, alternative fuels, and coal liquefaction.
One recent representative of KIER participated
with the Direct Liquefaction Division for a year
in their program to develop and examine im-
pregnated coal liquefaction catalysts.

People’s Republic of China

PETC’s pre-eminence in coal research has
created a strong attraction for scientists and
engineers from coal research institutes in the
People’s Republic of China, the world’s leading
producer and user of coal. An engineer from the
Institute of Coal Chemistry, Academia Sinica,
spent 2 years at PETC in the early 1980s to work
on modeling the high-pressure fluidization of
coal. This collaboration with PETC researchers
resulted in more than a dozen publications.
Many other Chinese researchers have been on
assignments to PETC for extended stays to
study direct and indirect liquefaction, liquid
fuel combustion problems, analytical instru-
mentation for characterization of coal and coal

liquefaction products, and slurry Fischer-
Tropsch catalysts.

The Chinese have recently sent representatives
to confer with PETC and U.S. Bureau of Mines
personnel who are conducting experiments
jointly on “heap-leaching” of pyrite (FeS,) from
coal. This procedure uses the natural microbio-
logically assisted, ambient moist oxidation of
pyritic sulfur to form a soluble sulfate ion
(8O47), which is then leached from the coal pile
by recirculated water.

Italy

The “heap-leaching” project brought another
visitor to PETC from Italy who spent 6 months
doing research on the biodepyritization of coal
by the organism Thiobacillus ferrooxidans in
collaboration with the PETC microbiology group.
This work, which was part of the Center’s on-
going effort on this topic, resulted in several
joint publications.

Italy, although a fuel-poor nation, maintains

a high visibility in energy research. This has
been most notable in catalysis research relating
to the chemistry of synthesis gas, a mixture of
hydrogen (H,) and carbon monoxide (CO)
formed by partial oxidation of a fossil fuel. From
this gas mixture, it is possible to produce motor
fuels, a large variety of chemicals, and methane.
PETC’s long involvement in research on this
chemistry has attracted a number of researchers
from Italy who worked for extended periods
with PETC chemists and engineers. They have
come principally from two industrial compa-
nies—Snamprogetti and Eniricerche—which are
engaged in research on heterogeneous catalysis
and alcohol synthesis related to the Fischer-
Tropsch reaction (PETC Review, Issues 2 and 4).

Spain

During the summer of 1993, PETC hosted a
doctoral candidate from the Institute of Carbo-
chemistry, University of Zaragosa, Spain, who
tested catalysts for coal liquefaction, including
those she was using in her Ph.D. work in Spain.
The catalysts were characterized by scanning
electron microscopy, Mossbauer spectroscopy,
and by tests in PETC'’s hydrotreater facility.
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The Former Soviet Union

PETC'’s interests in magnetohydrodynamics
(MHD) has attracted representatives from a
number of countries. The former U.S.S.R. had
an extensive MHD program that included a joint
project with the United States that brought nu-
merous visitors to exchange information with
PETC personnel. As part of the project, DOE
provided a large superconducting magnet to
the U.S.S.R.

Programs and Facilities that
Attract International Attention
Facilities

An area of specific interest to Korea has been
PETC’s 0.15-MW Combustion and Environmen-
tal Research Facility (CERF), formerly the Fuels
Evaluation Facility. The CERF provides a thor-
oughly instrumented combustor for examining
combustion properties of a variety of fuels,
including coal slurries, and for testing novel
control systems and combustion technologies.
This multipurpose facility has attracted visitors
from many countries, especially from Korea and
India. In both countries, the CERF is serving as
a prototype for the construction of similar com-
bustion test facilities that are being built.

India and PETC are even more deeply involved
in fuels evaluation activities. As mentioned
elsewhere (PETC Review, Issue 9, “International
Corner: India”), a Fuels Evaluation Test Facility
(FETF), similar to the CERF at PETC, is being
built in India with sponsorship by the United
States Agency for International Development
and with considerable technical support from
PETC. Several engineers from Bharat Heavy
Electricals Limited, the Indian company con-
structing the facility, have spent considerable
time at PETC examining combustion behavior
of Indian coals using the PETC CERF. These re-
sults will be used to provide baseline data for
the Indian FETF. PETC has provided construc-
tion information and training to visiting Indian
engineers, and has also sent PETC personnel to
India to assist in planning support for the FETF.
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FOSSIL ENERGY
INTERNATIONAL STRATEGIC PLAN

Each billion dollars of U.S. goods and services sold
overseas is estimated to create about 20,000 domes-
tic jobs at a median wage that is 17% higher than the
current average U.S. wage. If we can improve our
competifive position in the world market, U.S. export
volume and jobs for domestic workers will increase.
In recognition of these facts, the United Stafes has
developed a National Export Strategy, which will be
implemented by the Trade Promotion Coordinating
Committee (TPCC). In keeping with the spirit of the
TPCC effort, the Acting Assistant Secretary for Fossil
Energy {within the U.S. Depariment of Energy) com-
missioned an International Task Force to develop @
Fossil Energy Internafional Strategic Plan. The task
force was instructed fo keep in mind the visions of the
Administration of global environmental protection;
domestic economic development, including the cre-
ation of United States jobs and the export of United
States goods and services; and the roles and respon-
sibilifies of the elements of the Department of Energy
{DOE) and the Federal Government.

Once the strategic plan was approved, the task force
began developing regional implementation plans
that include descriptions of

* organizational roles and responsibilifies;

* resource needs, including financial
and personnel;

* milestones and workload sequencing
to accomplish the sirategy;

» detailed guidelines for developing
a communication and marketing plan;

¢ quantifiable performance indicators; and

* information obtained from stakeholders
about the strategic plan.

The mission of the Fossil Energy International Pro-
gramisto support DOE objectivestcimprove the U.S.
economy and enhance U.S. competitiveness and
technological advantage, more effectively manage
U.S. energy resources, and increase U.S. and global
energy security. As part of this mission, the regional
implementation plans are being developed fo pro-
vide a framework of focused and interrelated activi-
ties and procedures thatwill resultin the achievement
of DOE goals.
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PETC’s Particulate Flow
Andlysis Facility designed
to study the flow dynamics
in coal utilization processes
has also been used to
study the hemodynamics
of artificial heart pumps
and the flow fields in
artificial lung devices.

Programs

The Solids Transport Program attracts consider-
able international interest. The areas of coal-
water and coal-oil slurries are of intermittent
commercial interest whenever petroleum prices
rise sharply. When PETC initiated its slurry
studies in the early 1970s, the major interest was
domestic; in recent years this has changed. Today,
it is Europe and Asia, especially China, that have
become the leaders in slurry application. There
is interest, as well, in South America and Africa.
As a result of this worldwide attention, visitors
from many countries come to PETC to take ad-
vantage of PETC experience. SASOL, the huge
government-sponsored coal conversion com-
pany in the Republic of South Africa, has sent
several engineers to PETC to discuss the behav-
ior of coal-water slurries. Snamprogetti, of Italy,
has had personnel visit PETC to obtain coal-
water slurry information applicable to its work
in constructing fuel transport pipelines from
the former Soviet Union into Western Europe.
By far the largest groups of visitors who have
come to PETC to discuss coal slurries have
been from China.

One of PETC’s unique facilities is its Particulate
Flow Analysis Facility (PFAF), which uses
sophisticated flow diagnostic equipment to
study flow fields, especially in heat-exchanger
tube banks of coal-fired boilers (PETC Review,
Issue 4, “PETC’s Flow Analysis Laboratory
Assists Artificial Heart Research”). In a very
unusual marriage of unrelated research efforts,
the PFAF has been used to study blood flow

behavior in artificial heart devices. These two
very different uses of the PFAF have interested
a variety of international visitors; some have
been interested in boiler tubes and others have
been interested in the serendipitous work in
biocengineering.

The Benefits of
International Involvement

Clearly, the international community has
greatly benefitted from PETC’s extensive and
varied research capabilities and from the ability
to assemble researchers with knowledge and
expertise in many technology areas related to
coal. PETC is unique in having both the breadth
and depth in coal-related technologies that can
be directed to solving problems. As a result of
these qualifications, PETC has been the center
to which the overseas coal research and tech-
nology community has been attracted.

On the other hand, PETC and the United States
also benefit from these visitors. They leave be-
hind knowledge that they have brought with
them, for there is something to be learned from
every scientific interaction. More important to
our nation, however, is what the international
visitors take with them from PETC. When they
return to their native countries, they take with
them familiarity with U.S. technology and an
incentive to import that technology into their
own expanding energy programs. From that
perspective, PETC serves as a showcase for the
nation’s know-how and the Fossil Energy Inter-
national Strategic Plan (see sidebar).
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PETC’s OVE

ACTIVITIES

SEAS

Although the U.S. Department of Energy/Office of Fossil Energy
(DOE/FE) is developing an International Strategic Plan for future
application, PETC has been active in international coal technology
for several decades. Since the early 1970s, PETC staff members have
been traveling abroad, initially to exchange information but more
recently as unofficial ambassadors of U.S. fossil energy technology.

The coal research and technology community
has a long tradition of international activity. In
the early part of this century, most of the flow
of information was from Europe, particularly
England and Germany, to the United States.
After World War II, the direction changed, and
ultimately the United States became the princi-
pal coal technology nation. PETC has played
and continues to play an important role in
representing the United States abroad.

Cleaning the Air in Poland

Perhaps PETC’s most extensive overseas in-
volvement has been with Poland, one of the
world’s largest producers and exporters of coal.
For many years, Poland has supported several
research institutes that are devoted to coal and
has been actively engaged in developing coal-
based technology. PETC'’s overseas activities in
Poland began in the early 1970s, at a time when
world interest in coal liquefaction was reviving
because of global oil supply and pricing dis-
ruptions. Poland—coal rich and oil poor—was
interested in converting some of its coal to oil.
At that time, most Eastern European nations
were on less-than-friendly terms with the
United States; however, Poland welcomed del-
egations of PETC personnel for extended visits
to provide assistance in their coal preparation
and liquefaction programs. Although interest in
coal liquefaction subsequently waned in both
Poland and the United States, the relationship
established between PETC and the Polish coal
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industry remained
strong, and it was to
DOE/PETC that Poland
turned for assistance
in the latter part of the
1980s. The request for
assistance came after a
visit by then-President
George Bush to Poland
and after his publicly

CZEC
REPUBLIC

POLAND

stated commitment

to aid Poland in its
pollution-control efforts.

The worldwide problem of air pollution was
particularly severe in Silesia, which is located
in Southern Poland. Here, as well as in neigh-
boring Germany and The Czech Republic, the
uncontrolled and inefficient burning of coal was
causing increasing air, soil, and water pollution;
eroding the stone of buildings and monuments;
and threatening the health of the residents.
In this smog-covered area lies ‘
Krakow, the former Middle- ‘
Ages capital and third-largest
city in Poland. Both the Polish
government and the municipal

government of Krakow were
anxious to remedy the en-
vironmental situation. In
1989, talks were initiated
between DOE and the Pol-
ish Ministry of Environ-
mental Protection, Natural
Resources, and Forestry.

Shaded area shows
Silesia and neighboring
areas affected by severe
air pollution problems, due
in part to the inefficient
burning of coal.

Air pollution and acid rain
have eroded nearly all
detail from this statue in
Krakow. Photo courtesy
of Richard A. Liroff,
World Wildlife Fund.
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Within months, a U.S./Polish Bilateral Steering
Committee, which included a PETC representa-
tive, was established to oversee a two-part plan
aimed at reducing emissions from coal-fired
electric utility plants, coal-burning heating
plants, and household stoves in Krakow.

Since the inception of the Steering Committee,
PETC has been heavily involved in the negotia-
tions between the two countries and in the
implementation of the resulting agreements.
(Details of these agreements have been de-
scribed in PETC Review, Issue 2, “United States
Clean Coal Technology Exported to Poland,”
and Issue 8, “International Corner: Poland,
Kazakhstan, and Russia.”) The initial U.S. fund-
ing for the joint U.S./Polish initiative came from
money appropriated by Congress in 1989 for
the Support for Eastern European Democracy
(SEED) Act to support projects related to reduc-
ing emissions and improving energy efficiency
in Eastern European countries.

The Skawina Power Plant

The first goal of the cooperative U.S./Polish
agreements is to reduce the pollution from util-
ity plants that burn the indigenous, high-ash,
high-sulfur, low-energy-content coal. In 1990,
DOE/PETC initiated the process to select a U.S.
company to manufacture, in the United States, a
sulfur dioxide (SO2) scrubbing system for retro-
fit on a 50-MWe coal-fired boiler at the Skawina
Power Plant near Krakow. PETC was responsible

This power plant is one

of 1,300 of the relatively
small and inefficient coal-
fired district boilers found
throughout Krakow.
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for preparing, issuing, and administering the
Request for Proposal that led to the award to
AirPol Inc., of Teterboro, New Jersey, to fabri-
cate and direct the installation of the scrubber.
The magnesium-enhanced-lime scrubber can
reduce SO, emissions by 98%.

Even before the dedication of this scrubber unit,
the Skawina Power Station had provided addi-
tional funding to retrofit scrubber facilities on
another boiler. This represents the first “export”
of a U.S. technology that was part of this inter-
national agreement.

The Skawina Power Plant scrubbing system

is expected to be a showecase for all of Eastern
Europe. The other countries, and especially
those in the neighboring Silesian pollution
zone, will be able to obtain information about
the equipment and the results at Skawina and
to gain further guidance from PETC personnel
on adapting the appropriate technology to spe-
cific situations. Skawina will also serve as a
training site for prospective European buyers
of the technology.

The Krakow Clean Fossil Fuels
and Energy Efficiency Program

The second goal of the U.S./Polish cooperative
agreements is to reduce the air pollution in
Krakow. Like many large European and U.S.
cities, Krakow relies on centralized heating and
hot-water boilers. In Krakow, these 1,300 coal-
fired district boilers are relatively small and
inefficient. In addition, more than 100,000
simple, hand-fired home heating devices are
concentrated in the crowded central city area.
All of these units release low-level, ground-
hugging emissions that envelop the city in an
ever-present smog. A U.S./Polish Memorandum
of Understanding initiated a program to reduce
this pollution at a cost that the Polish citizenry
is willing to accept.

U.S. funding for this program is being provided
through the United States Agency for Interna-
tional Development (USAID). The United States
has committed $20 million to the program.
PETC has been chosen to implement and man-
age all DOE fossil-energy-related work for this
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program. Overall direction is provided by an

eight-member Bilateral Steering Committee that

includes representatives of USAID; DOE; PETC;
Krakow; and the Polish Ministry of Environmen-
tal Protection, Natural Resources, and Forestry.

An initial inventory was made of the boilers
and heaters, and data were gathered on their
emission characteristics and mode of use. PETC
initiated an assessment of these data with assis-
tance from municipal authorities in Krakow and
DOE’s Brookhaven National Laboratory (BNL).
This assessment showed that burning cleaned
coal or burning coal in an environmentally
sound manner would be nearly as effective at a
much lower cost than other heating alternatives.
Pilot tests on the district boilers and home stoves
were conducted with the help of personnel
from BNL and the Biuro Rozwoju Krakowa
(BRK, the Krakow Development Office). With
this information, PETC staff and the BRK ana-
lyzed the factors that contribute to Krakow’s
air pollution and evaluated potential solutions
to the problem.

Following public meetings in the United States
and in Krakow to publicize the program, DOE/
PETC issued a Program Opportunity Notice
solicitation for proposals from U.S. firms for
cost-shared cooperative agreements. Program
funding of $14.5 million was allocated for the
U.S. Government’s share of the cooperative
agreements. U.S. firms were required to cost
share at least 50% of each proposed project.
These agreements would support the establish-
ment of commercial ventures for cost-effective
approaches to reduce emissions in the Krakow
area. Evaluation of the proposals by a DOE
Source Evaluation Board resulted in the selec-
tion of nine proposals for funding.

These cooperative agreements should be com-
pleted by 1998. Projections of the effectiveness
of the proposed technologies predict sizable
reductions in emissions of hazardous hydro-
carbons and SO, as well as a 90% reduction
in particulate emissions at an increase in heating
costs of about 11%. A survey of public attitudes
has indicated that Krakow residents are willing
to pay the increased heating costs associated
with the pollution-reduction approaches
selected for the program.
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More than 100,000 simple, hand-fired
home heating stoves, as shown in the
inset, are concentrated in Krakow’s
older central city area. These units,
which are often fueled with coal

that is high in both sulfur and
ash content, release low-level,
ground-hugging emissions
that result in an ever-
present haze over

T — the city.
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By establishing a presence in the Krakow
area, U.S. businesses will be able to ex-
tend their technologies throughout Eastern
Europe, where there is an acknowledged
need for pollution remediation. Also, the
“lessons learned” and experience gained in
dealing with foreign countries will help DOE/FE
implement its International Strategic Plan (see
this issue, “Build It and They Will Come”).

The various phases of the U.S./Polish coopera-
tion have necessitated considerable involvement
of PETC personnel, including numerous trips to
Poland for on-site evaluation, consultation, and
project management functions. This experience,
as well as the many other international activities
carried out by PETC, will enable PETC to play a
larger role in future DOE involvement in over-
seas energy opportunities.

The Former Soviet Union and the
Newly Independent States

As was true for most areas of contact, relations
between the United States and the former Soviet
Union in fossil energy research and technology
vacillated between cold and tepid. There was at
least one fossil energy research area in which
cooperation actually reached the stage of col-
laboration—magnetohydrodynamics (MHD]).
PETC, which became involved in MHD research
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A large superconducting
magnet is loaded onto a
C-5 transport plane for
shipment to Russia. The
U.S. government “loaned”
the magnet to the Soviets
as a result of a working
relationship that developed
between PETC researchers
and their Soviet counter-
parts involved in MHD
research. A recent agree-
ment allows for the magnet
to be transferred to China
for additional research
work.
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over 25 years ago, was part of a small but dedi-
cated group of international researchers. The
Soviet MHD group was, uncharacteristically,

a sometime active participant, resulting in an
open exchange of information between PETC
and the Soviets. The culmination of this relation-
ship was the “loan” of a large superconducting
magnet to the Soviet MHD effort by the U.S.
Government, with the understanding that the
Soviets would share the results with us. In a
recent three-way arrangement, the magnet is to
be transferred to China, where there is currently
an increased interest in MHD (see PETC Review,
Issue 6, “Magnetohydrodynamics”).

With the dissolution of the Soviet Union, PETC
has acquired a new role in dealing with Russia
and the new Eurasian Democracies. In 1992,
Congress passed the Freedom for Russia and
Emerging Eurasian Democracies and Open
Markets (FREEDOM) Support Act, which is
designed to encourage developing democracies
and open-market economics. The act promotes
policies and technology transfer that will reduce
energy waste, encourage environmental aware-

ness, and improve efficiency of production and

transportation of fossil fuels. As DOE’s represen-
tative, PETC has been assisting USAID and
several components of DOE (Office of Energy
Efficiency and Renewable Energy, Office of
International Affairs, and Office of Export
Assistance) in promoting U.S. energy technol-
ogies, equipment, and services in Russia and
the new republics.

The scope of activities in Russia and other
Eurasian countries includes production,

transportation/transmission, conversion, and
use of fossil-energy-driven power generation.
Previous development of these resources and
systems during the past 75 years had been
directed under policies set forth by a central-
planning regime without recourse to market
forces. Before the current period, little or no
modernized industrial activity existed in any
of the countries that made up the former
Soviet Union.

Russia and the other Newly Independent States
are an attractive market for U.S. technology.
These areas are a potential market for fossil
energy technologies and need to adopt new and
cleaner environmental technologies to sustain
current production levels. However, transacting
business in this region can be difficult because
of the changes in government and unclear laws
of private ownership. The potential is there for
U.S. industry—but an operational framework
with the cooperation of DOE/FE and other fed-
eral agencies must be put in place.

At the 1992 U.S. Electric Power Technologies
Conference (organized by PETC personnel) that
was held in Moscow, clean coal technologies
were a focal point of the panel discussions. DOE
is encouraging the private sector to enter into
joint ventures in energy exploration and increased
production by working closely with the U.S.
Trade Administration, USAID, and the U.S.
Department of Commerce. The workshops and
technology exchanges that have been held in
the past 2 years will assist the Russians in de-
veloping new energy production facilities with-
in the context of a market-driven economy. These
utilities will be retrofitted or constructed on prin-
ciples of private ownership, will operate in an
economically secure fashion, and will compete
in a market-oriented economy. The success of
these efforts depends on the partnerships and
cooperative efforts that are established between
the governments of the countries concerned and
the Western investors, the independent energy
companies of Russia, and the other former
members of the Soviet Union.

A second conference is scheduled to be held
in Almaty (formerly Alma Ata), Kazakhstan to
acquaint energy industries in Kazakhstan with
U.S. business and technologies. The first

PETC Review Summer 1994



conference, held
in Almaty in
November 1992,
emphasized the
oil and gas indus-
tries (see PETC
Review, Issue 8,

KAZAKHSTAN
Almaty

“International
Corner: Poland,
indios) Oeonn Kazakhstan, and
[ Russia”); the sec-
ond will feature
the electric power industry. Funded by USAID,
the conferences are sponsored by the DOE
Office of Export Assistance and are organized
by PETC. The U.S. participants for these con-
ferences include senior representatives of inter-
ested industries, financial institutions, and the
U.8. Government. Kazakhi participants include
senior delegates from key ministries and repre-
sentatives of the appropriate industries and asso-
ciations. The goals of these conferences are to
allow officials to become aware of the needs and
capabilities of their respective energy-related
industries and to demonstrate to the leaders of
Kazakhstan that the U.S. business community
has the full support of the U.S. government.

Arabian
eq

Exporting PETC’s Fuels
Evaluation Technology

PETC has managed collaborative coal projects
in India since 1983. PETC representatives to
India provide technical and management coor-
dination for a coal-fired power plant life expect-
ancy demonstration project, coordination with
government officials in New Delhi on ongoing
and planned coal projects, progress and finan-
cial reporting on the PETC USAID agreement,
participation in meetings related to coal tech-
nology development in India, and information
exchange on the status of the U.S. Clean Coal
Technology Program (see, PETC Review, Issue 9,
“International Corner: India”).

India is the sixth largest coal-producing nation
in the world, but most of its coal has a very high
ash content. This presents challenges in both
coal cleaning and combustion, as well as in
environmental control. In particular, there are
large deposits of lignite in India that can be
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developed to feed the nation’s need for electric-
ity generation. However, to use this fuel, India

requires information on the combustion behav-
ior of this high-ash, low-energy-content lignite.

PETC’s Combustion and Environmental Research

Facility (CERF; formerly the Fuels Evaluation
Facility) is a highly instrumented pilot-scale,
coal combustion research facility that simulates

the combustion environment of a full-scale util-

ity boiler (see PETC Review, Issue 2, “Charac-
terizing Cleaned Coals in PETC’s New Fuels
Evaluation Facility”).

The Indian government, realizing that such a
facility would provide the information needed
to use their indigenous coal, entered into a co-
operative agreement with USAID to build a
facility similar to the CERF in India. Ground was
broken for the Indian facility (called the Fuels
Evaluation Test Facility [FETF]) at Trichy in
1991 using design data based on PETC’s CERF.
In collaboration with personnel at DOE’s Oak
Ridge National Laboratory, PETC wrote the
specifications for the equipment and instrumen-
tation, all of which were procured in the United
States and shipped to India by PETC. The FETF,
which is six times the size of the CERF at PETC,
was inaugurated in January 1994. PETC will
continue to provide assistance to the facility
during its start-up period.

The CERF has also been of interest to Korea.
Unlike India, Korea has little indigenous fuel
and (after Japan) is the world’s second largest

India’s Fuels Evaluation
Test Facility, patterned
after PETC’s Combustion
and Environmental
Research Facility, was
inaugurated in January
1994. DOE personne!
from PETC and Oak Ridge
National Laboratory were
an integral part of the
design and procurement
phases of construction.
PETC will continue to pro-
vide support during the
facility’s start-up period.
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Silhouetted in the back-
ground is the Mae Moh
Power Plant near Lampang,
Thailand, where at the
request of the Thais, an
EPA Action Team inves-
tigated incidents that
affected the health and
environment of the local
population. The EPA, in
turn, asked the Office of
Fossil Energy to provide
assistance, and because of
PETC's experience with flue
gas control technologies, a
member of the PETC staff
knowledgable in this area
was assigned fo work with
the team.
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importer of coal. Thus, Korea has an interest in

examining the combustion characteristics of the
coals it must purchase on the world market.
PETC is providing technical assistance to the
Korea Institute of Energy Research (KIER) to
construct and operate a 0.22-MW Fuels Eval-
uation Facility similar to the CERF at PETC.

PETC’s Ties with Thailand

One of PETC’s most unusual overseas assign-
ments has been in Thailand. Early in 1993 the
Royal Thai Government requested the expertise
of a U.S. Environmental Protection Agency (EPA)
Action Team to investigate environmental in-
cidents occurring at the Mae Mch Power Plant
near Lampang, Thailand. The EPA solicited FE
Headquarters to provide an expert in the area of
flue gas control technology. Because of PETC’s
experience in this area, a member of the PETC
staff was chosen to accompany the EPA team.
The objectives of the action team were to inves-
tigate the incidents at the plant associated with
adverse health effects experienced by the local
population. The team also examined the current
monitoring system in the Mae Moh area and
made recommendations on appropriate control
technology to mitigate the problems.

The Mae Moh complex is quite large and re-
quires about 7,000 employees in the 13-unit

power plant. The largest lignite mine in Thai-
land, Mae Moh produces 30,000 tons (27,000
tonnes) of coal per day. The health and environ-
mental problems in the area include acute res-
piratory distress among villagers near the plant,
noxious smells, and plant and livestock damage.
These problems are more acute during the three
winter months, especially when periods of
inversion may force the plume from the plant
toward the ground.

Based on their evaluation of the problem, the
action team recommended retrofitting commer-
cially available high-efficiency SO, removal
equipment on some of the units. Several other
units will use moderate-efficiency SO, scrubbers.
Until these SO, removal systems are installed
and new boiler units containing their own scrub-
bers are built, an interim policy has been adopted
that reduces plant output during adverse
weather conditions.

This episode is an example of interagency inter-
action to solve problems. It is anticipated that
EPA and PETC will cooperate on other occasions
in this era of global environmental concern.

Other International Work

In addition to the specific programs described
above, PETC personnel are involved in imple-
menting broad-ranging DOE agreements with
many other countries. PETC chemists have
helped the Chilean government evaluate its
coal reserves and have provided consultants
for China’s fossil fuel research facilities.

These international activities have provided
PETC and its personnel with first-hand oppor-
tunities to interact with other countries and
have familiarized other countries with PETC’s
capabilities. The Center enjoys and expects to
continue in its role as an ambassador of the
Fossil Energy International Strategic Plan.
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THE 7TH INT
CONFERENCE

COAL SCIENCE

In 1979, the United States, through the U.S.
Department of Energy’s (DOE’s) Offices of
Energy Research and of Fossil Energy joined
forces with eight other member nations of the
International Energy Agency (IEA) to organize
the first International Conference on Coal Science

FRNATIONAL

ON

(ICCS). This conference has continued every 2 years
and is now recognized as the most prestigious of all conferences
dedicated solely to the timely international exchange of basic

scientific information on coal.

Under the leadership of Dr. Sun W. Chun,
Director of the Pittsburgh Energy Technology
Center (PETC), and Dr. F. Dee Stevenson,
Program Manager of the Processes and Tech-
niques Branch of the Office of Energy Research
Chemical Sciences Division, DOE has been a
vigorous supporter of all seven ICCS confer-
ences to date. Conferences have been held in
alternating years since 1981, the most recent
one having been held in Banff, Alberta, Canada.

Early History

Administration of the ICCS was assumed by
the IEA in the late 1970s. The first ICCS was
held in Germany in 1981. Pittsburgh, Pennsyl-
vania, was the host city for the 1983 conference,
which was organized by PETC and chaired by
Dr. Sun W. Chun. Subsequent conferences were
held in Australia (1985), The Netherlands (1987),
Japan (1989), The United Kingdom (1991),

and Canada (1993). The 1995 conference is
scheduled for Spain.
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Goals, Objectives, and Importance

The ICCS plays an important part in the goals
and objectives of the IEA. Founded in 1974 after
the energy crisis of 1973, the IEA is the energy
forum for 21 industrialized countries. In re-
sponse to the energy crisis, the IEA’s primary
mission is to ensure energy security for its

21 member countries. Thus, the role of IEA has
a recognizable global impact with respect to a
more secure energy future worldwide. Because
coal currently provides about 30% of the total
world energy requirements and is likely to
continue to do so in the next few decades, the
worldwide energy community requires an ever-
improving scientific and technological under-
standing of the production and use of coal. The
ICCSs were sanctioned by IEA as an essential
part of ensuring the development and exchange
of that increased understanding.

The ICCS is of great benefit to the United States
because it provides an excellent forum for U.S.
coal scientists to (1) hear unpublished accounts
of current and on-going coal research in all major
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countries, (2) discuss current research and devel-
opment activities privately with coal scientists
throughout the international coal community,
and (3) increase foreign awareness of U.S. tech-
nologies and associated products that are avail-
able for export. The conferences support both
DOE foreign policy and development objectives
as well as objectives in science and technology.
As part of its foreign policy objectives, DOE
supports the IEA and, in particular, is a member
of the IEA’s Fossil Energy Working Party that
authorizes the ICCSs. Jack Siegel, who is DOE’s
Acting Assistant Secretary for Fossil Energy,
currently chairs the Working Party.

———

Conference Organization
and Features

The ICCS is supported by registration fees and
contributions made by member nations. Each
member nation has at least one representative
on the International Organizing Committee (IOC).
Drs. Chun and Stevenson have served as the
U.S. representatives to the IOC since the incep-
tion of the conferences. Host countries for con-
ferences are selected by IOC vote based on
proposals submitted by member nations.

The ICCS is primarily a technical conference for
the international exchange of scientific informa-
tion related to coal. Papers are presented by
many of the world’s most eminent coal scien-
tists, and only unpublished material is accepted
for presentation. Most papers are contributed
and subjected to three levels of extensive peer
review to ensure a quality conference. Papers
are first reviewed by a program committee
appointed by the host country. These recom-
mendations are then considered by members
of the IOC. The final

In addition to technical sessions, tours of coal
laboratories and coal utilization or conversion
facilities are often offered to conferees. A non-
technical program for spouses and guests con-
sisting of local tours of general interest is also
made available. Evening activities, both tech-
nical and social, are an integral part of the
conferences.

Another program feature of the ICCS is the
distinguished guest program. Members of the
IOC (see Table 1) are encouraged to invite lead-
ing coal scientists to attend as special guests of
the conference. The presence of these individ-
uals serves to enhance the conference. Guests
may serve as resource persons, present papers,
or preside at technical sessions. Their most
important role, however, is simply to attend
the ICCS. Conference attendees seek them out
for information on pioneering coal research,
encouragement and direction for the attendees’
current research activities, and advice on spe-
cific technical approaches to problem-solving
in coal research.

—————

The 7th International
Conference on Coal Science—
A Bridge to a Clean Future

The 7th ICCS was held in Banff, on September
12 to 17, 1993. According to one news release,
“The best minds in coal science, representing
virtually every coal-producing country in the
world, participated....” The figure on the fol-
lowing page shows the 22 countries that sent
representatives to the conference, attesting to
its international status. There were 307 del-
egates and guests in attendance. Co-hosts for
the conference were the

selections and session
organization are then
delegated to the host-

Table 1. Member Nations of the Iccs | Canada Centre for Mineral
International Organizing Committee

country program com-

) Australia
mittee. Accepted papers
may be presented either Canada
in oral sessions or as Germany
posters. Country mem-
Japan

bership in the IEA is not
required for technical
presentations at the ICCS.

and Energy Technology
(CANMET) and the Alberta
Netherlands Research Council.
Spain To open the conference,
United Kingdom several Canadian dignitar-
United Siates ies presented welcoming

statements. The opening
remarks of Sergio Garribba,
Director of Energy
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Countries Represented at the

7th International Conference on Coal Science*

Technology and Research & Development for
IEA, deserve special attention. He commented
specifically on fundamental coal science and its
implications for energy security, coal trade, eco-
nomic growth, and protection of the environ-
ment. Dr. Garribba noted that international
cooperation in the energy research and develop-
ment area, as evidenced by these conferences
and other IEA undertakings, has allowed IEA
member governments to pool and coordinate
their efforts to facilitate the development of new
energy technologies and information exchange.
He closed by stating, “This conference will offer,
I believe, plenty of opportunities for investiga-
tion, exchange of information, and new ideas
upon which to build a better future for the [EA
region and the countries of the world.”

The technical program of the 7th ICCS consisted
of 144 oral and 177 poster presentations. No area
of coal science was neglected, as evidenced by
the list of topics in Table 2. Conversion technol-
ogies, especially liquefaction, were covered in
depth, as was coal combustion. Coal character-
ization and the use of recently developed char-
acterization techniques, such as nuclear magnetic
resonance imaging, X-ray absorption fine struc-
ture spectroscopy (XAFS), and atomic force
microscopy, received special emphasis. Non-
covalent interactions in coal were a principal
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Colombia Israel
Austria Czech Republic Ivory Coast
Belgium Denmark Japan
Canada France Mexico
China Germany Netherlands

India Poland

*Countries represented shaded in map above.

focus of papers dealing with the intricacies of
coal structure because these are thought to be
involved during the initial reactions of coal
conversion. Pyrolysis and carbonization studies,
now largely neglected in the United States, were
the subjects of many papers from Europe and
developing countries. Technology transfer and
the possible exportation of U.S. technology to
other countries were often reflected in specific
presentations. During the 1970s, PETC was
heavily involved in a process designed to re-
move sulfur from coal using air oxidation. It
was learned at the conference that the process,
termed oxydesulfurization, is now being ex-
plored by the University of Sheffield (United
Kingdom) to solve a technical problem that is
somewhat unique to coals from the United
Kingdom—the presence of large amounts of
chlorine that generally leads to boiler corrosion
during combustion. PETC experts in the field
of oxydesulfurization, in attendance at the
conference, were able to offer technical assis-
tance and to encourage the use of U.S. tech-
nology overseas.

Russia

South Africa
Spain

United Kingdom
United States

0 s = e
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If you would like
additional infor-
mation on the Inter-
national Conference
on Coal Science,
please contact:

Dr. Fred R. Brown
Associate Director

for Research

and Development
U.S. DOE/PETC
P.O. Box 10940
Pitisburgh, PA
15236-0940

Table 2. Scientific Topics of the 7th ICCS
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Kinefics of Combustion

Pyrolysis Kinetics & Mechanisms
Ignition of Coal

Pyrolysis Products

Ash and Slag Characterization

Coke Formation

Trace Elements and Minerals
Liquefaction Catalysts

Environmental Aspects of Combustion
Hydrogen Donors in Liquefaction

SO7 and NO, Abatement

The technical program of the 7th ICCS differed
significantly from previous conferences in that
increased attention was paid to environmental
concerns, thus the theme of the conference:
Coal Science—A Bridge to a Clean Future.
Papers on trace elements in coal and the chem-
ical nature of the sulfur and nitrogen species
created much interest. Results of new studies
of both the pre-combustion cleanup of coal
(beneficiation and desulfurization) and the
post-combustion cleanup of flue gases (sulfur
dioxide, nitrogen oxides) were presented in
several heavily attended sessions.

The environmental technical presentations
were complemented by a special two-session
workshop entitled The Role of Scientific
Research in Addressing the Critical Environ-
mental Challenges Facing Coal Utilization in
the 1990s. The highlight of the workshop was
an evening session featuring Professors Dale
Swaine of the University of Sydney and Bill Fyfe
of the University of Western Ontario. The brief
presentations by Professors Swaine and Fyfe
were followed by much longer and more exten-
sive question and answer periods.

Professor Swaine’s presentation focused on
trace elements. He prophesied that many trace
elements “are destined to receive the critical
attention now accorded sulfur oxides, nitrogen
oxides, and carbon dioxide.” He downplayed

Hydrogen Utilizafion in Liquefaction
Greenhouse Effect

Codlification

Sulfur, Nitrogen, and Halogens in Coal
Chemical Composition

Beneficiation

Solvent Swelling

Oxidation and Weathering

Model Compounds

Desulfurization

Analytical, Thermal, and Spectral Techniques

the role of modeling studies, emphasizing that
the factors that influence how the elements in-
teract with the air, soil, plants, and water that
eventually absorb them vary dramatically from
site to site. His closing remarks, although given
in regard to the environmental effects of trace
elements, are important in a much broader
sense: “Society needs realism, good sense, and
balance through science. The world can have
conservation in equilibrium with development
if scientists do good research and obtain the
good will of society and industry. This will hap-
pen through the building of trust.”

Professor Fyfe’s remarks were more general and
included personal thoughts related to population
growth, greenhouse gases, energy conservation,
methods of pollution control, and the general
relationship between countries with the longest
average life span and their energy availability.
He projected that fossil carbon, solar, and geo-
thermal would be the energy sources for the next
century, and stated emphatically that “there is no
shortage of energy for the future, nor of poten-
tial technology to make that energy available.”
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Near-Term Testing of Advanced Physical Coal Cleaning Technology -

UPDATE

i

H

Estimates show that as much as 10 to 20% (by weight) of current coal preparation plant throughput is

fine material. This material is often discarded as refuse because of the inefficiencies of conventional

PETC research

cleaning and dewatering equipment in processing fine coal. Advanced physical coal cleaning processes

being developed for producing premium fuel (i.e., ultraclean coal in which the sulfur and ash contents coming to fruition.
have been significantly reduced) for advanced power systems require that the coal be finely ground.

Therefore, an opportunity exists for the early application to new or existing coal preparation plants for

the purpose of economically and efficiently cleaning coal fines.

As part of a cost-sharing pro-
gram sponsored by DOE/PETC,
Amax Research and Develop-
ment Center (now part of
Cyprus-Amax Coal Company),
recently completed an engineer-
ing analysis and feasibility study
of the potential near-term use of
advanced coal cleaning technol-
ogy for processing coal fines at
three of their plants—Ayrshire
in Indiana, Lady Dunn in West
Virginia, and Wabash in Illinois.
The integration of the advanced
processes into the preparation
plants’ existing cleaning circuitry
was evaluated on a conceptual
design basis. The analysis con-
cluded that near-term applica-
tion of advanced fine-coal
cleaning technology could (1) in-
crease the recovery of clean-coal
product, thereby increasing over-
all plant revenues at a nominal
increase in operating costs and
(2) reduce the volume of waste
material produced by the plants.

The Wabash Coal Preparation Plant, Keensburg, lllinois, is a newly constructed facility under
consideration for near-term testing of advanced technologies for processing coal fines.

The Ayrshire plant was subsequently dropped from consideration because the mine feeding the plant
will be shut down for an extended period of time. Laboratory tests with coals from the remaining two
plants will be conducted to verify the study results. Both the newly constructed 1,500-ton-per-hour
(1,350-tonnes-per hour) Wabash Preparation Plant (see photograph) located near Keensburg, Illinois,
and the Lady Dunn plant in West Virginia are being considered for near-term testing.
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Cme e pmm e .t s —meggerTh »

21

A AR AN AT D CENTRTmAY, | Ak A Ty £ .t T4 T W T T TN R TIOR3 R Xahs ~



Figure 1. Thin sections

of coal viewed under a
microscope reveal the
heterogeneous components
that make up coal.
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HAT IS COAL?

Coal, the largest tonnage commodity produced in the United States,
is also one of the least understood. It is often described as a black
rock composed of amorphous carbon, formed by transformations of
organic material requiring tens to hundreds of millions of years. This
description of coal is misleading and fails to present a true picture
of the nature and complexity of coal, its composition, and its
formation. What, then, do we really know about coal?

Coal is Black

This is the most obvious characteristic of coal,
yet it is surprisingly inaccurate. Even to the
naked eye, a lump of coal displays areas with
different visible surface features. Some areas are
shiny, others appear dull. Occasional fragments
of minerals can be seen. In many coals, gold-
colored particles of pyrite or “fool’s gold” (FeS,)
or white to yellow powder particles of air-
oxidized pyrite are discernible. All of these hint
at how colorful and varied coal appears when
viewed in thin sections under a microscope in
transmitted light. Microscopic examination

reveals the truly heterogeneous nature of coal
(see Figure 1). At a magnification of 40-60x,
coal exhibits brilliant colors—yellow, orange,

red, brown—which result from the different
components that make up coal. Inorganic min-
eral intrusions, mostly alumino-silicate clays
and pyrite, do not transmit light and, therefore,
appear as opaque particles under the micro-
scope. The colored sections represent the major
organic portion of coal. But even that part is far
from uniform. The organic portion of coal is
classified into three distinct constituents, called
macerals, mainly on the basis of differences

in microscopic light reflectance. Each of the
macerals, in addition to microscopic differences,
exhibits different physical and chemical behav-
ior and is derived from different precursors.

Because these macerals tend to be intimately
mixed, even at the microscopic level, it is diffi-
cult to obtain pure samples. By careful hand-
sorting of small particles of coal (under a micro-
scope), it has been possible to obtain almost
pure samples for examination. Concentrates of
macerals are also prepared by taking advantage
of the small differences in their densities.

By far the most abundant maceral in most U.S.
coals is vitrinite, representing as much as 85%
of the organic portion. Under the microscope
in transmitted light, the vitrinite varies in color
from yellow-orange to orange, red, and brown
and even becomes opaque as the rank of coal
increases (see sidebar p.23). The vitrinite pro-
vides the defining behavior of a coal, especially
its chemical reactivity. Usually, a reference to
a property of coal means the property of the
vitrinite maceral.
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The second colorful component of coal is the
exinite or liptinite. This maceral, usually only
several percent by weight of a coal, occasionally
is present in much larger amounts, especially in
some coals found outside of the United States.
In transmitted light, the exinite usually appears
yellow. It is made up of inclusions of organic
material from the coal precursors and is derived
largely from spores, resins, waxes, etc., that
have undergone little or no metamorphosis in
the coalification process. Much of the exinitic
material is readily soluble in organic solvents
and can be extracted from coal. Within this ex-
tract, naturally occurring organic compounds,
or biomarkers, are found that relate coal to its
precursors. Among these biomarkers, the most
obvious are several terpene hydrocarbons char-
acteristic of plants.

The third maceral in coal is inertinite, a desig-
nation that accurately describes its behavior.

It is opaque to transmitted light, although bright
in reflected light. The inertinite is thought to

be the charred remains of the plant precursors

Summer 1994 PETC Review

of coal, perhaps the debris of fires, and is incor-
porated into the coal-forming mass without
further conversion. Inertinite accounts for

only several weight percent of a coal.

From the Arctic to Antarctica

Coal is found in areas throughout the land
mass of the earth and can even be found under-
sea along some seacoast regions. It exists in
areas from the Arctic Circle to Antarctica and
is mined in widely dispersed areas of all the
continents except Antarctica (see Figure 2).

In some areas, such as the Illinois basin of the
United States, a number of extensive deposits,
or seams, of coal are found one above the other,
each with different properties. In these in-
stances, the deepest coal bed generally is the
oldest and of the highest rank, with each suc-
cessive bed being younger and lower in rank.
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In the United States, extensive coal beds are
found along both the eastern (Appalachian)
mountain range and the western (Rocky) moun-
tain area. In addition, large deposits exist in the
central states and the Northern Plains. Other
smaller deposits are found in several other
areas (see Figure 3).

Coal is Amorphous Carbon

The concept that coal is merely an amorphous,
or non-crystalline, allotrope of elemental carbon
survived until 50 to 60 years ago and is still
accepted by those unfamiliar with the molecu-
lar structure of coal. In reality, coal is best
described as a macromolecular matrix consist-
ing of an apparently random aggregation of
monocyclic and polycyclic aromatic and hetero-

Figure 3. Coal of various aromatic ring systems, substituted by phenolic-
rank is found in 38 of the OH groups and alkyl (mostly methyl) side

50 states, with extensive chains, and interconnected by a variety of co-
deposits found along the valent and hydrogen-bonding linking groups.
Appalachian and Rocky

mountain ranges. Large
coal beds are also found

Rather than being an amorphous elemental
carbon, coal has considerable functionality and

in the central portion organic structure. Although a molecular weight
of the country and range is occasionally quoted for coal, these
in the Northern

Plains.

values apply only to the fragments obtained by
chemical or thermal cleavage of bonds within
the macromolecule or to the soluble extracts.
The true extent of molecular bonding in coal
is unknown.

Because coal is a metamorphosed degradation
product of an initially complex biological pre-
cursor, it has no single unique molecular struc-
tural unit. Although a coal sample may contain
more than one repetition of a structural unit
(e.g., benzene, naphthalene, or phenanthrene
ring system), that unit is believed to have dif-
ferent groups randomly connected to it all or
most of the time. However, average molecular
parameters have been derived from a variety of
chemical and spectroscopic measurements. For
instance, we can measure the ratios of the struc-
turally inherent elements—carbon, hydrogen,
oxygen, nitrogen, and sulfur—in a coal sample.
From a combination of infrared and nuclear
magnetic resonance measurements, we can de-
termine the ratio of aromatic to aliphatic carbon
and hydrogen. Several chemical methods are
available to estimate the percentages of oxygen
present as phenolic and carboxylic groups—
most of the remainder of the oxygen is regarded
as present in ether
groups. All of these
gross structural data
lead to an “average”
chemical structure for
any given sample of
coal (see sidebar p. 21).
This average structure does
not represent any real coal
molecular segment, only the
structure of a hypothetical
segment. Although some-
times useful in speculating
about the properties or behavior
of coal, these “average” molecular
structures can be misleading
when they are invoked as “real.”
Because no two coals are iden-
tical, no two coal “structures”

- are alike.
Llegend
N Lignite Compounding the problem of
o lil Z”bb"”m'“m’s describing the structural complexity
itomi . :
<> = A'nl:;:::r: of coal is the presence of material
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soluble in organic solvents. The
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AN “AVERAGE” STRUCTURE
OF COAL

is made up of both small molecules (shown in gray)
that can be readily dissolved and of larger mol-
ecules made up of units (shown in orange) that are
covalently bonded together to form the macro-
molecular (very large molecule) matrix that is the
principal coal structure. The upper figure shows
some of the smaller molecular structures and types
of bonding that are present in coal. Included are
benzene {6-carbon hexagonal molecule}, naphtha-
lene (10-carbon bihexagonal molecule), phenan-

For any sample of coal, only an average molecular structure can be
derived. The structure shown is not intended to represent a specific coal
sample; it merely illustrates the fypes of molecular units and bonding
believed to exist in coals. The lower figure indicates that coal

threne (14-carbon trihexagonal molecule), pyrene
(14-carbon tetrahexagonal molecule), the heterocyclic mol-
ecules dibenzothiophene (containing sulfur) and acridine (containing
nitrogen), phenolic groups {~OH), methylene linkages (~CH2-), ether linkages
[~O-), and hydrogen-bonded, weak linkages {-O----H-O). (Note: Not all
hydrogen atoms bonded to ring carbons are shown.)

Above, an “average” coal structure,
as depicted by Dr. Sid Friedman,
PETC Review Senior Technical Editor.

amount of soluble material varies from less
than 1% for extraction by a “poor” solvent, (e.g.,
hexane) to more than 20% by a “good” solvent
(e.g., pyridine). Solubility also varies from coal
to coal, and there is some correlation to rank

or carbon content. The maximum amount of
soluble material is found in coals with a carbon
content of about 87%. Although some of the
soluble fraction is associated with the liptinite
(e.g., waxes and resins) and is made up of rela-
tively small, unassociated soluble molecules,
much of the material dissolved by “good” sol-
vents is apparently widely dispersed through-
out the coal (i.e., vitrinite) either in micropores
or encapsulated within the macromolecular
matrix. “Good” solvents swell the coal matrix,
making these trapped molecules accessible to
the solvent. Gas chromatographic-mass spectro-
metric analysis of these extracts indicates that
they are made up largely of aromatic and
heteroaromatic compounds of one to four rings,
including phenolic and aliphatic substituents,
as well as other unidentified molecular species.
The similarity between the structural features
of the soluble molecules in the extracts and the
average structural parameters lends credence to
the assumption that these soluble molecules are
representative of the types of units or subunits
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in the macromolecular matrix. Unanswered

questions about these soluble fractions include:

(1) How closely related structurally are these
soluble molecules to the rest of the coal
matrix?

(2) Are these molecules precursors of the
macromolecular matrix or fragmentation
products of it?

(3) How important are these molecules
in defining the reactivity of coal, as in
liquefaction?

Just as the organic chemist has a variety of
chemical molecular “structures” for coal and
the microscopist has pictures showing the
microscopic nature of coal, the physical scien-
tist provides data to quantify the physical char-
acteristics of coal. There is a strong indication
that coal is formed by the layering of its biolog-
ical precursors, as expected from its proposed
origin. This “layering” extends even to the
molecular level, as indicated by X-ray diffrac-
tion examination. At the lowest coal ranks, the
layers are small in size, and there is consider-
able randomness in orientation. With increase
in rank, the layers in a stack increase in dimen-
sion as well as number, and they become more
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IT STARTED WITH COAL

Coal research and technology is not thought to result
in “spin-offs,” but there are some notable examples.
Perhaps the most dramatic is the result of research
info coal liquefaction.

In 1913, Friedrich Bergius of
Germany announced that he
had succeeded in converting
solid coal inio a liquid resem-
bling pefroleum, from which he
was able to distill a product
suitable for use as gasoline. The
process, subsequently called the
Bergius process, used elevated
pressure (up to 4,000 psi, or
27.6kPa) and heattotreat pow-
dered coal with a catalyst in the presence of a liquid
vehicle and hydrogen gas. This was one of the first
technological uses of elevated pressure chemistry
and the first that required handling liquids under
such high pressures.

Friedrich Bergius

Because Germany, which had ample supplies of coal
but no petroleum, desired self-sufficiency in gaso-
line, development of the Bergius process received
considerable support during the next three decades.
This process, requiring large-scale high-pressure
equipment, provided much of the incentive for de-
veloping the apparatus necessary for commercial-
ization. Pumps, valves, and reactor vessels capable
of handling the high pressures needed for the chemi-
cal transformation were designed primarily for codl
hydrogenation.

Although industrial-scale processing of coal for direct
liquefaction has been limited fo production of syn-
thetic fuels in Germany during World War 1I, the
technology for high-pressure chemistry of liquids
had its beginning in coal liquefaction.

In 1931, Friedrich Bergius received the Nobel Prize
in Chemistry (shared) for his pioneering work in coal
liquefaction.

orderly in orientation along an axis. The highest
rank coals approach graphite in structure, hav-
ing extensive, flat, stacked layers of polycyclic
aromatic structures.

Another physical attribute of coal is porosity,
including the accessible pore surface area. Mea-
surements of pore volume or surface area for
coals provide a wide range of values depending

on the coal and the method used to make the
measurement. Surface areas of coals vary from
<1 m2/g when measured by N, adsorption to
200—400 m?/g when measured by CO, adsorp-
tion. The high CO; adsorption values may result
from dissolution of the CO, in the coal instead
of the monomolecular surface coverage that is
assumed by this method. The extremely low
surface areas indicated by N, adsorption for
some coals are actually less than the exterior
surface areas of the particles. True surface areas
must be somewhere in between.

Pore volume measurements also produce a
diversity of results. As expected, these vary
according to coal and method of measurement
but not with the range shown for surface area.
The general picture that emerges is that less
than 10 to 30% of a coal may be pore volume
and that pore sizes vary from micropores (2 nm
or less in diameter) to macropores (more than
20 nm in diameter). The percentage of pore vol-
ume present as micropores increases irregularly
as the rank of the coal increases. Only in lignites
are the macropores the dominant variety.

——————

Coal Was Formed from Decayed
Plant Material over Tens to
Hundreds of Millions of Years

Although there is almost universal agreement
that coal is derived from once-living vegetation,
the time frame for its formation is debatable. The
vegetative origin of coal has been established
based on (1) the quantities and ratios of carbon,
hydrogen, oxygen, and nitrogen in coal; (2) the
presence of the biomarkers, spores, and other
plant-derived liptinitic material; (3) the obser-
vation of still-existing, plant-like cell wall struc
tures in some vitrinite samples; and (4) the

chemical resemblance of lignite to plant lignin,
as well as the assumed role of plant-derived
peat as a precursor of coal.

The amount of time it takes coal to form is,
however, open to another interpretation. The
plant material from which coal is derived was
deposited during geological time periods from
the Devonian period of the Paleozoic Era (about
360 million years ago) until the Tertiary period
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of the Cenozoic Era (about 30 million years ago).
The most extensive coal deposits date from the
Carboniferous period of the Paleozoic Era (about
300 million years ago). This was a period of
plant growth that was encouraged by a warm,
moist climate. The plant life flourished, then
died, forming dense deposits of decaying mate-
rial in swampy conditions. Under the water,
anaerobic microorganisms assisted in the pro-
cess of converting the plant debris into a peat-
like deposit, incorporating mineral matter from
the environment and unconverted (e.g., spores,
waxes, resins) and partially converted plant
material.

Because the deposits were formed millions of
years ago, it has been inferred and often stated
that 300 million years were required to trans-
form that plant material into today’s coal de-
posit and, as a corollary, that each deposit was
transformed gradually (matured) during that
time to coals of progressively higher (or older)
rank. This helped to explain the rather rough
correlation between geological age and rank
of many coal deposits: the older the coal, the
higher the rank. However, there are many ex-
ceptions to this generalization and an equally
logical, alternative explanation.

We know that the plant material differed by
location and by geological periods. The factors
responsible for the ultimate properties of the
pre-coal deposit (e.g., salinity and pH of the wet
environment, the microorganisms present dur-
ing the composting period, the temperature of
the area) were probably different in each of the
locations where coal ultimately formed. These

The process of peat forming from decaying vegetation is
occurring throughout the world’s swamplands, including
the Florida Everglades, pictured above. Photo courfesy of
the National Park Service.
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All coals are not the same. In fact,
no two samples of coal are iden-
tical, either at the molecular or
macroscopic levels. Coal deposits
worldwide show variations in
many properties that range over
wide limits. As a convenience in
correlating coals according to
properties, coal has been classi-
fied by rank—an arbitrary sys-
tem based initially on fuel value

Exposed coal seams in Healy, Alaska, near
one of PETC’s ongoing Clean Coal projects.
The deepest coal seams are generally the
oldest and of the highest rank.

and metallurgical (coke-forming) properties and designed for commercial interests.
Fortunately, many coal properties are inferrelated, so that classification by rank
simultaneously orders coals roughly in the ascending or descending order of these
properties. In ascending order of rank (peat, lignite, subbituminous, bituminous,
anthracite), the coals exhibit a regular increase in percentage of carbon [with
consequent decrease in hydrogen and oxygen contents), an increase in energy
content, an increase in vitrinite reflectance, an increase in aromatic molecular
complexity, and a decrease in functional group content. (Peat s not usually included
in the ranks of coal, although it represents the initial stage in coal formation. )

differences, combined with the variations in
plant material, probably led to the variability
among coal-precursor deposits. These differ-
ences in progenitor may be responsible, at least
in part, for the variations in rank among coals.

The two principal parameters believed to be
responsible for the variability among coals,
particularly rank, are the pressure of overburden
experienced during metamorphosis and the
temperature extreme to which the deposit had
been subjected. Although these factors undoubt-
edly have played an important role in the degree
of metamorphosis of a coal, the metamorphosis
may not have required the entire length of time
indicated from the formation of the deposit to
the present. In other words, it is not necessarily
true that (1) a coal seam that is 300 million
years old required all 300 million years to be-
come the coal that it is today or (2) that the sub-
bituminous coal of today will ever become the
bituminous coal of tomorrow.

A likely scenario is that the decaying vegetation
was converted into peat, a partially decomposed
residue. This process is occurring worldwide
today in swampy areas (e.g., the Okefenokee
Swamp in Georgia and Florida and the Ever-
glades in Florida) although the vegetation of
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the coal-forming eras was different from the
growth found today in our swamps. After sedi-
ment formed and covered the peat bed, it would
have been transformed into its ultimate coal
type by one or more geological processes, such
as the movement of tectonic plates and the
uplifting of strata to form mountains, or by the
accumulation of large amounts of sediment.
These events would provide the pressure from
the overburden and the heat that results either
from the geological event or from the thermal
gradient because of burial depth—the two geo-
logical parameters believed to be the major fac-
tors in determining rank. Regardless of when
the peat deposit had been formed or of how
long it had been buried, the geological events
responsible for converting the deposit to coal
determined the rank and characteristics of the
coal. Thus, the 300-million-year-old peat de-
posit was probably converted to bituminous
coal during one or more “short” geologic time
events and has remained such ever since. It did
not require 300 million years of burial to be
converted.

The vitrinite in coal probably arises from the

transformation of the lignin of the plant material.

In low-rank coals—peat, lignite, and some sub-
bituminous coal—the vitrinite shows strong
similarities in chemical structure to lignin. Both
contain long chains of monocyclic aromatic
rings and considerable oxygen functionality in
the form of phenols and ethers. We assume that
during the early biogenetic phase of coal forma-
tion, the more easily degraded cellulosic plant
constituents were destroyed, leaving the more
resistant lignin to form the vitrinite during
geological metamorphosis.

This assumption explains the origin of vitrinite
in low-rank coals but does not adequately fit
the evidence for high-rank vitrinites. As one
ascends the rank of coal, the vitrinite becomes
more polycyclic in aromaticity and lower in
oxygen functionality, ultimately approaching a
graphitic structure in the highest ranking coal.
Traditionally, this alteration has been ascribed
to the effects of a longer period of metamorpho-
sis and of deeper burial with consequences of
higher temperatures and greater pressures of
overburden. However, lignite structures appear
to be more thermally stable than cellulose,

which readily transforms into coal-like chars
when heated. These cellulose-derived chars
are polycyclic in character and exhibit some
physical properties similar to high-rank bitu-
minous coal. This behavior, admittedly not
comparable to the geological process, does
raise the possibility that, although low-rank
coal (especially lignite) was formed from lignin,
the higher rank coals may have been formed, in
part, from cellulosic plant debris that was not
completely degraded by microorganisms.

What, then, do we know about the origin and
nature of coal? We know—

¢ when the peat-like deposits of decaying
vegetation that ultimately formed coal were
laid down, _

¢ that coals have complex chemical structures,
* that all coals are not the same,

e that coals are non-uniform mixtures
of components, and

* that coals are porous and layered and display
vivid colors through thin sections in
transmitted light.

Because of its heterogeneity and variability,
many characteristics of coals are not understood.
Little is known about the chemical nature of the
heteroatoms (S, N, O) in coal or about the bond-
ing between atoms that holds the macromolecu-
lar matrix together. Too often, experiments
result in conflicting or inconsistent evidence.
The challenge of solving the problems relating
to the nature and behavior of coal has led to the
development of new techniques, many of which
find applications in totally unrelated uses. In its
unusual and unglamorous way, coal research
provides an unrecognized “scientific frontier.”
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Kay Downey

As Technology Transfer Officer at PETC,
Kay Downey works with industry to encourage
use and commercialization of technologies
developed by government and government-
funded research. An early proponent of the
benefits of Cooperative Research and Develop-
ment Agreements (CRADAs), she was instru-
mental in developing PETC’s initial CRADA
in 1989, which was the first in the DOE system.

Kay has been an active participant in the
Federal Laboratory Consortium (FLC) for
Technology transfer and, in November 1993,
was elected to a 2-year term as Deputy Regional
Coordinator for the five-state (plus the District of
Columbia) Mid-Atlantic Region. Last spring, she
served as program chair for the FLC National
Technology Transfer Meeting in Pittsburgh,
which attracted more than 500 attendees.

In response to a developmental opportunity
from the Assistant Secretary for Fossil Energy
in the spring of 1993, Ms. Downey was nomi-
nated to take part in a 2-month assignment in
the DOE Headquarters Office of Technology
Utilization. Her assignment, as a member of

a working group drafting the Secretary’s Stra-
tegic Plan for Technology Transfer, included
direct participation in policy analysis and
development. While in Washington, DC, Kay
gained an increased awareness of Headquarters
operations and participated in the actions and
activities set forth under the Secretary’s plan.
She attended congressional hearings and assist-
ed in preparing material for congressional testi-
mony and staff briefings. During this assign-
ment, Kay met with senior staff of the Office
of the Secretary, attended relevant professional
society meetings and conferences, and met with
private-sector representatives to review, ana-
lyze, and offer responses to the broad spectrum
of actions handled by the Office of Technology
Utilization. The Director of the Office of Tech-
nology Utilization, Roger A. Lewis, wrote,
“Her insights into the realities of the laboratory-
partner negotiations process were particularly
helpful throughout the assignment. It is impor-
tant to note that developmental assignments
work both ways. Kay is a patient and effective
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teacher. One of our objectives from the devel- N 5
opmental assignments was to gain a better ap- N
preciation for field activities and government-
owned, government-operated laboratories...
we have greatly benefited from her knowledge
and perspective.”

PETC employees
who make a

After serving with the Secretary’s Strategic
Plan Working Group, Kay returned to PETC
and started implementing the actions outlined
in the plan to increase stakeholder input in the
Department’s activities. In October 1993, Kay
arranged PETC'’s first Partner Feedback Meet-
ing, which was attended by 40 industry and
university participants. More than a dozen

difference

PETC and Headquarters personnel were in-
volved as facilitators and presenters. To obtain
an even broader view, questionnaires were sent
to contractors, CRADA participants,and other
customers, including unsuccessful proposers.
Ideas generated were discussed at the National
Partners Feedback Meeting in November 1993,
in Washington, DC.

PETC’s future activities in the international
energy field will, among other things, necessi-
tate the increased transfer of technologies to
help emerging democracies overseas as they
retrofit and environmentally upgrade their
older coal-fired utilities. Kay states, “We
need a different mind-set if we’re going to
deal with industry and market the results of
PETC’s R&D worldwide. A good technology,
a ‘better mousetrap’ if you will, is not a
guarantee of success. Does anybody know
about it? Does it compete here and offshore?
Is it what the customer needs and, very
important, is it affordable? We in the

Kay Downe

government have y Y
| r
T

to cultivate an inter-
national marketing
perspective if we
expect to help the
United States be
strong in a global
market.”
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X REDUCTION
BY SCR/SNCR

As a precursor to acid rain and a contributor to ozone formation,
nitrogen oxides (NO,) emissions are likely to be targeted for further
reduction by the U.S. Environmental Protection Agency (EPA) when it
sets new regulatory standards on annual average allowable emissions.
Consequently, renewed focus has been placed on NO, controls, which
may be required to meet new compliance standards.

Beginning in 1995, the EPA will establish stan-
dards for all tangentially and wall-fired boilers.
The EPA will also establish new NO, emission
limits for all other categories of boilers (i.e., wet
bottom, wall-fired boilers; cyclone boilers; units
applying cell burner technology; and all other
types of utility boilers) by January 1, 1997. Setting
these benchmarks will take 2 years because dif-
ferent boiler system designs cause the formation
of differing amounts of NO,. In addition to boiler
system design, other variables that affect the gen-
eration of NOy are flame temperature, residence
time at high temperature, quantity of excess air
available for combustion, and nitrogen content
of the coal being burned. The greater any of these
variables, the greater is the tendency to form
NO,. Because so many variables are involved in
NO, formation and because the process for re-
ducing NOy emissions must not create any other
hazardous air pollutants, there cannot be one
standard method for controlling NO, emissions
from existing plants. The EPA has stated that
the cost of implementing a retrofit technology
will be balanced against its benefits. Therefore,
when EPA creates new emissions standards,
they will be based on the best existing system
of continuous emissions reduction, the control
technologies available, the cost of the available
technologies, and collateral environmental im-
pacts of using the control technologies. Through
the Pittsburgh Energy Technology Center (PETC)
Clean Coal Technology (CCT) Demonstration
Program, the U.S. Department of Energy (DOE)
is co-sponsoring the demonstration of retrofit
technologies that provide low-cost alternatives

for reducing NOy emissions from existing coal-
fired utility boilers. In general, there are three
principal retrofit technologies that reduce NOy
emissions. The first two methods, advanced
overfire air and reburning, have already been
discussed in previous issues of the PETC Re-
view (see Issue 6, “Low-NOy Combustion Ret-
rofit Projects,” and Issue 9, “Reburning for NOy
Reduction”). This article focuses on the third
method, Selective Catalytic Reduction (SCR)
and Selective Non-Catalytic Reduction (SNCR)
and also reviews several ongoing CCT demon-
stration projects that will help define SCR/
SNCR’s role in regulatory compliance strategy.

Pk T, Tai 5 AW

The Selective Catalytic
Reduction Process

SCR technology involves the injection of am-
monia (NHj3) into the flue gas passing through
a catalyst bed where NOy and ammonia react
to form harmless nitrogen and water vapor at
economizer exit flue gas conditions (typically
about 700°F [370°C]) prior to particulate re-
moval. The quantity of NH3 needed for a par-
ticular boiler system can be computed from
measurements of the uncontrolled NO, emis-
sion, the assumed amount of NO, reduction
achieved through combustion modifications,
and the estimated compliance target for NO,
reduction. Under typical SCR design and oper-
ating conditions, NO, reduction efficiency is
directly proportional to the NH3:NOy ratio up
to NOy reduction levels of about 80%.
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A simplified flow diagram for a typical SCR
process installation at a pulverized coal power
plant whose design includes a “cold-side”
(i.e., post air-preheater) electrostatic precipitator
(ESP) is depicted with major equipment in
Figure 1. Hot flue gas leaving the economizer
section of the boiler is ducted to the SCR reactor.
Before the flue gas enters the gas stream, am-
monia (NHj) is injected into the gas stream suf-
ficiently upstream from the SCR reactor to allow
complete mixing of the NH3 and the flue gas.
The quantity of NHj is adjusted to achieve the
desired degree of reaction with the NOy from
the flue gas as the gases pass through the cata-
Iytic bed of the reactor. The flue gas leaving the
reactor passes through the air preheater where
it transfers heat to the incoming combustion
air. Provisions are made for removing some of
the expected fly-ash fallout from the bottom of
the reactor. Ductwork is also installed to bypass
some flue gas around the economizer during
periods when the boiler is operating at reduced
load. This is done, especially on
retrofits, to maintain the temper-
ature of the flue gas entering the
catalytic reactor at the proper
reaction temperature. When re-
quired, sodium- or calcium-based
absorbents for SO, removal can
be injected into the flue gas

as the flue gas exits the air
preheater to the boiler’s par-
ticulate removal device.

Boiler

Figures 2 and 3 provide
additional details about
the catalyst configuration
and installation in a typical
commercial application of SCR.

Catalyst elements are manufac-

tured using a mold/extrusion process

and form the fundamental building blocks of
SCR installations. Catalyst elements are offered
commercially in two basic geometric shapes:
honeycomb grid and plate. Several catalyst
elements are bundled together to form a cata-
lyst module. Commercial installations use
multiple modules in several layers to form a
commercial SCR reactor. Current formulations
of SCR catalyst, based on processes patented
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by the Japanese, typically employ vanadium
pentoxide (V,0s) as the active material deposit-
ed on or incorporated into a substrate. Although
SCR is successfully and widely practiced in
Japan and Western Europe to meet stringent
NOy emission regulations, numerous technical
uncertainties are associated with applying SCR
to U.S. coals. These uncertainties include:

¢ Potential catalyst deactivation resulting
from poisoning by trace metal species
present in some U.S. coals that are not
present or present at much lower
concentrations in other fuels.

e Performance of the technology and effects
on the balance-of-plant equipment in the
presence of high amounts of SO, and SO;
(e.g., plugging of downstream equipment
with ammonia-sulfur compounds caused
by unreacted ammonia leaking through the
SCR reactor or “ammonia slip”).

|
| 3
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=
Flue Gas |
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Figure 1. Flow diagram
of a typical SCR process
installation at a coal-fired
power plant.
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Figure 2. Detailed

diagram of a typical

SCR configuration.

Gas Flow In

Catalyst elements
are manufactured

using a mold/

extrusion process

and form the
fundamental

building blocks of
SCR installations.
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» Performance of a wide variety of SCR
catalyst compositions, geometries, and
manufacturing methods under typical
high-sulfur, coal-fired utility operating
conditions.

These uncertainties are being explored by con-
structing a series of small-scale SCR reactors
and simultaneously exposing different SCR
catalysts to flue gas derived from the combus-
tion of high-sulfur U.S. coal. The first and
second uncertainties will be examined by
evaluating SCR catalyst performance for 2 years
under realistic operating conditions found in
U.S. pulverized coal utility boilers. Deactiva-
tion rates of the catalyst exposed to the flue

reduction performance and ammonia slip as
functions of the change in operating conditions.
Air-preheater performance will be observed to
evaluate the effects of SCR operating conditions
on heat transfer and boiler efficiency. The third
uncertainty is being addressed by using honey-
comb- and plate-type SCR catalysts of various
commercial compositions from the United
States, Japan, and Europe. Results from the
tests with these catalysts will expand the per-
formance knowledge of a variety of SCR cata-
lysts under U.S. utility operating conditions
with high-sulfur coals.

Figure 3. Detailed
diagram of catalyst

Honeycomb
gas from high-sulfur U.S. coal will be docu- elements. \Cata&st
mented to determine catalyst life and asso- S |\5|¢ment
ciated process economics. The second .
uncertainty will be explored by perform- Catalyst elements

ing parametric tests with the installation
and operation of air-preheaters down-
stream from the larger SCR reactors.
During the parametric tests, SCR operat-
ing conditions will be adjusted above
and below design values to observe NOy

Selective Catalytic
Reduction Reactor (SCR)

Gas Flow Qut

Ash Hoppers
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are offered com-
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basic geometric
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comb grid 7
and plate. :
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Several catalyst
/ elements are
bundled together
to form a catalyst
module. Commercial
installations use multiple
modules in several layers
to form a commercial
SCR reactor.
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Advantages of SCR

Despite its potential problems, SCR remains
the most technically advanced post-combustion
technology available that is capable of reducing
NOy to the extremely low values mandated in
certain areas of the world. Compared with other
post-combustion NOx-reduction processes, SCR
is clearly the most mature process, having been
used extensively worldwide on gas-, oil-, and
low-sulfur-coal-fired utility power plants. Also,
it has been applied at process scales up to
800 MW, whereas many of the other non-SCR
processes have been tested only at laboratory
scale. In this comparison, other SCR advantages
that become apparent include the following:

¢ No chemical by-products that require
marketing or off-gases that require
regeneration or disposal are produced
(only nitrogen and water vapor are formed).

¢ No significant re-engineering of the boiler
heat exchange cycle is required.

¢ No solid adsorbents, with the concomitant
high-energy consumption of handling and
transfer, are required.

» Relatively little capital and operating costs
are incurred.

e Simple chemical reactions improve the
overall reliability of the plant.

Moreover, if the process can be properly de-
signed for high-sulfur coal (to accommodate
potential process chemistry problems), SCR
will be inherently simple. Relative to other
NOy-reduction technologies, SCR is a dry
process with few moving parts. Only the
following boiler alterations are required:

e The ammonia metering system used to
pump and vaporize liquid NHj3, dilute
NHj with air, and inject the mixture in
a ratio consistent with the NO, concen-
tration in the flue gas

* Modifications to the flue gas handling system

* Periodic soot blowing of SCR catalyst and
air-preheater
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Based on a comparison of other post-combus-
tion NO,-control technology, SCR emerged as
the clear choice for demonstration by DOE'’s
CCT Program. Altogether, PETC is managing

17 Clean Coal Technology (CCT) projects con-
cerned with NO,-reduction technologies that
will help industry comply with EPA regulations.

Commercial Catalyst Performance
with U.S. High-Sulfur Coal

Nine commercially available SCR catalysts are
being evaluated at Gulf Power Company’s Crist
Unit 5 (75 MWe) to determine proper operating
conditions and catalyst life for the SCR pro-
cess. Co-sponsors of this CCT demonstration
project are DOE; Southern Company Services,
Inc., on behalf of the entire Southern Company;
the Electric Power Research Institute (EPRI);
and Ontario Hydro.

Crist Unit 5, located near Pensacola, Florida,
is a tangentially fired, dry-bottom boiler with
a hot- and cold-side electrostatic precipitator
that uses high-sulfur coal (about 3% sulfur).
Three U.S. suppliers (Englehard, Grace, and
Cormetech), two European suppliers (Haldor
Topsoe A/S and Siemens AG), and two Japa-
nese suppliers (Hitachi Zosen and Nippon
Shokubai Co., Ltd.) have been chosen to supply
SCR catalysts that represent various shapes and
chemical compositions.

The results from testing these catalysts will
enable the evaluation of process chemistry and
operation economics of applying SCR technol-
ogy to flue gas, with high and low dust loadings,
derived from the combustion of high-sulfur
U.S. coal. The design engineering and construc-
tion have been completed. A 2-year long-term
performance test began in July 1993. Qualitative
results from tests performed on six of the nine
reactors are available at this time. Table 1 gives
the performance of the catalysts. The infor-
mation is presented in terms of the catalyst’s
ability to meet the design criteria. In all cases,
the tested catalysts either meet or exceed the
design requirements. The goal of the demon-
stration is to show that SCR can achieve about
80% reduction of NOy emissions from utility
boilers firing high-sulfur U.S. coals (see

Tables 1 and 2).
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Table 1
Catalyst Performance
Coclyst Number Callyst  NO, NHySip SO, Changein
of Beds Type Reduction Oxidation  Pressure
#1 3 HC M E E E
#2 3 HC M E E E
#3 2 PT M E NA E
#4 3 HC M E E E
#5 3 PT M E E E
#6 3 HC M E E E

M = Meets criteria
E = Exceeds criteria

(i.e., performs better

than required)

NA = Data not available

34

for design case

HC = Honeycomb-type catalyst
PT = Plate-type catalyst

{The ammonia slip criterion is based
on the catalyst's current slip values
and is not a prediciton of slip ofter
a 2-year life.)

SCR Reduction Demonstrated
in the SNOX Process

The SNOX process is a flue gas cleanup
technology that catalytically removes 95%
of the SO,, 90% of the NO,, and over 99%
of the particulate emissions (see PETC Re-
view, Issue 6, “Low-NO, Combustion Retro-
fit Projects”). The SNOX process is being
demonstrated at Ohio Edison’s Niles Station
Boiler No. 2, a coal-fired cyclone boiler that
typically burns 2 to 3% sulfur coal. The
NOy-reduction catalyst in this demonstra-
tion is the Haldor Topsoe DNX monolithic
catalyst. SO, is removed as 93% sulfuric
acid, following oxidation to SOj3 in a cata-
lytic oxidative reaction downstream from
the NOy-reduction reactor. Co-sponsors of
this CCT project are DOE, the Ohio Coal
Development Office, ABB/ES, Snamprogetti,
and Ohio Edison.

SNOX system operation on flue gas began
in March 1992 and continued until Decem-
ber 1993. To date, test results confirm that
the design removal efficiencies of 95% SO,
and 90+% NOy were met or exceeded,
achieving 96% SOy and 94% NOy removal
efficiencies.

This demonstration has shown that the meth-
odology of the SNOX process offers a signifi-
cant advantage over other SCR technologies
using NHj that must operate with NH3/NO,
molar ratios of less than 1.0 to limit the NHj
slip past the SCR to 5 ppm or less. The con-
straint—to avoid ammonium salt scaling—
limits the NOy-removal efficiency of these
processes to less than 90%. Any NHj slip

in the SNOX process, however, is oxidized
to NO, as it contacts the SO, converter
catalyst downstream. This allows stoichio-
metric ratios of 1.00 to 1.05 and consequently
higher NOy-removal efficiencies without

the adverse downstream effects of higher
ammonia concentrations.

NOy-Reduction Capabilities
of SCR with SNRB

The SO.-NOy-Rox Box (SNRB) process is a
combined, high-efficiency, multiple-emissions
control technology for utility and industrial
boiler applications developed by Babcock &
Wilcox. SNRB incorporates dry sorbent

Table 2
Catalyst Design Criteria

Parameter Value
Reactor Inlet NOy 300-400 ppm
Particulate Loading 6-8 g/Nm3
Maximum Pressure Drop 1 kPa
{sum across catalyst beds}

Minimum Sustained 620° F {327° C)

Operating Temperature

Maximum Sustained 750° F (400° C)

Operating Temperature

Maximum Ammonia Slip 5 ppm
at 2-Year Life {at design conditions)

NO Reduction Efficiency 80%
{while meeting above slip criteria)

Moaximum Number of Catalyst Beds 4
Maximum SO2 Oxidation Rate 0.75%

{at design conditions)
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injection of sodium- or calcium-based absorbent
for SO, removal and SCR for NOy reduction
with a high-temperature pulse-jet baghouse for
controlling particulate emissions (see PETC
Review, Issue 6, “Low-NOy Combustion Retro-
fit Projects”). The SNRB performance is being
demonstrated at Ohio Edison’s R.E. Burger
Plant near Shadyside, Ohio, under sponsorship
by DOE, the Ohio Coal Development Office,
and EPRI The system, which operated from
mid-May 1992 through January 1993, accu-
mulated approximately 1,700 hours of high-
temperature operation. SO, emissions of

5.4 lbs/106 Btu (2.3 kg/G]J) from burning
medium- to high-sulfur (3 to 4%) bituminous
coal were reduced by 85 to 90%. Outlet SOy
emissions as low as 0.1 1b/106 Btu (43 g/GJ)
were also achieved. Uncontrolled NOy emis-
sions of 0.85 1b/106 Btu (370 g/G]J) were re-
duced by more than 90% to as low as 0.03 Ib/
106 Btu (13 g/GJ) with less than 5 ppm ammo-
nia slip. Particulate emissions from the indus-
trial pulse-jet baghouse have consistently been
less than 0.03 1b/1086 Btu (13 g/GJ). The catalyst
installed in each bag assembly was a zeolite-
based Norton NC-300TM from Norton Chemical
Process Products.

Figure 4 presents a cut-away view of a SNRB
pulse-jet baghouse. The unique SNRB baghouse/
catalyst configuration and operating temperature
of 800 to 850°F (427 to 454°C) (conventional
baghouses typically operate at 200 to 400°F
(93 to 204°C]) provide for high NOy-removal
efficiencies by eliminating the need for reheat-
ing the flue gas to 550 to 750°F (290 to 400°C),
which is typical of existing SCR installations.

The SCR catalyst operating environment is
also enhanced by the removal of particulates,
S0, and SOz upstream of the catalyst. SNRB
uses a high-temperature catalyst that is inte-
grated into the baghouse in such a manner that
the particulate loading and SOy concentration
are significantly reduced before the gas con-
tacts the catalyst. This “clean” side integration
of the catalyst promotes improved catalyst life
by minimizing the potential for pluggage,
erosion, and absorption of heavy metals

from the fly ash. Thus, the potential for
oxidation of SO, in the flue gas to SO3

is also reduced.
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The Selective Noncatalytic
Reduction Process

In SNCR, urea is injected into a boiler flue
where it reacts with the NO, and oxygen in the
flue gases to form nitrogen, carbon dioxide, and
water without a catalytic converter. A urea-injec-
tion system is capable of removing 40 to 50% of
the remaining NOy from the combustion process.

Urea is much easier to handle and store than
either aqueous ammonia or anhydrous ammo-
nia used in SCR. Although SNCR is simpler
and costs less than the competing SCR system,
it removes less NOy (40 to 50% compared with
about 80% for SCR) and has the potential for
higher ammonia slips. The SNCR process must
operate within a specific boiler temperature
range, about 1700 to 1900°F (925 to 1,040°C).

Figure 4. Cut-away
diagram of an SNRB
pulse-jet baghouse.
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If the temperature is too high, some of the urea
can actually be converted to NOy. If the temper-
ature is too low, some of the urea is converted
to ammonia, creating an unacceptable new pol-
lutant. Urea injection technology is not new.
Research sponsored by EPRI (current holder

of the SNCR patent) from 1976 to 1981 estab-
lished that urea was effective for NO, removal.

Full-Scale Demonstration of SNCR

SNCR is being demonstrated in conjunction
with several control technologies at the Public
Service Company of Colorado (PSCC) Arapahoe
Steam Electric Generating Station located in
southwest Denver, Colorado. Co-sponsored by
DOE, PSCC, and EPRI, the Arapahoe 4 Project
is integrating a dry NO,/SO, emissions control
system consisting of five major control technol-
ogies that combine to form an integrated system
for controlling both NO, and SO, emissions:
(1) low-NO, burners, (2) overfire air, and

(3) SNCR to control NOy emissions; (4) dry sor-
bent injection using either sodium- or calcium-
based reagents to control SO, emissions; and
(5) a humidification system.

Arapahoe 4 is a 100-MWe roof-fired unit
placed in service in 1955. Only 65 roof-fired
units similar to Arapahoe are installed in the
United States. Roof-fired units are character-
ized by a small furnace with a very turbulent
flame. NOy emissions are very high compared
with wall- and tangentially fired boilers and
are in the range of 1.15 lbs/106 Btu (0.5 kg/G]J).
The Arapahoe unit’s main fuel is a low-sulfur
(0.4%) Western bituminous coal, but moder-
ately high-sulfur (2.5%) Illinois coal is also
being used in the demonstration. The goal

of SNCR at Arapahoe is to provide up to an
additional 40% NOy reduction from the
reduced levels already obtained with com-
bustion modification.

Noell, Inc., was selected to design and supply
the urea-based SNCR system at Arapahoe.
Figure 5 shows a simplified flow diagram of
the system as implemented at Arapahoe. Urea
is received in a 65% aqueous urea solution and
stored in one of two 20,000-gallon (76 kL) stor-
age tanks. Because the concentrated urea solu-
tion will crystallize at about 115°F (46°C), the
solution is continually circulated through an

electric heater system. A small slipstream of the
urea is filtered, mixed with recycled softened
water to further dilute the urea, and pumped at
high pressure (300 to 600 psig [2.0 to 4.7 MPa))
to Noell’s proprietary injection nozzles. A cen-
trifugal compressor is used to supply a large
volume of medium-pressure (6 to 12 psig

[41 to 82 kPal]) air at the injection nozzles to
help atomize the urea solution and rapidly
mix the urea with the flue gas.

The SNCR system at Arapahoe has two injector
levels. The lower (or hotter) level injects urea
countercurrent to the flue gas at about a 45° angle
downward. The upper-level injectors are located
immediately above a row of screen tubes and be-
low the primary superheater. Each of the levels
has ten injectors placed 3.5 feet (1.1 m) apart.

Initial baseline testing of the urea injection sys-
tem began in February 1992 and will continue
until mid-1994. The system is performing well,
and total NO,-reduction levels of about 30%
have been obtained at full load with minimal
ammonia slip. At lower loads, the temperatures
cool so that only 10% removal can be obtained
with low ammonia slips. Emissions monitoring
of nitrogen dioxide (NO,), conducted continu-
ously during the test program, indicates that
urea converted 10% of the NO, to N,.

Demonstration of NO,OUT

SNCR NO,OUT technology will be demon-
strated on the New York State Electric and Gas
(NYSE&G) Milliken Station Unit 2 near Lansing,
New York. The NO,OUT process will be pro-
vided by Nalco Fuel Tech. Other sponsors

of the upcoming demonstration are DOE,
NYSE&G, and EPRI.

The NOLOUT process is a new chemical and
mechanical system for cost-effective NO, re-
duction from fossil-fueled and waste-fueled
combustion sources. The NO,OUT process
uses patented chemical enhancers and me-
chanical modifications to widen the tempera-
ture range (between 1,600 and 2,100°F [870
and 1,150°C]) over which the urea solution
will react with the NOy to form nitrogen, car-
bon dioxide, and water. SOz will be removed by
a chemically enhanced wet-limestone scrubber.
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fire Air

Boiler

The Milliken demonstration project, currently
in its design phase, would be the first applica-
tion of the NO,OUT enhanced urea injection
SNCR on a high-sulfur, coal-fired boiler. The
design was completed in 1993, and construc-
tion is scheduled for completion in 1994.
Operational testing will start in 1995.

The innovative technology envelope represent-
ing the SNCR system would include the NO,OUT
solution injection equipment and the process
configuration of the injection nozzles for high-
sulfur, pulverized-coal systems. Based on pilot-
scale and oil-fired full-scale testing, a 30 to 50%
incremental reduction in NOy emissions is
projected.

With regard to uncontrolled NOy emissions,
NYSE&G’s Milliken Station currently emits
about 6,900 tons {6,264 tonnes) per year. The
proposed demonstration project would reduce
NO, emissions to 4,700 tons (4,267 tonnes) per
year or less by improving station efficiency and
modifying the combustion process through the
installation of advanced overfire air, low-NOy
burners, and windboxes. NOy would be further
reduced by at least 20% through the inclusion
of the NO,OUT SNCR systems.
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Figure 5. Flow diagram

of the urea-based SNCR
system at Arapahoe Steam
Electric Generating Station
in Denver.

A Strategic Remedy

Utilities must rely on retrofit technology to
successfully remove both NOy and SO, from
existing coal-burning utility plants, while not
increasing production of any other of the 189
substances they are required to monitor. DOE’s
goal is to remove at least 99% of SO, and 95%
of NOy produced from the combustion of coal.
SCR/SNCR are relatively simple and low-cost
post-combustion retrofit technologies that will
play a vital role in the utilities’ compliance
strategies. By investigating all aspects of retrofit
technologies, such as SCR and SNCR, PETC'’s
CCT demonstrations provide valuable data, in-
formation, and operating experience to the EPA
in accomplishing its environmental mission.
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CALENDAR

September 6-8, 1994 Third Annual Clean Coal Technology Conference

Location: Chicago, Illinois
Contact: Joseph Strakey — (412) 892-6124

September 6-8, 1994 Liquefaction Contractors Review Meeting

Location: Pittsburgh, Pennsylvania
Contact: Gilbert McGurl — (412) 892-4462

September 12-16, 1994 11th Annual International Pittsburgh
Coal Conference

Location: Pittsburgh, Pennsylvania
Contact: Bruce Utz — (412} 892-5706

* September 29, 1994 Regional Technology Transfer Meeting
for High-Efficiency SO, Removal

Location: Pittsburgh, Pennsylvania
Contact: Janice Murphy — (412) 892-4512

October 6-7, 1994 Sixth Triple E Seminar
(Enrichment seminar for elementary level instructors)

Location: Pittsburgh Energy Technology Center
Contact: McMahan Gray — (412) 892-4826

October 8, 1994 Fall Granular Flow Advanced Research Objective
(GFARO) Review and Planning Meeting

Location: Philadelphia, Pennsylvania
Contact: Sean Plasynski — (412) 892-4867

1994 Symposium on the Transfer and Utilization of
Particulate Control Technology
Location: Washington, DC
Contact: Charles Drummond — (412) 892—4889

1994 International Conference on Managing
Hazardous Air Pollutants: State-of-the-Art
Location: Washington, DC
Contact: Charles Drummond — (412) 892—-4889

1994 EPRI/EPA/DOE 1994 SO, Control Symposium

Co-sponsors:
Electric Power Research Institute
Environmental Protection Agency
Location: TBD
Contact: Charles Drummond — (412) 892-4889

* Tentative
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HicHLIGHTS

Solids Concentration Measurement
in a Three-Phase Reactor—Ultrasonic Technique

Application of the three-phase slurry reactor system for indirect coal liquefaction processing by the
Fischer-Tropsch process has recently received considerableattention. To design and efficiently operate
a three-phase slurry reactor, the degree of dispersion of the solid (catalyst) in the reactor must be Ouigrowfh
understood. The most obvious methods of making this measurement, such as optical and direct
sampling, are adversely affected by perturbation of the reaction system or by difficulty in obtaining
measurements because of high pressure, temperature, or opacity of the slurry phase. A novel method
involves the measurement of ultrasound transmission developed at the Pittsburgh Energy Technology
Center (PETC) using a technique for the direct measurement of solid concentrations in a three-phase
slurry reactor.

and evolution
of PETC research.

Because the velocity of sound in a liquid differs significantly from that in a solid, a time shift and an
amplitude change in the sound wave relative to those parameters for the pure liquid can be detected
when solid particles are present in a slurry. Theoretically, the solids concentration can be correlated to
the relative time shift. In a slurry reactor, the solids concentration can be measured by sending an
ultrasonic pulse across the slurry and measuring the amplitude and time shift of that portion of the
transmitted pulse received at the opposite side of the reactor. Clearly, the presence of the solids caused
a substantial decrease in both the amplitude of the sound wave and in the transit time as shown in the
figure below. Typical data of the ultrasonic signal is affected by 1 wt% of solids. Here, t, and ty, are the
arbitrary first distinct zero crossing time in liquid and in the presence of solid in the slurry. The travel
time of the sound wave between the transmitter and the receiver is defined as t,.

The preliminary study of the ultrasonic technique conducted in the water/air/glass bead system has .
demonstrated the feasibility of this technique under ambient conditions in a three-phase reactor. T{:'ml data of ‘I’"
Current efforts are underway to apply the ultrasonic technique under temperature and pressure with :H;izslf:;l?l:ﬂ:s
molten wax as the liquid phase. of solids.

Water \
n=30db) .

{Gai

f the sound wave bétween™ ~
the transmitter and the receiver.

..........

t, and f}, = arbifrary first distirict zero *
. crossing time in liquid and in the
« presence of solids in the slurry.

P U U U U U W U G N
91.68 92.18 92.68 93.18 93.68 94.18 94.68 95.18 95.68
! Time {psec) |
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Vitrification Tests of Surrogate Low-Level Radioactive
Incinerator Ash Successfully Conducted

More than 100,000 tons of hazardous low-level radioactive waste material are now being stored at
various sites around the country in drums or simply left in place as large tracts of contaminated soils.
Drum storage is a very costly yet temporary solution. Inpoundment is equally unattractive because the
contaminated material may be released into the environment. Disposal of these materials in secured
landfills is not permitted because of the potential for leaching of contaminants into the groundwater.
In the past, no single disposal method has shown the ability to effectively destroy toxic organic
contaminants and vitrify the inorganic portion of the waste to prevent leaching during long-term
storage. Now it appears that a coal-fired industrial melting process developed with Department of
Energy (DOE) funding may provide a near-term solution to

this pressing disposal problem.

Recently, observers from DOE, Oak Ridge
National Laboratory, and a number of in-
dustrial concerns gathered at Vortec’s test-

Fuel and Feedstock
Injection Assembly

ing site near Pittsburgh, Pennsylvania, to
observe gas-fired, hazardous waste melt-
ing tests using a 20-ton-per-day, pilot- \(;ounteré?Ro\t/ohng
scale advanced Combustion and ortex { - )
; Combustion
Melting System (CMS). The tests Preheater
were designed to demonstrate the /
ability of the melter to convert Comb'_JS“O“
simulated low-level radioactive Air .
- . Combustion
waste material into a relatively Gas
benign vitrified form. The tests Inlets

were sponsored jointly by
PETC and DOE’s Office of
Environmental Restoration
and Waste Management.

Raw Materials for
Glass Production

Codl ‘—J
Air —P>

Vortec vitrification process showing the
Combustion and Melting System {CMS$) for
selected industrial process healing applications.

Glass/Gas Separation Chamber

Molten Glass Product¢ i Stack
//’4—Chute

<4—Quench Water
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The basic function of the CMS is to rapidly heat glass-forming materials to high temperatures that are
well above the melting point of the mixture. Heat is supplied by the combustion of relatively small
quantities of coal or other fossil fuels introduced at the top of the counter-rotating vortex (CRV)
combustor which efficiently transfers heat to the glass-forming material in a highly turbulent flow field.
Physical and chemical reactions are completed in a cyclone melter positioned below the CRV. The
CMS not only melts most inorganics but also destroys any organic material that might be present. Any
inorganic material contained in the feed, such as ash or contaminated soil, is uniformly dispersed
throughout the molten glass and subsequently becomes permanently immobilized upon solidification.
After melting is completed, the mass flows from the cyclone melter to an enclosed reservoir where
gases are separated from the molten material. In the case of glass manufacturing, the glass can then be
transported to the appropriate finishing process. The gaseous combustion products pass through a
waste-heat recovery unit and are then quenched with water and passed to a wet electrostatic pre-
cipitator to remove particulates.

The Vortec project is one of three currently active efforts sponsored by PETC that are designed to
stimulate the use of coal by the industrial sector in an efficient and environmentally compatible
manner. The phased development of the coal-capable Vortec advanced melting system was initiated
by PETC in 1986. The CMS is now in the third and final phase of refinement. Phase I consisted of an
initial feasibility assessment. In Phase II, the basic CMS system was constructed and preliminary
lab- and pilot-scale testing were conducted. Tests conducted under Phase Il showed that the melter can
be fired with pulverized coal and/or natural gas to produce glass cullet from waste glass. These same
tests revealed that the process would be able to comply with the most stringent U.S. emissions standards
for glass-melting operations without the additional need for SO; and NOy control equipment.
Preliminary technical and economic analyses showed that the CMS had the potential to increase the
energy efficiency of the glass melting process by 25% (versus conventional glass-melting technology)
while decreasing capital costs by a similar percentage. The ongoing Phase III of the Vortec CMS project
isintended to generate the CMS operating data required for commercialization of this advanced melting
technology.

In Phase I1], an integrated pilot-scale glass manufacturing facility was assembled. More than 500 hours
of actual testing (glass production) will be performed in this 3-year project phase. This testing will
include several short-duration exploratory tests and 100-hour proof-of-concept tests. At this stage of
development, the CMS has already proven itselfin anumber of high-temperature melting, smelting, and
wasterecycling and vitrification applications. CMS applications include the production of usable glass
and mineral fiber products from a variety of conventional and non-conventional sources. Feedstocks
have included coal ash from an industrial boiler, sewage sludge ash, waste container glass, and glass
and fiber process wastes. Ash vitrification tests have shown that the CMS product is non-leachable,
leading to Vortec’s participation in programs concerning soil remediation sponsored by the Environ-
mental Protection Agency (EPA) and DOE’s Morgantown Energy Technology Center (METC). Recogniz-
ing the near-term commercial potential of the CMS system, several private-sector industries (including
a major U.S. supplier of insulation fiber products and a major equipment supplier for the mineral fiber
industry) have begun to provide significant support for the development effort.
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CRADA with Montec Associates, Inc.

A Cooperative Research and Development Agreement (CRADA) between the Pittsburgh Energy
Technology Center (PETC) and Montec Associates, Inc., has been initiated. The objective of this effort
is to develop electrode materials for various arc-mode devices by capitalizing on and extending the
readily available information obtained from magnetohydrodynamics generator studies.

This information is applicable to plasma arc electrodes that are used in metals processing and also have
applications in the field of hazardous waste destruction and vitrification. The project was initiated by
fabricating electrodes using various materials, including platinum-tungsten-capped elements and
various tungsten and tungsten-based materials, both wrought and press-sintered, some of which were
doped with various materials to enhance high-temperature strength and increase oxidation resistance.
A bench-scale test apparatus has been designed and constructed to provide a systematic evaluation of
arc-mode electrode configurations and materials wear mechanisms.

The atmosphere in the arc region was varied with air and argon as cover gases, and some tests included
the use of an oxygen-acetylene flame to simulate the background heat flux. Experiments have been con-
ducted on anodes identical to those tested in a prototypical magnetohydrodynamics generator under
load conditions. These tests indicated that the bench-scale test process is suitably designed to provide
a method to screen electrode material designs for operation in an arc-mode regime. Parametric
investigations of electrode wear, as a function of arc strength and arc dwell time, were completed to de-
termine the effect of arc heating on wear.

Preliminary results show that the wear is domi-
nated by arc strength and that a threshold arc
level of 12 amps or greater will result in cata-
strophic wear of platinum caps and high wear
rates for the tungsten caps. These electrodes are
currently being characterized by PETC using
various state-of-the-art analytical surface char-

acterization techniques, including scanning
electron microscopy, energy dispersive spec-
troscopy, and X-ray photoelectron spectroscopy,
to determine wear and damage mechanisms for

the electrodes.

A bench-scale test unit showing design and
construction. This will provide a systematic
evaluation of arc-mode electrode configurations
and materials-wear mechanisms. (Test rig set up
by Busek Company, Needham, Massachusetts.)
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3rd Annual Regional Science Bowl
Pushes Correct Buttons for Participants and Volunteers

On Saturday, February 12, 1994, participants

from 32 high schools in the southwestern sec-
tion of Pennsylvania came to the Community

College of Allegheny County (CCAC) to com-
pete in the 3rd Annual Regional Science Bowl,
co-sponsored by PETC, CCAC, and others.

PETC, CCAC, and the other co-sponsors
supplied the volunteers who served as time
keepers, rules judges, score keepers, technical
judges, and moderators for each round of the

competition. The final rounds of the competi-
tion were held in PETC’s Conference Center
on Wednesday, February 16, 1994.

The winner of the southwestern regional,
Gateway High School, went on to compete in
the National Science Bowl in Washington, DC
where they placed seventh overall.

B Above—The Southwestern Pennsylvania Regional Science Bowl winners
of Gateway High School. From left to right: Pat Gerity, CCAC-South
Campus liaison; Gateway High team members, James Kiger, lan Tzeng,
Innate Mak, Albert Hwang, Matthew Perlman, and coach, Donald Vosnick;
Kay Downey, Science Bow! Coordinator, PETC.

B Above—Students from
Canevin Catholic High
School confer during a
break in the action.
From left to right:
Brandon Jacoby,
Melissa Connelly,
Kathleen Davis, and
Anthony Roscoe.

B Above—CCAC provided the facilities and the lunch for Science Bowl
parficipants and volunteers.

B Left—Volunteer Coordinator, Jacqueline Balzarini of PETC (leff) and
Lucille Katz of Gilbert/Commonwealth, verify scores at the end of a
round of competition.
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RD&D AWARDS

Research, Development, and Demonstration (RD&D) Awards are awarded by PETC as (1) grants to universities,
(2) contracts to corporations, or (3) clean coal cooperative agreements with industry. They support key scientific and
engineering projects identified by PETC as vital to the nation’s energy interest. For reports resulting from these
contracts, please contact either:

(1) For DOE employees and its contractors:

Office of Scientific &
P.O. Box 62

Oak Ridge, TN 37831
(615) 576-8401

Technical Information

(2) The general public:

National Technical Information Service
U.S. Department of Commerce

5285 Port Royal Road

Springfield, VA 22161

(703) 4874650

Please note—there are fees connected with these services.

Date of Award

Awardee

Project/Contract Number

Coal Combustion
9/1/93

9/30/93

10/1/93

Coal Preparation
8/26/93

9/1/93

9/1/93

9/1/93

9/1/93

9/1/93

44

University of Kentucky

Mechanical Engineering Department

Lexington-Fayette, Kentucky

Brigham Young University

Mechanical Engineering Department

Provo, Utah

University of Oklahoma
Norman, Oklahoma

University of Alabama
Chemistry Department
Tuscaloosa, Alabama

Colorado State University
Fort Collins, Colorado

Iowa State University
Mining and Minerals Research
Ames, lowa

Pennsylvania State University

University Park, Pennsylvania

University of Michigan
Ann Arbor, Michigan

University of Nevada
Reno, Nevada

Radiation-Turbulence Interactions
in Pulverized-Coal Flames
FG22-93PC93210

Investigation of Mineral Transformation
and Ash Deposition During Staged Combustion
FG22-93PC93226

Combustion of Pulverized
Coal in Vortex Structures
FG22-93PC93221

Molecular Accessibility in
Oxidized and Dried Coals
FG22-93PC93202

Temperature Effects on Chemical
Structure and Motion in Coal
FG22-93PC93206

Development of a Gas-Promoted
Oil Agglomeration Process
FG22-93PC93209

Surface Properties of Photo-Oxidized
Bituminous Coals
FG22-93PC93223

Biological Determinants of
Photobioreactor Design
FG22-93PC93212

Novel Microorganism for Selective

Separation of Coal from Ash and Pyrite
FG22-93PC93215
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9/1/93 University of South Carolina
Columbia, South Carolina

9/9/93 University of Cincinnati
Cincinnati, Ohio

9/15/93 Western Kentucky University
Bowling Green, Kentucky

9/20/93 University of Arkansas
Electronics & Instrumentation Department
Little Rock, Arkansas

9/30/93 Tecogen, Inc.
Waltham, Massachusetts

11/1/93 Energy International, Inc.
Pittsburgh, Pennsylvania

Coal Utilization

9/3/93 National Academy of Sciences
Energy Engineering Board
Washington, DC

9/8/93 Alberta Research Council
Edmonton, Alberta
Canada

9/23/93 Duke University

Durham, North Carolina

Environmental Control Technology

9/1/93 Ilinois Institute of Technology
Environmental Engineering Department
Chicago, llinois

9/1/93 Lehigh University
Chemistry Department
Bethlehem, Pennsylvania

9/1/93 Michigan Technological University
Metallurgical Engineering Department
Houghton, Michigan

9/2/93 University of California
Berkeley, California

9/24/93 Advanced Tech Systems
Monroeville, Pennsylvania

Summer 1994 PETC Review

Large-Scale Coal Solubilization and
Bioconversion to Utilizable Energy
FG22-93PC93224

Production of Sulfur and Methane from H,S
and CO, from a Coal Desulfurization Process
FG22-93PC93220

Multiparameter On-Line Coal Bulk Analysis
FG22-93PC93211

Electrostatic Beneficiation of Coal
FG22-93PC93203

Integration of Thickener Underflow
into Thermal Dryer Circuit
AC22-93PC93156

Improvement of Storage, Handling,
and Transportability of Fine Coal
AC22-93PC93157

Strategic Assessment of the
U.S. DOE’s Coal Program
FG22-93PC93035

Seventh International
Conference on Coal Science
FG22-93PC93626

Novel Carbon Ion Fuel Cells
FG22-93PC93219

Development and Evaluation
of Mn Oxide Absorbent
FG22-93PC93207

NO Decomposition in
Non-Reducing Atmospheres
FG22-93PC93222

Separation of Flue-Gas Scrubber
Sludge into Marketable Products
FG22-93PC93214

Analysis of Microalgae Ponds for
Conversion of CO, to Biomass
FG22-93PC93204

Evaluation and Further Development

of Various Sampling and Analytical
Methods for Determining Specific Toxic
Emission from Coal-Fired Power Plants
AC22-93PC92583
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9/30/93

9/30/93

Liquid Fuels
8/24/93

8/25/93

9/1/93

9/1/93

9/1/93

9/2/93

9/3/93

9/27/93

9/28/93

9/30/93

11/1/93

Oil Program
8/19/93

9/7/93
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State University of New York
Research Foundation

Chemical Engineering Department
Ambherst, New York

University of Mississippi
Chemical Engineering Department
University, Mississippi

University of Delaware
Chemical Engineering Department
Newark, Delaware

Cornell University

Mechanical & Aerospace Department

Ithaca, New York

North Carolina A&T State University

Chemical Engineering Department
Greensboro, North Carolina

Xavier University of Louisiana

Physics and Engineering Department

New Orleans, Louisiana

Purdue Research Foundation
West Lafayette, Indiana

Hampton University
Hampton, Virginia

Michigan State University
Engineering Research Department
East Lansing, Michigan

University of Delaware
Chemical Engineering Department
Newark, Delaware

University of Tennessee
Space Institute
Tullahoma, Tennessee

State University of New York
Binghamton, New York

Bechtel National, Inc.
San Antonio, Texas

Michigan State University
Chemical Engineering Department
East Lansing, Michigan

Morgan State University
Baltimore, Maryland

Superior Catalysts for Selective
Catalytic Reduction of Nitric Oxides
FG22-93PC93217

Role of Char During
Reburning of Nitrogen Oxide
FG22-93PC93227

Supercritical Catalysts for
Light Hydrocarbon Conversion
AC22-93PC92116

Fluid Dynamics of Pressurized,
Entrained Coal Gasifiers
FG22-93PC93216

Preparation and Characterization of Composite
Membrane for High-Temperature Gas Separation
FG22-93MT93008

Investigation of Syngas Interactions
in Alcohol Synthesis Catalysts
FG22-93MT93010

Preconversion Catalytic Deoxygenation
of Phenolic Functional Group
FG22-93PC93208

Simultaneous Removal of H,S and NH;
in Coal Gasification Processes
FG22-93MT93005

Rate Inhibition of Steam
Gasification by Absorbed Hydrogen
FG22-93PC93213

A Study of Short-Contact-Time Direct
Liquifaction Using a Novel Batch Reactor
FG22-93PC93205

High-Performance Material in
Coal Conversion/Utilization
FG22-93PC93225

Photochemical Coal Dissolution
FG22-93PC93218

Refining and End-Use Study of Coal Liquids
AC22-93PC91029

Participation in a Hydrocyclone
Development Consortium
FG22-93MT93002

Surfactant Development for

Enhanced Oil Recovery
FG22-93MT93007
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9/15/93

9/23/93

9/29/93

9/29/93

9/29/93

9/29/93

9/30/93

9/30/93

10/1/93

11/8/93
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University of Wyoming
Laramie, Wyoming

University of Tulsa
Tulsa, Oklahoma

Colorado School of Mines
Petroleum Engineering Department
Golden, Colorado

Michigan Technological University
Houghton, Michigan

New Mexico Institute of Mining & Technology
Engineering Department
Socorro, New Mexico

University of Texas
Austin, Texas

M.W. Kellogg Company
Houston, Texas

Reservoir Engineering Research Institute
Palo Alto, California

State of Utah
Salt Lake City, Utah

BDM-Oklahoma, Inc.
Bartlesville, Oklahoma

Anisotropy and Spatial Variation of Relative
Permeability and Lithologic Character of
Tensleep Sandstone Reservoirs in the Bighorn
and Windriver Basins

AC22-93BC14897

Application of Artificial Intelligence
to Reservoir Characterization—

an Interdisciplinary Approach
AC22-93BC14894

Interdisciplinary Study of
Reservoir Compartments
AC22-93BC14891

Visual Display of Reservoir
Parameters Affecting EOR
AC22-93BC14892

Integration of Advanced Geoscience and
Engineering Technology to Quantify Inter-
Well Heterogeneity in Reservoir Models
AC22-93BC14893

Geoscience/Engineering
Characterization of the Inter-Well
Environment in Carbonate Reservoirs
AC22-93BC14895

Gasification and Combustion of High
Carbon-Containing Refinery By-Products
FC22-93BC14809

Research Consortium on
Fractural Petroleum Reserves
FC22-93BC14875

Geological Petrophysical Characterization
of the Ferron Sandstone for 3-D Simulation
of a Fluvial-Deltaic Reservoir
AC22-93BC14896

Management and Operating Contract
for the DOE National Oil Program
AC22-94PC91008
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PUBLICATIONS & PRESENTATIONS

ANALYTICAL METHODS

The Petrography and Mineralogy of Two Indian Coals

Irdi, G.A., Booher, H.B., Martello, D.V.,
Frommell, E.A., and Gray, R.J.
Fuel, 72(8), 1093—-1098, 1993

A Catalyst Precursor with a New FeS, Structure

Johnson, N.E., Eldredge, P.A., Frommell, E.A.,

Huggins F.E., and Pollack, S.S.

Proceedings, International Conference on Coal Science,
341-344, September 12—17, 1993,

Banff, Alberta, Canada

X-ray Photoelectron Spectroscopy and
Scanning Electron Microscopy Evaluation
of MHD Channel Electrodes

Martello, D.V., Baltrus, J.P., Diehl, J.R.,

and Makovsky, L.E., (abstract only)
Presented, 32nd Symposium on
Engineering Aspects of MHD,

June 27-30, 1993, Pittsburgh, Pennsylvania

A Study of Mequinenza Lignite

White, C.M., Collins, L.W., Veloski, G.A., Irdi, G.A.,
Rothenberger, K.S., Gray, R.J., LaCount, R.B.,
Kasrai, M., Bancroft, G.M., Brown, J.R.,

Huggins, F.E., Shah, N., and Huffman, G.P.

Energy and Fuels, 8, 155-171, 1994

BiorocicAL PROCESSING OF COAL

Biodepyritization of Pittsburgh Seam Coal:
Mechanism and Implications for Process Design
Clark, T.R., and Olson, G.].

Processing and Utilization of High-Sulfur Coals V,
Editors: Parekh, B.K., and Groppo, J.G.,

Elsevier Science Publishers, 323-330, 1993

Coal Depyritization by Thermophilic Archaeon
Metallosphaera sedula

Clark, T.R., Baldi, F., and Olson, G.

Applied and Environmental Microbiology, 59(8)
2375-2379, August 1993

Biodesulfurization of Dibenzothiophene
Sulfone by Arthrobacter sp. and Studies
with Oxidized Illinois No. 6 Coal
Dahlberg, M.D., Rohrer, R.L.,

Fauth, D.]., Sprecher, R., and Olson, G.J.
Fuel, 72(12), 1645-1649. 1993

Dynamic Column for Fine Coal Cleaning

Lai, R.W., Patton, R.A., He, D.X,,

and Chiang, S.H. (abstract only)

Presented, 1994 SME Annual Meeting,

February 14-17, 1994, Albuquerque, New Mexico

CLEAN CoAL TECHNOLOGY

SCR Tests Get Under Way at Gulf Power’s Plant Crist

Baldwin, A.L.
Clean Coal Today, 11, Report No. DOE/FE-0215P-10,
Summer 1993

Demonstration of Bechtel’s Confined Zone
Dispersion Process at Pennsylvania Electric
Company’s Seward Station: Project Status
Battista, J.]., Jr., Abrams, J.Z., Rubin, A.G.,
and Baldwin, A.L.

1993 SO, Control Symposium,

August 23-27, 1993, Boston, Massachusetts

The NOXSO Combined SO,/NO, Removal
Flue Gas Cleanup System Commercial Demonstration

Black, J.B., Haslbeck, J.L., Woods, M.C,, Elia, G.G.,
Malinak, R.A., Morrell, M.D., and Papapietro, L.A.
Proceedings, Second Annual Clean Coal Technology
Conference, September 7-9, 1993, Atlanta, Georgia

Micronized Coal Reburning for NO, Control
on a 175 MWe Unit

Bradshaw, D.T., Butler, T.F., Watts, J.U.,
Howlett, C.L., and Lawley, M.D.

Presented, Joint ASME/IEEE Power Generation
Conference, October 1-10, 1993,

Kansas City, Missouri

Chiyoda Thoroughbred 121 Innovative
Clean Coal Technology Demonstration Project
Initial Testing Results

Burford, D.P., Pearl, 1.G., and Ritz, H.J.
Proceedings, Second Annual Clean Coal Technology
Conference, September 7-9, 1993, Atlanta, Georgia

Clean Coal Program Marks First Commercial
Success with Sale of Low NO, Technology

Corbett, R.W.
Clean Coal Today, 11, Report No. DOE/FE-0215P-10,
Summer 1993

SNRB Meets Multiple Challenges,
Captures Three Pollutants in a Single Unit

Corbett, RW.
Clean Coal Today, 11, Report No. DOE/FE-0215P-10,
1993

Measurement of Air Toxic Emissions from a Coal-
Fired Boiler Equipped with a Tangentially Fired
Low-NO, Combustion System

Dismukes, E.G., Clarkson, R.].,

Hardman, R.R., and Elia, G.G.

Proceedings, Second Annual Clean Coal Technology
Conference, September 7-9, 1993, Atlanta, Georgia

The Milliken Station Clean Coal Demonstration
Project: There’s More to It than Concrete and Steel
Ellis, C.M., Savichky, W.]., and Elia, G.G.
Proceedings, Second Annual Clean Coal Technology
Conference, September 7-9, 1993, Atlanta, Georgia
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Project Update: Advanced FGD Design for
Northern Indiana Public Service Company’s

Bailly Generating Station

Henderson, J., Vymazal, D.C.,

Wrobel, B.A., and Sarkus, T.A.

Proceedings, Second Annual Clean Coal Technology
Conference, September 7-9, 1993, Atlanta, Georgia

Gas Reburning and Low NO,,

Burners on a Wall-Fired Boiler

Hong, C.C., Light, ].M., Moser, H.M., Sanyal, A.,
Sommer, T.M,, Folsom, B.A., Payne, R., and Ritz, H.J.
Proceedings, Second Annual Clean Coal Technology
Conference, September 7-9, 1993, Atlanta, Georgia

Preliminary Performance and Operating

Results from the Integrated Dry NO,/SO,

Emissions Control System

Hunt, T., Schott, G., Smith, R., Muzio, L., Jones, D.,
Mali, E., and Arrigoni, T.

Proceedings, Second Annual Clean Coal Technology
Conference, September 7-9, 1993, Atlanta, Georgia

Reduction of NO, and SO, Using Gas
Reburning and Integrated Technologies

Jensen, A., and Ritz, H.J.
Clean Coal Technology, Topical Report Number 3,
September 1993

Enhancing the Use of Coal by Gas

Reburning and Sorbent Injection

Keen, R.T., Hong, C.C., Opatrny, J.C., Sommer, T.M.,
Folsom, B.A., Payne, R., Ritz, H.J., Pratapas, ].M.,
May, T.J., and Krueger, M.S.

Proceedings, Second Annual Clean Coal Technology
Conference, September 7-9, 1993, Atlanta, Georgia

10 MWe Demonstration of Gas Suspension
Absorption for Flue Gas Desulfurization

Marchant, S.K., Hsu, F., Bhagat, B.,

Nadkarni, S., Norwood, V., and Burnett, T.
Proceedings, Second Annual Clean Coal Technology
Conference, September 7-9, 1993, Atlanta, Georgia

S0,-NO,-Rox Box Demonstration Project Review

Redinger, K., and Corbett, R.
Proceedings, Second Annual Clean Coal Technology
Conference, September 7-9, 1993, Atlanta, Georgia

CT-121 Advanced Scrubber

Moves Ahead at Georgia Site

Ritz, H.].

Clean Coal Today, 11, Report No. DOE/FE-0215P-10,
Summer 1993

A Comparison of the Solid Waste Management
Practices of Coal-Fired Electric Utility Participants
in the Clean Coal Technology Program

of the Pittshurgh Energy Technology Center
Ruppel, Thomas C.

Presented, 18th International Technical Conference
on Coal Utilization & Fuel Systems,

March 21-24, 1994, Clearwater, Florida
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Advanced NO, Control Technologies

Sanyal, A., Sommer, T.M., Hong, C.C., Folsom, B.A,,
Payne, R., Seeker, W.R,, and Ritz, H.J.

Presented, Tenth Annual International

Pittsburgh Coal Conference,

September 20-24, 1993, Pittsburgh, Pennsylvania

Rosebud Syncoal® Partnership—Advanced

Coal Conversion Process Demonstration Project
Sheldon, R.W., and Heintz, S.J.

Proceedings, Second Annual Clean Coal Technology
Conference, September 7-9, 1993, Atlanta, Georgia

Performance and Operating Results from

the Demonstration of Advanced Combustion
Techniques for Wall-Fired Boilers

Sorge, J.N., and Baldwin, A.L.

Proceedings, Second Annual Clean Coal Technology
Conference, September 7-9, 1993, Atlanta, Georgia

Update of Performance and Operating Results

from Pure Air on the Lake’s Advanced Flue Gas
Desnlfurization Demonstration Project

Vymazal, D.C., Wrobel, B.A,,

Henderson, J., and Sarkus, T.A.

Proceedings, Second Annual Clean Coal Technology
Conference, September 7-9, 1993, Atlanta, Georgia

Results of Babcock & Wilcox’s Clean Coal Technology
Combustion Modification Projects: Coal Reburning
for Cyclone Boiler NO, Control and Low NO, Cell-
Burner Demonstration

Yagiela, A.S., Laursen, T.A., Maringo, G.J., Kleisley,
RJ., Farzan, H., Bellanca, C.P., Duong, H.V., Moore,
D.A., Campbell, ].M., Newell, R.J., and Corbett, R.W.
Proceedings, Second Annual Clean Coal Technology
Conference, September 7-9, 1993, Atlanta, Georgia

Status of Coal Tech’s Air-Cooled Slagging Combustor
Zauderer, B., Fleming, E.S., Borch, B.

Baldwin, A.L., Smith, C.A., and Gyorke, D.F.
Proceedings, Second Annual Clean Coal Technology
Conference, September 7-9, 1993, Atlanta, Georgia

CoAL COMBUSTION

Industrial- and Utility-Scale Coal-Water

Fuel Demonstration Projects

Hathi, V., Ramezan, M., and Winslow, J.
USDOE/Pittsburgh Energy Technology Center
DOE/PETC/TR-93/4, DE94004250, January 1993

Advanced Coal-Fired Low-Emission Boiler System
Kim, S.S., Ruth, L.A., Winslow, ].C., and Mayne, A.E.
Coal Utilization and the Environment Conference,
May 17-20, 1993, Orlando, Florida

Investigation of Dynamic Surface Tension

of Coal-Water Slurry (CWS) Fuels for
Application to Atomization Characteristics

Kim, S.S., and Kihm, K.D.

Proceedings, 18th International Technical
Conference on Coal Utilization & Fuel Systems,
637-648, March 2124, 1994, Clearwater, Florida
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Design of India’s First State-of-the-Art
Pulverized-Coal Combustion Test Facility
Nandakumar, K., Ramachandra, K.,

Smouse, S.M., Peters, W.C., and Krishnan, R.P.
Presented, Engineering Foundation Conference

on the Impact of Ash Deposition on Coal-Fired Plants
June 20-25, 1993, Solihull, England

Combustion 2000 Program

to Develop Coal Plant Technology

Ruth, L., Ramezan, M., and Ward, J.H.
Power Engineering, 97, 28-32, April 1993

An Instrument for In-Situ Temperature

and Emissivity Measurements (INSITE)

on Boiler Ash Deposits

Shaw, D.W., and Smouse, S.M.

Presented, Engineering Foundation Conference

on the Impact of Ash Deposition on Coal-Fired Plants
June 20-25, 1993, Solihull, England

Estimation of NO, Emissions from
Pulverized Coal-Fired Utility Boilers

Smouse, S.M., Wildman, D.J.,

Mcllvried, T.S., and Harding, S.

EPRI/EPA Joint Symposium on Stationary Combustion
NO, Control, May 24-27, 1993, Bal Harbour, Florida

To Clean or Not to Clean? A Technical and
Economic Analysis of Cleaning Pittsburgh Seam Coal
Smouse, S.M.

Presented, Engineering Foundation Conference

on the Impact of Ash Deposition on Coal-Fired Plants
June 20-25, 1993, Solihull, England

Prediction of Pilot-Scale Ash Deposition:
Comparison of Neural Network and
Multiple Linear Regression Techniques

Wildman, D.J., Ekmann, .M., and Smouse, S.M.
Presented, Engineering Foundation Conference

on the Impact of Ash Deposition on Coal-Fired Plants
June 20-25, 2993, Solihull, England

Combustion 2000 Program Overview
Winslow, J.C. (no manuscript),

Presented, International Joint Power
Generation Conference,

October 18-20, 1993, Kansas City, Missouri

COAL PREPARATION

Advanced Physical Coal Cleaning

as a Clean Air Act Compliance Technology
Feeley, T.j., III, and McLean, V.L.

Mining Engineering, 45(10), 1254—1257, 1993

Status of the Commercialization of

Advanced Coal Preparation Technologies
Hucko, R.E. (no manuscript),

Advanced Coal Preparation Techniques Seminar,
November 3, 1993, St. Clairsville, Ohio

Molten-Caustic Leaching Process Integration
Nowak, M.A., and Meyers, R.A.

Processing and Utilization of High-Sulfur Coals V,
Editors: Parekh, B.K., and Groppo, ].G.,

Elsevier Science Publishers, 305-315, 1993

The Simultaneous Use of a Single Additive

for Coal Flotation, Dewatering, and Cake Hardening
Wen, W.W., Cho, H., and Killmeyer, R.P.

Processing and Utilization of High-Sulfur Coals V,
Editors: Parekh, B.K., and Groppo, ].G.,

Elsevier Science Publishers, 237-249, 1993

Pelletization of Dry Subbituminous Coal
Wen, W.W,, Killmeyer, R.P., Woessner, P.W.,
and Jha, M.C. (no manuscript)

Presented, 23rd Biennial Conference of the
Institute for Briquetting and Agglomeration,
October 13-15, 1993, Seattle, Washington

CoAL UTILIZATION

There is Coal in Our Future

Ruth, L.
Chemtech, 23, 33-39, June 1993

FLUE GASs CLEANUP

FG Technologies for the Combined
Control of SO, and NO,

Livengood, C.D., and Markussen, J.M.
Power Engineering, 98(1), 38—42, 1994

Status of Flue-Gas Treatment Technologies

for Combined SO,/NO, Reduction

Livengood, C.D., and Markussen, J.M.

Proceedings, 6th International Symposium on
Integrated Energy and Environmental Management,
160-175, March 10-12, 1993, New Orleans, Louisiana

Investigation of Sorbent Regeneration
Kinetics in the Copper Oxide Process
Markussen, J.M., and Pennline, H.W.
Proceedings, 1993 SO, Control Symposium,
Vol. 3, Ses. 7, Paper 18,

August 24-27, 1993, Boston, Massachusetts

Computer Simulation of a Flue Gas
Desulfurization Moving-Bed Reactor
Young, RJ., and Yeh, J.T.
Environmental Progress, 12(3), 1993

Liquip FUELS

Effect of Catalyst Dispersion

on Coal Liquefaction with Iron Catalysts
Cugini, A.V., Krastman, D., Martello, D.V.,
Frommell, E.A., Wells, A.W., and Holder, G.D.
Energy and Fuels, 8, 83-87, 1994

PETC Review Summer 1994



Improvements in Fischer-Tropsch
Slurry Reactor Catalysis

Gormley, R.J., Zarochak, M.F.,

Harke, F.W., and Boff, J.J.

Proceedings, 10th International

Pittsburgh Coal Conference, 1184-1188,
September 20-24, 1993, Pittsburgh, Pennsylvania

An Evaluation of Particle Size Measurement
Techniques for Dispersed Iron Catalysts

Rao, V.U.S.
Preprints, Div. Fuel Chem., Am. Chem. Soc.,
38(1), 184-189, 1993

Particulate Concentration Measurements in a
Multiphase Reactor by an Ultrasonic Technique

Soong, Y., Blackwell, A.G., and Schehl, R.R.
Presented, AIChE 1993 Annual Meeting, Paper 64k,
November 7-12, 1993, St. Louis, Missouri

Ultrasonic Characterization of Three-Phase
Slurries in a Three-Phase Slurry Reactor

Soong, Y., Blackwell, A.G., Taylor, C.E.,
Zarochak, M.F., and Rayne, J.A.

Proceedings, 10th Annual International
Pittsburgh Coal Conference, 1165-1170,
September 20-24, 1993, Pittsburgh, Pennsylvania

Fischer-Tropsch Slurry Reactor Modeling

Soong, Y., Boff, ].J., Harke, F.W.,

Blackwell, A.G., and Zarochak, M.F.

Proceedings, Coal Liquefaction and Gas Conversion
Contractors Review Conference, 1081-1099,
September 27-29, 1993, Pittsburgh, Pennsylvania

Solid Holdup Measurements in a Three-Phase
Reactor by an Ultrasonic Technique

Soong, Y., Harke, F.W., Anderson, R.R., Taylor, C.E.,
Zarochak, M.F., and Rayne, J.A. (abstract only)
Presented, 4th International Conference

on Circulating Fluidized Beds,

August 1-5, 1993, Champion, Pennsylvania

Hydrodynamics Studies in a Hot

Pressurized Bubble Column Reactor

Soong, Y., Harke, F.W., Boff, J.J..

Schehl, R.R., and Zarochak, M.F.

Proceedings, 10th Annual International
Pittsburgh Coal Conference, 1171-1176,
September 20-24, 1993, Pittsburgh, Pennsylvania

C, Oxygenates from Chloromethane
and Carbon Monoxide

Soong, Y., Schehl, R.R., and Noceti, R.P.
Reaction Kinetics and Catalysis Letters,
49(1), 21-27, 1993
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C, Oxygenates from Chloromethane

and Carbon Monoxide

Soong, Y., Schehl, R.R., Zarochak, M.F.,

Noceti, R.P., and Chuang, S.S.C.

Presented, AIChE 1993 Summer National Meeting,
Paper 71a, August 15-18, 1993, Seattle, Washington

Overview of PETC’s Gas-to-Liquids Program
Stiegel, G.J., Bose, A.C., and Srivastava, R.D.

(no manuscript)

Presented, Technology Contractors Review Meeting,
November 16-18, 1993, Morgantown, West Virginia

Direct Oxidation of Methane with
Organometallic Reactions

Taylor, C.E., Anderson, R.R., White, C.M.,
and Noceti, R.P.

Presented, Div. Petroleum Chem.,

207th Am. Chem. Soc. National Meeting
March 13-18, 1993, San Diego, California

Exploratory Studies of Oxidative Conversion
of Methane to Methanol

Taylor, C.E., Anderson, R.R., White, C.M.,
and Noceti, R.P.

Proceedings, Coal Liquefaction and Gas
Conversion Contractors Review Conference,
1, 215-224, September 27-29, 1993,
Pittsburgh, Pennsylvania

SoLIips TRANSPORT

Design and Application of Particle
Image Tracking Velocimetry Systems

Shaffer, F.D., (no manuscript)
Presented, Laser 2000 GmbH,
October 26-28, 1993, Munich, Germany

CONFERENCE PROCEEDINGS

Coal Liquefaction and Gas Conversion
Contractors Review Conference (Volumes I and II)

Proceedings, USDOE/PETC, September 1993
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CONTRIBUTORS

Sid Friedman, Senior Technical Editor of the PETC Review, was a major con-
tributor to several feature articles this issue. Sid authored the insightful article,
What Is Coal?, and contributed to two pieces on PETC'’s international activities,
PETC’s Overseas Activities and Build It and They Will Come. In addition to
his duties with the Review, Sid is a Senior Technical Advisor in the Office of

Research and Development and serves as Publication Quality Assurance
Officer for PETC. Sid joined the Coal Research Center of the U.S. Bureau of
Mines, the predecessor of PETC, 39 years ago and has performed and directed

research in a variety of areas related to coal and synthetic fuel chemistry.

Mildred B. Perry supplied material for Build It and They Will Come. As
Research and Development Group Leader in the Flue Gas Cleanup Division,
Mille has had the opportunity to work directly with some of the foreign
researchers who have come to PETC. Also contributing to this article was
Robert C. Dolence, a Program Coordinator in the Office of Project Management,
also oversees Systems and Engineering Analysis.

As International Program Coordinator, Susan D. Laczko provided important

Robert C. Dolence Susan D. Laczko background information for the Overseas Activities article. Susan has been
actively involved in PETC’s international activities for 20 years. Since 1990,
she has been assisting the DOE Office of Export Assistance in promoting en-
ergy exporting initiatives in Eastern Europe and the former Soviet Union.
Douglas F. Gyorke provided images and information for the portion of the
article dealing with PETC’s work in Poland. Doug, a Project Manager in the
Coal Utilization Division, oversees the Krakow project. Material for the
section on Thailand was supplied by Richard E. Tischer. Dick is a Project
Manager in the Liquid Fuels Division in the Office of Project Management.
William C. Peters furnished information regarding PETC’s work with India.
Bill, as a Project Coordinator in the Advanced Power Generation and Funda-
mental Research Division, works with developing nations in resolving power
generation needs. Additional input was provided by International and Public
Affairs Coordinator, John W. Hindman.

Herbert L. Retkofsky was the primary contributor to the article, The 7th Inter-
national Conference on Coal Science. Herb spent nearly his entire professional
career with PETC, working his way from laboratory technician to Deputy
Associate Director for Research and Development. In addition to his work
as a scientist, throughout his career, Herb has been very active in science
education activities.

NOy Reduction by SCR/SNCR was written with material and data supplied
by Arthur L. Baldwin and Ronald W. Corbett. Art is Program Coordinator
for NOy Control Technologies in PETC’s Office of Clean Coal Technology,
and Ron is a Project Manager in Clean Coal, where he oversees the work
on a number of projects.

Arthur L. Baldwin Ronald W. Corbett
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FFROM THE EDITORS
Changing of the Guard

It is said that the only thing constant is change, and so it goes with the PETC Review. Once again
the Review announces a change in personnel with the retirement of Richard R. Santore, Editor-
in-Chief. Dick came on board the Review during production of Issue 5, assisting then Editor-in-Chief,
Dr. Bernard D. Blaustein. He succeeded Dr. Blaustein in that position for Issue 6, with Bernie staying
on through Issue 7 as a Senior Technical Editor to assist with the transition. Dick continued serving
as Editor-in-Chief through Issue 9. In addition to his duties with the Review, Dick remained the
Deputy Associate Director of the Office of Clean Coal Technology at PETC, a position he held for
4 years. Since coming to DOE in 1975, Dick has managed a variety of projects for PETC in the Liquid
Fuels Division and served as assistant operations manager at the Synthane coal gasification pilot
plant. He also served a stint as on-site operations manager at DOE’s H-Coal Liquefaction Pilot Plant.
Dick plans to enjoy retirement with his wife, Marilyn, pursuing his passion for tennis and golf, and
spending time with his five children and their families. We wish him well.

While we bid Dick Santore farewell, the PETC Review welcomes Dr. Kee H. Rhee as the new Editor-
in-Chief. In addition to his position with the Review, Kee has also been named Senior Scientist for
the Office of Research and Development (RD). Before his appointments, Kee was a Senior Technical
Advisor in the Coal Preparation Division of RD and was assigned stewardship of the Center’s Science
Outreach Program. Kee developed and implemented highly successful programs as head of the Out-
reach Program, including the Triple E Seminar, and the Elementary Teacher Research Internship
(ETRI) program, both for teachers at the elementary level. He was also instrumental in establishing
the Scientist/Engineer Resource Volunteers for Education (SERVE) program. The SERVE program
involves PETC professicnals volunteering as consultants and advisors to teachers and students, as
well as classroom lecturers/demonstrators for grades K through 12.

Kee has kept in contact with both former Editors-in-Chief, Dick and Bernie, drawing on their experi-
ence with the Review to help guide him through his initial issue. Kee has also relied on the expertise
of Senior Technical Editor, Dr. Sid Friedman, who has served in this capacity since Issue 7. Sid brings
a wealth of knowledge to the Review with his 39 years of experience at the Center performing and
supervising coal and synthetic fuels research. Another anchor of support during this transition has
been Jamey Reiss, Managing Editor. She has served in this capacity since the Review’s inception
and provides a ready reference to past efforts. Kee has added additional support by naming three
contributing technical editors to the Review staff: Michael L. Eastman, PETC’s Quality Improvement
Advocate; Dennis H. Finseth, a Research Chemist and Group Leader in the Coal Preparation Division
of RD; and Lawrence A. Ruth, Coal Utilization Division Director.

And so the guard has changed, but the mission remains the same—Kee Rhee will now lead the
efforts of the PETC Review staff to share PETC’s knowledge of cost-effective and environmentally
acceptable power generation and to promote clean coal technologies worldwide.




