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Front Cover
The top front cover image is from an arti-

cle by Wade A. Taber, Application Engineer,
Saint-Gobain Ceramics/Energy Systems,
“Refractories for Gasification” Volume 8,
Number 4, July August 2003.  This article
reviewed the process, examined refractory
challenges and described the common fail-
ure mechanisms of refractories in coal gasi-
fication.  The image is a rendered gasifier
assembly.  The inner (purple) layer depicts
the hot face and the safety layer is white.
The yellow shapes and monolithics repre-
sent low duty materials used primarily for
insulation. The generalized steel shell is
shown in gray, with expansion joint details
removed.

The following is a quotation from Wade
Tabor illustrating the importance of proper
refractory selection and design, “The refrac-
tory lining is an integral part in the majority
of entrained flow gasifiers.  Proper material
selection and well-executed lining designs
are necessary to insure the longest possible
service life, as even a minor lining failure
could cause a shutdown of the gasifier and
dependent processes”.

The bottom two micrographs are cathodolu-
minescence images of unaltered (left) and
altered (right) fused cast alumina with a chem-
istry of 95% Al2O3, 4% Na2O, 0.5% SiO2,
density of 3.34g/cc and 16% porosity.  The
altered material was exposed for 240 hours to
commercial black liquor smelt under argon
atmosphere at 1000°C by a cup test. Alpha-alu-
mina exhibits a blue or blue-violet cathodolu-
minescent characteristic color and beta-alumi-
na exhibits a green characteristic color.  The
material in the upper right hand corner in con-
tact with smelt (black) of the altered material
micrograph exhibits a brighter green cathodo-
luminescent characteristic color.  The change in
characteristic color is due to infiltration of
smelt causing an increase in the amount of soda
in the beta-alumina.  Small particles of beta-
alumina are flaking off the surface due to the
associated volume expansion of the beta-alu-
mina.  The alumina will continue to incorporate
additional soda leading to continued volume
expansion until soda aluminate formation is
complete.  The associated volume expansion
will cause chemical spalling of the fused cast
alumina in contact with the smelt.  These
micrographs are from an unpublished report by
William L. Headrick and Musa Karakus at
University of Missouri-Rolla to James Keiser
at Oak Ridge National Laboratories. RR AANN

mailto:leem@umr.edu
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Fax:++49-228-91508-55, E-mail: 2004@feuerfest-kolloquium.de, www.feuerfest-kolloquium.de
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October 18-19, Short Course on Refractory Applications for FCC Units, Process Heaters and Boilers, Hotel Sofitel Houston,
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October 22-24, China Liaoning International Magnesia Materials Exposition and Technological Exchange Conference, Science
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From the Editor. . .

NINE YEARS OF REFRACTORIES APPLICATIONS
& NEWS
Mariano Velez, Editor

The first issue of Refractories
Applications appeared in September
1996, as an “irregular” tabloid dedi-
cated to the refractories industry. By
irregular I mean that the issues were
appearing two or three times a year
previous to 2000. In 2002 the name
was changed to Refractories
Applications & News to include TRI
(The Refractories Institute) news sec-
tion in each issue, changing the for-
mat to a magazine style, and commit-
ting efforts to publish it six times per
year. The objectives of RA&N were

and have been to “transmit current information ranging from technical tips
to full blown treatments of technology, which will enable users, and
installers of refractories to make optimal use of them” as is presented in the
current Author Guidelines (www.ranews.info). 

With the next issues of RA&N, the Editorial Board is planning to include
a “Transactions Section” (RA Transactions) to publish refereed articles
dealing with refractories and high-temperature materials. This section will
include complete technical articles regarding basic and applied research;
perhaps one article of this category per issue, possibly more if interest is
high. We are aiming to have this “Transactions Section” of RA&N as one of
the most qualified platforms for peer-reviewed technical articles dealing
with refractories. To accomplish this objective we are planning a three-four
week turnaround, electronic review by world-wide experts in the field of
refractories. Articles should be written within the guidelines of the J. Am.
Ceram. Soc. with a seven page limit including figures and tables.  In keep-
ing with the major international conferences and journals, English will be
the required language. This is an important rule for non-native English
speakers that must be enforced. Information and assistance related to this
topic can be obtained from our Corresponding Editor, Laurel Sheppard, at:
lashpubs@infinet.com.  The ultimate goal is to reestablish a venue for the
international exchange of technical data.  Dr. Jeff Smith, Associate
Professor of Ceramic Engineering at UMR, has agreed to be the editor of
RA Transactions and we are currently in the process of assembling the team
of reviewers to referee the submitted articles.  For additional information on
submitting articles contact Mary Lee at: leem@umr.edu.  This is an exciting
time for the Editorial Board as this type of refereed section of RA&N had
been a goal of Professor Moore’s since the inception of the magazine.

This current issue was organized by Dr. Bill Headrick to include articles
relevant to refractories for gasification. It showcases a company profile
(Future Energy, Germany), and a Research Institution Profile (US DOE
Albany Research Center). The feature article is also from the US DOE
Albany Research Center and summarizes refractory materials used in slag-
ging gasifiers. The importance of this topic is emphasized by the US
Department of Energy funding research in refractories areas such as:

• Ceramic and refractory components for aluminum melting and cast-
ing;

• Materials for high-temperature black liquor gasification; and
• Multifunctional metallic and refractory materials for handling of

molten metals

More details on advanced materials topics can be found in the US DOE
Energy Efficiency and Renewable Energy website: www.eere.energy.gov.
UMR is partnering ORNLin the program on materials for high-temperature
black liquor gasification.  Another UMR current DOE program is the fabri-
cation of high-resistant Fe-phosphate glass fibers that can be used either as
concrete reinforcement or asbestos replacement. These fibers can perhaps be
used also as reinforcement of refractory concretes and I would like to hear
comments regarding such potential application.

I want to remind everyone of two major refractory events coming. First of
all, the ALAFAR (www.alafar.org) meeting in Antigua, Guatemala on
November 7-10. Second, the abstract deadline for UNITECR’05
(www.unitecr.org), due on November 30th.  RR AANN

Mariano Velez

Mrs. Ellen Moore accepted the William T. Tredennick award from TRI
Chairman John Turner in honor of the memory of her late husband, Dr.
Robert E. Moore.  The Refractories Institute recently established the
award to recognize individuals who have made a significant and last-
ing contribution to the refractories community during their careers.
The award is named for William Tredennick, a founder of Resco
Products and the longest serving TRI Board member until his death in
1996.  The TRI Board of Directors unanimously chose Bob Moore to
be the first recipient of the award in honor of his lifetime contribution
to the industry.

Ellen Moore accepts the William T. Tredennick award from
TRI Chairman, John Turner.

DR. ROBERT E. MOORE, THE FIRST
RECIPIENT OF THE WILLIAM T.
TREDENNICK AWARD

http://www.ranews.info
mailto:lashpubs@infinet.com
mailto:leem@umr.edu
http://www.eere.energy.gov
http://www.alafar.org
http://www.unitecr.org
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News from The Refractories Institute www.refractoriesinstitute.org/

The Refractories Institute, 650 Smithfield St., Ste. 1160, Pittsburgh, PA 15222

come from facilities in Canada with another 15 percent of imports coming
from Russia.  

Global primary production totaled an estimated 27.7 million metric tons
in 2003.  At just under 10 percent (9.8) of the total, the U.S. ranks 4th behind
China at 19.7 percent, Russia at 12.5 percent, and Canada (10.1 percent)

Mr. Larkin also discussed outreach programs being conducted by the
Aluminum Association on behalf of its members.  One such effort that
refractory producers who sell to the aluminum industry should be aware of
is “Aluminum 2005”. This event will be held in Chicago in conjunction
with National Manufacturing Week at McCormick Place, March 7-10,
2005.  Joining the Aluminum Association in that effort are the Aluminum
Extruders Council, the North American Die Casters Association, the Non
Ferrous Founders Association, and the Metal Service Center Institute.

Victor E. Schwartz, Washington-based attorney with the firm of Shook
Hardy & Bacon, then briefed the group in the status of civil justice in the
U.S.  Schwartz is an acknowledged leader in the fight for tort reform in the
United States.

Mr. Schwartz discussed how plaintiffs’ lawyers operate.  They will vilify
your company in the press, bring the government down on you, and even
go to the investor community.  They like to regulate through litigation and
seek help when they can from state attorneys general.

Schwartz discussed some legislative initiatives at the state level to help
curb abuses.  Some legislatures have or will consider the Private Attorney
Retention Act which would rein in state attorneys general, the Appeal Bond
Waiver Act which preserves the right to appeal outrageous decisions, and
the Jury Patriotism Act which would prevent against runaway juries.  The
Jury Patriotism Act has recently been enacted in Mississippi, Missouri,
Vermont, and Oklahoma.

For more information on these issues, visit the web sites of the American
Tort Reform Association at www.atra.org and the American Legislative
Exchange Council at www.alec.org.

TRI BOARD ELECTS OFFICERS
The TRI Board of Directors has elected John C. Morris, Jr., Riverside

Refractories, as Chairman of the Institute, William K. Brown of Resco
Products to be Vice Chairman, and Daniel W. Lease, Whetstone
Technology, the new Treasurer of TRI, for a two year term ending in 2006.
In addition to these three gentlemen, the TRI Executive Committee
includes: Matt Colbert, Thermal Ceramics; David Gregory, LWB
Refractories; William Kelly, Unifrax Corporation; and, John Turner, Allied
Mineral Products.     

Institute Welcomes New Member, Former Member Back

The TRI Board of Directors has approved the application of Munson
Machinery Co., Inc. for Associate membership in the Institute.  The official
representative from Munson will be Ron Colicci.  Also, TRI welcomes back
Hotwork-USA as a Contractor/Installer member.  Mike Hartley returns as
the official representative.

RESCO HAS NEW SAFETY MANAGER
Greg McDonough has joined Resco Products as Safety Manager.  He will

be replacing Elaine Yarabinetz who will be leaving to spend more time with
her new daughter.  Elaine’s good work with the TRI M ACT Working

TRI SPRING MEMBERSHIPMEETING
The 54th Annual Spring membership Meeting of The Refractories Institute

was held at The Homestead in Hot Springs, Virginia, June 9-11, 2004.  

The guest speakers provided the backbone of the program.  H. Avery
Hilton, Jr., Executive Vice President of the CMC Steel Group, discussed the
current situation in the steel industry.  Consolidation continues, as does
capacity rationalization.  Many mills outsource abroad and companies like
CMC and U. S. Steel are investing in foreign production facilities.  While
imports have slowed some due to tariffs and particularly the strong dollar,
they continue to be a significant factor in the U.S. market.  China has become
a major steel producer, increasing pressure on raw material costs and con-
currently contributing to a rise in steel prices.  This is a double-edged sword.
If China goes into recession, the entire world steel sector will feel its pain.

During the final part of his presentation, Mr. Hilton discussed the question,
“How can refractory companies help the steel industry improve its bottom
line and how can refractory producers be more of a partner with them?”
CMC has conducted a survey of its manufacturing personnel on the subject.
These are some of the answers received: supply monolithic ladle working
linings; help decrease downtime; use robotics for refractory installation;
offer “turnkey” service; develop reheat furnace refractories that are more
durable to expansion and corrosion and have longer shelf life; recycling;
understand balance between cost and life; offer more technical expertise and
training; offer consignment inventories; develop software programs and
training for slag analysis; develop means for in-service measurement of
refractory thickness, either with lasers or optics; offer flat cost per ton for
complete refractory service.  Finally, better refractory life and lower conver-
sion cost can only be achieved by superior quality refractories and consis-
tent operating practices.

Stephen Larkin, President of The Aluminum Association, discussed the
state of the world and U.S. aluminum markets.  

Total 2003 aluminum consumption in the US and Canada was estimated
at 23.28 billion pounds, off 1.4 percent from 2002.  

Aluminum consumption in its largest market—transportation—increased
some 3.3 percent in 2003 over 2002.  However, a leveling off of auto and
light truck build rates to 6.2 billion pounds, up just 1.3 percent.  The bright
spot was the production of trailers and semi-trailers—up some 19.5 percent
to 588 million pounds.  This increase was largely driven by new EPA
mileage regulations.

Aluminum consumption in its second largest market, container and pack-
aging, was little changed in 2003 compared with 2002.  Aluminum can
stock use fell by 51 million pounds in 2003, or 1.3 percent.  Conversely, alu-
minum foil for packaging was up by 15 million pounds, or 1.9 percent.  The
overall decline was 0.8 percent in 2003 over 2002.

Shipments of aluminum ingot for castings, exports and destructive uses
increased 10.7 percent for last year totaling 2.04 billion pounds.  Led by a
strong demand for flat rolled products (up 10.2 percent) and extrusions (up
8.2 percent), shipments of aluminum mill products totaled an estimated 3.87
billion pounds, an increase of 9.3 percent.

According to Larkin, over 40 percent of the US aluminum supply is
imported—in the form of primary and secondary ingot or aluminum semi-
fabricated products such as sheet and extrusions.  Over 60 percent of imports

Continued on Page 25  

http://www.refractoriesinstitute.org
http://www.atra.org
http://www.alec.org
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UPDATE

ONE COMPONENT
INSULATING PUMPABLES
PROVIDE QUICK AND EASY
REFRACTORY LINING
REPAIR 

With today's energy costs at such high
levels, companies cannot afford to have
gaps or voids in their furnace refractory lin-
ing that allow valuable heat to escape.
Typical mineral fiber or other low duty
materials used as backup insulation gener-
ally degrade over time, allowing heat to
channel through.  Thermal Ceramics has
several products on the market that do an
outstanding job of sealing these damaged
areas in the existing lining construction,
both on the cold face and hot face surfaces. 

There are four pumpable product options
available with selection dependent on tem-
perature, strength and cost factors of the
job:

• Kaowool Pumpable XTP - a 2000°F
temperature capable, high quality-
pumpable that is very strong and
thermally stable up to its use limit. 

• Kaowool Pumpable TP - a 2000°F
rated, standard duty pumpable prod-
uct with excellent insulating charac-
teristics.

• Kaowool Pumpable HT - a 2400°F
rated, low shrinkage product, suit-
able for applications at elevated
temperatures.

• Therm-O-Hot Patch - an economi-
cal 1800°F vermiculite based prod-
uct that can be pumped or sprayed

The Kaowool pumpable insulation prod-
ucts are supplied ready-to-use, with quick
and easy delivery of the material  through a
variety of installation options - Kaowool
Diaphragm pump (for medium - large jobs),
air-powered Kaowool caulking gun (small
jobs) or conventional hand caulk gun (very
small jobs).  The Kaowool Diaphragm
Pump is available for either sale or rental
while the Kaowool caulking gun can be
purchased to handle 40oz. and 11 3/4oz.
tubes.

The insulating pumpable products from
Thermal Ceramics have been used around
the world due to their ease of placement and
demonstrated payback in reducing energy

Case Studies Page. Alcoa began working
with the U.S. Department of Energy (DOE)
in 1999 to identify opportunities for reduc-
ing energy consumption at its aluminum
processing facilities. By performing plant-
wide energy assessments, conducting
employee training, and using DOE soft-
ware tools and technical resources, Alcoa
has successfully identified more than $60
million in savings opportunities, and has
reduced its operating costs by more than
$15 million. The six page summary can be
viewed on the website below.

The BestPractices Case Studies Page also
contains another Aluminum Case Study
Corporate Energy Conservation Program
for Alcoa North America Extrusions. More
information:  www.eere.energy.gov/indus-
try/cfm/fullArticle.cfm/id=829.

INSULATING FIREBRICK,
INC.  ANNOUNCES 
WAREHOUSE EXPANSION

IFB, Inc. announced that their ware-
house operation would expand in
September to an 18,000 sq. ft. facility in
Claysburg, Pa.  This facility will stock
over 200,000 pieces of ISO Certified
Insulating Firebricks for immediate
delivery to customers. The Insulating
firebrick ranges from 2300 degree to
3000 degree in standard and special
sizes. IFB, Inc. offers in-house machin-
ing capabilities for arches, keys, wedges,
or custom shapes; and has emergency
service 24/7.   The main office will
remain at: IFB, Inc., 610 East Butler
Road, Butler, PA 16002, Tel: 724-282-
1012/Fax: 724-285-7673, E-mail:
Sales@Insulatingfirebrick.com, Web:
www.Insulatingfirebrick.com

5th INTERNATIONAL
CONFERENCE ON HIGH-
TEMPERATURE CERAMIC
MATRIX COMPOSITES HELD
IN SEATTLE 

The 5th International Conference on High-
Temperature Ceramic Matrix Composites
(HTCMC-5) will be co-located with the 56th

Pacific Coast Regional and Basic Science
Division Fall Meeting (PCRM) in Seattle,
Wash., Sept. 12-16, 2004, at the Red Lion

loss.  Reduction in furnace cold face tem-
peratures are generally 100°F or more
depending on the severity of the existing
lining damage.  Placement of the product
on the cold side of the furnace can be com-
pleted while the unit is hot or cold, helping
to minimize production downtime.
Common pumpable applications include -
re-insulating hot spots in utility boilers,
industrial furnaces, and kilns, sealing
around burner blocks and flues, and place-
ment between fiber modules that have
shrunk excessively.   

Wendy Evans, Marketing Communications,
Thermal Ceramics Americas, +1 706 796 4313,
wmorris@thermalceramics.com.

CHINA CERAMIC DIRECTORY
2003/2004 (ENGLISH EDITION)
JUST PUBLISHED 

Business Data International Inc., business
and professional information provider, has
recently announced that the English edition
of “CHINA CERAMIC DIRECTORY
2003/2004” has been published. The direc-
tory lists more than 1280 leading ceramic
and pottery enterprises, research institutes,
associations, importers and exporters in
China. It covers commonly used ceramics,
porcelain products, sanitaryware, building
ceramics, tile, electroceramics, refractories,
technical and industrial ceramics, ceramic
raw materials, equipment and machines, as
well as publications. The directory provides
information on each organization's name,
address, telephone and fax numbers, e-mail
addresses and websites, name of the direc-
tor, registered capital, number of employ-
ees, history, production capacity and main
products.

The 308-page directory (ISBN:0-
9733166-0-8) is available from: Business
Data International Inc., P. O. Box 28547,
5100 Verdun Avenue, Montreal, QC H4G
3L7, Canada, Fax:(514) 221-3281,
info@businessdataint.com, or at:
www.businessdataint.com

ALCOA TEAMS WITH THE
DOE TO REDUCE ENERGY
CONSUMPTION

The BestPractices Corporate Energy
Management Case Study, Alcoa teams with
the DOE to Reduce Energy Consumption
may be obtained from the website in a pdf
file format available on the BestPractices

http://www.eere.energy.gov/indus-try/cfm/fullArticle.cfm/id=829
http://www.eere.energy.gov/indus-try/cfm/fullArticle.cfm/id=829
http://www.eere.energy.gov/indus-try/cfm/fullArticle.cfm/id=829
mailto:Sales@Insulatingfirebrick.com
http://www.Insulatingfirebrick.com
mailto:wmorris@thermalceramics.com
mailto:info@businessdataint.com
http://www.businessdataint.com


Refractories Applications and News, Volume 9, Number 5 September/October 2004 7

Industry News

Hotel on Fifth Ave. To register or for more details visit,
www.ceramics.org/htcmc5 or call 614/794-5890. 

ALMATIS TODAY ANNOUNCES A WORLD-
WIDE PRICE INCREASE FOR ALL SPECIALTY
ALUMINA PRODUCTS

For all contracts effective on or after August 1st, Almatis will raise
product prices by $50-120/metric ton depending on product line.
Almatis offers a complete portfolio of specialty alumina materials
to the refractory, ceramics, polishing, specialty hydrate and adsor-
bents & catalysts markets.

“Over the past years our eleven global plants have worked hard
on the reduction of manufacturing costs.  However, worldwide
demand growth has tightened supply of key materials such as alu-
mina, and our energy and transportation costs have also escalated
to an extent that additional cost pressures have exceeded our cost
saving initiatives. ” said Alex de Bonth, Almatis’ Chief Operations
Officer.

Dr. Gangolf Kriechbaum, Chief Commercial Officer, adds “Our
long-term focus on cost savings has allowed prices to be held very
stable over many years.  At the same time, we have made the nec-
essary plant investments to have available for all our customers suf-
ficient supply of our specialty alumina products.   Almatis will con-
tinue to invest in our facilities and product development to assure
our customers’ complete alumina needs are met.”

Almatis was formerly Alcoa World Chemicals and now operates
as an independent global alumina materials company.  

Contact: For Europe and Asia: Gabriele Drees, +49 69 95 73 41
44.  For Americas: Marilyn Kunka, (412) 630-2809 or www.alma-
tis.com  

LASH PUBLICATIONS INTERNATIONAL WINS
EIGHTH APEX AWARD

Lash Publications International is pleased to announce that it has
received its eighth Award of Excellence from the APEX Awards for
Publication Excellence. The award was received in the technical
writing category for Virtual Building for Construction Projects,  by
Laurel M. Sheppard, published in the January/February 2004 issue
of IEEE s Computer Graphics and Applications magazine.  The
judges commented that the article displayed solid, well-structured
writing and well-researched content.  We liked the way that the
functional captions tied the illustrations to the text. And we thought
the sidebars showcasing related articles and links were especially
useful.   The writing category (both Feature and Technical) had a
total of 884 entries. The panel of judges included John De Lellis,
editor & publisher of Communications Concepts; Dr. Paul Fisher,
Concepts senior evaluator and former professor of journalism at the
University of Missouri School of Journalism; and Nancy Rathbun
Scott, contributing editor of Writing that Works: The Business
Communications Report.

Sponsored by Communications Concepts, publishers of business
communication reports, including Writing That Works, this is the
16th year of the competition program, which had 5,462 entries in 11
major categories and 109 sub-categories. APEX 2004 awards were
based on excellence in graphic design, editorial content and the
success of the entry -- in the opinion of the judges -- in achieving

overall communications effectiveness and excellence. For further
information, see http://www.apexawards.com.

Lash Publications International provides writing and editing serv-
ices for a wide range of publications, including magazine articles,
web sites, and newsletters. For further information, see
http://www.lashpublications.com.

Laurel Sheppard is a contributing editor for Refractories
Applications and News.

Chuck Connors, Jr. of Magneco/Metrel, Inc.(Left) receiving
the Governor’s Excellence in Exporting Award from Ohio
Governor Bob Taft. June 24, 2004.

TAFT HONORS 26 OHIO COMPANIES FOR
EXPORTING EXCELLENCE 
Orrville-based The Will-burt Company Named
2004 Exporter of the Year

Columbus (June 24, 2004) Governor Bob Taft today presented 25
Ohio companies and organization with the Governor’s Excellence
in Exporting Award (“E Award) and one Ohio business - The Will-
Burt Company based in Orrville, Wayne County with the 2004
Exporter of the year Award.

“Ohio is an export leader in the highly competitive global econo-
my,” Taft said. “The winners of this year’s ‘E’ Awards are setting
a record pace by aggressively selling their products throughout the
world.”

For more information contact: Jennifer Bartko or Bill Teets,
ODOD, at 614-466-4133; or Orest Holubec, Governor’s Office at
614-644-0957.  RR AANN

http://www.ceramics.org/htcmc5
http://www.alma-tis.com
http://www.alma-tis.com
http://www.alma-tis.com
http://www.apexawards.com
http://www.lashpublications.com
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NEWS FROM THE WORLD REFRACTORIES
CONGRESS (WRC’04)
Charles E. Semler, Semler Materials Services, Chandler, AZ 85248, E-mail: CESemler@aol.com

The 2nd World Refractories
Congress was held at the
Singapore International
Convention Center and Pan
Pacific Hotel, June 27-29, 2004.
There were about 200 attendees
from 27 countries, with the
largest delegation (~40) being
from China.   The two-day pro-
gram, with the theme “New
Challenges Ahead”, included 20
presentations, and no talks were
cancelled.  The meeting also
included an exhibition, with 16
exhibitors from Australia, China
(5), Germany (2), India (2), Italy,

Malaysia, Singapore, South Africa, UK, and Ukraine  

INDUSTRY OVERVIEW
The keynote lecture was presented by Mr. A. Aranha, Corporate

Director of Materials for ISPAT, International UK. Aranha empha-
sized the fact that China is dominating the world economy, and the
steel industry in particular.  However, there are signs that China’s
growth (GDP) may slow from 9.3% in 2003 to 8% in 2005.  He
stated that the key factors affecting the steel industry are the cost
of environmental regulations, China’s growth, intensified consoli-
dation, economic slowdown in North American and Europe, and
the entry of new EU members (with a migration of European steel-
making to the East).  As the quality of refractories has continually
improved, the purchase/replacement demand has likewise contin-
ually decreased.  The gradual increase in EAF steelmaking, with
its lower refractory consumption rate, is also contributing to the
reduced demand for refractories.  The western refractory world is
suffering from fierce cost competition, which is causing difficulty
in competing with low-labor cost countries like China, India, and
others, despite consolidation and permanent cost-cutting efforts.
But there should be growth in refractory demand, at least through
2005. Aranha indicated that the refractories industry needs to fur-
ther consolidate and globalize, provide more creative solutions,
with emphasis on high value, more durable refractories, and to
promote business partnerships and/or strategic alliances. He noted
that the rules are changing, and “unless we change we stagnate,
and if we stagnate we die”.  

The writer presented a paper on “Key Issues for Today’s
Refractory Industry”, including U.S. issues (steel plant bankrupt-
cies, refractory plant closures, globalization effects, Chinese
imports, conformance to environmental standards, asbestos and
silica litigation, and increasing costs). Other points discussed were
improving profitability, increased refractory quality concerns,

recycling, declining refractory education, and future refractory
development.  Historical data for steel and refractory production
in selected countries around the world showed the rapid increase
in China, with steel and refractories production up 74% and 51%,
respectively, since 2000. By contrast, refractory production in
U.S. and Japan has declined about 20% since 1998.  Since 1999,
refractory exports from China have increased from 350,000 to
825,000 metric tons in 2003.  Increasing production of steel,
cement, and aluminum worldwide indicate that there should be a
positive effect on refractories business for at least the next 2-3
years.  It must be remembered that the refractories industry plays
a critical role, although silent and mostly unrecognized, in sup-
porting all materials manufacturing by heavy industry around the
world. 

Mr. B. Gupta, Managing Director of Vesuvius India reviewed
the prospects and challenges for the refractory industry.  He noted
that the migration of refractory manufacturing to China and Asia
is accelerating.  Closed plants from various places in the world are
being dismantled and shipped to the Pacific Basin and Eastern
Block. He advised more partnering ventures with customers,
based on the development of more “smart” refractories, to pro-
mote win-win situations.  And to further improve the performance
of refractories, product design will play a more important role. 

TECHNICAL INFORMATION
Prof. A. Yamaguchi of Japan discussed the “Development of

Self-Repairing, Carbon-Containing Refractories”. The various
additives to carbon-containing refractories serve to inhibit oxida-
tion, but they also contribute to material development/deposition

Sign outside the WRC'04.

Charles E. Semler

mailto:CESemler@aol.com
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in the structure, i.e., self-repair.  The functions of additives
Al4O4C, Al2OC, and Al4SiC were reviewed.  Yamaguchi predicted
that the development of new additives will result in improved car-
bon-containing refractories, with enhanced self-repair capabilities,
although no examples of possible new additives were revealed.

Prof. R. Bradt, University of Alabama, USA, presented a tutori-
al lecture on “Spinel”. Based on its good properties and the toxic-
ity issues for refractories that develop Cr6+ in service, interest in
spinel has increased greatly.  It has a melting point higher than alu-
mina, an attractive free energy of formation, and a structure that
allows the accommodation of a diversity of cations, and impuri-
ties. Spinel can be formed from powder mixtures (including natu-
ral raw materials) by sintering, as low as 400°C, and by fusion
above the melting point.  Bradt considers that the usage of spinels,
of various types, will continue to increase for a variety of refrac-
tory applications.

IRON AND STEEL INDUSTRY
Mr. K. Gruber of Voest-Alpine, Austria, discussed how to opti-

mize the partnership between the plant builder and refractory
industry for the benefit of the steelmaker.  But he began by stating
the fact that in 50 years the world steel production has quadrupled,
while refractory consumption has been halved.  Blast furnace lin-
ing life has increased from <10 years to >15 years, over the
decades.  He noted that refractory consumption for carbon steel
production is 42 wt.% for ladles, 21% for blast furnace cast house,
20% for converters, and 7% for tundish/con-casting. He reviewed
various developments in iron making, steelmaking, continuous
casting, strip casting, automation, and sensor technology, and
mentioned some of the refractory needs. 

Ms. Li Tai of Baosteel Corp., Shanghai, China, reviewed their
refractory situation, in which the refractory consumption was 9.3
kg/ton of steel in 2003.  Their BOF converter life has reached
15,000 heats, but in 2003 averaged about 5000 heats, which is con-
sidered better for cost effectiveness and availability; the converter
refractory consumption was 0.7 kg/ton of steel.  Baosteel people
say that high-class refractories make high-class steels, and they
recognize the importance of the correct selection and adoption of
refractories.  To meet the demands of higher quality steels, they
have conducted research on C-free ladle bottoms, low-C brick, and
MgO-CaO refractories.  They are also researching the recycling of
refractories; e.g., 70% used MgO-C bricks added to MgO-C
bricks.    

OTHER TOPICS
Dr. N. Zhou from Henan University of Science & Technology,

Luoyang, China, discussed refractory raw materials.  He cited two
main problems: (a) the quality and consistency is not reliable
enough, and (b) the slow pace of development and commercial-
ization of synthetic materials.  He noted a big discovery of
andalusite in Mongolia, the production of beneficiated/homoge-
nized materials, and China’s use of more CaO-enriched MgO
instead of dolomite.  Other materials of interest are fused materi-
als with eutectic composition (alumina-zirconia and magnesia-zir-
conia) and dense or hollow synthetic balls (0.5-5 mm) with a
smooth or rough/ridged surface, for a variety of applications.

Dr. N. Tsukamoto of Shinagawa Refractories discussed the cur-
rent and future situation in Japan.  Monolithic refractories account
for 65% of their market; e.g., almost all >150 ton steel ladles are

monolithic lined.  He noted their emphasis on developing refrac-
tories that benefit their customers, such as using a 5000-ton vacu-
um press to make big blocks for the blast furnace and BOF.  And
they have developed a highly automated, robotized plant  – the
productivity of the plant is three times better than a normal plant,
but the improved cost situation is still not as good as China.

Mr. K. Minoru of Krosaki Harima Refractories discussed the raw
materials situation in Japan over the last 20 years.  In 1980 the raw
materials usage was 68% natural, 21% synthetic, and 11% recy-
cled, compared with 52%, 41%, and 7% in 2002.  He predicted an
accelerated increase in high-grade and special steels in the coming
decades, so there will be more stringent demands for more durable
and reliable refractories.

There were talks on refractories for cement, glass, non-ferrous
metals, and other topics, which are included in the Proceedings;
contact: www.worldrefractories.com for information about the
Proceedings.    

The meeting ended with an open discussion based on video clips
from Mr. Bill Brown, CEO of Resco Products, USA, Prof. Zhong
Xiangchong of Zhengzhou University, China, and Mr. Nikolaus
Kreuels, Chairman of the German Refractory Association.  Brown
focused on raw materials pricing and quality concerns, and also
noted the fact that refractories are just a small cost of produced
steel (<10%), so even if refractories were free, the steel industry
would not realize a significant windfall.  Brown emphasized that
refractory companies need to work with their customers to show
them how to reduce their costs.  Prof. Zhong discussed refractory
developments for the New Century.  When asked if refractories
technology has peaked, he answered “Definitely not”!!  Important
research areas include high quality synthetic raw materials and
high quality functional refractories.  He thinks that the refractories
R&D in coming years should focus on oxide/non-oxide and free-
lime-containing types (for steel-cleaning purposes), as well as
castables.  Kreuels reminded the audience that the refractories
industry has suffered greatly in the last two decades, and now there
are problems with raw materials and pricing.  He mentioned that
GRA is working to improve the reputation of the refractories
industry, based on the need to enhance the commercial payback.
RR AANN

A view of the Singapore skyline.

http://www.worldrefractories.com
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ACerS-NIST Phase Equilibria Diagrams CD-ROM
Database

The Phase Equilibria Diagrams CD-ROM Database Version 3.0
contains approximately 20,000 diagrams previously published in
20 phase volumes produced as part of the ACerS-NIST Phase
Equilibria Diagrams Program: Volumes I through XIII; Annuals
91, 92, and 93; High Tc Superconductors I & II; Zirconium &
Zirconia Systems; and Electronic Ceramics I. Search capabilities
allow searches by:

* Authors
* System components
* Language of the original publication 
* Year (of original publication of the diagram)
* Phase Equilibria Diagrams series volume number
* Full bibliographic reference of the paper 
* Figure captions from diagrams published in Phase

Equilibria Diagrams volumes.

This new version offers full commentary text display in addition
to diagram display. This makes the CD the same as the printed vol-
umes with many additional features including high-quality printing
and export capability. On-screen plotting can show any line types
such as dotted, dash-dot, dash and solid. Files can be saved in both
wmf and bitmap formats. Other features include: 

* Zoom-in capability with string-box function to select area 
* Built-in formula mass calculator with mol%-wt% and wt%-

mol% conversion
* Overlay of related diagrams with matched scale and turn-

labels-off functionality
* Cursor position display in diagram units where applicable 
* Reverse function for binary diagrams for switching of left

and right components and analogous capability for terna-
ries 

* Curve follow function for diagrams where applicable 

Westerville, OH 43086-6136 
Ph: (614) 794-5890, FAX: (614) 794-5892

E-mail: info@ceramics.org 
Website www.ceramics.org 

National Institute of Standards and Technology 
100 Bureau Dr., Stop 2310 

Gaithersburg, MD 20899-2310 
(301) 975-2008 (VOICE)/ (301) 926-0416 (FAX) 

Terrell Vanderah 
Ceramic Phase Diagrams Data Center 

National Institute of Standards and Technology 
MS 8520, 100 Bureau Drive 

Gaithersburg, MD 20899-8580 
(301) 975-5785

terrell.vanderah@nist.gov 

Refractory Lining Thermal Modeller
The Refractory Lining Thermal Modeller (RLTM) is a software pro-

gram for rapid modelling of heat flows through furnace, heater and kiln
linings. It is available for Mac OSX, Windows and Mac OS 8/9.
Materials are dragged and dropped onto a lining model, and can be
dragged to different positions and resized. 

Material thicknesses, hot face and ambient temperatures, and envi-
ronmental factors can be adjusted and are reflected live in the model
window. Multiple resizeable windows can be open at one time, so that
potential linings can be compared. A sample is shown below.

RLTM supports entry of materials in both ASTM and metric systems
(or combinations), and produces results in either ASTM or metric.

Lining models can be printed out and saved to disk. RLTM includes
a database structure to allow the easy addition and editing of lining
materials.

Demo versions which are fully enabled when registered are available
for download at the link below.

The download is approximately 2MB and includes a manual and
sample database. The demo version is limited to use of the materials in
the sample database, simple instructions for registration through
PayPal are included.

See the following website for download: http://www.hot-
work.org/RLTM/RLTM.html  RR AANN

UNITECR 2005
www.unitecr.org 

See Page 31

mailto:info@ceramics.org
http://www.ceramics.org
mailto:vanderah@nist.gov
http://www.hot-work.org/RLTM/RLTM.html
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http://www.hot-work.org/RLTM/RLTM.html
http://www.unitecr.org
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Company Profile . . .

REFRACTORIES FOR GASIFICATION 
REACTORS – A GASIFICATION TECHNOLOGY
SUPPLIER’S POINT OF VIEW
Dirk Volkmann, Managing Director, Christian Reuther, Process Engineer, Dr. Tino Just, Process Engineer,
FUTURE ENERGY GmbH, Halsbruecker, Strasse 34, 09599 Freiberg, Germany

1. FUTURE ENERGY GmbH, FREIBERG
FUTURE ENERGY GmbH is a German engineering compa-

ny that owns proprietary pressure gasification technology
including subsequent gas treatment for further use as synthesis
or fuel gas, and undertakes to design and offer gasification-
related plants.

The proprietary know-how developed by Deutsches
Brennstoffinstitut Freiberg in the seventies was later advanced
by Noell and Babcock Borsig Power, and has now been
acquired by FUTURE ENERGY GmbH. Not only the profes-
sionals with long-term skills in the field of gasification, but
also a complex of test facilities in Freiberg have been taken
over by the new company.

The business of FUTURE ENERGY GmbH is focused on
gasification of different types of feedstock to produce synthe-
sis gas, electricity and process steam (Figure 1), which include:

• homogeneous and heterogeneous waste materials,
• chemical residues,
• renewable fuels (biomass)
• conventional fuels such as coal, liquid or gaseous fuel
• petroleum coke, heavy oil, distillation or hydrogenation

residues.

As a provider of engineering services in the field of gas pro-
duction, conditioning and utilization we offer: 

• tailor-made burner solutions for most different gasifica-
tion feeds (Figures 2 and 3)

• reactor/quench designs for different applications
(Figures 4 and 5)

• feasibility studies
• plant expertise
• basic engineering packages
• plant commissioning and process optimization services
• construction supervision
• plant authorization and operating permit engineering
• mechanical design of special equipment.

Our test facilities are operated for research & development
purposes covering the following subject areas:

• investigation of residual and waste materials with respect
to gasification characteristics and yields

• input and output analytical by certified laboratories
• process and plant optimization studies to commercial

scale

• development, fabrication and testing of new special-
design burner solutions

• testing of new materials of construction
• expert advice on and evaluation of test results.   

The heart of the entrained-flow gasification technology is a
reactor that can be operated at pressures between 6 and 30 bar.
The gasification feeds and oxygen required for the reaction are
supplied through feed injectors on top of the reaction chamber.

Oxygen and organic matter of the gasification feeds are con-
verted in a flame reaction at equilibrium temperatures ranging
between 1400°C and 1700°C. The raw synthesis gas produced
is mainly comprised of carbon monoxide and hydrogen, and
does not contain hydrocarbons.

Noxious chlorinated organic substances as, for example,
dioxins and furans are decomposed at high temperatures pre-
vailing and the reducing reactor atmosphere, and their refor-
mation is prevented by rapid cooling of the raw gas.

While passing the gas through further cooling stages, steam
or hot water is produced. Noxious compounds that are typical
of gasification such as H2S, COS, HCN and NH3 are separated
by conventional gas cleaning and conditioning processes, and
reusable elemental sulfur is extracted.

According to actual application requirements the cleaned gas
that is free from volatile heavy metals and toxic organic con-
stituents can then be utilized as a feedstock for chemical syn-
thesis or as a fuel gas.

FUTURE ENERGY GmbH owns two patent reactor designs,
the application of which is determined by the composition of
the material to be gasified (Figures 4 and 5).

- Cooling Screen Reactor
Ash-containing (> 1 % by weight) feedstock is gasified in a

reactor, the reaction chamber of which is enclosed by a tube
screen of the membrane wall type that was designed to carry
cooling water. With high-ash feedstock such cooling screen
design ensures long service lives (10 years) at high gasifier
availability. The mineral matter of the gasification feed melted
in the gasification flame forms a slag film that flows down the
cooling screen that is in turn protected by a thin layer of refrac-
tory ramming mass, and solidified inherent slag. 

- Refractory-Lined Reactor
The reactor designed for gasification of ash-free or low-ash

fuels (< 1 % by weight) is provided with a refractory lining that
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is shrouded by a cooled wall. The external pressure shell of the
gasifier is protected by a water jacket that is also designed to
carry away the heat flow passing through the refractory lining.  

In case of fuel-ash induced erosion of the refractory, solidify-
ing slag ensures reliable protection from hot spots. This design
solution combines the experience gathered with cooling screen
and refractory-lined systems.

The reactors of both design variants can be combined with
either a total quench system or a heat recovery partial quench
system, or can be equipped with a radiant heat exchanger. 

The test facilities of FUTURE ENERGY GmbH in Freiberg
are used to develop prototype designs and to test new or
advanced equipment, or gasification feeds of most different
provenance. The facilities can be modified to enlarge the variety

Figure 1. Gasification technologies of FUTURE ENERGY GmbH.
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of candidate gasification feeds and to per-
fect the technology as such.

The test facilities are licensed for the gasifica-
tion of a wide feedstock variety, so that there is
no special permit required to conduct trial cam-
paigns.

The size of the test facilities enables reliable
scale-up to commercial plant scale.

The test facility complex comprises:
• two gasification reactors for low-ash

and high-ash feedstock with thermal
capacities of 2 - 3 MW and 5 MW at
gasification pressures of 6  to 26 bar

• catalytic COS and HCN hydrolysis unit 
• SulFerox desulfurization system 
• waste water treatment system includ-

ing, among others, heavy metal precip-
itation 

• NH3 stripper 
• diverse conveying, dosing and feeding

systems for pulverized and liquid gasi-
fication feeds and slurries

• utilities supply systems for oxygen, nat-
ural gas, inert gas at supply pressures of
up to 100 bar. 

• BOP for both reactors. 

a) Demonstration and test facility 5
MWth:
• Thermal output: 5 MW ca. 300 - 500

kg/h of gasification feed (dependent on
heating value)

• Commissioned: 1996/97
• Reactor type: cooling screen reactor

with total quench system
• Gasification pressure: 6 to 26 bar
• Feedstock: liquid (pumpable) or solid

(pulverized) contaminated residues
with ash contents of up to 40 wt.%.

b) Test facility 3 MWth (VV 100): 
• Thermal output: 3 MW ca. 150 - 300

kg/h of gasification feed (dependent on
heating value)

• Commissioned: 1979
• Reactor type: refractory-lined with total

quench system
• Gasification pressure: 6 to 26 bar
•Feedstock: liquid (pumpable) or solid

(pulverized) contaminated ash-free or
low-ash residues.

2. Previous Black Liquor
Gasification Experience

The Freiberg pilot reactor (cooling screen
design) previously designed for coal was used
for black liquor gasification testing.  There is a

big difference between coal slag and the salts
arising as mineral residue in black liquor gasi-
fication processes. Notwithstanding a theoret-
ical melting point of about 750°C,  the actual
melting temperature can vary in a range of
400°C to 780°C depending on the compo-
sition of the gasification feed, because the
components form a eutectic mixture. The
measured maximum heat flux amounted to
270 kW/m2.

Under those conditions the hot face tem-
perature of a SiC layer of some 13 mm in
thickness comes up to about 440°C at a
cooling water temperature of 70°C
(respectively to 723°C at a cooling water
temperature of 250°C), i.e. the solidified
salt layer growing on the refractory will
just reach a thickness of 0.8 mm (or 0.1
mm respectively).

Furthermore, the viscosity of the smelt is
lower than that of coal slag by a factor of
1000, so that best conditions are given for
a transfer of mass into the SiC layer and its
spalling due to chemical reactions.

Pieces of the acidic bond refractory were
found during the tests in the smelt flow.
The duration of the tests, however, was not
long enough to establish equilibrium con-
ditions and to find out, if and when this
process came to a stop.

Simulation results imply that the forma-
tion of a solidified salt layer is not given
with SiC layer thicknesses of greater than
13 mm.

The question, if a salt layer of less than 1
mm in thickness is capable of shielding the
SiC layer under unsteady operating condi-
tions (varying salt melting point, fluctuat-
ing gasification temperatures) is still open.

3. Bench Testing of Cooled
Specimens

In order to simulate the conditions of a
ceramic lined cooling screen, bench tests
were carried out with a simple test setup
allowing to test refractory masses without
great expense for their applicability as
cooling screen ramming masses. The tests
primarily focussed on ramming masses,
because those can easily be applied to
specimens. 

The test setup consisted of an electrically
heated muffle furnace designed to accom-
modate in its upper part a crucible with
black liquor salts. Through an opening in
the cover brick of the muffle furnace it was
possible to insert into the crucible a dou-

http://www.grindosonic.com
mailto:info@grindosonic.com
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the cooled specimens showed only minor defects, an aspect that cor-
roborated the theory.

In a last test series, specimens were exposed to the smelt for 500
hours. Subsequently, however, the tests were cut short, since further
tests would have required new and better test appliances as well as
specific R&D effort, the scope and expense of which would have
gone beyond the means of a single plant engineering company. 

4. Demands on Refractories for Black Liquor
Gasifiers

In pulping operations Black Liquor is obtained, a major renew-
able by-product stream that contains Na2CO3, NaOH and Na2S as
well as organic substances. So far this spent liquor was commonly
burnt in recovery boilers under substoichiometric conditions using
the organic matter for power generation. Molten alkaline salts were
recovered and reused in the kraft pulping process.

Emerging technologies for the gasification of black liquor have
the potential to replace recovery boilers significantly improving
overall pulping economy, as well as relevant environmental and
safety advantages for the kraft process. Since operating efficiencies
compared to recovery boiler operations will significantly increase,
electricity generation can be doubled and the heat export increased.

This was the driving force for FUTURE ENERGY GmbH to
develop an oxygen-blown pressure gasification technology for
black liquor. The special-design reaction chamber of this black
liquor gasifier is encased by a water-cooled tube screen that is coat-
ed with a ceramic liner designed to protect the bare metal surface
of the tube against the chemical attack of the salt smelt, and to limit
the heat transfer into the cooling screen.

From previous recovery boiler operating experience refractory
stability and lifetime problems are generally known. Process con-
ditions require the cooling screen refractory lining material to meet
the following demands:

• Resistance of the refractory to the attack of the salt smelt with
major components Na2CO3, Na2S, NaOH and
minor components SiO2, NaCl, KCl

• Resistance of the refractory to the attack of gaseous reaction
products, i.e. reducing components H2, CO oxidizing compo-
nents H2O, CO2, and secondary components H2S, COS, NH3,
HCN, HCl, Na and NaOH vapors, soot, char particles, aerosols
of  liquid slag constituents

• Resistance of the refractory to the above forms of attack to be
ensured under gasification conditions: pressure up to 40
bar and reaction chamber temperature 950 - 1400°C, where
temperatures are highest in the area of direct flame impinge-
ment. 

By experience, the resistance of the refractory material under the
conditions described above can be achieved using the following three
approaches:

• Application of a refractory material that is absolutely resistant
to reaction conditions and also meets the under mentioned
premises.
With such material available, the use of an uncooled
refractory-lined reactor would be appropriate.
If a refractory conserves the desired properties just up to a
defined upper temperature limit, exceeding the temperature

Figure 3. Pulverized coal burner design (coal dust, liquid
atomization burner).

ble-wall tube that was cooled on the inside and provided with a
ramming mass coating on the outside.  

When heating the muffle furnace to some 900°C, the salts in
the crucible melt and make contact with the ramming mass. The
heated furnace was furthermore charged with a mixture of H2/N2 to
create a reducing furnace atmosphere. 

By coolant flow and temperature difference measurement during the
tests there was the ability to specify the heat input into the cooling
medium. After test completion the appearance of each of the ramming
masses was inspected with a view to chemical attack implications. 

In a first series of 24-hour-tests, a total of 25 refractory grades were
screened, namely with

• excellent heat conductivity – thin metal coatings
• good heat conductivity – materials rich in SiC
• medium and poor heat conductivity - Al2O3, MgO and chrome-

magnesite mixes of different composition.

Each time a cooled ramming mix-coated finger specimen was test-
ed in the smelt together with an uncooled one. At this stage  the mate-
rials already showed differences in quality, wherefore only 12 materi-
als were selected for a second test series over 100 hours. 

As a result of the aforementioned tests a significant difference
between cooled and uncooled specimens became apparent. Whereas
most of the uncooled specimens “vanished” in the course of the tests,

Figure 2.  Main burner design (coal dust-, liquid atomization
burner).
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threshold must be prevented, demanding the material meet
specific thermal conduction requirements. 

• Application of a refractory that will seal the exposed hot face
surface as a result of chemical reactions with the salt smelt and
salt impregnation, and this way protect the rest of the liner
against further attack. Thereby the refractory lining must be
cooled to the extent required to preserve the resistance of the
protective layer.

• Application of a refractory material in combination with a
highly efficient cooling system so as to allow a sufficiently sta-
ble layer of solidified salt smelt to build up on the refractory
lining even in cycling operation, which protects the refractory
lining against further salt impregnation and chemical attack.
This goal can only be attained if high heat flux densities can be
realized with a refractory of excellent thermal conductivity.

Thereby the heat flux through the reaction chamber wall should be
as low as possible to keep heat losses of the reaction chamber down,
but high enough for the required stability of the refractory material. 

In addition to the aforementioned major demands there are
further requirements to be fulfilled as specified below:

• Resistance to thermal shock during plant start-up and
shutdown operations

Whereas a temperature-time regime can in a way be realized
in the course of plant start-up, the cooling rates during shut-
down operations are determined by the cooling system and the
thermodynamic characteristics of the refractory material.
With a combined cooling screen and refractory design cool-
ing rates are supposed to come up to 100 – 300°C/min
requiring the thermal expansion coefficients of refractory
and cooling screen materials to be aligned. 

• Resistance to reactor gas pressure fluctuations
During shutdown operations, in particular, the rate of pres-
sure drop can come up to 5 - 10 bar/min after plant depres-
surization has started.

• Firm and durable bond between refractory and cooling
screen material to ensure the required cooling effect
Crevices between cooling screen and refractory lining need
to be avoided.

• Ease of application
The cooling screen lining shall be capable of being repro-
duced at controlled quality. A repair technology for local
damages shall be available. 

• Resistance of the refractory liner or of the sealing layer
formed as a result of refractory reactions with smelt compo-

Figure 4. Reactor design with cooling screen. Figure 5. Reactor design with cooling wall.
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nents to secondary influences during start-up or shutdown
operations, or to atmospheric moisture in downtimes
Steam condensation caused by temperatures on and within
the refractory lining falling short of dew point temperature
is excluded by operating the cooling screen in every phase
of operation at temperatures well above the dew point. 

• Cooling water side temperatures can come to 250°C maxi-
mum.
At given thermal conductivity and refractory lining thick-
ness a ceramic bond of the refractory applied to the cooling
screen is not feasible, because the temperatures required for
this cannot be reached.

5. Summary and Outlook
The tests described in this paper were primarily aimed to

define and verify refractory R&D trends. The R&D activities
were then provisionally ceased, because we as a plant engi-
neering company in the field of pressure gasification were
lacking certain prerequisites to carry on R&D work in the field
of ceramic materials sciences. 

Due to the relevance of this assignment we are, however, still
looking for an opportunity to combine our technology experi-
ence with that one of a major partner in ceramic materials sci-
ences to answer this challenge and to develop advanced solu-
tions.  RR AANN

ASTM COMMITTEE C08,
REFRACTORIES

The American Society for Testing Materials International
(ASTM) Committee C8 is continuing its work in developing
and maintaining standards for the refractories industry.  This
committee meets twice per year, usually in conjunction with
other industry meetings and activities.  The committee met in
late 2003 in Tampa, and then met again in St. Louis last spring
in conjunction with the St. Louis Section of the American
Ceramic Society.  Membership is offered to and encouraged for
those interested in refractories.  More information can be
obtained by visiting the ASTM website at www.astm.org.  

There are literally hundreds of standard methods, standard
practices, and standard classifications which fall under C8’s
supervision.  The Committee is subdivided into 10
Subcommittees, each Subcommittee having its own area of
expertise.  New standards are developed, and old standards are
reviewed, at every meeting.  Between meetings, electronic
communications have facilitated the drafting and refining of
documents being considered.

C8 will meet this October in Washington, D. C., for its 185th
meeting.  If you are interested in refractory production or
applications, consider attending a meeting of C8.  You’ll at
least find out what the difference is between a standard test and
a standard practice.

Adam Holterhoff
Secretary C8

Look for
RReeffrraaccttoorriieess AApppplliiccaattiioonnss

and NNews
on the web: www.ranews.info

http://www.astm.org
http://www.ranews.info
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Institution Profile . . .

REFRACTORY RESEARCH GROUP – U.S. DOE,
ALBANY RESEARCH CENTER
James P. Bennett, Ceramic Engineer, U.S. Department of Energy, 1450 Queen Ave. S.W., Albany, OR,
jbennett@alrc.doe.gov

The refractory research group at the Albany Research Center (ARC)
has a long history of conducting materials research within the U.S.
Bureau of Mines, and more recently, within the U.S. Dept. of Energy.
When under the U.S. Bureau of Mines, research was driven by nation-
al needs to develop substitute materials and to conserve raw materials.
This mission was accomplished by improving refractory material prop-
erties and/or by recycling refractories using critical and strategic mate-
rials.  Currently, as a U.S. Dept of Energy Fossil Energy field site,
research is driven primarily by the need to assist DOE in meeting its
vision to develop economically and environmentally viable technolo-
gies for the production of electricity from fossil fuels.  Research at ARC
impacts this vision by:

• Providing information on the performance characteristics of
materials being specified for the current generation of power
systems;

• Developing cost-effective, high performance materials for inclu-
sion in the next generation of fossil power systems; and 

• Solving environmental emission and waste problems related to
fossil energy systems.  

A brief history of past refractory research within the U.S. Bureau of
Mines, the current refractory research at ARC, and the equipment and
capabilities used to conduct refractory research at ARC will be dis-
cussed in the following sections. 

HISTORICAL RESEARCH IN USBM
Refractory research at the Albany Research Center (ARC) has a his-

tory dating back to its inception in 1911 within the U.S. Bureau of
Mines, Department of Interior, at Ohio State University.  Its first
research publication on “Mining and Treatment of Feldspar and
Kaolin” was published in 1913, and established a long history of serv-
ice to the industry and to the Nation in ceramic research.  Through the
years, refractory related-research moved from location to location,
existing at Seattle, WA; Norris, TN; College Park, MD; and Salt Lake
City, UT, where refractory research was conducted changed with the
organizational goals of the Bureau.  In 1971, all refractory and ceram-
ic programs were centralized at Tuscaloosa, AL, which became the
direct descendent of the current program in Albany, OR.  With the reor-
ganization, and later closure of the U.S. Bureau of Mines in 1995,
refractory research was consolidated at the Albany Research Center
and was transferred to the U.S. Dept. of Energy’s Office of Fossil
Energy, where it currently resides.  The Albany Research Center and its
location in Albany, Oregon, are shown in Figure 1.

Throughout its history in the Bureau of Mines and in the Dept. of
Energy, research was always driven by the realization that pyrometal-
lurgical industries such as foundries and the industries processing mate-
rials such as steel, copper, zinc, lead, aluminum, cement, and glass
could not exist without refractories and the major raw materials for
their production, namely refractory grade bauxite, chrome ore, magne-

sia, and natural flake graphite, minerals which are often imported.
Research centered on identifying substitute materials and/or conserving
raw materials by improving service life and by recycling refractories.
These needs were most evident for materials identified as critical and/or
strategic, and were the driving force for all early research.  During
World War I, the Bureau’s ceramic research resulted in technically sig-
nificant contributions in developing clay-graphite crucibles, domestic

Figure 1. The Albany Research Center main building. 

Figure 2. Location of the center.

mailto:jbennett@alrc.doe.gov
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clays for pottery, and refractories for the metallurgical industries.  More
recent significant research included the characterization of domes-
tic and foreign clays for applications ranging from structural clay
products to refractories, the development of a way to separate
kaolin clay flocks and to process them into finer particle sizes, and
the determination of refractory liner materials in proposed dry-ash
lining systems for high BTU coal gasification processes.  A listing
of refractory research conducted at the Tuscaloosa Research Center
of the US Bureau of Mines is listed in Table 1.  At peak employ-
ment in Tuscaloosa, approximately 5 professionals and 6 techni-
cians conducted refractory research, not including center support
help for analytical work.  

CURRENT RESEARCH AT ARC
The movement of program research from the Tuscaloosa

Research Center in Tuscaloosa, AL under the U.S. Bureau of Mines
to the Albany Research Center in Albany, OR, brought about
changes not only in personnel and funding, but also in program
direction.  The Albany Research Center is composed of approxi-
mately 85 full time employees and is divided into three research
groups conducting materials related research.  These groups are the
Office of Materials Development, the Office of Materials
Performance, and the Office of Process Development.  The refrac-
tory research team falls under the Office of Material Performance
and is currently composed of one supervisor, 4 professionals, 1
technician, and other assistance from the research center on a team-
work basis.  Refractory research has concentrated into three areas
during its nine year history at Albany, as is shown in Table 2.  The
focus of refractory work follows:

1. Recycling/reuse of spent refractory materials – The goal of
the recycling/reusing spent refractory material research was

to encourage producers, users, recyclers, or other compa-
nies to reuse spent refractory material.  A number of driv-
ing forces exist to encourage recycling, including landfill
space and cost as well as a growing concern over legisla-
tion, the environment, and future liability of spent refracto-
ry material.  The ARC worked directly with several primary
aluminum producers (Alcoa and Kaiser Aluminum Co.),
electric arc steel producers (through the Steel Manufactures
Association), and a number of individual companies (such
as in the brass and lead industries) to reuse/recycle spent
refractory material.  Over 98 % spent refractory was recy-
cled at one aluminum producer.  ARC developed technolo-
gy to reuse basic refractory linings as slag conditioners in
electric arc steel mills.

2. Improving the service life of refractory materials used in
EAF steel production – The goal of research to extend the
service life of EAF refractories was to make slag chemistry
compatible with refractory materials and formulated for
ideal slag foaming.  This work was conducted in collabora-
tion with Baker Refractories (now LWB Refractories),
Martin Marietta Magnesia Specialties (business sold to
Minteq Intl., Inc.), and over 20 members of the Steel
Manufacturers Association.  Through better control of slag
chemistry and slag foaming practices in a EAF; longer
refractory life, lower energy consumption per ton of steel
produced, lower emissions, and greater on-line availability
of the EAF is achieved.

3. Improved liner materials for gasification systems – The
goal of research to extend the service life of liner materials
used in slagging gasifier systems that produce chemicals
and power is to increase their on-line availability.  Research
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is focused in two areas: improving high chrome oxide
based refractory liners and developing non-chrome oxide
liner materials.  Plant trials are underway at a number of
gasifier users to evaluate materials developed at ARC.

RESEARCH MECHANISMS
Refractory and other types of material research at ARC are most

often conducted through agreements with private industry, such as
using a Cooperative Research and Development Agreement
(CRADA), a Reimbursable Funds-In Agreement, and a Non-
Disclosure Agreement for evaluating proprietary data.  Direct
involvement with industry helps ensure a real-world basis for
research conducted at Albany.

Figure 3.  Test equipment to evaluate the slag resistance of
refractory materials: a) slag drip furnace, b) rotary slag fur-
nace, c) air/slag/metal testing, and d) cup testing.

EQUIPMENT AND ANALYTICAL
CAPABILITIES

Major equipment for chemical and physical property characteri-
zation available at ARC is listed in Table 3.  Most testing equip-
ment is run according to ASTM International procedures, but many
tests are modified for specific testing under desired test conditions.
Specialized equipment for slag testing is shown in Figure 3, and
includes air/slag/metal testing, cup tests, slag drip tests, and the
rotary slag test.  Slag evaluation equipment is heavily utilized in
current programs.  Techniques for the standard characterization of
materials for density, porosity, room temperature crushing strength,
oxidation resistance, hydration resistance, reheat expansion, parti-
cle size, room temperature Young’s modulus, and other properties
are available.  Sample preparation equipment includes high inten-
sity mixers, presses, extruders, dryers, and controlled humidity
ovens.  Furnace capabilities range from inductively heated fur-
naces to gas and electric furnaces, many with controlled atmos-
phere capabilities.  Mineral beneficiation equipment includes
crushers, screens, attrition mills, and rod and ball mills.  Materials
can be calcined in a rotary furnace, sintered, arc or inductively
fused, or chemically produced.  A variety of saws and core drills
exist for sample preparation.  The evaluation of a sample’s
microstructure can be done by XRD, X-ray florescence, optical
microscopy, SEM, or TEM.  SEM capabilities include florescence
and backscatter imaging as well as chemical analysis by wave-
length on energy dispersive spectroscopy.  Chemical analysis is
typically conducted by wet chemistry or atomic absorption, but
may involve other techniques as needed. 

Other facilities exist at ARC for possible sample exposure or
large scale testing, and include EAF furnaces from 50 to 2400 lb
capacity, an 18 in ID cupola, a 2000 lb aluminum reverberatory
furnace, and vacuum and air induction furnaces up to 300 lb
capacity.  Additional information on the Albany Research
Center and its capabilities are available at the following
Website: www.alrc.doe.gov , by phone at 541-967-5862, or by
writing:  U.S. DOE - Albany Research Center, 1450 Queen
Ave. SW, Albany, OR, USA, 97321.   RR AANN

http://www.alrc.doe.gov


20 September/October 2004 Refractories Applications and News, Volume 9, Number 5

Feature Article. . .

REFRACTORY LINER MATERIALS USED IN
SLAGGING GASIFIERS
James P. Bennett, Ceramic Engineer and Kyei-Sing Kwong, Ceramic Engineer, U.S. Dept. of Energy -
Albany Research Center, 1450 Queen Ave SW, Albany, OR, USA 97321, jbennett@alrc.doe.gov

ABSTRACT
Refractory liners are used on the working face of entrained-

flow slagging gasifiers that react coal, petroleum coke, or other
carbon feedstock with oxygen and water.  The refractory liners
protect the gasifier shell from elevated temperatures, corrosive
slags, and thermal cycling during gasification.  Refractory fail-
ure is primarily by two means, corrosive dissolution and
spalling.  High chrome oxide refractory materials have evolved
as the material of choice to line the hot face of gasifiers, yet the
performance of these materials does not meet the service
requirements of industry.  A review of gasifier liner materials,
their evolution, issues impacting their performance, and future
research direction are discussed.

Keywords:  Gasifiers, Slagging gasifiers, Chrome oxide
refractories, Coal slag, Petroleum coke slag, Slag corrosion,
Spalling

INTRODUCTION
Gasifiers are used to produce power and chemicals used in

other industrial processes.  A gasifier acts as a containment
vessel to react liquid fuels, a carbon source (coal and petrole-
um coke are the most commonly used), water, and oxygen at
elevated temperatures and under reducing conditions; produc-
ing CO and H2, as the primary gases, along with CO2, CH4, HS
and other trace gases.  Gasifiers fall into one of three varieties:
fluidized-bed, moving-bed, or entrained-flow systems; with
only the entrained-flow gasifier producing a fluid ash (slag)
from impurities in the carbon source, the other two gasifier
varieties producing a “dry” ash by-product.  In an entrained-
flow gasifier, the bulk of this molten slag flows down the gasi-
fier sidewalls, with only minor amounts associated with the
excess carbon and existing as fused particles.  Slag is consid-
ered one of the primary by-products of the gasification process,
varying greatly in chemistry and quantity depending on the
gasifier feedstock and operation conditions.  A coal slag typi-
cally contains SiO2, FeO, CaO, and Al2O3; with vanadium
oxides also present in a petroleum coke slag.  Slag quantities in
excess of five or more tons per hour can be generated in a gasi-
fier, depending on the carbon source, the quantity of impurities
present in it, and gasifier throughput.  The ability of a slag to
flow and to cause predictable refractory wear in an entrained-
flow system is critical to its operation.  Industrial and govern-
ment interest in gasifiers has varied over time, driven by high
energy prices, perceived/real shortages of energy producing
raw materials, efficiency of the gasification process, low water
consumption compared to other processes, and the ability of a
gasifier to generate very low levels of pollutants.  The low

level of pollutants is achievable because gasification is a con-
trollable closed circuit process that has been designed to pro-
duce low levels of NOx, and because other low level emissions
such as sulfur and mercury from the gasification process can
be captured and/or processed for reuse as by-products.
Research is underway to sequester and/or find uses for CO2, a
future environmental concern and a thermodynamic by-prod-
uct of the gasification process that is easily captured.       

The gasification chamber of an entrained-flow gasifier typi-
cally operates at temperatures between 1250º and 1550ºC, at
pressures of 400 psi or higher, and is lined with refractory
materials to contain the severe environment and to protect the
outer steel shell from erosion, corrosion, and high temperature.
As mentioned, the slag is liquefied in the gasification chamber,
and can corrode, penetrate, and react with the refractory liner
at elevated temperatures, severely limiting refractory service
life and gasifier operation.  Two types of entrained-flow gasi-
fiers are used in industry, water cooled and air cooled.  Water
cooled gasifiers have a working face lining of Al2O3-SiC
refractory, and have a satisfactory service life because slag
freezes on the refractory surface, restricting slag penetration
and corrosion.  The long refractory service life of the water
cooled design comes at a performance cost, with slightly lower
energy efficiency versus an air cooled design.  Air cooled
entrained-flow gasifiers are lined with refractory materials
found to give the best service life and on-line performance – a
high chrome oxide material that contains alumina and may
contain other additives like zirconia.  Refractory liners in an
air cooled entrained-flow gasifier last anywhere from three

Figure 1. Two types of commercial entrained-flow slagging
gasifier designs; a) opposing flow burner, and b) single burner.

mailto:jbennett@alrc.doe.gov
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months to two and one-half years.  Cross sections of two types
of air cooled entrained-flow gasification chambers used in
industry are shown in Figure 1.  These gasification chambers
can be up to approximately 82 feet in length and 16 feet in
diameter [1]. In spite of the superior performance of chrome
oxide based refractory liners over other material, gasifier oper-
ators and designers using air cooled systems have identified
refractory service life as the most important factor limiting
their on-line availability [2].  This paper will review refracto-
ry liner materials currently used in gasifiers and their evolu-
tion, analyze failed refractory materials, and discuss trends in
future refractory research for gasifiers.  

REFRACTORY MATERIALS USED IN
GASIFIERS AND THEIR EVOLUTION

Because of the severe environment in an air cooled
entrained-flow slagging gasifier, the material challenges for a
refractory liner are many, and include:  elevated temperature;
large and/or rapid changes in temperature; erosion by particu-
lates; molten slag attack; variable slag composition resulting
from the feed stock; attack by hot corrosive gases; alkali vapor
attack; and variable oxidizing and/or reducing conditions [3-
5].  Refractory materials that can withstand these environ-
ments for long periods of time are necessary for a continuous,
efficient, and reliable gasification process.  A number of
refractory compositions have been evaluated historically in
these harsh thermal environments; and include sintered and/or
fused cast alumina-silicate, high alumina, chromia-alumina,
chrome-magnesia spinels, alumina and magnesia, alumina and
chrome, and SiC refractory compositions [6-10].
Thermodynamic and phase diagram studies must be taken into
account when choosing the composition of hot face or of back-
up refractory materials.  Compounds like Fe2O3 and SiO2 can
form reactions with CO, H2, or H2O in the gasifier environ-
ment as follows:

1. 2CO → CO2 + C (in presence of Fe2O3, T ∼ 570ºC) [11]
2. SiO2 + H2 → H2O + SiO↑ [11]
3. 2SiO2 + 3 H2O → Si2O(OH)6↑ [12]

These and other gasification reactions are possible or have
been theorized [1, 11-14] to occur on either the surface or
within a gasifier refractory (due to the thermal gradient).
Caution must be taken to minimize possible gaseous interac-
tions; such as with CO, H2, or H2O; by controlling refractory
components.  Wear by corrosion was evaluated and noted in
refractory materials containing high levels of Al2O3 or
MgO/Al2O3 spinels during simulated gasifier environment
testing using a synthetic coal type slag [6-9].  Other refractory
materials, like SiC or Si3N4, were found to react with compo-
nents in the slag, causing severe material wear.  SiC, for
instance, interacts with FeO in the slag, yielding volatile gases
(CO, SiO and/or others) and metallic iron.  Fuse cast refracto-
ry materials with little or no porosity often had low chemical
wear, but suffered from thermal shock, a threat to refractories
because of constant gasifier shutdowns.    

In general, chrome oxide additions to a refractory composi-
tion were found to improve their slag resistance.  The high
chrome oxide material used in most slagging gasifiers today
has its roots in DOE and Electric Power Research Institute

(EPRI) funded efforts traceable back to the 70’s and 80's [3-9,
13, 15].  Research and industrial experience indicated that only
Cr2O3 – Al2O3, Cr2O3 – Al2O3 –ZrO2, and Cr2O3 – MgO com-
positions could withstand gasifier environments long enough to
be economically feasible [3, 10, 14].  A strong desire has
always existed in industry to develop an improved performance
refractory with a low cost.  Bakker [16] indicated that a mini-
mum Cr2O3 level of 75 wt.% is necessary in a refractory mate-
rial for sustained material performance in slagging gasifiers.
One problem in evaluating materials is that good tests simulat-
ing the gasifier environment do not exist, making it difficult to
equate laboratory results with material performance in indus-
try.  Taber [1] discusses general factors to take into account
when choosing a gasifier refractory, including chemical com-
patibility, thermal and mechanical concerns, and design issues.

The failure of a refractory lining in a gasifier is expensive,
both in terms of the refractory replacement costs (as high as
one million USD, depending on gasifier size and the extent of
rebuild required), but also in lost production down time. Re-
lining a gasifier requires that the system be completely shut
down, and under the best of circumstances takes about 10 days
for a partial rebuild, longer for a complete rebuild.  A rebuild
involves cooldown (up to 5 days) and teardown and repairs (3
days for a partial rebuild and 7-10 days or longer for a full
rebuild, depending on the extent of repairs necessary).  Some
gasification facilities maintain a second gasifier for use while
repairs are being made, reducing system downtime and increas-
ing on-line service and availability of the gasification system.
Even then, the time to switch gasifiers can vary from hours to
days, depending on if the spare gasifier is available in pre-heat
mode.  Because of the long down times required for repair,
gasifier operators would like to install refractory linings with a
reliable life of at least three years.  The current generation
refractory liners installed in gasifier systems have yet to meet
this requirement, failing in as little as three months in high
wear areas.  Refractory service life is highly dependent on vari-
ables such as the carbon feedstock, the temperature of opera-
tion, material throughput, and the frequency and quality of

Figure 2. Hot face of high chrome oxide refractory material in
a slagging gasifier (spalled refractory material circled).
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plant maintenance.  Differences in these variables at gasifier
sites may indicate that the development or customization of
high chrome refractories for each plant site may be necessary in
order to achieve optimum refractory performance.
Nonetheless, reliable refractory liners are needed to ensure that
gasification fulfills its potential as a clean and efficient means
of generating power.  

POSTMORTEM ANALYSIS
High chrome oxide refractory materials at the hot face of a

slagging gasifier after shutdown is shown in Figure 2.  Note
that the slag (and possibly feedstock and/or gas velocity) has
created an irregular worn surface on the refractory liner.
Refractory materials used to line a gasifier are typically dense
firebrick composed of chromium oxide as the primary compo-
nent, along with smaller quantities of other refractory oxides
(typically aluminum and/or zirconium oxide).  The wear of
refractory from the hot face is thought to be caused by two
principle mechanisms, corrosion and spalling.  Corrosion can
occur from dissolution of refractory material into the flowing
slag or by dissolution of the bond phase at the hot face, fol-
lowed by freeing of refractory grains into the flowing slag.
This type of wear occurs continuously throughout the gasifier’s
service life and is gradual and predictable in a high chrome
oxide refractory liner.  Spalling occurs in stages, and is the
irregular removal of large chunks of the refractory materials
hot face into the flowing slag.  Physical evidence of corrosion
and spalling are both indicated in Figure 2.  Note the washed-
out appearance of the refractory surface (corrosion) and the
spalled refractory fragment (circled in Figure 2) sliding down
the gasifier sidewall.

A high chrome refractory brick removed from the hot face of
a gasifier sidewall and the cross section of it are shown in
Figure 3.  The surface of the hot face (shown in Figure 3a) is in
the latter stages of spalling, which would lead to the rapid and
physical removal of a large portion of the refractory’s surface,
leading to a shorter refractory service life.  Bakker [16] indi-
cated spalling as a refractory wear mechanism, and demon-
strated how the repeated occurrence of it during a gasifier’s

operation would led to an incremental and rapid shortening of
refractory service life versus the predictable and gradual linear
wear caused by corrosion.  

Spalling and crack growth at different areas associated with
slag penetration into a refractory are shown in Figure 3b.
Cracks form and link together in the slag penetrated or slag
penetrated/non-penetrated interface of the refractory, creating a
situation where large surface portions of a refractory may
become freed from the base refractory (spalled).  Creep, corro-
sion, thermal cycling of the gasifier, an oxidizing/reducing
atmosphere, or new mineral phase formation brought about by
slag interactions with the refractory may all contribute to
spalling.  The creation, growth, and joining of cracks appears
to be a reoccurring process during the operation of a gasifier.
Spalling has occurred in many refractory applications and has
many causes [17].    

The stages of a gasifier refractory wear at different times and
how these stages lead to refractory failure by corrosion and
spalling is shown in Figure 4.  The first stage of the process
indicates when a refractory lining has been installed, and
shows internal laminations or low-density areas associated
with the material’s manufacture.  Flaws such as these may exist
in the refractory because of manufacturing practices, but they
can be eliminated or minimized through inspection of the
refractory material before installation.  Stage 2 indicates hoop
stress cracking occurring at the refractory hot face edge (a rare
phenomenon) and the possible formation of thermal shock
cracks (not shown because this type of flaw is location specif-
ic).  Once a gasifier is in service and slag has contacted the
brick’s hot face, it  causes surface corrosion and begins to pen-
etrate the pores of the refractory, as shown in stage 3.  

The molten slag attack leading to corrosion and spalling of a
chrome oxide refractory hot face starting in stage 3 and build-

Figure 3. High chrome oxide refractory removed from a slag-
ging gasifier; (a) hot face and (b) cross section of refractory.

Figure 4. Stages of refractory wear.



ing up to spalling shown in stage 5 occurs throughout a gasi-
fiers operation.  Corrosion is limited to the interaction between
slag components and the refractory, and is influenced by gasi-
fier operational temperature and the melting point, solubility,
and fluidity of new phases that are formed.  Chrome oxide
works well preventing corrosion because it interacts with the
slag to form high melting phases in situ.  In doing so, it also
raises the silica content (and thus viscosity) of the slag that has
penetrated the refractory, limiting further slag penetration.  It
should be noted that particulate wear (abrasion) from carbon
feedstock caused by burner alignment or feedstock throughput
may appear to be corrosive wear on the refractory surface
rather than abrasion.  Wear of this type can be difficult to ascer-
tain.  

Spalling (stages 3-5 in Figure 4) may be initiated by many
causes.  Slag penetration and interactions between the slag and
the refractory form new phases with different thermal expan-
sion that could lead to crack formation and stresses.  Once slag
has penetrated a refractory surface, density/expansion differ-
ences between the penetrated/non-penetrated refractory also
exist that could lead to crack formation and spalling.  Spalling
may also be influenced by iron compounds that interact in the
slag/refractory, forming spinel or solid solution phases with an

expansion behavior different in the refractory or that may
change with the oxidizing/reducing state of the gasifier.  Other
operational practices, like depressurization of the gasifier while
the hot face is at or near operating temperature, rapid or uncon-
trolled gasifier shutdown, oxidizing preheats/shutdowns of the
gasifier, gasification vessel design/construction, refractory
creep, or thermal cycling of the gasifier could be additional
causes or contributing factors to hot face spalling.  Figure 4
does not discuss these causes of refractory failure, only indicat-
ing the stages of failure.

Previous work on samples penetrated by slag [18] have shown
that iron penetration from slag into a refractory generally did
not occur to any appreciable depth, being limited to the surface,
while calcium, aluminum, and silica penetrate much deeper into
the refractory structure.  The relative depth of slag element pen-
etration into a high chrome oxide/alumina refractory is shown
in Figure 5.  Most elements in the slag react with the
Cr2O3/Al2O3 refractory matrix to form glass, solid solutions, or
spinels, or other new phases.  Based on microstructural analy-
sis, the role of aluminum in the refractory matrix is unclear
since it is already present in high chrome oxide refractories.
Evidence suggests alumina may be removed from matrix aggre-
gate into the slag in certain situations, although additional
research is needed to clarify its behavior.  Calcium oxides react
with silica to form calcium silicates, tending to form fluid, low
melting slag compositions that penetrate deep into the refracto-
ry.  The high silica slag that penetrates furthest into the hot face
of the refractory is thought to increase in viscosity as other
oxide components of the slag interact with the refractory
matrix, causing the slag to become so viscous that further pen-
etration effectively stops.  The thermal gradient, ∆T, across the
hot face refractory is small, making it unlikely that it alone is
the cause of the slag” freezing.” 

Although spalling and corrosion are thought to be the primary
causes of refractory failure, evidence that other mechanisms of
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Figure 5. Relative penetration of slag elements into the
microstructure of a high chrome oxide refractory.

Figure 6. Causes of refractory wear in a slagging gasifier.
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refractory wear such as hot gas corrosion or salt buildup in the
refractory have been noted and may occur in specific gasifier
locations. 

A flowsheet breaking down the major types of refractory wear
in a slagging gasifier is shown in Figure 6, with the causes cat-
egorized as material, refractory and gasifier issues.  Gasifier
and refractory issues are indicated by a dashed line in Figure 6
as they tend to remain fixed gasifier issues over a period of
time, being determined by economic and production issues.
Material issues that lead to gasifier wear during its operation
are impacted by chemical corrosion and/or physical wear.   It is
important to make a study of all possible causes of wear in a
gasifier to determine how they can be impacted by system
changes.  All causes of refractory wear tend to be lumped
together into a single category of refractory failure, complicat-
ing corrective action.  

TRENDS IN REFRACTORY MATERIAL
DEVELOPMENT

The major types of high chrome oxide refractories used in an
entrained-flow air cooled slagging gasifiers are indicated in
Table 1.  Differences exist in the performance of the different
types of refractories, with the chrome-alumina and chrome-alu-
mina-zirconia based compositions (A and B) now predominate-
ly used in industry.  High chrome oxide content refractories
(greater than 85 wt.% Cr2O3) are used in the severe wear areas
of a gasifiers, with lower chrome oxide content materials used
to line less severe wear areas of the gasifier, resulting in a
zoned lining.  This is done in part because of high material cost
of the high chrome oxide materials.  Variations in some refrac-
tory compositions are made to give special properties to a
material, such as thermal shock resistance.  Changes such as
these have resulted in many different linings being used in gasi-
fiers as users seek the longest lasting materials at the best price.
Gao [14] has indicated one lining makeup, for instance, as a
high chrome oxide material on the hot face, followed by an 85
wt.% Al2O3/13 wt.% Cr2O3 backup lining, although up to six
layers of refractory insulation have been reported [1].
Regardless of the refractory lining or its makeup in a gasifier,
worn linings or voids in a lining can result in dangerous hot
spots on the gasifier containment shell, a situation which must
be prevented.  

Research is on-going to develop new or improved refractory
liner materials for use in slagging gasifiers, especially in high
chrome oxide compositions.  The Albany Research Center, for
instance, has developed and is testing the performance of a high
chrome oxide refractory material with phosphate additions

[19].  Other future research trends could be towards developing
refractory materials coatings, monolithic linings, or refractory
materials that do not contain chrome oxide or are low in
chrome oxide.  Research is underway at the Albany Research
Center into non-chrome oxide refractories for the following
reasons:  1) the high cost of chrome oxide refractories, 2) the
potential for the formation of hexavalent chrome during serv-
ice (not currently known to be an area of concern), 3) the dif-
ficulty in fabricating and sintering high chrome oxide materi-
als, 4) handling difficulties of high chrome oxide refractories
due to their density, 5) possible supply issues associated with
high chrome oxide refractories and 6) the fact that high Cr2O3
refractories have not met the performance requirements of
gasifiers.  Greater recycling of spent linings from gasifiers
could also be encouraged.  Recycling is limited because of fre-
quency of generation issues, shipping costs and distances, stor-
age costs, and mixed lining issues.

CONCLUSIONS
Air cooled entrained-flow slagging gasifiers are lined with

high chrome oxide refractory material.   The gasifier acts as a
containment vessel to react carbon feedstock (typically from
coal or petroleum coke) with water and oxygen in a reducing
environment to produce CO and H2, along with lower levels of
other gases.  Gasifiers are used for power generation or to pro-
duce chemicals for other processes.  Slagging gasifiers have
service lives ranging from three months to two and one-half
years, with longer service life desired.  The service life of a
gasifier refractory is dependent upon feedstock, the tempera-
ture of operation, material throughput, and the frequency and
quality of plant maintenance.  Failure is typically by chemical
corrosion or spalling.  Improvements are being sought in
refractory performance by developing new or improved refrac-
tory materials.  These improvements are being sought through
product reformulation, through phosphate additions to the
refractory, or through the development of low or no chrome
oxide refractory materials.
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ALMATIS TO UPGRADE PLANT
Almatis has announced a major investment in a fully integrated tabular

alumina facility at their existing Qingdao plant in the Shangdong province
of China.  The $18 million investment will expand existing tabular capabil-
ity, supporting the installation of two shaft kilns for tabular alumina sintering
and more than doubling the existing crushing and screening capacity.  Under
the terms of Almatis’ long-term supply agreement with Alcoa, the Qingdao
plant will be supplied with calcined alumina feedstock from Alcoa,
Australia.

“China is the fastest growing high alumina refractory raw materials mar-
ket in the world and Almatis’China sales are growing as rapidly.  Our inde-
pendent ownership allows Almatis to invest now, providing the Chinese
refractory market continued full supply of the high quality, high alumina raw
materials they need to support the shift to modern steel manufacturing and
steel capacity expansion.  High quality steel production demands high qual-
ity and high performance raw materials, such as Almatis’ tabular alumina”,
stated Gangolf Kriechbaum, Almatis Chief Commercial Officer.

In addition to tabular alumina, the brownfield expansion will produce
spinel and bonite, other high-grade raw materials used as aggregates in
shaped and unshaped high performance refractories.

Almatis was formerly known as Alcoa World Chemicals and now oper-
ates as an independent alumina materials company, headquartered in
Frankfurt, Germany.

TRI SAFETYAWARDS
TRI Chairman John Turner announced the winners of the 2004 TRI

Chairman’s Safety Awards at the TRI Spring Meeting.  Winner in the small
company category was The Nock and Son Company.  The mid-size cate-
gory award went to Riverside Refractories, and the large company recogni-
tion went to Unifrax Corporation.

Rob Crolius also read the list of the winners of the TRI President’s Awards
which were presented to facilities that operated in 2003 without a lost work
time accident.  They are: Inland Refractories’ Avon, OH plant; Minteq
International’s Bryan, OH, Baton Rouge, LA, Dover, DE, and Slippery
Rock, PAplants; New Castle Refractories’Newell, WVplant; The Nock and
Son Oak Hill, OH plant; Refco Incorporated’s Wellstone, OH plant;
Refractarios Peruanos’ Callao Plant; Resco Products’ Cedar Heights Clay,
Oak Hill, OH plant; Riverside Refractories’ Pell City, AL and Nanticoke,
Ontario plants;  the RPC Division of Thermal Ceramics in Elgin, IL; and,
the Amherst, NY and Sanborn, NY plants of Unifrax Corporation.

REGULATORY
OSHAAgenda: Silica and Hex Chrome

In the Regulatory Agenda published June 28, 2004, the Occupational
Safety and Health Administration affirmed its intent to publish a final rule on
hexavalent chromium by October 4, 2004.  That date had been ordered by
the Third Circuit Court of Appeals.

Regarding crystalline silica, OSHAindicated that a peer review of the risk
assessment will be completed by February 2005.  It is unclear how the
agency will proceed after that.  It may move expeditiously on a comprehen-
sive regulation, or focus on some specific issues like modernizing PELs or
standardizing sampling methods.  RR AANN

TRI News Continued from Page 5
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ABSTRACT
An extensive literature review has been completed and thermo-

dynamic modeling has been employed to analyze the reactions
between black liquor (BL) and aluminosilicates to understand the
corrosion mechanisms of candidate refractories for black liquor
gasification (BLG).  Interactions of different refractory materials
exposed to alkali-containing atmospheres are reviewed.  Black
liquor is a water solution of the non-cellulose portion of the wood
(mainly lignin) and the spent pulping chemicals (Na2CO3,
K2CO3, and Na2S). FactSage thermodynamic modeling software
was used to analyze the phases present in BL and to predict the
interaction of BL with refractory compounds from the Al-Si-O
system.  The modeling included prediction of the phases formed
under the operating conditions of a high temperature BLG
process. Development of new refractory materials for BLG appli-
cation is a critical issue for implementation of this technology.  At
the operating temperature of the BLG, FactSage predicted that the
water would evaporate from the BL and that the organic portion
of BL would combust, leaving a black liquor smelt composed of
sodium carbonate (70-75%), sodium sulfide (20-25%), and potas-
sium carbonate (2-5%).  Exposure of aluminosilicates to this
smelt leads to significant corrosion due to formation of expansive
phases and, subsequently, cracking and spalling. Literature
reports suggest that AZS refractories will be superior to silicates,
zircon, and aluminosilicates for resistance to reaction from the
alkali compounds, but these materials all undergo deleterious
reactions.  Other refractory ceramics such as fused spinel (altered
only on the surface) and silicon nitride (dissolved in black liquor
smelt) were also considered.  Based on thermodynamic calcula-
tions, it appears that magnesia refractories will be stable in con-
tact with black liquor smelt.  

INTRODUCTION
Black liquor (BL) is a by-product of the papermaking process.

BL is an aqueous solution containing waste organic material
which is mainly lignin as well as the spent pulping chemicals
which are primarily sodium carbonate and sodium sulphate [1].
Chemical energy can be recovered from BL by burning it as a liq-
uid fuel in boiler or gasifier and BL is expected to become an
increasingly important resource for electric power generation in
coming years [1,2].  Chemical energy can be recovered from BL
by its combustion in either boiler or gasifier [1]. Recovery boil-
ers have been used successfully by pulp industry for many years,
but they have a number of shortcomings including high capital
expense, low efficiency, and potential of explosion [1, 3-4]. Black
Liquor Gasification (BLG) is recognized as a technology that can

replace fossil fuels to produce electricity. BLG is widely viewed
as the technology that will replace the recovery boiler. Similar
gasification processes are used to convert low-cost solids such as
biomass or waste liquids like BL into clean-burning gases [5].
Gasification processes have the potential to partially replace fos-
sil fuels in the production of electricity. The fundamentals of the
gasification process have been reviewed before [6]. Several dis-
tinct BLG processes have been proposed, but only two of them
have had satisfactory results in plant trials [7].  The first process
is the low temperature process (600-700ºC) developed by
Manufacturing Technology Conversion International, Inc
(MTCI). The other is the high temperature process (900-1000ºC)
developed by Chemrec [8].  The schematic configuration of a
high temperature BLG reformer run under atmospheric pressure
is presented in Figure 1. Both the high temperature and low tem-
perature processes currently use air for combustion, but when
oxygen is used in place of air, substantially higher gasification
temperatures, up to 1400ºC are possible. Higher temperatures
result in higher overall process efficiencies [9]. 

Figure 1. High Temperature Low Pressure Black Liquor
Gasification Refiner [1].
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The commercial success of BLG technology requires the devel-
opment of improved refractory materials for the protective lining
of the gasifier. To date, aluminosilicate based materials have been
used. Both thermodynamic calculations and experience show that
these aluminosilicates are not sufficiently resistant to the alkali
containing atmospheres for extended operation of gasifiers. The
objective of research in progress at UMR is to develop cost-effec-
tive materials with improved performance in gasifier environ-
ments. 

ALKALI CORROSION OF REFRACTORY
MATERIALS 

Aluminosilicate refractories have been used in a variety of
applications requiring contact with alkali-containing atmos-
pheres. Interaction of aluminosilicates with alkalis has been stud-
ied widely [10-18].  Interactions of other common refractories
such as zircon and alumina-zirconia-silica with alkali environ-
ments have also been studied. The remainder of this paper
reviews articles that report exposure of a number of refractory
materials to alkali environments and then analyzes the reported
results using equilibrium thermodynamic calculations. 

CORROSION ENVIRONMENTS
Wet alkali attack, which is accompanied by formation of liquid

phase, produces a glassy, glazed surface on aluminosilicate
refractories. The refractory is penetrated by the alkali which then
reacts to form low melting compounds. At low temperatures the
viscous glassy material can seal the refractory against further
penetration. At higher temperatures (≥1260ºC) the glass is more
fluid and rapidly flows off of the hot face [10, 11].  In contrast,
dry alkali attack results in cracking and spalling [10].  The alka-
lis penetrate into the refractory and react with its components to
form compounds such as nepheline, kalsilite and leucite, which
have significantly larger volume than the volume of the original
phases. These phases are termed as expansive phases. The pres-
ence of alkalis also causes α-alumina to recrystallize into β-alu-
mina (Na2O•11Al2O3 or Na2O•9Al2O3), which is also accompa-
nied by a large volume expansion.  Thermal cycling of refracto-
ries corroded by alkali containing atmosphere causes severe dis-
ruption and cracking because of the high expansion mismatch
between the refractory and reaction product.  Refractory impuri-
ties also influence the rate and the extent of the alkali attack [11].
Because of physical penetration of alkalis into refractory, charac-
teristics such as size, interconnectivity and number of pores influ-
ence the rate and depth of penetration [10, 11]. 

FIRECLAY AND HIGH ALUMINA
REFRACTORIES

The major phases present in fireclay refractories are mullite and
cristobalite. When exposed to Na2CO3 vapor, mullite reacted
with the vapor, forming nepheline (Na2O•Al2O3•2SiO2) and α-
alumina. The amount of nepheline was further increased as the
Na2CO3 vapor reacted with newly formed alumina and the pre-
existing silica. High alumina refractories are composed of corun-
dum and mullite. When exposed to Na2CO3 vapor, the initial
reaction product was β–alumina. At the same time, Na2CO3 vapor
reacted with mullite to form nepheline and α-alumina. Then the
sodium aluminate (Na2O•Al2O3) could dissolve into nepheline to
form a carnegieite solid solution (Na2O•Al2O3•2SiO2 -
Na2O•Al2O3 ss) [12]. A significant amount of reaction must occur

before carnegieite and sodium aluminate forms, but the formation
of carnegieite actually reduces the amount of liquid phase and
increases the refractoriness of the corrosion product. This result
can be confirmed by Na2O-mullite vertical section presented in
Figure 2. Nepheline only forms at temperatures below 1250ºC,
while β–alumina forms at all temperatures. This gives β–alumina
refractories a higher alkali resistance; however, β–alumina is less
refractory than corundum [11].  

Experiments at 1204ºC showed no sign of the formation of
expansive phases for a mixture of 10% Na2CO3 with 60% alumi-
na brick. When the Na2CO3 content increases to 20%, expansive
phases appeared.  At 40% Na2CO3, significant shrinkage associ-
ated with liquid formation was observed [10].  The proposed
reactions for the interaction of sodium carbonate with mullite
bonded alumina brick is as follows:

Na2CO3+SiO2→Na2O•SiO2(liquid)+CO2↑ (1)

Na2CO3+Al2O3→Na2O•Al2O3+CO2↑                                     (2)

Na2CO3+11Al2O3→Na2O•11Al2O3(β–alumina)+CO2↑            (3)

Na2CO3+3Al2O3•2SiO2→Na2O•Al2O3•2SiO2

+2Al2O3+CO2↑ (4)

3Na2CO3+3Al2O3•2SiO2+2SiO2→3Na2O•2Al2O3•4SiO2

+Al2O3+3CO2↑ (5)

C. R. Kennedy who studied alkali attack on mullite refractories
in coal gasifier, detected NaOH [13].  The formation of NaOH
was thought to occur when condensed Na2O was exposed to
water vapor when the gasifier is shut down. The intermittent
operation of the gasifier is probably a significant factor. The cor-
rosion reaction is proposed as follows [13]: 

11(3Al2O3•2SiO2)+26(NaOH)→11(Na2O•Al2O3•2SiO2) 
+2(Na2O•11Al2O3)+13H2O↑      (6)

It is also reported that in the range of 900-1400ºC, the corrosion
of aluminosilicate refractories by alkalis decreases as alumina
content increases [11, 14].  Fused alumina shows negligible inter-
facial reaction. However, alumina in contact with silica tends to
react when exposed to alkalis [14].

Figure 2. Na2O-fireclay vertical section [11].
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Bricks of about 60% Al2O3, exposed to a potassium containing
atmosphere, formed K-β-alumina (K2O•11Al2O3 or K2O•9Al2O3)
but higher alumina and corundum refractories formed potassium
aluminate (K2O•Al2O3) as well as K-β-alumina [11].  The interac-
tion of corundum with K2CO3 vapor resulted in the formation of
potassium aluminate and interaction of mullite with K2CO3, result-
ed in the formation of potassium aluminate silicate solid solution
(K2O•Al2O3•SiO2-K2O•Al2O3ss) [12, 14].  Cracking and spalling
were observed in mullite bricks exposed to a potash environment as
the result of formation of new compounds [14].  Yamaguchi report-
ed that the exposure of β-alumina powder to K2CO3 vapor at
1200ºC changed the composition from Na2O•11Al2O3 to
(0.977K2O•0.023Na2O)•7.5Al2O3 as the result of substitution of K
for Na. The lattice constant c of β-alumina changes from 22.54Å to
22.73Å in addition to formation of a great number of cleavages ver-
tical to the c axis of the crystal [12].  

Sodium sulfate condensation which results from the reaction of
sodium vapor and sulfur oxides causes bloating in fireclay refrac-
tories due to formation of nepheline (<1150ºC) which is enhanced
in reducing conditions. Noselite ((3Na2O•3Al2O3•6SiO2)•Na2SO4),
another reaction product, is a nepheline sulfate mineral and forms
when nepheline reacts with sodium sulfate at temperatures above
1150ºC [15].

SILICA AND HIGH SILICA REFRACTORIES
Silica refractories exposed to sodium and potassium carbonates

exhibit thick corrosion product layers and depth of reaction [11,
14]. Both crystalline and glassy silica refractories are severely cor-
roded by Na2CO3 and NaOH vapors at 1370ºC. NaOH vapor is
more aggressive than Na2CO3 [16].  The reaction of KOH appears
to be even more aggressive than NaOH. A high degree of inter-joint
reaction between silica especially in KOH atmosphere was
observed [14].  Brown et al. reported that Na2O reacted rapidly
with high silica refractories, 10% Na2O in silica refractories formed
50% liquid at temperatures as low as 1100ºC [11].  But it was also
reported that at 950ºC, high silica (~60%SiO2) refractories per-
formed better than high alumina refractories because high silica
refractories reacted more rapidly with the alkali to form a viscous
glass sealing the pores and limiting further attack at the surface
[13].  In silicate refractories containing appreciable amounts of alu-
mina, albite (Na2O•Al2O3•6SiO2) forms at temperatures less than
1050ºC and liquid is present down to 740ºC in semi-silicate refrac-
tories. For exposure to K2O, high silica refractories formed leucite
(K2O•Al2O3•4SiO2) and kaliophilite (K2O•Al2O3•2SiO2) [11]. 

ZIRCON REFRACTORIES 
When zircon (ZrSiO4) refractories were exposed to sodium car-

bonate vapor, fine-grained zircons decomposed into baddeleyite
(ZrO2) and a siliceous glass. The formation of baddeleyite began at
1100ºC and increased with increasing temperature up to 1400ºC.
Further, the continuous supply of sodium containing vapor may
produce sodium zirconium silicates. The new phases were pre-
sumed to have the chemical composition of Na2O•ZrO2•2SiO2,
2Na2O•2ZrO2•3SiO2 and Na2O•ZrO2•SiO2 which were formed
from inner layers through the outer layers of the brick.
Na2O•ZrO2•2SiO2 formed initially at 1100°C and was gradually
replaced by 2Na2O•2ZrO2•3SiO2 and Na2O•ZrO2•SiO2 as Na2CO3
vapor was supplied. Higher temperatures and prolonged time pro-
moted Na2O•ZrO2•SiO2 formation. In the case of exposure to

Na2SO4 vapor, baddeleyite and Na2O•ZrO2•2SiO2 were the only
corrosion products. For exposure to NaCl, only decomposition of
zircon into baddeleyite and a siliceous glass was observed [17].
The performance of the refractories was related to the reactivity of
the vapor species; in this case with Na2CO3, Na2SO4 and NaCl [16,
17].  Consequently, a highly reactive vapor, such as Na2CO3,
affects only the surface of refractory because of rapid formation of
a protective glassy phase that limits further vapor penetration and
reaction. Vapors with lower reactivity such as Na2SO4 and NaCl,
are able to infiltrate further into the refractories through the pores
and interstices and then react with a greater volume of the refrac-
tory [17].  The attack by molten Na2CO3 was much more drastic
than by Na2CO3 vapor because of high concentration of alkalis in
the melt which supplies sodium species that reacted more rapidly
than the vapor [16, 17].  In the case of exposure to K2CO3 vapor,
zircon reacted initially to form K2O•ZrO2•3SiO2 and baddeleyite
which subsequently formed K2O•ZrO2•2SiO2. No compound
besides K2O•ZrO2•SiO2 was found in the specimens containing
more than 28% K2O [12].  Spalling due to either volume expansion
of new phases during reaction or stresses imposed to the structure
because of difference in the thermal expansion coefficient between
the altered zone and the original body was reported as the failure
mechanism. At high temperatures formation of glassy phase led to
the failure [17].

AZS REFRACTORIES
Al2O3-ZrO2-SiO2 (AZS) refractories are composed of corundum

and baddeleyite primarily and silica was present as an aluminosil-
icate glassy phase with the approximate composition of albite [12,
16].  These refractories showed substantial improvement over zir-
con and aluminosilicates with respect to the degree of reaction with
alkali vapors. However AZS refractories were still vulnerable to
spalling. A decrease in alumina content and lower apparent poros-
ity tended to improve resistance to potash vapor [14].  Exposure of
AZS to sodium carbonate vapor resulted in the formation of
nepheline and carnegieite solid solution due to interaction of alu-
mina and the glassy phase with sodium carbonate. Sodium zir-
conate (Na2O•ZrO2) was the other reaction product, which formed
by reaction of baddeleyite with sodium carbonate. In the case of
exposure to K2CO3 vapor, kalsilite (K2O•Al2O3•2SiO2) and then a
potassium aluminosilicate solid solution were formed as the result
of interaction of alumina and the glassy phase with K2CO3 vapor.
A K2O-rich glass was also formed as the result of interaction of
baddeleyite with K2CO3 vapor. The conversion of the potassium
aluminate silicate solid solution to a K2O rich glass is reported as
well [12].

Barrie et al.  suspended AZS refractory samples over molten
Na2CO3 at 1371ºC for 24 hours. If water vapor was present, for-
mation of NaOH was probable. At higher temperatures up to
1470ºC, the chemical species were not only liquid Na2CO3 but also
some liquid NaOH and gaseous CO2, H2O and Na2O. Different
zones appeared in the samples exposed to alkali vapors at 1371ºC.
The gray central core graded into a more bleached zone, then into
a zone which was slightly yellow composed of smaller crystals of
baddeleyite with a weaker pattern of α-Al2O3. In this yellow band,
the original dendritic texture of baddeleyite was broken up into
smaller aggregates of ZrO2 mass crystallites. The outermost layer,
mottled white and light gray, was porous and had a “warty” outer
surface. This zone appeared to be composed of porous aggregates
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of poorly crystalline of mixed hydrated carbonates and hydroxides
of sodium. Sodium aluminate may have been present in minor
amounts [16].

OTHER REFRACTORIES
Peascoe et al. reported the behavior of mullite, magnesium alu-

minate spinel, magnesia, alumina, alumina-chromia and silicon
nitride refractories exposed to black liquor smelt at 1000°C.
Molten smelt attacked mullite and formed sodium aluminosilicates
accompanied by a dramatic volume expansion (∼30%). Spinel
refractories with polycrystalline spinel in a magnesia matrix
showed minimal penetration and reaction due to minimal porosity
and lack of reactive phases such as corundum in the matrix. Fused
spinel containing large spinel crystals was altered only near the
surface due to low porosity. Samples containing corundum or com-
ponents such as CaAl4O7 in the matrix were not resistant to black
liquor smelt. β-silicon nitride sample dissolved in the molten smelt
[18].  Minimal reaction was observed in magnesia based refracto-
ries [10, 18]. Despite its chemical stability to black liquor smelt,
there were some concerns with magnesia refractories including
high thermal expansion, high thermal conductivity and the poten-
tial for hydration [10].  The soda reaction with forsterite
(2MgO•SiO2), the bonding phase in magnesia and magnesia-
chrome refractories, formed a complex of Na2O•MgO•SiO2 phase
and free soda [10].  Formation of 2Na2O•MgO•3SiO2 was report-
ed as well [12]. Reaction of soda with dicalcium silicate
(2CaO.SiO2), the bonding phase in magnesia refractories, resulted
in the formation of Ca2O•Na2O•SiO2 complex phase and free lime
[10].  Sections of the specimen after immersion corrosion test
showed molten smelt penetrated the pores and attacked the interi-
or of the chromia/alumina sample with the primary reaction prod-
ucts being sodium aluminate and sodium chromate (Na2O•Cr2O3)
[10, 18].  Spinel forms sodium aluminate when it was penetrated
by BL smelt. The principal products of reaction of forsterite and

spinel with K2O were potassium magnesium silicate
(K2O•MgO•SiO2) and potassium aluminate respectively [12].

THERMODYNAMICS OF INTERACTION OF
ALUMINOSILICATE REFRACTORIES WITH
BLACK LIQUOR SMELT

FactSage 5.1 is a thermodynamic modeling package that contains
a database of thermodynamic properties and performs thermody-
namic equilibrium calculation based on Gibbs free energy mini-
mization. As with all thermodynamic models, FactSage predicts
equilibrium and does not take into account kinetic or microstruc-
tural factors. Experiments are necessary to verify the predictions.

The typical composition of black liquor introduced into the BLG
reformer is presented in Table I [19].  The reported composition
was in the form of elemental analysis, but FactSage can convert
this into an equilibrium compound composition (Table II). The
phase/compound composition was modeled at 950°C at a pressure
of 1atm.

After the free carbon in black liquor is combusted, the composi-
tion of the resulting smelt that would then contact the refractory
lining is 70-75% Na2CO3, 20-25% Na2S and 2-5% K2CO3 (Table
III). Formation of sodium sulfate (Na2SO4) was predicted by
FactSage when the amount of oxygen introduced to the gasifier
was more than the stoichiometric amount necessary to burn the
organic portion of black liquor.  But no data is reported about the
oxygen content, in the atmosphere of existing BLG reformers. 

FactSage predicted that about three quarters of the black liquor
smelt was composed of sodium carbonate, which would be liquid
at the operating temperature of high temperature BL gasifiers.
Consequently, the selection of refractory materials for this appli-
cation must be based upon resistance to molten sodium carbonate;
although interactions with Na2S and K2CO3 should not be ignored.
Based on information of Table III, Na2S should not be as corrosive
as the two other components, because it is in solid state at the oper-
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ating temperature of the BL gasifier. In contrast, Na2CO3 and
K2CO3 are present as a liquid solution that coats the inner surface
of the gasifier. No evidence of solubility of Na2S in liquid was
found in available phase diagrams or predicted by FactSage.
Na2SO4 melts at 884ºC, which was below the operating tempera-
ture of BLG; therefore, sodium sulfate should be considered as a
liquid part of the smelt in contact with refractory if the condition
required for its formation is provided. The analysis that follows has
considered only the presence of Na2S.

FactSage predicts that the main compounds present in alumi-
nosilicate refractories are corundum, mullite and meta-stable alu-
minosilicate compounds (andalusite, silimanite or kyanite).
Because the aluminosilicate phases are meta-stable, at 950ºC, only
the stable compounds (e.g., mullite and alumina) were modeled in
this analysis. If these refractory compounds were exposed to black
liquor smelt at 950ºC and Ptotal=1atm, the reaction products for
corundum would be mainly β"-alumina (Na2O•12Al2O3) (~75%)
and β-alumina (10%), and for mullite would be nepheline (~50%)
and corundum (~40%). The total composition is summarized in
Table IV. The atmosphere of BLG gasifier formed under these con-
ditions would be mainly composed of CO and H2.

To summarize the information presented in Table IV, it was pre-
dicted that none of the aluminosilicate refractory compounds were
resistant to either Na2CO3 or BL smelt at 950ºC, which is the tem-
perature of gasification in High Temperature processes. Products
formed by the reaction of BL smelt with corundum have a sub-
stantially larger volume than the original refractory. For example,
mullite refractory exposed to BL at 1000ºC, showed about 30%
volume expansion and alumina refractory, 13%. Up to 0.7%
expansion is reported for α-alumina + β-alumina under the same
conditions [18].  Volume expansion promotes crack formation and
spallation of the refractory, which, then exposes the underlying
materials allowing for further attack.

In the case of mullite, thermodynamic equilibrium calculations
predicted that nepheline, albite, leucite and corundum would form.
All of these phases were in the solid state under BLG operating
conditions. By the same mechanism as described for corundum,
large volume increases accompanied by formation of new phases
such as nepheline (about 30%) would be enough to nucleate and
propagate cracks in the material structure, decreasing the lining life
due to spallation. The corundum, formed as the reaction product of
mullite with BL would be attacked again with black liquor smelt

and corroded by the same mechanism. The vaporization of refrac-
tory constituents was negligible under these conditions.

CONCLUSIONS
At low temperatures, spalling, bloating and peeling would be the
wear mechanisms of aluminosilicate refractories in contact to BL
while at high temperatures, viscous flow. Based on FactSage, BL
smelt converted α-alumina to β"-alumina, β-alumina and K-β-
alumina, and converted mullite to nepheline, albite, leucite and
corundum. All these phase transformations were accompanied by
volume expansion leading to spallation. Literature reports are
consistent with the results of thermodynamic calculations.
Exposure of aluminosilicates to sodium-containing alkali com-
pounds such as Na2CO3 resulted in the formation of nepheline
and carnegieite. Exposure to potassium alkalis resulted in
kalsilite and leucite formation. Corundum exposed to alkalis
forms β-alumina, sodium aluminate and potassium aluminate.
AZS refractories showed improvement towards alkalis over zir-
con and aluminosilicates but they were not entirely resistant.
Magnesia was found resistant to corrosion by BL smelt and
spinel in a magnesia matrix showed minimal reaction.   
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• Paper, felts and textiles

• ISO9001 certified

Christy Minerals Company
833 Booneslick 
High Hill, Mo  63350
Tel: (636) 585-2214  Fax: (636) 585-2220
E-mail: info@christyco.com
Website: www.christyco.com
Christy Minerals mines, processes and
markets a variety of clays and minerals for
the refractories industry.  Products include
calcined MO flint clays, raw clays (including
Hawthorn Bond®), bauxite, burley and
diaspore.  Custom calcining, grinding and
packaging also available.

mailto:dennish@MORCO-inc.com
mailto:pormond@aluchem.com
http://www.aluchem.com
mailto:info@christyco.com
http://www.christyco.com
mailto:mchieppor@bnzmaterials.com
http://www.bnzmaterials.com
mailto:info@fibratec.com
http://www.fibratec.com
mailto:info@norchem.com
mailto:inquire@ceminerals.com
http://www.ceminerals.com
http://www.vesuvius.com
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DIRECTORY OF PRODUCTS AND SERVICES

PRODUCTS PRODUCTS SERVICES

The Orton Materials Testing &
Research Center
6991 Old 3C Highway
Westerville, OH  43082
Tel: (614) 895-2663 ext. 23
Fax: (614) 895-5610
E-mail: homeny@ortonceramic.com
Website: www.ortonceramic.com
Orton provides a full service independ-
ent, research and testing laboratory spe-
cializing in the behavior of refractory
ceramic materials.  Over 70 tests are
available to support product develop-
ment, quality control and failure analysis.
Consulting services are also available.

HOTWORK-USA
223 Gold Rush Road,
Lexington, KY. 40503 U.S.A.
Tel: (859) 276-1570 Fax: (859) 276-1583
E-mail: hotwork@hotwork.com
Website: www.hotwork.com
Hotwork provides refractory dryout and
furnace heatup services to all refractory
consuming industries. Our portable burner
equipment and crews of highly skilled
technicians are strategically located
around the world to best serve the needs of
our customers.

To place your ad in the Directory of
Products and Services contact 

Mary Lee at:
E-mail: leem@umr.edu 
or Tel: (573) 341-6561

858 Maple Lane
Waterville, OH 43566-1127
Tel: (419) 878-0001 or (800) 680-4964
Fax: (419) 878-4241
E-mail: info@matrix_ent.com
Website: www.matrix_ent.com
Matrix Enterprises is your source for:
• Silcon Carbide grain & powder
• Boron Carbide powder
• Borate frits for stopping the penetration of

aluminum into refractory bodies
• DEPA for testing elastic properties of

materials
• Diamond Tools for producing refractories

and grinding wheels.
ALLIED MINERAL PRODUCTS, INC.
2700 Scioto Parkway
Columbus, OH  43221
Tel: (614) 876-0244
Fax: (614) 876-0981
E-mail: allied@alliedmin.com
Website: www.alliedmineral.com
Allied Mineral Products and its affiliate
companies supply top quality:
• Monolithic refractory linings for

induction melting equipment

• Refractory systems for blast fur-
nace casthouse operations

• Refractories for aluminum melting

• Precast refractory shapes

RESCO PRODUCTS, INC.
Penn Center West
Building 2, Suite 430
Pittsburgh PA 15276

Tel: (412) 494-4491 or (800) 354-1211
Fax: (412) 494-4571
E-mail: sales@rescoproducts.com
Website: www.rescoproducts.com
Resco Products, Inc., is a leading global
manufacturer and supplier of advanced
high quality monolithic, formed and brick
refractories for the metals producing,
hydro-carbon, power, cement and lime,
ceramics, mineral and general manufactur-
ing industries.

For NARCO Sales Contact 
Glass: 513-947-8400 EX 169 Iron & Steel: 412-375-6722

For Harbison Walker Sales Contact
Cement and Lime: 412-375-6771 Industrial Metals: 412-375-6873

Environmental, Energy & Chemical Markets: 412-375-6873

400 Fairway Drive • Moon Township, PA 15108

website: www.anhrefractories.com

Members of the ANH Refractories Family of Companies.

mailto:homeny@ortonceramic.com
http://www.ortonceramic.com
mailto:hotwork@hotwork.com
http://www.hotwork.com
mailto:leem@umr.edu
mailto:info@matrix_ent.com
http://www.matrix_ent.com
mailto:allied@alliedmin.com
http://www.alliedmineral.com
mailto:sales@rescoproducts.com
http://www.rescoproducts.com
http://www.anhrefractories.com
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Buyer’s Guide

1700C LAB FURNACES
Zircar Zirconia, Inc.  
P.O. Box 287, Florida, NY 10921 
Tel: (845) 651-3040 Fax: (845) 651-0074
sales@zircarzirconia.com 
www.zircarzirconia.com  
ALUMINA - CALCINED
Alcan Chemicals
6060 Parkland Blvd., Cleveland, OH 44124
Tel: 1 (800) 321-3684  Fax: 1 (440) 423-6312
www.chemicals.alcan.com
Almatis
501 West Park Road, Leetsdale, PA 15056
Tel: (412) 630-2800  Fax: (412) 630-2810
AlcoaCustServ.Americas@almatis.com 
www.almatis.com
AluChem, Inc.
One Landy Lane. Cincinnati, OH 45215
Tel: (513) 733-8519  Fax: (513) 733-0608
E-mail: sdelaney@aluchem.com
Nabaltec GmbH
Alustrasse 50-52, Schwandorf 92421 Germany
Tel: ++49-9431-53 457 Fax: ++49-9431 61 551
hvesenberg@nabaltec.de
ALUMINA-FUSED
C-E Minerals
901 East Eight Ave., King of Prussia, PA 19406
Tel: (610) 265-6880 Fax: (610) 337-7163
inquire@ceminerals.com
www.ceminerals.com          
Washington Mills Electro Minerals
PO Box 423, Niagara Falls, NY 14302-0423
Tel: (800) 828-1666 Fax: (716) 278-6650
sales@washingtonmills.com
ALUMINA- REACTIVE
Alcan Chemicals
6060 Parkland Blvd., Cleveland, OH 44124
Tel: 1 (800) 321-3684  Fax: 1 (440) 423-6312
www.chemicals.alcan.com
Almatis
501 West Park Road, Leetsdale, PA 15056
Tel: (412) 630-2800  Fax: (412) 630-2810
AlcoaCustServ.Americas@almatis.com 
www.almatis.com
AluChem, Inc.
One Landy Lane. Cincinnati, OH 45215
Tel: (513) 733-8519  Fax: (513) 733-0608
sdelaney@aluchem.com
Nabaltec GmbH
Alustrasse 50-52, Schwandorf 92421 Germany
Tel: ++49-9431-53 457 Fax: ++49-9431 61 551
hvesenberg@nabaltec.de
ALUMINA - TABULAR
Almatis
501 West Park Road, Leetsdale, PA 15056
Tel: (412) 630-2800  Fax: (412) 630-2810
AlcoaCustServ.Americas@almatis.com 
www.almatis.com

AluChem, Inc.
One Landy Lane. Cincinnati, OH 45215
Tel: (513) 733-8519  Fax: (513) 733-0608
sdelaney@aluchem.com
C-E Minerals
901 East Eight Ave., King of Prussia, PA 19406
Tel: (610) 265-6880 Fax: (610) 337-7163
inquire@ceminerals.com
www.ceminerals.com          
ALUMINA - TRIHYDRATE
Alcan Chemicals
6060 Parkland Blvd., Cleveland, OH 44124
Tel: 1 (800) 321-3684  Fax: 1 (440) 423-6312
www.chemicals.alcan.com
Almatis
501 West Park Road, Leetsdale, PA 15056
Tel: (412) 630-2800  Fax: (412) 630-2810
AlcoaCustServ.Americas@almatis.com 
www.almatis.com
AluChem, Inc.
One Landy Lane. Cincinnati, OH 45215
Tel: (513) 733-8519  Fax: (513) 733-0608
sdelaney@aluchem.com
Nabaltec GmbH
Alustrasse 50-52, Schwandorf 92421 Germany
Tel: ++49-9431-53 457 Fax: ++49-9431 61 551
hvesenberg@nabaltec.de
BASIC  BRICKS
Resco Products, Inc.
Penn Center West, Bldg. 2, Ste. 430
Pittsburgh PA 15276
Tel: (412) 494-4491 or (800) 354-1211 
Fax: (412) 494-4571 
sales@rescoproducts.com
www.rescoproducts.com    
BAUXITE
Christy Minerals
833 Booneslick, High Hill, MO  63350
Tel: (636) 585-2214  Fax: (636) 585-2220
info@christyco.com
www.christyco.com                   
International Minerals, Inc.
PO Box 1322, Coraopolis, PA 15108
Tel: (724) 857-9903 Fax (724) 857-9917
jk@imi-minerals.com
www.imi-minerals.com            
Nanchuan Minerals Group
P.O. Box 3205, Stamford, CT 06905
Tel: (203) 253-1699  Fax: (203) 547-6008
info@NanchuanMinerals.com 
www.NanchuanMinerals.com
BORON CARBIDE
Electro Abrasives Corp.
701 Willet Rd., Buffalo, NY 14218
Tel: (800) 284-4748  Fax: (716) 822-2858
info@electroabrasives.com 
Washington Mills Electro Minerals
PO Box 423, Niagara Falls, NY 14302-0423
Tel: (800) 828-1666 Fax: (716) 278-6650
sales@washingtonmills.com

CALCIUM ALUMINATE CEMENT
Almatis
501 West Park Road, Leetsdale, PA 15056
Tel: (412) 630-2800  Fax: (412) 630-2810
AlcoaCustServ.Americas@almatis.com 
www.almatis.com
LaFarge Calcium Aluminates
1316 Priority Lane, Chesapeake, VA 23324
Tel: (757) 543-8832  Fax: (757) 545-8933
info@aluminates.lafarge.com
CALCIUM ALUMINATES-SINTERED, FUSED
International Minerals, Inc.
PO Box 1322, Coraopolis, PA 15108
Tel: (724) 857-9903 Fax (724) 857-9917
jk@imi-minerals.com
www.imi-minerals.com            
CALCIUM SILICATE INSULATION
BNZ Materials, Inc.
6901 S. Pierce St., Ste. 260 
Littleton, CO  80128-7205
Tel: (724) 452-8650  Fax: (724) 452-1346
mchieppor@bnzmaterials.com
CARBON
Cancarb Ltd.
P.O. Box 310, 1702 Brier Park Cres. N.W.
Medicine Hat, Alberta, Canada T1A 7G1
Tel: 1-(403) 527-1121 or 1-(888) 871-0077 
Fax: 1-(403) 529-6093
customer_service@cancarb.com
www.cancarb.com      
CEMENT (AIR SETTING)
Resco Products, Inc.
Penn Center West, Bldg. 2, Ste. 430 
Pittsburgh PA 15276
Tel: (412) 494-4491 or (800) 354-1211  
Fax: (412) 494-4571 
sales@rescoproducts.com
www.rescoproducts.com     
USEM
600 Steel St., Aliquippa, PA 15001
Tel: (800) 927-8823 Fax: (800) 729-8826
lcurimbaba@usminerals.com
DRYING AND CURING OF REFRACTORIES
Hotworks-USA
223 Gold Rush Road, Lexington, KY. 40503 
Tel: (859) 276-1570 Fax: (859) 276-1583
hotwork@hotwork.com
www.hotwork.com                
FIRECLAYS
Christy Minerals
833 Booneslick, High Hill, MO  63350
Tel: (636) 585-2214  Fax: (636) 585-2220
info@christyco.com
www.christyco.com                   
FURNACE PRODUCTS & SERVICES
Furnace Products and Services, Inc.
610 East Butler Road, Butler, PA 16002
Tel: (724) 285-3774 Fax: (724) 285-7673
Larry.McKivigan@FPandS.com
www.FPandS.com    

Buyer’s Guide Rates:
Suppliers please state which category you wish to be listed under or submit your own heading.  Contact:  Mary Lee, University of
Missouri-Rolla, 223 McNutt Hall, Rolla, MO  65409, Tel: (573) 341-6561  Fax: (573) 341-6934, or E-mail: leem@umr.edu.  Rates for
insertion: $90 per listing in any category for 6 issues, one year.  U.S. currency,  Your company will also be listed on our website buyer’s
guide at no additional cost.  Payable in advance to: Refractories AApplications and NNews.  
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FURNACE/REFRACTORY PREHEATING
HOTWORK-USA
223 Gold Rush Road, Lexington, KY. 40503 
Tel: (859) 276-1570 Fax: (859) 276-1583
hotwork@hotwork.com
www.hotwork.com               
FUSED ALUMINA
International Minerals, Inc.
PO Box 1322, Coraopolis, PA 15108
Tel: (724) 857-9903 Fax 724 857-9917
jk@imi-minerals.com
www.imi-minerals.com            
Nanchuan Minerals Group
P.O. Box 3205, Stamford, CT 06905
Tel: (203) 253-1699  Fax: (203) 547-6008
info@NanchuanMinerals.com
www.NanchuanMinerals.com
USEM
600 Steel St., Aliquippa, PA 15001 
Tel: (800) 927-8823 Fax: (800) 729-8826
E-mail: lcurimbaba@usminerals.com
FUSED MULLITE
USEM
600 Steel St., Aliquippa, PA 15001
Tel: (800) 927-8823 Fax: (800) 729-8826
lcurimbaba@usminerals.com
Washington Mills Electro Minerals
PO Box 423, Niagara Falls, NY 14302-0423
Tel: (800) 828-1666 Fax: (716) 278-6650
sales@washingtonmills.com
FUSED SILICA
C-E Minerals 
901 East Eight Ave., King of Prussia, PA 19406
Tel: (610) 265-6880 Fax: (610) 337-7163 
www.ceminerals.com          
inquire@ceminerals.com
FUSED SPINEL
C-E Minerals
901 East Eight Ave., King of Prussia, PA 19406
Tel: (610) 265-6880 Fax: (610) 337-7163
inquire@ceminerals.com
www.ceminerals.com          
USEM
600 Steel St., Aliquippa, PA 15001
Tel: (800) 927-8823 Fax: (800) 729-8826
lcurimbaba@usminerals.com
Washington Mills Electro Minerals
PO Box 423, Niagara Falls, NY 14302-0423
Tel: (800) 828-1666 Fax: (716) 278-6650
sales@washingtonmills.com
GLASS FURNACE REPAIRS
Magneco/Metrel, Inc.
223 Interstate Rd, Addison, IL 60101
Tel: (630) 543-6660 Fax: (630) 543-1479
kristie@magneco-metrel.com
www.magneco-metrel.com  
HIGH ALUMINA FIREBRICKS
Resco Products, Inc.
Penn Center West, Bldg. 2, Ste. 430
Pittsburgh PA 15276
Tel: (412) 494-4491 or (800) 354-1211  
Fax: (412) 494-4571 
sales@rescoproducts.com
www.rescoproducts.com    
Saint-Gobain Ceramics
1 New Bond St., Worcester, MA 01615-0136
Tel: (508) 795-2963  Fax: (508) 795-5011
patrick.m.stephan@saint-gobain.com
www.refractories.saint-gobain.com

INSULATING BRICKS
BNZ Materials, Inc.
6901 S. Pierce St., Ste. 260
Littleton, CO  80128-7205
Tel: (724) 452-8650  Fax: (724) 452-1346
mchieppor@bnzmaterials.com
IFB, Inc.
610 East Butler Rd., Butler, PA 16002
Tel: (724) 282-1012 Fax: (724) 285-7673
ifbinc@aol.com
www.insulatingfirebrick.com            
Saint-Gobain Ceramics
1 New Bond St., Worcester, MA 01615-0136
Tel: (508) 795-2963  Fax: (508) 795-5011
patrick.m.stephan@saint-gobain.com
www.refractories.saint-gobain.com
KILN/FURNACE FURNITURE
Nth Degree Products
404 Laurel Ridge Road, Hainesport, NJ 08036
Tel: (609) 518-9447 Fax: (609) 518-9445 
nthdegreeproducts@yahoo.com
Saint-Gobain Ceramics
1 New Bond St., Worcester, MA 01615-0136
Tel: (508) 795-2963  Fax: (508) 795-5011
patrick.m.stephan@saint-gobain.com
www.refractories.saint-gobain.com
MAGNESITE,-FUSED, DEADBURNED, CAL-
CINED
International Minerals, Inc.
PO Box 1322, Coraopolis, PA 15108
Tel: (724) 857-9903 Fax 724 857-9917
jk@imi-minerals.com
www.imi-minerals.com          
MONOLITHIC REFRACTORIES
Allied Mineral Products, Inc.
2700 Scioto Pkwy., Columbus, OH 43221
Tel: (614) 876-0244  Fax: (614) 876-0981
allied@alliedmin.com
www.alliedmatrix.com      
Chicago Fire Brick Div. of Allied Mineral
Products, Inc.
2700 Scioto Pkwy., Columbus, OH 43221
Tel: (614) 876-0244  Fax: (614) 876-0981
allied@alliedmin.com 
www.chicagofirebrick.com
Matrix Refractories Div. of Allied Mineral
Products, Inc.
2700 Scioto Pkwy., Columbus, OH 43221
Tel: (614) 876-0244  Fax: (614) 876-0981
matrix@alliedmin.com
www.alliedmatrix.com           
MONOLITHIC REFRACTORIES - CASTABLE
Magneco/Metrel, Inc.
223 Interstate Rd, Addison, IL 60101
Tel: (630) 543-6660 Fax: (630) 543-1479
kristie@magneco-metrel.com
www.magneco-metrel.com  
Resco Products, Inc.
Penn Center West, Bldg. 2, Ste. 430
Pittsburgh PA 15276
Tel: (412) 494-4491 or (800) 354-1211  
Fax: (412) 494-4571
sales@rescoproducts.com
www.rescoproducts.com     
Saint-Gobain Ceramics
1 New Bond St., Worcester, MA 01615-0136
Tel: (508) 795-2963  Fax: (508) 795-5011
patrick.m.stephan@saint-gobain.com
www.refractories.saint-gobain.com

MONOLITHIC REFRACTORIES GUNNING
Resco Products, Inc.
Penn Center West, Bldg. 2, Ste. 430
Pittsburgh PA 15276
Tel: (412) 494-4491 or (800) 354-1211  
Fax: (412) 494-4571 
sales@rescoproducts.com
www.rescoproducts.com     
Saint-Gobain Ceramics
1 New Bond St., Worcester, MA 01615-0136
Tel: (508) 795-2963  Fax: (508) 795-5011
patrick.m.stephan@saint-gobain.com
www.refractories.saint-gobain.com
MONOLITHIC REFRACTORIES MOULD-
ABLE
Resco Products, Inc.
Penn Center West, Bldg. 2, Ste. 430
Pittsburgh PA 15276
Tel: (412) 494-4491 or (800) 354-1211  
Fax: (412) 494-4571 
sales@rescoproducts.com
www.rescoproducts.com     
MONOLITHIC REFRACTORIES PUMPABLE
Magneco/Metrel, Inc.
223 Interstate Rd, Addison, IL 60101
Tel: (630) 543-6660 Fax: (630) 543-1479
kristie@magneco-metrel.com
www.magneco-metrel.com  
Resco Products, Inc.
Penn Center West, Bldg. 2, Ste. 430
Pittsburgh PA 15276
Tel: (412) 494-4491 or (800) 354-1211  
Fax: (412) 494-4571      
sales@rescoproducts.com
www.rescoproducts.com
PRE-CAST REFRACTORY SHAPES
American Precast Refractories, Inc.
2700 Scioto Pkwy., Columbus, OH 43221
Tel: (614) 876-8416  Fax: (614) 876-0981
allied@alliedmin.com
www.amprecast.com               
High-Temp, Inc.
14025 N. Rivergate Blvd., Portland, OR 97203
Tel: 1 (800) 325-2492  Fax: (503) 737-0771
lesg@hightempinc.net
Magneco/Metrel, Inc.
223 Interstate Rd, Addison, IL 60101
Tel: (630) 543-6660 Fax: (630) 543-1479
kristie@magneco-metrel.com
www.magneco-metrel.com  
PRECISION REFRACTORY SHAPES
Resco Products, Inc.
Penn Center West, Bldg 2, Ste. 430
Pittsburgh PA 15276
Tel: (412) 494-4491 or (800) 354-1211  
Fax: (412) 494-4571     
sales@rescoproducts.com
www.rescoproducts.com
Saint-Gobain Ceramics
1 New Bond St., Worcester, MA 01615-0136
Tel: (508) 795-2963  Fax: (508) 795-5011
patrick.m.stephan@saint-gobain.com
www.refractories.saint-gobain.com
PRESS TOOLING
Johnson Machine Company Inc.
P.O. Box 669, 290 Bigler Ave. 
Clearfield, PA 16830
Tel: (814) 765-9648  Fax: (814) 765-9640
johnmach@uplink.net
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REFRACTORY ADDITIVES
Matrix Enterprises
858 Maple Lane, Waterville, OH  43566
Tel: (419) 878-0001  Fax: (419) 878-0001
info@matrix-ent.com                 www.matrix-ent.com  
REFRACTORY AGGREGATES
Resco Products, Inc.
Penn Center West, Bldg. 2, Ste. 430
Pittsburgh PA 15276
Tel: (412) 494-4491 or (800) 354-1211  
Fax: (412) 494-4571 
sales@rescoproducts.com     www.rescoproducts.com   
REFRACTORY ANCHORS
Resco Products, Inc.
Penn Center West, Bldg. 2, Ste. 430
Pittsburgh PA 15276
Tel: (412) 494-4491 or (800) 354-1211 
Fax: (412) 494-4571
sales@rescoproducts.com     www.rescoproducts.com   
REFRACTORY GUNNING & SHOTCRETE
EQUIPMENT
Allentown Equipment
421 Schantz Road, Allentown, PA 18104  USA
Tel: (800) 553-3414 or (610) 398-0451  
Fax: (610) 391-1934
info@AllentownEquipment.com
www.AllentownEquipment.com
Blastcrete Equipment Company
2505 Alexandria Rd., PO Box 1964
Anniston, AL 36202
Tel: (256) 235-2700 or 1 (800) 235-4867  
Fax: (256) 236-9824
jim@blastcrete.com or tripp@blastcrete.com
REFRACTORY LANCES
High-Temp, Inc.
14025 N. Rivergate Blvd., Portland, OR 97203
Tel: 1 (800) 325-2492  Fax: (503) 737-0771
lesg@hightempinc.net
RFI Construction Products
Division of Cangro Industries, Inc.
495 Smith St., Farmingdale, NY 11735-1186
Tel: (631) 752-8899  Fax: (631) 454-9155 fax
cangrosales@ix.netcom.com
Refractory Service Corp., Inc.
4900 Cline Ave., PO Box 2276
East Chicago, IN 46312
Tel: (219) 397-7108  Fax: (219) 398-4608
sam@refractoryservice.net  
ww.refractoryservice.net 

REFRACTORY MATERIALS CHARACTERI-
ZATION AND TESTING SERVICES
R. E. Moore & Associates, LLC
PO Box 314,  Rolla, MO 65402
Tel: (573) 368-7628
bill.headrick@remooreandassociates.com

REFRACTORY MACHINING 
Refractory Machining Services
610 E. Butler Road, Butler, PA 16002
Tel: (724) 285-7674  Fax: (724) 285-7673
refrmachserv@aol.com
REFRACTORY MIXERS
Anchor Manufacturing Company
2922 West 26th St., Chicago, IL 60623-4127
Tel: (773) 247-2530  Fax: (773)247-4907
anchormxrs@aol.com              www.anchormxrs.com   
REFRACTORY RECYCLING
A-TEN-C, Inc.
P.O. Box 58184, Pittsburgh, PA 15209
Tel: (412) 821-5566    Fax: (412) 821-5577
atencinci@verizon.net
www.ceramicrecycling.com
SILICA BRICK
Utah Refractories Corp.
P.O. Box 12536, Pittsburgh,  PA 15241
Tel: (412) 851-2430  Fax: (412) 851-2425
tlmpgh@aol.com
SILICA FUME
Norchem, Inc.
PO Box 5537, Hauppauge, NY 11788
Tel:  631-724-8639 Fax:  631-724-8645 
E-mail:  info@norchem.com
SILICA MATERIALS
BNZ Materials, Inc.
6901 S. Pierce St., Ste. 260, Littleton
CO  80128-7205
Tel: (724) 452-8650  Fax: (724) 452-1346
mchieppor@bnzmaterials.com
SILICON CARBIDE
Electro Abrasives Corp. 
701 Willet Rd., Buffalo, NY 14218 
Tel: (800) 284-4748  Fax: (716) 822-2858
info@electroabrasives.com 
International Minerals, Inc.
PO Box 1322, Coraopolis, PA 15108
Tel: (724) 857-9903 Fax (724) 857-9917
jk@imi-minerals.com            www.imi-minerals.com
Washington Mills Electro Minerals
PO Box 423, Niagara Falls, NY 14302-0423
Tel: (800) 828-1666 Fax: (716) 278-6650
sales@washingtonmills.com
SILICON CARBIDE REFRACTORY SHAPES
Saint-Gobain Ceramics
1 New Bond St., Worcester, MA 01615-0136
Tel: (508) 795-2963  Fax: (508) 795-5011
patrick.m.stephan@saint-gobain.com
www.refractories.saint-gobain.com
SPINEL-SINTERED
Almatis
501 West Park Road, Leetsdale, PA 15056
Tel: (412) 630-2800  Fax: (412) 630-2810
AlcoaCustServ.Americas@almatis.com 
www.almatis.com

STEEL FIBERS
D & C Supply Company, Inc.
335 Washington Ave., Bridgeville, PA 15017
Tel: (412) 221-1191  Fax: (412) 221-9206
www.steelfiber.com
Fibercon International Inc.
100 S. Third St, Evans City, PA 16033
Tel: (724) 538-5006  Fax: (724) 538-9118
info@fiberconfiber.com         www.fiberconfiber.com   
SYNTHETIC SINTERED MULLITE
Nabaltec GmbH
Alustrasse 50-52, Schwandorf 92421 Germany
Tel: ++49-9431-53 457 Fax: ++49-9431 61 551
hvesenberg@nabaltec.de
THERMAL PROPERTIES ANALYZERS AND
TESTING SERVICES
Anter Corporation
1700 Universal Rd., Pittsburgh, PA 15235-3998
Tel: (412) 795-6410  Fax: (412) 795-8225
sales@anter.com                            www.anter.com/ra
TOLL CRUSHING & GRINDING
AluChem, Inc.
One Landy Lane. Cincinnati, OH 45215
Tel: (513) 733-8519  Fax: (513) 733-0608
sdelaney@aluchem.com
Christy Minerals
833 Booneslick, High Hill, MO  63350
Tel: (636) 585-2214  Fax: (636) 585-2220
info@christyco.com                    www.christyco.com
TOLL PROCESSING, WAREHOUSING
International Minerals, Inc.
PO Box 1322, Coraopolis, PA 15108
Tel: (724) 857-9903 Fax (724) 857-9917
jk@imi-minerals.com            www.imi-minerals.com
Vessell Mineral Products Corporation
P.O. Box 440, Bonne Terre, MO  63628
Tel: (573) 358-2275  Fax: (573) 358-4201
ZIRCON SAND & FLOUR
AluChem, Inc.
One Landy Lane. Cincinnati, OH 45215
Tel: (513) 733-8519  Fax: (513) 733-0608
sdelaney@aluchem.com
Washington Mills Electro Minerals
PO Box 423, Niagara Falls, NY 14302-0423
Tel: (800) 828-1666 Fax: (716) 278-6650
sales@washingtonmills.com
Z-Tech
8 Dow Road, Bow NH  03304
Tel: (603) 228-1305  Fax: (603) 228-5234
info@z-techzirconia.com      www.z-techzirconia.com
ZIRCONIA FIBER INSULATION
Zircar Zirconia, Inc.  
P.O. Box 287, Florida, NY 10921 
Tel: (845) 651-3040  Fax: (845) 651-0074
sales@zircarzirconia.com      www.zircarzirconia.com

Call for nominations for The Theodore J. Plange -- St. Louis Refractories Award
In December, 1967 the St. Louis Section of the American Ceramic Society announced the establishment of an award to be known as "The St.
Louis Refractories Award." This has been provided in Article XII of the by-laws of the St. Louis Section "for the purpose of recognizing and
honoring distinguished achievement in the refractories field."  The same article established the Award Committee to consist of the Section
Couselor, the Trustee of the Refractories Division of the American Ceramic Society, and three other section members appointed annually by the
Section Executive Committee.
In March, 1982 the St. Louis Section voted to amend Article XII of the by-laws. The award was renamed to "The Theodore J. Plange -- St. Louis
Refractories Award" in honor of his many contributions.  Nominations received after December 1, 2004 shall be held for the following year.
To request a nomination form contact William L. Headrick: bill@umr.edu 
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These Two Can 
Stand the Heat

Look to VANTAGE™ and VANGUARD™ to enhance 
the refractory properties of castable, monolithic and 
sprayable systems. High purity VANGUARD silicas 
increase PCE values and acid resistance. High MgO 
VANGUARD olivines strengthen with fosterite bonding, 
reduce thermal expansion and improve insulating 
properties. High alumina, highly plastic VANTAGE 
ball clays and kaolins add dry strength and stability 
for extended service life. When you're building 
refractories, look for the two that can stand the heat.

™

™

Unimin Corporation
North America: 800-243-9004   Fax: 800-243-9005 

E-mail: refractoryminerals@unimin.com

™ VANTAGE and VANGUARD are trademarks. All rights reserved. ©2003

ALAFAR
2004

NOVEMBER 7-10, 2004

ANTIGUA, GUATEMALA
Conference topic: Technological and Logistical Leadership in a
Global Environment

• Refractory applications for the steel, non-ferrous and
cement industry

• Refractory applications for the ceramic, petrochemical
and other industry

• Raw materials for refractories
• User’s points of view
• Quality and Environment
• Processes, equipment and controls
• Development of refractory products
• Logistics Considerations
• Recycling of materials

Comite Organizador ALAFAR / ALAFAR Organizing
Committee

c/o Reto Schwegler
PO Box 6100

North Augusta, SC, 29861 USA
Tel: +1-(706) 796 4383;  Fax: +1-(706) 796 4266

E-mail: rschwegler@aol.com

mailto:refractoryminerals@unimin.com
mailto:rschwegler@aol.com
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