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Drying profiles of refractory castables

containing polymeric fibers.
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Over the past few months, I have been
approached several times by engineers and
scientists in the refractories industry and have
been asked about current graduate level
research efforts in the United States.  Each
time the focus is somewhat different, likely
related to the motivations behind the particu-
lar inquiry.  Given the obvious interest, I felt
compelled to discuss the topic in an upcoming
editorial and since there is no time like the
present . . .

The current economic environment has had a significant impact on
industry funding of graduate level research in the US.  This is especially
true in the manufacturing sectors that were healing about the same time
that the US and global economies began to decline.  Many of these com-
panies have done all they can to ensure retention of their own workforce.
The concept of supporting graduate level education has not been a high
priority.  Although I have no doubt that many of these companies are well
aware of the significance of such research efforts, the economic reality
tends to define their immediate hierarchy of needs.

However, if we look back to “better” times and only consider the refrac-
tory and refractory related industries in the US, we have to go back a num-
ber of decades to find even modest levels of graduate level research sup-
port.  Universities that elected to support the refractory community
financed most of their graduate education and research with federal tax
dollars and occasionally industry-supported efforts.  As federal dollars
became increasingly unavailable for refractory related efforts
(Department of Energy funds were shifted to “green” programs and alter-
native energy initiatives) most universities headed for other areas.

Rolla has continued its involvement with the refractory industry, main-
ly through programs supported by end users and raw material suppliers.
Most refractory manufacturer efforts were supplemented by significant
DOE dollars.  Such efforts continue today, albeit at considerably smaller
levels.  Graduate research and education costs continue to rise and indus-
try and federal government dollars continue to fall.  Consider the annual
support required for a graduate student at MS&T today . . . $24,000.  Add
to that number tuition (~$6,000) and the university indirect charge; and a
graduate student requires about $45,000 each year, and that is without
considering any dollars to support the equipment and testing associated
with the effort.

These are the realities of the current situation in the US.  The result is
not terribly appealing.  I currently have two graduate students in my
group.  The smallest number I have ever had and likely the smallest num-
ber working on refractories in many decades.  As bleak as that may seem,
it is considerably better than the situation at other US universities who, at
least as far as I can determine, have no continuing refractory efforts.  An
occasional small project supported by a regional company, is likely
although I don’t see any associated presentations or publications related
to such efforts.

So, what is the long-term impact?  This is a question that will likely fos-
ter significant debate.  I have strong opinions on the topic but will save
most of those for another time.  In closing, I will say that I know of no
significant industries in the US that function without some type of
graduate level training and research. R AN
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REFRACTORIES RELATED MEETINGS
2010

March 24-25, St. Louis Section and the Refractory Ceramics Division 46th Annual Symposium, St.
Louis, MO.

May 3-6, AISTech 2010 The Iron & Steel Technology Conference and Exposition, David L Lawrence
Convention Center, Pittsburgh, PA.

June 6-18, 12th International Ceramics Congress CIMTEC 2010, Florence Italy, www.cimtec-con-
gress.org/2010/.

September 6-10, The 25th International Mineral Processing Congress 2010 (IMPC), Brisbane
Convention Ctr., Australia; IMPC 2010 Event Management – The AusIMM, Tel: +61 3 9658 6123,
Fax: +61 3 9662 3662, impc2010@ausimm.com.au, www.impc210.org, PO Box 660, Carlton South,
Victoria 3053, Australia.

October 3-6, COM 2010-Conference of Metallurgists, 5th International Symposium on Advances in

Refractories, Vancouver, BC, Canada, George Oprea: oprea@interchange.ubc.ca, www.metsoc.org

October 17-21, Materials Science & Technology 2010 Conference and Exhibition - MS&T '10 com-

bined with the ACerS 112th Annual Meeting, George R. Brown Convention Center, Houston, TX.

Nov. 14-18, 3rd International Congress on Ceramics, Osaka International Convention Center, Osaka,
Japan. 

Send meeting announcements to Mary Lee at:

leemj@mst.edu

Announcements must be received a minimum of

four months prior to the meeting date.

If you would like to submit an article to be published in Refractories Applications
and News or in Transactions, please contact Mary Lee at leemj@mst.edu.
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LEGISLATION IN 2010

By the time this column is printed, the
national debate on health care likely has
come to some sort of end point, at least
for now.  Whether something good or
bad was finally accomplished depends
mostly on your point of view, and the
final verdict on what President Obama
and Congress ultimately got done or did
not get done is probably years down the
road.  Regardless, what is certain is that

the Obama Administration and both parties in Congress are moving
on to other important issues which will be pursued with much the
same political infighting, rancor and grandstanding as we saw in the
health care debate.  

This column is devoted to what are expected to be the two giant leg-
islative issues this year: (1) climate change and greenhouse gas emis-
sions, and, (2) renewal and/or revision of a number of important pro-
visions of the federal tax code. 

Editor’s Note:  I applaud journalists who can provide factual, unbi-
ased information.  Unfortunately, I am not one of them.  I find it
impossible to discussion issues such as these without some editorial
comment pro or con.  Therefore, please let this document be only one
of many you readers review as you work to inform yourselves on
these matters.  Like heath care, these issues will affect each and every
one of us directly—both professionally and personally—so it is past
time to start paying attention.

THE AMERICAN CLEAN ENERGY AND SECURITY ACT

(H.R. 2454)

This is probably a good place to start on global climate change leg-
islation because it actually has been passed by the House of
Representatives.  If enacted into law, this legislation will have major
implications for both business and individuals, by imposing onerous
costly new requirements on industry and increasing energy and con-
sumer costs across the board. 

H.R. 2454 has five key provisions:
• It requires utilities to meet 20% of their electricity demand

through renewable energy sources and energy efficiency by
2020.

• It promotes investment in clean energy technologies and ener-
gy efficiency, carbon capture and sequestration, electric and
other advanced technology vehicles, and basic science R&D.

• It establishes new energy-saving standards for buildings and
appliances.

• It requires reduction of carbon emissions from 2005 levels
from major U.S sources of 17% by 2020 and 83% by 2050.

• While doing all the above, Congress intends to protect con-
sumers from energy price increases at the same time!

The legislation as it currently stands will impact refractory produc-
ers in two major ways.  First, the requirements imposed on electrical
utilities and oil refiners will inevitably lead to higher utility rates.
Congress allocates funds in the bill to offset increases, but realistical-
ly rates will be significantly higher.  Opponents will argue that high-

News from The Refractories Institute www.refractoriesinstitute.org/
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er rates will impede U.S. competitiveness at a time U.S. industry is
under the gun already.  Proponents will argue that higher rates reflect
the real energy and environmental costs to society and that the free,
or at least cheap, ride must end.  They will also assert that higher rates
will encourage conservation.  Hold on to your checkbooks.

The second and important issue for large refractory producers is the
so-called “cap and trade” provisions for manufacturers emitting more
than 25,000 tons annually of carbon dioxide or its equivalent.  These
large manufacturers are summarily lumped in with utilities and oil
refiners and will be required to pay a fee per ton of emissions and to
freeze or “cap” their emissions rates.  The fee is currently projected
to be in the range of $13-17 per ton.  Any increase in future emission
allowances would require the purchase of additional carbon emission
credits from sources that have accumulated excess credits through
emission reductions in their own operations.  The emission credits
would essentially become a traded commodity.  One can’t help but
see a comparison between the proposed energy credits and Chinese
raw material export licenses, which started out at $35 per ton and
quickly soared to several hundred dollars per ton.

Congress allocates the income from this proposed program to fund
a range of conservation and R&D programs and, believe it or not, to
assist the very industries that are being regulated in the early years of
the program.  Why not just let them keep the money and invest it
themselves in energy saving technologies?  Also targeted for assis-
tance under this program are industries being adversely affected by
foreign competition.  It would be nice if refractories could get in on
some of that!

The legislation is now in the Senate.  Despite all the sound and fury,
it is unclear what, how much, and even if the legislation in its present
form will get to President Obama for signature.  It is unlikely that the
Democrats can hold the coalition they put together for health care,
and Americans, rightly or wrongly, are growing more wary of the cli-
mate debate, and a bunch of them will be voting in November.  One
thing is clear, however.  Refractory manufacturers should be talking
to their elected representatives in Washington right now.  Information
to have in hand for those discussions would be an estimate of com-
pany current emission levels and utility costs, what the company’s
current investment in, and cost of, government regulation and man-
dates already is, the number of employees and facilities in the repre-
sentative’s district (translates to payroll and potential voters), and, a
list of the major issues the company is facing, from unfair foreign
competition to tight credit to the need to attract trained employees to
an industry which is absolutely critical to the economic success of the
United States.  One useful addition to the congressional dialogue
might be a copy of the TRI DVD “Taming the Flame”, which can
help a senator or congressman understand just what refractories are
and why they are important.

RENEWAL AND REVISION OF EXPIRING TAX

PROVISIONS

Note that we have not used the phrase “tax reform”.  Many will try
to use it in the coming months, but any final tax legislation that is
passed won’t be real “reform”.  Actually, Congress technically does-

Continued on Page 13
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Most people working in the
refractory field are familiar with
the statement “the refractories
failed” or “it is a refractory
problem”, although, upon
investigation it can often be
shown that the problem was not
the result of a misapplied prop-
erty intrinsic to the refractory.
What these statements do point
out is that the observed damage
can easily be construed to be a
refractory problem because they
are the statement of the failure.
The saying also reflects an

implicit expectation by the user of what the life of that component
should have been and what needs to be modified to address the
problem.

A true refractory failure consists of a refractory that does not
support its own weight, its properties are not what they should
have been, or it was manufactured with an incorrect chemistry.
These problems do not occur very often and they can easily be
determined through testing of the as-received product.

In this paper, I will review some of the items which are often
categorized as a refractory failure but, may or may not actually
be one.

A wall/roof collapsed: this certainly qualifies as a failure, but
the statement does not tell you if indeed the culprit was a refrac-
tory property misapplication. The collapse of a wall or roof of a
furnace is often the result of the anchoring system being com-
promised especially if it occurs early-on in a newly lined unit.
Let us analyze this further. The anchors: metal clips, hex mesh,
refractory brick, etc. have one role and that is to keep the wall or
roof in close contact with the supporting shell. These anchoring
systems can display several modes of failure all of which will
lead to a shortened service life that generally can be traced back
to improper design or installation problems. If no expansion
joints were engineered into a lining, it may expand sufficiently
to shear off the metal anchors and fall in. If using refractory
anchors, the wall movement may have been so great as to have
the anchor brick slip out of the ice tongs holding them in place.
Installation problems can also lead to “refractory failures”. The
welding of metal anchors or hexmesh to a shell has to be done
correctly. This is a time consuming step which, if not carried out
properly, will result in a failure that looks very similar to the
previously stated case, i.e. the wall or roof is not supported and
in the extreme collapses. Similarly, if there were not enough
anchors installed, they were the wrong length, chemistry, etc.
then they will not be able to support the refractory weight for the
expected length of time and the wall or roof will fail.

IT’S A REFRACTORY FAILURE…
Ruth Engel, Refractories Consultant, 121 Olde Farm Rd., Oxford, OH 45056
ruthengel@refractoryexpert.com

Ruth Engel

Excessive wear: This can be seen in many areas, but often
occurs when refractories are in an erosive or corrosive environ-
ment. Although it is possible that the refractories did not meet
their expected physical properties, the problem is more often due
to operational or installation factors.  Higher operational temper-
atures than designed for, increased holding times, increased par-
ticulate loading, changes in particulate size, etc. by themselves
all accelerate the refractory’s wear, but if two or more of these
parameters are combined their effect can quickly become cata-
strophic. 

Lack of chemical compatibility between the refractory and
what they enclose can also manifest itself as excessive wear.
Slags are a prime culprit of this phenomenon. If a slag’s compo-
sition is not carefully balanced so as to be in chemical equilibri-
um with the refractories it comes in contact with, it will attack
the refractories and dissolve them. In addition, the rate of attack
is greatly accelerated the higher the operating temperature. Long
holding times exacerbate the problem. The extreme case is
defined as a burn through or break out whereby all refractory is
lost and there is a breach in the integrity of the holding contain-
er. In this case, the analysis or testing of the “used refractory” is
not possible because the evidence was destroyed. The assump-
tion that the material surrounding the hole is of the same chem-
istry and has the same properties as the failed one can be risky
and should be pursued with care even though often there is no
choice.

In all of these cases, there was a “refractory failure” as that was
the manifestation of the problem.  Nevertheless, its cause was
not due to a true refractory problem, but a reflection of a poorly
controlled operation, unknown operating parameters, or engi-
neering design issues.  The next section will discuss the effect of
some true refractory issues. 

Installation factors: years ago, when the use of brick was
much more prevalent, installation issues were fewer as the
refractory manufacturer was the one responsible of assuring the
material met chemistry and had the expected physical properties.
Today, the ubiquitous use of monolithics, leads to a sharing of
responsibility: the manufacturer is responsible for providing a
refractory material with the proper chemistry, grain sizing and
that ultimately can achieve published physical properties; the
installer has to mix and place it in such a way that its expected
properties can be achieved in service; and the user has to bring
the unit to service temperature in a manner that allows the refrac-
tory material to develop the specified properties. If any of these
steps are not carried out properly then the refractory properties
will be compromised and their life foreshortened. 

Selection concerns: the proper selection of a refractory should
be based on the chemistry, physical properties and form: brick,
castable, plastic, etc. that are most compatible with the operating
parameters.  If only partial knowledge about the environment is

mailto:ruthengel@refractoryexpert.com
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available then several iterations will be needed to determine the
best lining concepts by basing each new refractory selection on
improving upon the failures of the previous ones. 

Worn refractories provide tangible evidence of the quality,
design, installation and usage history of a unit.  Their analysis
should be one component of the unit’s history undertaken to
determine the reason for their unexpected short life. In some
cases the problem will indeed be solely due to refractory issues

but often the answer is more complex and requires a careful
analysis of the worn remains, unused refractories and opera-
tional parameters to develop a coherent scenario for the
observed problem.  In summary, the statement “it is a refracto-
ry problem” is often only partially true.  

If you have comments about this column or suggestions for
future topics please visit me at www.refractoryexpert.com and I
will try to address them. R AN

GLOBAL DEMAND FOR KAOLIN TO REACH 24.8

MILLION METRIC TONS IN 2013

Global demand for kaolin is forecast to grow 1.7 percent per year
to 24.8 million metric tons in 2013, exceeding the growth achieved
between 2003 and 2008.  Demand for kaolin in paper production is
expected to improve, offsetting an expected slowdown in the ceram-
ics market.  In general, kaolin demand in advanced economies is pro-
jected to recover from the declines of the 2003-2008 period, while
demand in the faster growing emerging markets will decelerate
somewhat.  These and other trends are presented in World Kaolin, a
new study from The Freedonia Group, Inc., a Cleveland-based
industry research firm.

Developing countries are becoming increasingly important to glob-
al kaolin demand.  Strong demand gains in China and other devel-
oping countries in Asia are expected to account for the majority of
global kaolin demand in 2013, with China alone accounting for over
one-half of the global gain.  China is forecast to surpass the US as the
largest market for kaolin by 2013, as its kaolin consumption contin-
ues to grow faster than that of any other major national market.
China’s market for kaolin in paper is forecast to lead gains, driven by
a rapidly expanding domestic paper industry.  Imports into China are
expected to grow especially fast, as the country’s kaolin consump-
tion outpaces production.  

Demand for kaolin in paper -- the largest end use -- is forecast to
rebound from its declines between 1998 and 2008.  Over that period,
kaolin suffered from competition with alternative materials (notably
calcium carbonate), and that competition is expected to moderate in
coming years.  By 2008, much of the practical substitution of kaolin
by calcium carbonate had already taken place.  In addition, emerging
markets such as China are expected to post strong gains as their
paper industries expand.  

International trade in kaolin is widespread, with approximately
one-half of kaolin being consumed outside of its country of origin in
2008.  This is in part due to the concentration of kaolin production in

Industry News

the US and Brazil.  By 2013, Brazil is expected to surpass the US as
the world’s leading exporter of kaolin, gaining market share in
Western Europe and Asia at the expense of the United Kingdom and
the US.  Brazil boasts sizable deposits of high-quality kaolin, mak-
ing it economical to produce kaolin there, despite the additional
shipping costs. 

World Kaolins (published 12/2009, 232 pages) is available for
$5,700 from The Freedonia Group, Inc., 767 Beta Drive, Cleveland,
OH 44143-2326. For more information contact: Corinne Gangloff,
Media Relations, Tel: +1 440-684-9600, Fax: +1 440-646-0484,
pr@freedoniagroup.com.  Information may also be obtained through
www.freedoniagroup.com.

THERMAL ANALYSIS CAPABILITY 

The Edward Orton Junior Ceramic Foundation now offers the
thermal analysis capability to determine thermal diffusivity and ther-
mal conductivity by laser flash (ASTM E 1461) and specific heat
capacity by differential scanning calorimeter (ASTM E 1269) with
the same fast turnaround times you have come to expect from Orton.
Thermal analysis of metals, ceramics, carbon, graphite, polymers,
glasses, refractories, semiconductors, composites, and natural mate-
rials can be conducted from room temperature to 1600°C in air, vac-
uum, or inert gases.

For pricing and availability contact: Dr. Joseph Homeny, Tel: 614-
818-1323, homeny@ortonceramic.com, Edward Orton Jr. Ceramic
Foundation, P.O. Box 2760, Westerville, OH 43082

REVITALIZED WEBSITE

Expert materials testing, analysis and consultancy firm CERAM
has boosted its web offering to customers in the refractories and
associated high-temperature industries with the launch of a revital-
ized website that provides expanded industry-specific services and a
large resource of reports, white papers and guidance documents. The
free downloads cover ‘hot topics’ across the breadth of CERAM’s
industry expertise, which for refractories include guidance on pur-
chasing monolithic refractory materials and obtaining valid data for
the computational modeling of refractory structures.

Customers visiting the new website will find it easy to navigate the
full inventory of testing, analysis and consultancy services that
CERAM offers, while the clear focusing of industry sections will
enable visitors to quickly access a wealth of information specifical-
ly constructed to meet the needs of the refractories sector.

Chief Executive, Tony Kinsella, commented: “In response to the
rapid growth of some of CERAM’s business areas over the last 12
months, and the unrivaled industry breadth of our offering, we are

http://www.refractoryexpert.com
mailto:pr@freedoniagroup.com
http://www.freedoniagroup.com
mailto:homeny@ortonceramic.com
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making sure that visitors to our website have a clear and easy way of
accessing the information they need. We are proud of the expertise
we have accumulated at CERAM and don’t want to keep it to our-
selves – we want to make sure that we provide as much information
as we can in an easily accessible manner”.

Highlights of the new website include sign-up options for a range
of industry-specific newsletters, an ‘Experts Biographies’ section
where visitors can find out more about the leading materials experts
in their sector, and an extensive collection of new downloads and
case studies.

For further information please contact: Mandy Rymill, CERAM
Marketing Communications Manager, Tel: +44 (0)1782 764 326,
email: mandy.rymill@ceram.com, www.ceram.com.

MBO SEES IPS CERAMICS IN KILN FURNITURE

IPS Ceramics Ltd is pleased to announce its Management Buyout
(MBO) of the former Dyson Group business, Dyson Thermal
Technologies Kiln Furniture.  This MBO, concluded on December
23, 2009, includes the existing order book, manufacturing and intel-
lectual properties associated with the Company’s whole kiln furni-
ture range (one of the largest in the world) and global agency agree-
ments.

Existing customers are assured of a direct line of communication
to the Senior Management Team and existing contacts in the com-
mercial office to ensure continuity of supply, fulfillment of orders
and access to the wide-ranging technical expertise that they have
come to expect from this historic ceramic business.

The MBO Team behind IPS Ceramics comprises Managing
Director Sukhjinder Singh (formerly MD Ceramics Division and
Program Director, Dyson Group), Operations Director Ian Wright
(formerly Senior Operations Manager, Dyson Thermal
Technologies) and Sales Director Phil Green (formerly Commercial
Business Manager, Dyson Thermal Technologies Kiln Furniture).

Sukhjinder Singh, a Dutch national, originally joined Dyson Group
in April 2008 as its new Program Director, and subsequently also
took on the role as Managing Director of the Ceramics Division. He
holds an MSc in Business (specializing in Strategy, Finance and
Marketing) and has a post-graduate Supply Chain qualification. He
began his career in The Netherlands as a Management Consultant
with KPMG, moving on to work for Shell and Univar, where he held
Financial Controller, Strategy, Marketing and Project Leader roles.

Following the MBO, Mr. Singh said of the new venture: “One of
the main drivers in my move to the UK was the strong entrepre-
neurial element to the job. I am delighted that this development and
the creation of IPS Ceramics gives free rein to this aspect of my
management role and promises to test all the strengths that brought
me to the business in the first place”.

Mr. Singh’s two fellow directors are experts in kiln furniture and
are well known operationally and commercially all around the
world. Between them they boast 70 years’ experience in the Ceramic
Industry.

Ian Wright joined Hewitt Refractories in 1977, adopting roles
involving technical, laboratory back-up and quality control issues,
and subsequently production management.  When Hewitt
Refractories became part of Dyson Group, Ian was appointed as
Manufacturing Manager for what, at that time, was a business spread
over three sites. Ever since the kiln furniture manufacturing was con-

solidated onto the one site in Stoke-on-Trent, Ian has been responsi-
ble for managing operations at senior level.

Phil Green gained his ceramic manufacturing and technical expe-
rience during 17 years with Wedgwood, after which he joined kiln
furniture company Acme Marls in an export sales role (in 1989).
Acme Marls was another business which became part of Dyson
Group in 2000 and Phil progressed from export sales to his subse-
quent appointment as Commercial Business Manager of the new set-
up. In addition to his broad technical knowledge of the product, Phil
has travelled all over the world and has strong links with all the
major international and UK ceramics manufacturers.

In addition to marketing products from the Hartshill factory,
Dyson Thermal Technologies had formed a strong alliance with
Asia’s leading cordierite kiln furniture manufacturer, Beijing Trend
Industrial Ceramics (Tongzhou, Beijing, China). The companies
began working together in 2006 as partners to supply kiln furniture
to the global market. By training personnel at Beijing Trend, sharing
techniques and integrating quality standards, it quickly became pos-
sible for Beijing Trend to make its whole range according to
Dyson’s high quality process and specification. The IPS Ceramics
Team has announced that this manufacturing and commercial coop-
eration will continue following the MBO.

Guo Haizhu, Managing Director of Beijing Trend, said: “IPS
Ceramics will continue with what is already a long-term relationship
with Beijing Trend. Trend and IPS will intensify this partnership in
the future and capitalize on each other’s respective strengths in order
to offer our global customers quality products, the highest levels of
service, quicker delivery and the most competitive prices. We are
confident that IPS/Trend will be the leader of the global kiln furni-
ture market”.

“In pursuit of this even closer relationship, I will initially be spend-
ing an increased amount of time at the Trend facility in China,” con-
firmed Ian Wright.  “It is important at this stage for me to continue
to assist the 320-strong team in Beijing with our ambitious program
of technical enhancement and new product development.  We have
already discussed exciting prospects for our future cooperation and
the MBO gives us full scope to exploit our excellent relationship
with the Trend management”.

The establishment of IPS Ceramics means the continuation of a
150 year-old tradition in kiln furniture design and manufacture and,
at the same time, a driving forward of the business by an experi-
enced and dedicated team which is fully committed to maintaining
all the close links it has with ceramic companies around the world.

“A carefully planned MBO was the only real option for the Kiln
Furniture business and we are grateful to the Board of Dyson Group
for having given us its support and encouragement,” said Phil Green.
“We are recognized as a team that, above all, understands the com-
plexities of all our customers’ manufacturing operations and we will
find a way to come up with the right products at the right price,
delivered according to the required schedule.

“We have already begun visiting and calling customers to intro-
duce IPS Ceramics, and our future actions will demonstrate that we
aim to continue with product development, to enhance technical per-
formance at every level, to always set quality values as a priority and
to maximize the potential of all facets of the business – from human
resources to manufacturing capabilities to leveraging our geographi-
cal advantage.”

mailto:rymill@ceram.com
http://www.ceram.com
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IPS Ceramics has customers in major production sectors, such as
tableware, sanitaryware, tiles, powder metallurgy, electroporcelains
and special applications. These remain the focus for developing the
business at this stage and, accordingly, one of the initial targets of the
MBO Team has been to retain key skill sets in these areas. In a strong-
ly competitive environment, price obviously remains an equally
important consideration; therefore the agreement between IPS
Ceramics and Beijing Trend is essential in enabling the Company to
deliver exactly what its customers require.

In the meantime, the Company is dedicating itself to maintaining
full customer service during this transitional period and the close liai-
son with all global clients is expected to result in a smooth takeover.

For more information contact: IPS Ceramics Ltd, Shelton New Rd.,
Hartshill, Stoke-on-Trent, Staffordshire, ST4 6EP, England, Tel: +44
(0)1782 711511, Fax: +44 (0)1782 717078, Commercial Office:
enq@ipsceramics.com, Website: www.ipsceramics.com.

FIRST EVER CHINA REFRACTORY DIRECTORY 2009/10

JUST PUBLISHED

An English-version CHINA REFRACTORY DIRECTORY
2009/10 has just been published and is now available to the business
public.

New to market, CHINA REFRACTORY DIRECTORY 2009/10 is
the only source of the English-language information available on
refractory industry in China. It is the first of its kind and only com-
prehensive Chinese refractory directory that has ever been published.
This powerful directory is your connection to the entire Chinese
refractory industry sector. 

The 339-page directory (ISBN: 978-0-9733166-3-6) provides a
comprehensive listing of 2,184 refractory companies throughout
China. The information given includes company name, names and
titles of key persons, brief description, product lines, and contact
details (address, telephone and fax numbers, e-mail addresses and
websites).

Dr. James Han, president of Business Data International Inc.,
believes the directory fulfills a need for the delivery of quality data on
the Chinese refractory industry.

"For marketers or researchers targeting China's markets, trying to
find reliable, current data has always been a troublesome task, with
very few information in English being available to them. What this
directory aims to do is plug this gap, offering those looking for such
information a real choice."

The directory is available for US $199.95 from Business Data
International Inc., info@businessdataintl.com or Fax: +1 (450) 619-
2532, www.businessdataintl.com.  

RATH INCORPORATED ANNOUNCES ISO 9001:2008

CERTIFICATION 

Demonstrating a commitment to consistent delivery of quality
products and services, Rath Incorporated has announced that it has
achieved ISO 9001:2008 certification. 

ISO 9000 is a series of five major standards for quality manage-
ment and quality assurance established in 1987 by the International
Organization of Standardization, representing a consensus on quali-
ty systems from more than 100 countries. ISO 9001 is considered
the master model and the most rigorous certification to obtain, as it
has more than twenty criteria to be met in areas such as management
responsibility, contract review, process control, design, develop-
ment, production, installation, service, and training. 

At the heart of ISO 9001 is a close analysis of current documenta-
tion and quality systems. “In the industrial sector, documented
processes that demonstrate continual improvement of business prac-
tices are critical to ensuring consistent delivery,” said Frank Rowe,
Technical Manager for Rath USA. “ISO certification is about com-
mitment – to delivering the best, high-quality products and service
to our customers. It means delivering what we say we deliver, and
having the processes in place to prove it. The industry recognizes
that commitment by making ISO certification an entrance require-
ment for doing business.” Adds Vice-President Ralph Grizzel, “It is
with great pride that we announce our successful achievement of
ISO 9001:2008 certification. We truly hope that our commitment to
quality is apparent in everything that we do.” 

While ISO 9000 standards are becoming necessary for conducting
business internationally, only 12% of U.S. companies have com-
pleted the registration process, as reported in Quality Management
Journal. 

Rath Incorporated’s successful achievement of ISO 9001:2008
registration now completes certification for Rath USA, which
includes Rath Refractories in Milledgeville, Georgia.  In addition to
the Newark, Delaware and Milledgeville, Georgia plants in the U.S.,
Rath is ISO 9001 certified in Austria, Germany, and Hungary. Rath
USA is the North American subsidiary of the Rath Group, a world
leader in refractory materials and the practical application of ceram-
ic fiber technology. More than 100 years ago in Vienna, Austria,
Rath AG began as a manufacturer of specialty bricks for home heat-
ing systems. Since then, Rath has evolved into a leading provider of
refractory solutions around the world. 

For additional information, contact Tel: (302) 294 4446, Fax:
(302) 294 4451, email info@rath-usa.com, or visit http://www.rath-
usa.com. 

R AN

Ads must be received by 

Mar 24th for publication in the

May/June 2010 issue.

Ads received after the 21st will be placed in the next issue.
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Polymeric fibers have been shown to improve the dry out of
castables by at least two different mechanisms: (i) permeability
increase after fibers burn out and (ii) mechanical reinforcement.
Polypropylene and polyaramid are examples of fibers which per-
form with these characteristics, respectively. This paper shows that
steel fibers are also capable of improving the dry out of castables
by reducing the risk of explosive spalling through mechanical rein-
forcement. To accomplish this, however, they need to be distrib-
uted as close as possible to each other in the matrix, which depends
on their size and volume concentration in the refractory. Steel
micro-fibers (20 µm diameter) were effective in avoiding castable
explosion (0.36 vol%), whereas regular fibers (450 mm diameter)
attained an outstanding performance when used in a much higher
quantity (30 vol%).

INTRODUCTION

Over the last decades, castable technology has evolved signifi-
cantly, leading to denser and more resistant materials. Conversely,
this advance has imposed more difficulty on the water withdrawal
from inside the refractory bodies during heat up. To overcome this,
a number of technologies have been developed, including the use
of fibers.

Figure 1 depicts the three different stages of water removal from
castable specimens during dry out. Previous studies [1] have shown
that, for low-cement high-alumina castables, the critical range is
between 130 and 200°C, which is called the water ebullition stage.

Polymeric fibers are an efficient way of enhancing castable resist-
ance to spalling upon drying, either by increasing their permeabili-
ty or by mechanical reinforcement of their matries.

Based on the polymeric fiber mechanisms pointed out, this paper
presents the potential benefits for improving the castable dry out
with regards to the heating rate, speed of water withdrawal and
safety.

EXPERIMENTAL PROCEDURE

The castables analyzed consisted of white fused alumina in the
aggregate fraction and different types of reactive aluminas in the
matrix. Calcium aluminate cement (2 wt%) was used as a binder.
The formulations were based on Andreasen´s packing model with
q=0.24 and particles ranging from 0.1 to 4750 µm. Casting was per-
formed using 4.2 wt% water and 0.05 wt% citric acid for disper-
sion.

An exception to the above formulations was the castable with 30
vol% steel fiber (Table 1), which requires a special particle size
distribution and placing technique.

Five types of stainless steel fibers with varying shapes and sizes
were used in the experiments. They are listed in Table 1 according
to their diameter, length and volume concentration in the castables.
Their producers were Bekaert (B. S.), Gervois, Stax and Daoli. The
polyaramid fibers (PAr) were provided by DuPont under the trade
name of Nomex®.

The number of fibers per unit volume (N/VC) and the mean dis-
tance among them (S) were evaluated according to Equations 1

and 2.

N/VC = p/Vsingle fiber = 4p/πd2L (1)

S = (VC/N)1/3 = (πd2L/4p)1/3 (2)

Where p is the volumetric fraction of fibers in the castable, and
d and L are the fiber diameter and length, respectively.

The castables were cured at 8°C for 7 days in a moisturized envi-
ronment in order to attain the formation of the CAH10 phase, which
has a higher molar volume and leads to lower permeability, there-
by providing the most critical condition for drying.

The work of fracture (γwof) was the property selected to evaluate
the mechanical performance. The detailed procedure for this test is
described in reference [2].

THE DRY OUT PROFILE OF STEEL MICRO-
FIBER CONTAINING REFRACTORY
CASTABLES

Caio M. Peret1, Paschoal Bonadia2, Modestino A. M. Brito2, Victor C. Pandolfelli3, vicpando@power.ufscar.br
1Thermojet do Brasil Ltda., São Bernardo do Campo, Brasil
2Magnesita Refratários S.A., Contagem, Brasil
3Federal University of São Carlos, São Carlos, Brasil

Figure 1. Thermogravimetric analysis of refractory castables containing polymeric
fibers (heating rate: 20°C/min) [5].

mailto:vicpando@power.ufscar.br
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The mass loss on drying (thermogravimetric analysis) was assessed
using an apparatus developed by Innocentini et al. [3]. The derivative
of the weight loss with the time (dW/dt) was recorded as a function
of the specimen surface temperature up to 400°C under a preset heat-
ing rate.

A “conventional” drying test [4] was also used to evaluate the casta-
bles with regular steel fibers (Daoli). It consisted of inserting the just
cured specimens into a furnace previously heated at 400°C and mon-
itoring the occurrence of explosion or physical damage within 20
minutes at this temperature. The fraction of surviving specimens (out
of 4) was recorded.

RESULTS AND DISCUSSION

Polymeric Fibers

It has been demonstrated that by adding polymeric fibers to refrac-
tory castables can improve their resistance to explosive spalling dur-
ing dry out. In addition, industrial practice has already consolidated
this technology by using polypropylene (PP) or polyvinyl fibers in
concentrations varying from 0.05 to 1 wt%, whenever faster drying
schedules are required.

More recent research [2] has revealed that the fibers act using at
least two different mechanisms:

1. Permeability increase;
2. Mechanical reinforcement.

Figure 1 illustrates the drying profile of castables containing dif-
ferent types of fibers (0.36 vol%) [5]. It can be observed that those
with additions of PP and polyaramid (PAr) were able to withstand the
severe heating schedule imposed, whereas those with polyethylene
terephthalate (PET) and with no fibers (ref.) did not survive the test.

PP starts to melt close to 150°C, thereby generating a porous struc-
ture in the refractory body, which increases its permeability. This
mechanism takes place in the temperature interval where the pressure
builds up due to the fact that ebullition of the free water in the castable
is in the critical range (130 to 200°C). Therefore, the water vapor can
be released through the porous channels generated by the fibers with-
out causing damage to the refractory integrity.

Conversely, PAr does not undergo any significant physical change
up to its degradation temperature, at approximately 370°C, where
most of the water initially present in the castable has already been
released [5]. In this case, the fibers provide mechanical reinforce-
ment, giving rise to a toughening effect, which can be described as
follows: during the ebullition period (110 to 250°C), if a high heating
rate is applied, cracks will be generated and start growing. However,
they will cross a large number of fibers in their way, which will dis-

sipate their energy and prevent them from growing beyond a critical
size, ultimately reducing the risk of explosive spalling.

Nevertheless, for the latter mechanism to work properly, the fiber
must possess good mechanical properties between 110 and 250°C [5].
This explains why PET was not as effective as PAr in the test shown
in Figure 1. PET has a glass transition temperature of approximately
70°C, whereas its melting point is at around 250°C, meaning that in
the critical temperature range it will be in a soft state, offering no
mechanical benefit. Besides this, the fibers will still be there, not con-
tributing to increase the permeability.

STEEL FIBERS

Steel fibers are well known for their application as reinforcement of
Portland and refractory castables. In the latter case, they have been
shown to improve the resistance to thermal shock, to impact and to
fatigue when used in quantities varying from 3 to 5 wt%.
Additionally, Peret and Pandolfelli [6] have also investigated their
potential regarding the optimization of castable drying schedules.
Based on the results obtained for PAr fibers, the steel ones would be
able to prevent explosive spalling by mechanical reinforcement.

Previous work on PP fibers [2] revealed that the influence of the
fibers on the mechanical properties of the castables is much more evi-
dent in the work of fracture than in the tensile strength. Therefore,
only the former one is considered here.

The first attempts were made by using long (25 mm) and short
fibers (Table 1) with the same volumetric concentration used for the
work on PAr (0.36%), as described in Table 1. Figure 2 depicts the
effect of the steel fibers in the work of fracture (γwof) of the castables,
highlighting how they can significantly improve their mechanical
properties.

It can be observed that the longer the fiber is, the higher the γwof

value (Figure 2), however, there seems to be a minimum length,

Figure 2. Work of fracture (gwof) for castables with different types of fibers (0.36
vol%); “Ref”: no fiber [6].
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around 4 mm (Stax 130), below which the so-called bridging phe-
nomenon (fiber anchoring and pullout) is not activated in the castable
matrix [7].

Despite the good mechanical properties, when tested for different
drying rates, none of the steel fibers presented in Figure 2 was able
to prevent the castable specimens from experiencing explosive
spalling under the most severe test conditions (20°C/min) [6]. That is,
the metallic fibers were not as efficient as the PAr ones, although their
effect on the mechanical reinforcement was considerably more sig-
nificant.

Therefore, the work of fracture alone cannot fully explain why
some fibers do improve the drying performance, whereas others do
not. By analyzing Table 1, one can notice that the number of fibers
per unit volume (N/VC) can vary dramatically for the same volume
concentration (0.36 vol%), ranging from 0.9 to 1910 cm-3, depending
on their length and diameter. Accordingly, the mean distance between
two adjacent fibers (S) also decreases as N/VC increases (from 10.3
to 0.8 mm). According to Betterman [8], shorter distances reduce the
size to which a crack can grow, thus protecting the refractory.

STEEL FIBERS OPTIMIZATION

In order to increase the number of steel fibers per unit volume, two
approaches were assessed. The first one consisted of using fibers with
the same dimensions as those for PAr (B.S.), herein called steel
micro-fibers, while the second one was to increase the concentration
of regular steel fibers (25 mm length) up to 30 vol% (Daoli 2). In the
latter case, a special installation method had to be employed to cast
the specimens.

Table 1 shows that in the case of B. S. both N/VC and S were the
same as for PAr, whereas for Daoli 2 they were 75 cm-3 and 2.4 mm,
respectively. The effect of these new fiber additions on the work of
fracture is presented in Figure 3.

It is worth noting that the γwof value for the castable with 30 vol%
fibers (Daoli 2) was one order of magnitude higher than that with
0.36% (Daoli), and two orders greater than that with PAr. The steel
micro-fibers (B. S.) attained a work of fracture similar to that of PAr,
which was somewhat higher than the castable with no fibers (Ref.).

The drying behavior of the steel micro-fiber containing material
was assessed by thermogravimetric tests (Figure 4). Conversely to
the regular steel fibers, in this case the castable specimens survived
the test. This result is compatible with the theory that for the same

volumetric concentration of fibers, the higher the number of fibers per
unit volume and the shorter the distance among them, the lower the
risk of explosive spalling.

An additional feature provided by the steel micro-fibers in Figure 4

is the faster drying rate (dW/dt) of the castable when compared to the
reference one. As they are thoroughly and homogeneously distributed
throughout the specimen volume, they have the capacity to increase
its thermal conductivity, thereby speeding up the generation and the
withdrawal of the water vapor.

A faster water release can be an advantage because it may shorten
the time required for drying, but at the same time it might mean a
higher risk of explosion, since the steam pressurization will be more
intense. Therefore, the steel fibers used must be properly selected in
order to optimize the drying rate and to avoid undesired side effects.

The castable with high fiber concentration (Daoli 2) was subject to
a qualitative test in order to evaluate its tendency to explosive spalling
during dry out (Figure 5). The results showed that its performance
was even better than the castable with PAr, indicating that a very high
work of fracture combined with a relatively short distance between
fibers provide the optimum conditions for a safe and fast drying
schedule.

It is also important to note that, unlike polymeric fibers, the steel
ones remain in the castable up to temperatures around 1100°C
depending on their oxidation resistance, thus contributing to the

Figure 3. Work of fracture for castables with new fiber formulations (Daoli 2 and
B. S.).

Figure 4. Thermogravimetric analysis of refractory castables containing steel
micro-fibers (heating rate: 15°C/min).

Figure 5. Fraction of specimens surviving the qualitative drying test (room tem-
perature to 400°C).
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mechanical properties not only during the drying period but also
throughout the castable operational life.

Nevertheless, they may require a different design of the refractory
lining in order to compensate for the higher thermal conductivity,
which increases the heat flow from the hot to the cold face.

CONCLUDING REMARKS

It has been shown that steel fibers can be used not only to improve
castable mechanical properties, but also to speed up their drying
behavior. To accomplish this, a high volume concentration of fibers
or the use of micro-fibers (20 µm diameter) is needed.

Besides avoiding the growth of micro-cracks in the castable matrix,
the steel fibers also provide a faster drying rate due to their high ther-
mal conductivity.

Therefore, as far as the design of high performance monoliths is
concerned, it is recommended that the steel micro-fiber approach
should be considered not only from the mechanical point of view, but
also as an alternative to resume operation in a shorter time.
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Whatever happens, it is clear that the practice of putting piece-meal
patches on the tax code as well as the tradition of kicking tough deci-
sions down the road for immediate political expedience have all
come home to roost.  We now are faced with a perfect storm of finan-
cial woes where Congress has to work on the tax code at a time when
the federal deficit has skyrocketed due to the economic crash and the
resulting bailouts, increasing health care costs—both current
and projected--the funding for the wars in Iraq and Afghanistan,
and a 10% unemployment rate which results in significantly less
tax income flowing to the U.S. treasury.  Hold on to your check-
books.  R AN
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Tutorial - Phase Rules . . .

BASICS OF THE VERTICAL SECTION

Jeffrey D. Smith, Associate Professor, Department of Materials Science and Engineering, Missouri

University of Science and Technology, jsmith@mst.edu

Phase equilibrium diagrams of three components are comprised
of a wealth of information.  Details of approaches to extract such
data were provided in previous installments of Phase Rules [1-2].
Understanding and applying the previous tutorials doesn’t neces-
sarily provide the data in a form that is easily used to solve engi-
neering problems.  Given that most materials engineers and scien-
tists have far more experience (and comfort) working with phase
diagrams of two components, the goal then would be to present ter-
nary equilibria data in a manner similar to that which they are
already familiar.  Vertical sections are just that, ternary phase dia-
grams projected into a binary phase diagram format.

Once completed, the sections can be used to conduct qualitative
isoplethal analyses to determine primary and secondary crystals,
and crystallization temperatures, resorption, reaction sequences,
solidus temperatures and polymorphic transformations, among
others.  Obtaining quantitative data from vertical sections is slight-
ly more complicated but the lever rule still holds.  The difficulty
arises in determining the conjugate phase(s) at the ends of the tie
line.  Unlike the special case of true binary systems, most vertical

sections are pseudo-binary and the conjugate phases are actually
mixtures of two phases.  This complication will be addressed in a
subsequent issue of Phase Rules. The current installment concen-
trates on explaining the procedure for constructing a vertical sec-
tion using a fairly simple system.

The NaCl-RbCl-CaCl2 system was selected for detailing the
approach for constructing vertical sections.  Although this could
not be considered a refractory system, it is relatively simple, con-
taining only one binary compound (CaCl2•RbCl) and no ternary
compounds.  The system contains only congruent compounds fur-
ther simplifying the procedure.  More complex diagrams follow
the same set of steps that are described in this manuscript, but add
a number of iterations that make the process more tedious.  The
next installment of Phase Rules will address the considerable more
complex situation using the MgO-Al2O3-SiO2 diagram that has
been used previously.  

The NaCl-RbCl-CaCl2 ternary phase diagram is included as
Figure 1. This diagram was constructed from data published pre-
viously in the Phase Diagrams for Ceramists compilations [3].  A

Figure 1. Ternary phase diagram of the NaCl-RbCl-CaCl2 system.  This fairly simple diagram contains only one
binary compound, only two ternary eutectics, and no ternary compounds.

mailto:jsmith@mst.edu
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number of small errors (whether of omission or commission) were
corrected, including a mislabeled ternary eutectic temperature and
a labeling of the binary compound.  All other data remain as orig-
inally published.

METHODOLOGY

Vertical sections can be constructed along any line within a ter-
nary phase diagram.  The procedure for constructing these sections
is straightforward, although at times quite tedious.

The easiest way to construct the vertical section is to select a sec-
tion line of interest and then rotate the diagram until the section line
is horizontal on the page.  A box can then be constructed by drop-
ping vertical lines from both ends of the section and then adding a
top and a bottom to complete the box.  A temperature scale can
then be established although it is often difficult to predict an appro-
priate scale until more information is known.  

In the case of the NaCl-RbCl-CaCl2 system, a composition of
roughly 33 mol% CaCl2 was chosen with the molar ratio of NaCl
and RbCl allowed to vary from 0-1 as shown in Figure 2.  This par-
ticular section was selected more for the ease with which the prin-
ciples could be explained and graphed than anything else.  This
section is not any more or any less complicated than others that
might have been selected.

Once the section of interest is established, the vertical section can
be constructed as described in the following sections.  The goal of
this procedure is to divide the diagram into chemistry ranges that
follow the same reaction sequence.

Solidus Line(s)

The first step in constructing a vertical section is to determine the
solidus temperature for each Alkemade triangle that the section
line crosses.  Recall that for every composition within an
Alkemade triangle, the final liquid solidifies at exactly the same
point (same temperature and composition).  As such all composi-
tions along the section line that lie within a given Alkemade trian-
gle have the same final crystallization temperature.  This set of
points will appear as a horizontal line similar to the solidus line in
a typical binary phase diagram.  

Solidus Lines in the NaCl-RbCl-CaCl2 System - The sec-
tion line, detailed in Figure 3, crosses two Alkemade triangles.
The first is the NaCl/CaCl2/CaCl2•RbCl triangle.  All compositions
within that Alkemade triangle solidify at the temperature specified
by the point where the NaCl, CaCl2, and CaCl2•RbCl2 phase fields
touch (500°C).  Vertical construction lines can be extended from
the two points where the section line intersects the Alkemade tri-
angle to define the range and then the solidification temperature
can be indicated on the vertical section diagram.  This results in a

Figure 2. A selected section of interest and initial preparations for constructing the
associated vertical section.

Figure 3. The vertical section resides in two Alkemade triangles.  The eutectics
associated with compositions along the section are identified in the ternary, allow-
ing the solidus lines associated with the eutectic reactions to be constructed in the
vertical section.
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Figure 4. Liquidus temperatures along the section in the ternary diagram are iden-
tified and transferred to the vertical section to define the liquidus line.

horizontal solidus line.  Repeat the procedure for the other
Alkemade triangle, NaCl/RbCl/CaCl2•RbCl. For this Alkemade
triangle, the corresponding invariant is 505ºC.  

Liquidus Curves

The second step is arguably the simplest as it only involves plot-
ting the liquidus temperatures along the section line.  This requires
nothing more than plotting the points where isotherms cross the
section line.  In true binaries the liquidus curve will contact the
solidus line(s).  In most vertical sections, however, the liquidus
curves and solidus lines will not intersect.

Liquidus Curves in the NaCl-RbCl-CaCl2 System - The
procedure for establishing the liquidus curves is presented
graphically in Figure 4.  The process begins by selecting
appropriate points along the section line and plotting the
corresponding temperature on the vertical section diagram.  Many
points can be chosen, but it is normally only necessary to plot a
few points to get the curvature close.  Recall that the temperature
change will be smooth within phase fields and that change will
occur at phase boundaries and possibly at Alkemade intersections.

Each time the section line crosses an isotherm, that temperature
is plotted on the vertical section.  Additionally, the ends of the sec-
tion line and the point where the section line and the NaCl-
CaCl2•RbCl Alkemade cross should also be included.  In these
cases, the temperature must be estimated or extrapolated, as specif-
ic temperatures are seldom included on the ternary phase diagrams. 

It should be noted that any time the section line crosses a bound-
ary curve there will be a change in the curvature of the liquidus.  In
this case, the point represents a minima.  This crossing of the sec-
tion line and a boundary curve also impacts the pseudo-liquidus
curves that will be described in the next section.

Pseudo-liquidus Curves

The third step for constructing a vertical section involves adding the
pseudo-liquidus curves or lines.  This is the first appearance of the
term pseudo-liquidus in the literature.  In the past, most references to
these curves/lines have used the term sub-solidus.  Extensive review
of the origins of the sub-solidus term have not provided a compelling
rationale for the name and, given that the definition of solidus is the
minimum temperature at which a liquid can exist, using the term sub-
solidus is at best, confusing.  As such the term pseudo-liquidus is pro-
posed.  The liquidus curves separate the liquid phase field from the
phase fields containing liquid and one other solid.  The pseudo-liq-
uidus curves/lines separate phase field containing liquid and one solid
from fields containing liquid and two solids.

Pseudo-liquidus construction involves considering multiple compo-
sitions within each Alkemade triangle.  In cases where the section line
crosses more than one primary phase field within an Alkemade trian-
gle, compositions within each phase field will be required.

(a) Identify compositions that will not result in crystal-
lization of two solid phases prior to solidification.
Within each phase field, this composition is deter-
mined by drawing a line between the component for
the phase field in question and the invariant point for
the associated Alkemade triangle.  The intersection of

GLOSSARY OF TERMS
(refer to the previous installment [1, 2, 4, 5, 6, 7] 

for additional terms of interest)

Pseudo-binary – Any line drawn on a ternary diagram between two
compounds where the equilibria is of three components, instead
of two.

Pseudo-liquidus – A term used to describe lines separating a
phase field consisting of two solids and liquid from another
phase field also consisting of two solids and liquid,
although one of the solids is different.

True Binary – A line drawn between compounds on a ternary dia-
gram where the equilibria is of two components. True binaries
are characterized by the end members melting congruently and
the Alkemade between the components only extending through
the phase fields of the two components being considered.

Vertical Section – A projection technique where three phase
equilibrium is presented in a format loosely consistent with
binary phase diagrams.
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this line and the section line defines the composition
where the pseudo-liquidus will contact the solidus.

(b) Identify compositions where the section line and
Alkemade lines intersect.  These points represent the
compositions that will have the highest degree of
two-phase crystallization (crystallization progresses
along the full length of the two-phase boundary).
Note that the compositions considered should be
slightly off the Alkemade lines but so close that the
temperatures are effectively the same.  Solidification
of the composition directly on Alkemade lines are
somewhat different and are addressed later in this
manuscript.

(c) Identify compositions where the section lines inter-
sects a boundary curve.  Such compositions will not
result in crystallization of a single solid, but instead
two solids will crystallize from the liquid composi-
tions where the section line and a boundary curve
intersect are, therefore, points where the liquidus
curve and the pseudo-liquidus curve intersect.

(d) Identify compositions that intersect lines drawn
from the component composition for the phase field,
through the section line and on to any additional
invariant that touches the phase field. In systems
where there is only one invariant associated with each
phase field, no such additional compositions exist.  In
more complex systems, as will be described in the
next installment of Phase Rules, compositions of this
type will be quite frequent.

(e) Identify other compositions to help establish the
curvature of the pseudo-liquidus curves.  Normally
only one or two compositions are necessary to pro-
vide reasonable precision. 

Pseudo-liquidus Curves in the NaCl-RbCl-CaCl2 System -
Consider the compositions at the edges of the phase boundaries.
Determine the temperature at which the composition transitions
from one solid phase plus liquid to two solid phases plus liquid.
Include these temperatures on the diagram for those compositions,
as shown in the diagram included as Figure 5.  These points relate
to the (a) compositions described in the previous section.  For
NaCl, the composition furthest to the left on the section line
begins to crystallize two-phases (NaCl and CaCl2) at 505°C.  For
the same phase field the composition furthest to the right begins to
crystallize two-phases (NaCl and CaCl2•RbCl) immediately upon
cooling so no crystallization of a single-phase from the liquid
occurs, meaning the pseudo-liquidus must contact the liquidus at
that composition.  This point relates to the (c) composition
described in the previous section.  

Repeat the procedure for the other phase field and plot all the
temperatures on the diagram and connect the lines.  Finally con-
sider the composition that falls along the NaCl/CaCl2•RbCl
Alkemade line within the CaCl2•RbCl phase field.  Because the
composition falls along a true binary, it will solidify at 600°C, the
binary eutectic temperature for the NaCl-CaCl2•RbCl system.
These points relate to the (b) compositions described in the previ-
ous section.  

Figure 5. Important compositions along the section in the ternary diagram are iden-
tified along with their partial crystallization paths (shown in heavy line).  The paths
in the ternary are used to identify the temperature at which each composition begins
to crystallize more than one solid phase.  These temperatures are transferred to the
vertical section in order to define the pseudo-liquidus.  The designations (a, b, c, e)
are detailed in Pseudo-liquidus Curves” in the text.

Finally select additional points for pseudo-liquidus curvature,
detailed as (e) compositions in the previous section.  In this case, two
such compositions were selected within NaCl/CaCl2•RbCl/RbCl
Alkemade triangle.  Although no additional compositions were cho-
sen within the NaCl/CaCl2/CaCl2•RbCl Alkemade triangle, two (one
on either side of the composition where the section line and boundary
curve intersect) could have been to improve the precision of that
curve as well.

Component Lines 

In two component phase equilibria, component lines indicate
how a single-phase compound behaves upon heating.  As indicat-
ed previously [5] these vertical lines are actually one-component
systems within the binary system.  If congruent, these compounds
will melt into a liquid of the same chemistry.  If incongruent, the
compounds would decompose into a solid and a liquid, each hav-
ing a different chemistry than the compound itself.

The same logic applies to vertical sections.  In this case two dif-
ferent situations can exist.  The first is the same as described pre-
viously, a single-phase compound that may be either congruent or
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Figure 7. The section line in the ternary diagram is divided into five regions of iden-
tical crystallization/reaction sequences.  All compositions within each region on the
ternary section line will undergo the same reactions (although at different tempera-
tures), this can be used as a qualitative check of the vertical section. 

incongruent.  For such a vertical line to exist in a vertical section,
the section of interest would have to be drawn directly through a
compound, whether it is a unary, binary or ternary compound.  The
second situation occurs when the section line crosses an Alkemade
line.  In this instance the component is actually a mixture of two
compounds, each defined by the ends of the Alkemade line in
question.  These are two-component systems within the ternary
system.  These vertical lines will always appear as incongruent,
dissociating into a solid and liquid or in special cases, two solids
and liquid.  The latter case will be addressed in a future installment
of Phase Rules.

Once established the component lines separate the horizontal
solidus lines in the vertical section.  Normally these lines will
extend until they contact the pseudo-liquidus curves, although not
always.  To be certain, consider crystallization from that composi-
tion on the section line, but take care as these compositions will
often fall on a true binary join so final solidification occurs at the
binary invariant point as opposed to the ternary invariant point.

Component Lines in the NaCl-RbCl-CaCl2 System -
Include a component line on the diagram for each Alkemade line
that the section intersects.  In this example the section intersects
the NaCl/CaCl2, the NaCl/CaCl2•RbCl, and the CaCl2•RbCl/RbCl
Alkemade lines.  Extend the line up to the temperature at which
liquid begins to form (binary eutectic temperatures).  For
NaCl/CaCl2 the temperature is 505°C, for NaCl/CaCl2•RbCl the
temperature is 600°C, for CaCl2•RbCl/RbCl the temperature is
580°C.  All of these are indicated on the diagram included in
Figure 6.

Labeling the Vertical Section

Labeling regions is a fairly simple matter of indicating the con-
jugate phases for a particular region.  Keep in mind that regions
above the liquidus can be either one or two liquids.  Regions below
the liquidus but above the pseudo-liquidus must be two-phases
(liquid and one solid) and regions below the pseudo-liquidus must
be three phases (liquid and two solids above the solidus line; three
solids below the solidus line). 

Figure 6. The compound lines are identified and added to the vertical section.  The
extreme ends of the section on the ternary intersect the parent binaries and therefore
will have binary phase stability upon crystallizing these compositions to tempera-
tures below the binary eutectic temperatures.   The section line in the ternary also
crosses the NaCl-CaCl2•RbCl Alkemade and will have binary phase stability upon
cooling below 600°C.  Note that N=NaCl, C=CaCl2, CR=CaCl2•RbCl, and
R=RbCl.
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Figure 8. The completed vertical section from the NaCl-RbCl-CaCl2 system with the liquidus, pseudo-liquidus,  solidous, and compound lines
defined.  In addition, all the phase fields have been labeled.

Labeling the Vertical Section in the NaCl-RbCl-CaCl2
System - The labeled vertical section is included as Figure 7.
The labels are obtained by considering crystallization for a
number of chemistries.  For this vertical section five different
regions have a unique reaction sequence.  The regions are shaded
to different degrees to help highlight the transitions.  For example,
upon cooling from liquid all compositions within the middle
region of the vertical section (indicated as 3) crystallize
CaCl2•RbCl from the melt, then crystallize NaCl simultaneously
with the CaCl2•RbCl, and finally CaCl2 crystallizes with the other
two at the solidus temperature.

Figure 8 is the completed vertical section for the compositions
selected.  The diagram looks somewhat like a standard binary
phase diagram, except for the inclusion of the pseudo-liquidus
curves.  One must be careful in using the diagram, as the composi-
tions indicated along the ordinate are not as straightforward as in
the typical binary diagrams.  In this case the far left of the diagram
is a combination of NaCl and CaCl2 while the far right is a combi-
nation of CaCl2•RbCl and RbCl.  Knowing the amounts of each
that are present allows determination of the location of a particular
chemistry along the diagram.

Determining the concentration of each phase in a component
mixture is accomplished using the binary lever rule at the intersec-
tion of the section line and each Alkemade line.  The conjugate
phases for that composition are the phase at each end of the partic-
ular Alkemade.  In this example the NaCl plus CaCl2 component
line is 67 mol% NaCl and 33 mol% CaCl2, the NaCl plus
CaCl2•RbCl component line is 35 mol% NaCl and 65 mol%

CaCl2•RbCl and the CaCl2•RbCl plus RbCl component line is 65
mol% CaCl2•RbCl and 35 mol% RbCl.

The methodology for constructing a fairly simple vertical section
is detailed in this manuscript.  Very few ternary diagrams useful to
refractory engineers and scientists are so straightforward.  The next
installment of Phase Rules will address a much more complex sys-
tem.  The vertical sections in the MgO-Al2O3-SiO2 system will be
used to provide one of the most complicated vertical sections that
might be encountered.  Extending the basic methodology described
in this manuscript will result in constructing a number of vertical
sections pertinent to high temperature materials research develop-
ment and engineering.
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Historical Reprint . . .

Since the creation of the EPA, the focus of industry and regulators
has been to control pollution.  Millions of dollars have been spent in
the process of collecting our emissions and then disposing of them.
This process has given us better air quality, better water quality and
more controlled land disposal methods; but has done little to reduce
the pollution generated by industry.  Recently there has been a wind
of change blowing through industry and government.  This change
can be best expressed as the movement from control towards preven-
tion of pollution.

We all are aware of horror stories about adding control technology
to process to stop one problem only to create another even larger
problem.  During the 70’s, industry added dust collectors and scrub-
bers to their processes.  This new technology effectively reduced the
air emissions but often created new solid or liquid waste problems.
The focus had been how do we control our emissions not how do we
reduce them.

Because of these past problems, the concepts of Multi-Media
Pollution Prevention have begun to take hold in industry and govern-
ment.  Multi-media Pollution Prevention means we must look at all
sources of pollution when we make a change, even if the change is to
control an emission.

The key concepts of pollution prevention are simple:
• Make as little pollution (waste) as possible.
• If you make pollution, make it as low in toxicity as possible.
• If you make waste, recycle it in the process that generated it.
• If you can’t recycle, reuse it in another industrial process.

• If you can’t reuse it, reclaim a portion of the waste.
• If you can’t reclaim the waste, treat it to reduce the toxicity and

dispose of it in the safest manner possible.

The interesting thing about the above concepts is that they not only
lead to reduced pollution but also often lead to cost reductions.  In
today’s environment of pollution control, the idea that environmental
improvements can be cost reductions may seem a paradox.  However,
if you look at the dramatic changes that have taken place in our basic
industries in the past two decades it becomes clear that pollution
reduction and cost reduction have often come together.

We will explore some examples of pollution reduction that have
occurred in the refractories-using industries over the past decades.  In
doing so we will try to develop a methodology that exploits the effort
to reduce pollution to yield an added benefit of cost reduction.

MAKE LESS OF IT

One classic example is the increase in production of steel by the
mini-mill.  The mini-mill is a classic example of a reuser; scrap steel
from many sources is converted to new usable steel.  In the process,
less energy (re: pollution source) is used and a one-time waste
becomes a raw material.

The refractories-using industries all have examples of changes in
refractories selection and in their processes that have greatly reduced
pollution and cost.  The driving force to these changes has been cost
reduction, however, pollution reduction often occurs simultaneously.

The Basic Oxygen Furnace (BOF) is a great example of changes to
reduce costs having resulted in reduced pollution.  In the early 80’s,
the average BOF would need a reline in less than 1000 heats of steel.
The refractories at that time were pitch-impregnated or pitch-bonded
magnesia.  In most cases, one or two high wear areas would cause the
vessel to need a full reline.  This meant that in some areas of the ves-
sel most of the refractory was still intact.  The interest of the BOF
managers to reduce the cost associated with rebuilding and downtime
caused the refractories industry to introduce new products (zoning).
This enabled the BOF to last on average 4,000 heats.  Further
improvements in refractories and process changes such as slag splash-
ing and improved gunning repairs have take BOF life over the 10,000
heat life in the last few years.

The BOF process now has a lower refractory cost per heat – while
realizing the great reduction in the amount of solid waste generated.
Each BOF that lasts 10,000 heats produces less than 1/10 of the solid
waste that it did in the 80’s.  Improved refractories and changes in
our processes have led to reductions in pollution in all refractory
using industries, but few rival the BOF.

AUTHOR’S NOTE 2010
This article was written in 1997 and is as true today as it was

then in relationship to waste management, however, it is even
more important today to expand the survey and team efforts to
include not only waste reduction but energy reduction.  The
refractories using industries are by nature also the energy using
industries.  Improvement team efforts today must also include
energy reduction as a goal.  Technology changes abound, for
burner control, reduced heat transfer materials, emissivity modi-
fication coatings, and lining designs that enable “go cold” prac-
tices.  

It is as true today as in 1997, the only way to improve is to
empower your teams to make change, the manufactures that will
win in this century are those that will manage their process the
most effectively, working on waste and energy reduction is one
way to improve your chances for survival. 

mailto:DAbrino@anhrefractories.com
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MAKE LOWER TOXICITY WASTE

The cement industry had relied on low cost mag-chrome refrac-
tories since the 60’s.  As our understanding of the hazards of some
chrome compounds increased, it became clear that mag-chrome
refractories used in the highly alkaline environment of the cement
kiln presented an environmental hazard after service.

Due to the penetration of fluxes in and coatings on the refracto-
ries used in the cement kiln, reuse was not possible.  Some cement
manufactures tried recycling their linings back into their kilns.
However, this potentially caused an increase in chromate level of
the cement produced.

In the 80’s most major refractories companies began to develop
new chrome-free products for cement kilns.  Many of these new
products failed to provide the service life that mag-chrome prod-
ucts had given.  However, after more than a decade of improve-
ments and process changes the cement industry has non-chrome
products that perform as well as the traditional mag-chrome.

These actions have clearly been driven by the concept to make
waste less toxic.  Cost savings from the change to non-chrome
refractories may not seem to be possible, until you compare the
cost of treatment and disposal compared to the cost of using a non-
chrome refractory.  With chrome refractories, treatment and dis-
posal can be over $300 per ton.  Non-chrome refractories can be
disposed of or recycled at a fraction of this cost.

RECYCLE IT

In recent years, a number of steel manufactures have begun to
reexamine that which once was considered waste and they have
started using this material in their processes.  The best example is
the use of alumina-rich refractory rubble as bauxite replacement in
the blast furnace.  This process not only means that the steel maker
has less bauxite to buy but also the disposal cost of the refractory
has been eliminated.  These two cost savings more than offset the
added cost of separation and crushing.  Similar success can be
found in the use of magnesia refractory rubble as a raw material in
slag conditioner.

The primary-copper industry has found the percentage of copper
is greater in used mag-chrome refractories from their converter
than in the ore that they mine!  Today many primary-copper
smelters process their spent linings in the same way they process
their ore.  This has meant more copper return and has reduced both
the quantity and potential toxicity of their waste.

REUSE IT

A great example of pollution reduction and reuse is the small
electric furnaces used to make fiberglass.  This industry had relied
on alumina-zirconia-silica (AZS) refractories to line these high
output furnaces.  Typically, the furnace life was measured in days.
There was a general understanding that chrome-alumina refracto-
ries could be better, but they cost much more than AZS and the
problems with the disposal of chrome made this industry reluctant
to change.  Despite these problems, as the need for more furnace
life increased, trials of chrome-alumina were made.  With a 10%
chrome product, the life increased markedly.

This led to more trials at higher concentrations of chrome.  Today
most of this industry is using a zoning concept with all chrome-alu-
mina refractories ranging from 10% - 80% chrome.  Furnace life is

no longer measured in days, but in months.  Typical furnace life is
3 - 6 months.

Despite this increased life, the environmental problems associat-
ed with chrome remained an issue.  Working with the fiberglass
industry some refractories manufactures developed technology to
permit the reuse of this material in the manufacture of new
chrome-alumina refractories.  This new technology has grown and
improved to the point that today most of the chrome-alumina used
in the fiberglass industry is returned to the manufactures for reuse.
Less waste has been made and what is generated is reused and is
no longer pollution!

Another example of reuse is the AOD and RH Degasser; both
rely on mag-chrome refractories to give the best life.  Since the
early 90’s many customers have been concerned with the future
liability associated with the disposal of mag-chrome; to date no
chrome free product has been able to match the life of mag-chrome
refractories.  Because of this concern some refractories producers
have begun to take back the used mag-chrome refractories.  With
proper demolition methods, very little process contamination is in
the used refractories.  The used refractories are reused as raw
material for the manufacture of new mag-chrome brick and mono-
lithics.  This process has removed the concern of disposal of mag-
chrome products and permitted the AOD and Degasser to contin-
ue to use the type of refractories that give the longest lives (mak-
ing less pollution).

In a similar example, the float-glass industry has relied on mag-
chrome for some areas in their process, most notably the checker
stack.  Unlike the steel industry, the refractory from this applica-
tion contains a high amount of process contamination including
alkaline compounds and glass.  Companies like Universal
Materials and North American Refractories have worked with the
float-glass industry to develop methods to permit the reuse of this
material.  This again has enabled the glass industry to choose
chrome refractories when they are the best choice to extend lives.
Longer life means less pollution and lower cost.

RECLAIM IT

Some mag-chrome and chrome-alumina refractories contain too
much process contamination to be considered for reuse.  With the
EPA Landban on chrome waste higher than the RCRA standards it
became much more costly to dispose of this type of waste.
Inmetco started a process in Ellwood City, PA, which not only
dealt with this type of material in an environmentally safe manner
but also reclaimed the chrome as metal for use in the stainless steel
industry.  Today much of the refractories of this type are processed
by Inmetco as well as other chrome waste.  Their process not only
reduces pollution but also returns an important metal to the mar-
ket.

Cost savings? Yes, this process can cost less than treatment and
disposal, but the real savings are in the lowered liability of
reclaiming over disposal.  One thing that has become very clear to
industry in the last decade is the total cost of waste is not just the
present cost but future cost.  If a company is involved one super
fund, clean up, much greater cost is added to the bottom line than
the cost of the refractory that was used.

TREATMENT AND SAFEST DISPOSAL
POSSIBLE
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Of all the concepts of pollution reduction, this is the least cost
effective.  It is the last resort that we should use.  Even this is a cost
savings over the old “toss and keep going” attitude of the past.

How can this be?  The answer is again liability.  The cost of
superfund cleanups and the lengthy and costly process of proving
that you did not destroy the environment can destroy a bottom line.
Though treatment and disposal is costly, it is the most cost effec-
tive method when all else fails.  Sadly, it is often the most used
method.

Why is this the case?  It is simple, we do not account for our cost
in a manner that weights the cost of disposal and refractory life.
We let things like the cost of a refractory mean what we paid for
the product, not what will this product cost from the time I buy it
until I need to replace it.  Refractory cost based on “cost/ton of
product made” is a better method, but even this often fails to look
at the full life cycle of the product.  Only when all of these issues
are taken into consideration can true cost savings and pollution
reduction take place.

The above is not only true for the selection of refractories but for
all of the materials we buy and use.  How can a company develop
systems that measure these costs and find the savings that are wait-
ing in pollution reduction?

THE TEAM EFFORT

First, it must be a team effort.  No one department can make this
type of project work.  All aspects of your business must be

involved.  Manufacturing, purchasing, environmental, safety, tech-
nical, accounting and legal all understand the cost of a process as
it applies to them.  Only this team can look at a process, material
or combination and give the true cost.

One you have assembled this team where do you start?  Start
with what can be measured – waste.  Look everywhere – air, water
and solid waste.  Be sure to include waste that is recycled, reused
and reclaimed as well as controlled waste.  Catalog the amounts,
determine the hazards, and determine the cost!

List your waste by quantity (most to least), by toxicity (highest
to lowest) and cost.  Once you have this list set the team loose to
find ways to reduce the top three from each class.  Include your
suppliers, your trade organizations and even your regulators.

Do not let the process be driven down by “that will never work”
attitudes; each team member brings an understanding that only
they have.  This process is truly a case where the sum is greater
than the total of the parts.  In 1970, no one would have believed
that BOF lives could be 10,000+ heats or that fiberglass electric
melters could last six months.

Your list is your greatest source of pollution reduction and cost
savings.  Your team is the most important process change you can
make.  Don’t wait for regulators to push new controls on your
processes – get the savings today by reducing pollution. R AN

ST. LOUIS SECTION AND THE REFRACTORY

CERAMICS DIVISION 46th ANNUAL SYMPOSIUM

The St. Louis Section and the Refractory Ceramics Division of the American Ceramic Society will sponsor the 46th annual symposium
on the theme "Innovative Materials for Energy Efficiency" on March 24-25, 2010, held in St. Louis, Missouri at the Hilton St. Louis
Airport Hotel.  Co-program chairs are Bill Headrick of Missouri Refractories and James Bennett of Albany Research Center.

Partial listing of papers to be presented: 

“CDS on Drying”, A. Hall – CDS, Inc.

“Dry-Out Index”, J. Peterson – ExxonMobil

“Development of Materials (Proppants) for Oil and Gas Recovery (Invited Paper)”, J. Hellman – Penn State

"DOE Industrial Technology Program – R&D Projects Selection Process and Energy Efficiency Assistance Activities”, M. Jha – US
Department of Energy, Golden Field Office

“Current Legislative and Regulatory Issues Potentially Impacting Refractories”, R. Crolius  – The Refractories Institute                      

“Advantages of Dense Calcium Hexaluminate Aggregate for Back Lining in Steel Ladles”, D. Zacherl – Almatis 

“New Gunning Technology for Rapid Refractory Turnaround”, S. Libby or J. Stendera – Vesuvius

“FIRE”, M. Rigaud - FIRE

“Ceramic Filters”, R. Olson – Selee Corporation

“Carbon Fiber”, J. Lebant – SGL Group / The Carbon Company.

If you are interested in participating in the Tabletop Expo, contact Mary Reidmeyer at (573) 341-7519, maryrr@mst.edu or Patty Smith
at (573) 341-6265. psmith@mst.edu.

A block of rooms have been set aside for the evenings of March 22-26, 2010 at the Hilton (314) 426-5500. The rate is $99.00 for a sin-
gle or double. To receive the $99 rate, please refer to the St. Louis Section of the American Ceramic Society when making your reser-
vation.  All reservations must be received on or before February 24, 2010

For further information please contact Patty Smith at Tel: (573) 341-6265, Fax: (573) 341-6151 or email: psmith@mst.edu.

mailto:maryrr@mst.edu
mailto:psmith@mst.edu
mailto:psmith@mst.edu


Refractories Applications and News, Volume 15, Number 2 Mar/Apr 2010 23

Date and Subject of Annual St. Louis Section Symposia

Annual Date Topic

Forty-sixth March 24, 2010 Innovative Materials for Energy Efficiency
Forty-fifth March 25, 2009 Raw Materials
Forty-fourth March 26, 2008 CSI Refractories
Forty-third March 28, 2007 Thermal Management
Forty-second March 29, 2006 Advances in Raw Materials
Forty-first March 30, 2005 Monolithic Refractories
Fortieth March 31, 2004 Refractories for Foundries
Thirty-ninth April 9, 2003 Raw Materials and Monolithics
Thirty-eighth March 21, 2002 Refractories for Continuous Casting of Steel
Thirty-seventh March 23, 2001 Refractories for Aluminum
Thirty-sixth March 26, 2000 Insulating Refractories: Their Production, Testing and Characterization
Thirty-fifth March 26, 1999 Starting Materials for Refractory Monolithics
Thirty-fourth March 19, 1998 Refractories for Casting Steel
Thirty-third March 21, 1997 Refractories for Foundries
Thirty-second March 22, 1996 New Material System and Placement Techniques for Refractory Monolithics
Thirty-first March 16, 1995 TQM Models and Their Impact on Improving Refractory Processes
Thirtieth March 25, 1994 Fundamentals of Refractory Castables
Twenty-ninth March 26, 1993 Advances in Raw Materials and Binders for Refractories
Twenty-eighth March 27, 1992 Standardization and Development of Testing of Steelplant Refractories
Twenty-seventh March 23, 1991 Advances in Refractories for Incinerators, Waste Disposal and Petrochemical 

Applications
Twenty-sixth March 30, 1990 Refractories for Worldwide Blast Furnace Melting Practice
Twenty-fifth March 17, 1989 Refractory Applications in Glass Manufacture and Processing
Twenty-fourth March 19, 1988 Refractories for Metals Handling
Twenty-third April 10, 1987 Refractories for Ladle Metallurgy
Twenty-second March 21, 1986 The Application of Test Data in Refractory Design
Twenty-first April 12, 1985 Quality Management and Statistical Process Control
Twentieth March 29, 1984 Changes in Refractory Technology - Applications of Micro Processor Control to 

Refractory Technology
Nineteenth April 15, 1983 Changes in Refractory Technology-Characterization of Refractories
Eighteenth March 12, 1982 Changes in Refractory Technology in Place Forming
Seventeenth April 10, 1981 Changes in Refractory Technology Forming
Sixteenth March 28, 1980 Changes in Refractory Technology - Raw Materials
Fifteenth April 6, 1979 Refractories for Conservation
Fourteenth April 7, 1978 Changes in Refractory Technology - Testing
Thirteenth April 1, 1977 Changes in Refractory Technology - Specialties
Twelfth March 26, 1976 Refractories in the Supply and Use of Energy
Eleventh April 25, 1975 Material and Processes: Selection and Control
Tenth April 5, 1974 The Bond in Refractories
Ninth April 6, 1973 Thermal Failure
Eighth April 21, 1972 Mass Transport in Refractories
Seventh April 2, 1971
Sixth April 17, 1970 Hot Strength
Fifth April 11, 1969 Corrosion of Refractories
Fourth 1968
Third April 14, 1967 General Refractories Theme (Frist proceedings)
Second 1966 General Refractories Theme (No proceedings)
First April 1, 1965 General Refractories Theme (No proceedings)

The St. Louis Section of the American Ceramic Society is trying to collect and maintain a list of all past St. Louis Symposia. Any
information regarding the symposia in 1965, 1966, 1967, 1968 and 1971 would be greatly appreciated. Information cam be sent to
Missouri Refractories, morco@refractories.net or (636) 479-7770.

The Section Needs Your Help . . .

mailto:morco@refractories.net


AluChem, Inc.

One Landy Lane

Cincinnati, OH  45215

Tel: (513) 733-8519 

Fax: (513) 733-0608

E-mail: aluchem@aluchem.com

Website: www.aluchem.com
Alumina and specialty raw materials for the

refractory industry:

•Calcined Alumina •Tabular Alumina

•Reactive Alumina •Zircon Sand & Flour

•High Purity Magnesite •Toll Processing
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Kyanite Mining Corporation
Dillwyn VA 23936 USA
Sales: 434.983.2043
WWW. KYANITE.COM
hankjamerson@kyanite.com
dilipjain@kyanite.com

Enjoy 50% savings when using Virginia
Kyanite™ 325m as a cost saving substitute for
calcined alumina in a variety of monolithics.
Our new product, Micronized Kyanite can also
be a cost effective substitute for silica fume,
which can result in better high temperature
properties. Rely on KMC for abundant supplies
and consistent quality.

C-E Minerals

901 East Eight Avenue

King of Prussia, PA 19406

Tel: 610-768-8800  Fax: 610-337-8122

E-mail: inquire@ceminerals.com

Website: www.ceminerals.com
A major world supplier of quality raw mate-

rials and services to the refractory and

related industries.

• Mulcoa® 47, 60, 70 • Teco-Sil®

• Alpha Star® • Andalusite

• Spinel • Bauxite

• Fused White Alumina

• Brown Fused Alumina

Phosphate bonds from

Products and Services

• Mono-Magnesium Phosphate
Powder

• Buffered Mono-Aluminum
Phosphate Solution

• Dry blending and packaging

• Fine Grinding

Tel: 610-869-3031  Fax: 610-869-9805
150 S. Jennersville Rd. 
West Grove, PA 19390

Email: info@phosphatebonds.com
Website: www.phosphatebonds.com

MISSOURI REFRACTORIES CO. INC.
1198 Mason Circle

Pevely, MO  63070

Tel: (636) 479-7770  Fax: (636) 479-7773

E-mail: morco@refractories.net

The Refractory Specialty Specialist

Customized mix design and manufacturing

Central USA location

Consistent products made fresh for your order

PRODUCTS PRODUCTS PRODUCTS

Buyer’s GuideDIRECTORY OF PRODUCTS AND SERVICES

Freeport Brick Division

Kittanning Brick Division

500 Mill St., P.O. Box 338

Freeport PA 16229

Tel: 724-295-2800  Fax: 724-295-2815

www.fuziontechnologies.us

We provide a wide range of Fireclay, High
Duty, and High Alumina Refractory shapes for
numerous applications in the chemical, alu-
minum, cement, lime, steel, and paper & pulp
industries. In addition, we are the manufacturer
of DURO brick, which is an Industry standard.

mailto:hankjamerson@kyanite.com
mailto:dilipjain@kyanite.com
mailto:inquire@ceminerals.com
http://www.ceminerals.com
mailto:aluchem@aluchem.com
http://www.aluchem.com
mailto:morco@refractories.net
mailto:info@phosphatebonds.com
http://www.phosphatebonds.com
http://www.fuziontechnologies.us
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SERVICESPRODUCTS PRODUCTS

Members of the ANH Refractories Family of Companies.

Glass: 513-947-8400 EX 169 Iron & Steel: 412-375-6722

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

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.

RESCO PRODUCTS, INC.

Penn Center West

Building 2, Ste. 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 manufac-

turing industries.

Dr. Charles E. Semler

Refractories Consultant

10153 E. Elmwood Dr.

Chandler, AZ  85248

Tel: (480) 895-9830  Fax: (480) 895-9831

E-mail: cesemler@aol.com
Semler Materials Services provides varied
services related to industrial refractories,
based on 35 yrs. experience. Services include
inspection/troubleshooting, failure analysis,
product development, lining design review,
standard/special testing, microscopy, sonic
testing, sonic testing, quality assurance, cor-
porate due diligence, workshops, legal/expert
assistance, and more.

Buyer’s GuideDIRECTORY OF PRODUCTS AND SERVICES

Alsey Refractories Company
1600 S. Brentwood Blvd., Ste. 210
Saint Louis, MO  63144
Tel:  (314)963-7900
Fax: (314)963-7973
E-mail: info@alsey.com
Website: www.alsey.com 

Alsey Refractories Company specializes in the private branding of High

Duty and Medium Duty Firebrick as well as wet and dry specialties for

major manufacturers within the refractory industry.

http://www.anhrefractories.com
mailto:info@christyco.com
http://www.christyco.com
mailto:sales@rescoproducts.com
http://www.rescoproducts.com
mailto:cesemler@aol.com
mailto:info@alsey.com
http://www.alsey.com
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Buyer’s Guide Rates:
Suppliers please state which category you wish to be listed under or submit your own heading.
Contact:  Mary Lee, Missouri S&T, 223 McNutt Hall, Rolla, MO  65409, Tel: (573) 341-6561
Fax: (573) 341-6934, or E-mail: leemj@mst.edu.  Rates for insertion: $90 per listing in any cat-
egory for 6 issues, one year.  U.S. currency,   Payable in advance to: RReeffrraaccttoorriieess  AApppplliiccaattiioonnss
aanndd  NNeewwss. Your company will also be listed on our website buyer’s guide at no additional cost.

ALUMINA-CALCINED

ALUMINA-FUSED

Almatis
501 West Park Rd., Leetsdale, PA  15056
Tel: (412) 630-2800  Fax: (412) 630-2810
www.almatis.com

AluChem, Inc.
One Landy Lane. Cincinnati, OH 45215
Tel: (513) 733-8519  Fax: (513) 733-0608
aluchem@aluchem.com 

NABALTEC AG
Alustraße 50 - 52, 92421 Schwandorf, Germany 
Tel: +49 9431 53-457  Fax: +49 9431 61557
ceramics@nabaltec.de                     www.nabaltec.de

C-E Minerals
901 East Eight Ave., King of Prussia, PA 19406
Tel: (610) 768-8800 Fax: (610) 337-8122
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

ALUMINA-TABULAR

Almatis
501 West Park Rd., Leetsdale, PA  15056
Tel: (412) 630-2800  Fax: (412) 630-2810
www.almatis.com

AluChem, Inc.
One Landy Lane. Cincinnati, OH 45215
Tel: (513) 733-8519  Fax: (513) 733-0608
aluchem@aluchem.com 

NABALTEC AG
Alustraße 50 - 52, 92421 Schwandorf, Germany 
Tel: +49 9431 53-457  Fax: +49 9431 61557
ceramics@nabaltec.de                     www.nabaltec.de

Almatis
501 West Park Rd., Leetsdale, PA  15056
Tel: (412) 630-2800  Fax: (412) 630-2810
www.almatis.com

AluChem, Inc.
One Landy Lane. Cincinnati, OH 45215
Tel: (513) 733-8519  Fax: (513) 733-0608
aluchem@aluchem.com 

C-E Minerals
901 East Eight Ave., King of Prussia, PA 19406
Tel: (610) 768-8800 Fax: (610) 337-8122
inquire@ceminerals.com           www.ceminerals.com

ALUMINA-TRIHYDRATE

BASIC BRICKS

Almatis
501 West Park Rd., Leetsdale, PA  15056
Tel: (412) 630-2800  Fax: (412) 630-2810
www.almatis.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

BAUXITE

C-E Minerals
901 East Eight Ave., King of Prussia, PA 19406
Tel: (610) 768-8800 Fax: (610) 337-8122
inquire@ceminerals.com
www.ceminerals.com          

Christy Minerals
833 Booneslick, High Hill, MO  63350
Tel: (636) 585-2214  Fax: (636) 585-2220
info@christyco.com                    www.christyco.com                   

Great Lakes Minerals, LLC
1200 Port Rd., Wurtland, KY 41144-1635
Tel: (606) 833 8383   Fax: (606) 834 1106
www.greatlakesminerals.com

CALCIUM ALUMINATE CEMENT

Almatis
501 West Park Rd., Leetsdale, PA  15056
Tel: (412) 630-2800  Fax: (412) 630-2810
www.almatis.com

Calucem Inc
7540 Windsor Dr., Ste. 304, Allentown, PA 18195
Tel: (484) 223-2950 Fax: (484) 223-2953
www.calucem.com

Kerneos Inc.
1316 Priority Lane, Chesapeake, VA  23324
Tel: (757) 543-8832  Fax: (757) 545-8933
www.kerneosinc.com                       www.secar.net.

USEM
600 Steel St., Aliquippa, PA 15001
Tel: (724) 857-9880  Fax: (724) 857-9916
lcurimbaba@usminerals.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

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

Cancarb Ltd.
1702 Brier Park Crescent N.W.
Medicine Hat, Alberta, Canada T1C 1T8
Tel: 1-(403) 527 1121 or 1-(888) 871-0077
Fax: 1-(403) 529-6093
Customer_service@cancarb.com   www.cancarb.com/      

CARBON

CEMENT (AIR SETTING)

CERAMIC COATINGS

SPECIALTY MOLD RELEASE AGENTS

UNIFRAX I LLC
2351 Whirlpool St., Niagara Falls, NY 14305
Tel: (716) 278-3800   Fax: (716) 278-3900
info@unifrax.com              www.unifrax.com

Refractory Specialties, Inc.
230 W. California Ave., Sebring, OH 44672
Tel: (330) 938-2101  Fax: (330) 938-2574
sales@rsifibre.com                        www.rsifibre.com

ZIRCAR Ceramics, Inc.
100 North Main St., P.O. Box 519
Florida, NY 10921
Tel: (845) 651-6600  Fax: (845) 651-0441
dph@zircarceramics.com    www.zircarceramics.com

CERAMIC FIBER SHAPES

Refractory Specialties, Inc.
230 W. California Ave., Sebring, OH 44672
Tel: (330) 938-2101  Fax: (330) 938-2574
sales@rsifibre.com                        www.rsifibre.com
UNIFRAX I LLC
2351 Whirlpool St., Niagara Falls, NY 14305
Tel: (716) 278-3800   Fax: (716) 278-3900
info@unifrax.com              www.unifrax.com

ZIRCAR Ceramics, Inc.
100 North Main St., P.O. Box 519
Florida, NY 10921
Tel: (845) 651-6600  Fax: (845) 651-0441
dph@zircarceramics.com    www.zircarceramics.com

CERAMIC FIBER BOARDS

Zschimmer & Schwarz Inc
70 GA Highway 22 W, Milledgeville, GA 31061
Tel 478 454 1942  Fax 478 453 8854
PCuthbertZSUS@Windstream.Net
www.Zschimmer-schwarz.com

CHEMICAL ADDITIVES FOR THE
REFRACTORIES INDUSTRY

Buyer’s Guide

DRYING AND CURING OF REFRACTORIES
(ON SITE)

Excelsius Global Services GmbH
BGM. Dr Nebel Strasse 14
97816, Lohr am Main   Germany
Tel: 0049 (0) 9352 604400  
Fax: 0049 (0) 9352 604419
fschwarzenau@excelsius-lohr.de
www.excelsius-global.com

Team Industrial Services 
3640 W. 179th St., Hammond, IN  46323 
Tel: (219) 838-0505  Fax: (219) 838-8558 
cgorney@teamindustrialservices.com 
www.teamindustrialservices.com 

C-E Minerals
901 East Eight Ave., King of Prussia, PA 19406
Tel: (610) 768-8800 Fax: (610) 337-8122
inquire@ceminerals.com          www.ceminerals.com

Clayburn Refractories Ltd.
33765 Pine St., Abbotsford, BC, CA V2S 5C1
Tel: 604-859-5288 or 604-851-4556
rdlane@clayburngroup.com

FIREBRICKS AND FIRECLAYS

FIBERS - POLYPROPYLENE & GLASS 

BassTech International 
300 Grand Ave., Englewood, NJ 07631 
Tel: :201) 569-8686  Fax: (201) 569-7511 
info@basstechintl.com          www.basstechintl.com 

mailto:leemj@mst.edu
http://www.almatis.com
mailto:aluchem@aluchem.com
mailto:ceramics@nabaltec.de
http://www.nabaltec.de
mailto:inquire@ceminerals.com
http://www.ceminerals.com
mailto:sales@washingtonmills.com
http://www.almatis.com
mailto:aluchem@aluchem.com
mailto:ceramics@nabaltec.de
http://www.nabaltec.de
http://www.almatis.com
mailto:aluchem@aluchem.com
mailto:inquire@ceminerals.com
http://www.ceminerals.com
http://www.almatis.com
mailto:sales@rescoproducts.com
http://www.rescoproducts.com
mailto:inquire@ceminerals.com
http://www.ceminerals.com
mailto:info@christyco.com
http://www.christyco.com
http://www.greatlakesminerals.com
mailto:info@electroabrasives.com
mailto:sales@washingtonmills.com
http://www.almatis.com
http://www.calucem.com
http://www.kerneosinc.com
http://www.secar.net
mailto:lcurimbaba@usminerals.com
mailto:service@cancarb.com
http://www.cancarb.com
mailto:sales@rescoproducts.com
http://www.rescoproducts.com
mailto:info@unifrax.com
http://www.unifrax.com
mailto:sales@rsifibre.com
http://www.rsifibre.com
mailto:info@unifrax.com
http://www.unifrax.com
mailto:dph@zircarceramics.com
http://www.zircarceramics.com
mailto:sales@rsifibre.com
http://www.rsifibre.com
mailto:dph@zircarceramics.com
http://www.zircarceramics.com
mailto:PCuthbertZSUS@Windstream.Net
http://www.Zschimmer-schwarz.com
mailto:fschwarzenau@excelsius-lohr.de
http://www.excelsius-global.com
mailto:cgorney@teamindustrialservices.com
http://www.teamindustrialservices.com
mailto:info@basstechintl.com
http://www.basstechintl.com
mailto:inquire@ceminerals.com
http://www.ceminerals.com
mailto:rdlane@clayburngroup.com
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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

ARTECH TECHNOLOGIES LLC -
ACTCHEM® USA
1000 S. Elmwood, P.O. Box 754, Mexico, MO 65265
Tel: (800)708-9470
info@actchem-usa.com

XERTECH SPECIALTIES LLC
1000 S. Elmwood, P.O. Box 754, Mexico, MO 65265
Tel: (330)770-7714  Fax:(330)629-9252
info@xertechllc.com

MONOLITHIC REFRACTORIES

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 MOULDABLE

Clayburn Refractories Ltd.
33765 Pine St., Abbotsford, BC, CA V2S 5C1
Tel: 604-859-5288 or 604-851-4556
rdlane@clayburngroup.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., MS 301-432
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

Clayburn Refractories Ltd.
33765 Pine St., Abbotsford, BC, CA V2S 5C1
Tel: 604-859-5288 or 604-851-4556
rdlane@clayburngroup.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., MS 301-432, 
Worcester, MA 01615-0136
Tel: (508) 795-2963  Fax: (508) 795-5011
patrick.m.stephan@saint-gobain.com 
www.refractories.saint-gobain.com

Sunrock Ceramics Company
2625 S. 21st Ave., Broadview, IL 60155
Tel: (708) 344-7600,  Fax: (708) 344-7636
dthurman@sunrockceramics.com
www.sunrockceramics.com

HIGH ALUMINA FIREBRICKS

C-E Minerals
901 East Eight Ave., King of Prussia, PA 19406
Tel: (610) 768-8800 Fax: (610) 337-8122
inquire@ceminerals.com          www.ceminerals.com

USEM
600 Steel St., Aliquippa, PA 15001
Tel: (724) 857-9880  Fax: (724) 857-9916
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 SPINEL

Applied Ceramics, Inc.
5555 Pleasantdale Rd., Atlanta, GA 30340
Tel (678) 735-4925  Fax  (770) 368-8261
Sean.McDevitt@AppliedCeramics.com
www.appliedceramics.com

Nth Degree Products
404 Laurel Ridge Rd., Hainesport, NJ 08036
Tel: (609) 518-9447 Fax: (609) 518-9445 
nthdegreeproducts@Yahoo.com

Saint-Gobain Ceramics
1 New Bond St., MS 301-432
Worcester, MA 01615-0136
Tel: (508) 795-2963  Fax: (508) 795-5011
patrick.m.stephan@saint-gobain.com
www.refractories.saint-gobain.com

Sunrock Ceramics Company
2625 S. 21st Ave., Broadview, IL 60155
Tel: (708) 344-7600,  Fax: (708) 344-7636
dthurman@sunrockceramics.com
www.sunrockceramics.com

KILN/FURNACE FURNITURE

Clayburn Refractories Ltd.
33765 Pine St., Abbotsford, BC, CA V2S 5C1
Tel: 604-859-5288 or 604-851-4556
rdlane@clayburngroup.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., MS 301-432
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

AluChem, Inc.
One Landy Lane. Cincinnati, OH 45215
Tel: (513) 733-8519  Fax: (513) 733-0608
aluchem@aluchem.com 

HIGH PURITY MAGNESITE

Kyanite Mining Corporation
Dillwyn VA 23936
Tel Sales: (434) 983-2043 
info@kyanite.com                        www.Kyanite.com

KYANITE

MONOLITHIC FIBER GUNNING

C-E Minerals 
901 East Eight Ave., King of Prussia, PA 19406
Tel: (610) 768-8800 Fax: (610) 337-8122 
inquire@ceminerals.com         www.ceminerals.com

Minco, Inc. 
510 Midway Circle, Midway, TN 37809  
Tel: (423) 422-6051 Fax: (423) 422-4802 
sales@mincoitc.com                           mincoitc.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) 768-8800 Fax: (610) 337-8122
inquire@ceminerals.com          www.ceminerals.com

USEM
600 Steel St., Aliquippa, PA 15001
Tel: (724) 857-9880  Fax: (724) 857-9916
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 MULLITE

C-E Minerals
901 East Eight Ave., King of Prussia, PA 19406
Tel: (610) 768-8800 Fax: (610) 337-8122
inquire@ceminerals.com         www.ceminerals.com

Great Lakes Minerals, LLC
1200 Port Rd., Wurtland, KY 41144-1635
Tel: (606) 833 8383   Fax: (606) 834 1106
www.greatlakesminerals.com

USEM
600 Steel St., Aliquippa, PA 15001
Tel: (724) 857-9880  Fax: (724) 857-9916
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 ALUMINA

UNIFRAX I LLC
2351 Whirlpool St., Niagara Falls, NY 14305
Tel: (716) 278-3800   Fax: (716) 278-3900
info@unifrax.com              www.unifrax.com

MONOLITHIC PUMPABLE

UNIFRAX I LLC
2351 Whirlpool St., Niagara Falls, NY 14305
Tel: (716) 278-3800   Fax: (716) 278-3900
info@unifrax.com              www.unifrax.com

Clayburn Refractories Ltd.
33765 Pine St., Abbotsford, BC, CA V2S 5C1
Tel: 604-859-5288 or 604-851-4556
rdlane@clayburngroup.com

High-Temp, Inc.
14025 N. Rivergate Blvd., Portland, OR 97203
Tel: 1 (800) 325-2492  Fax: (503) 737-0771
lesg@hightempinc.net              www.hightempinc.net

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., MS 301-432
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-CASTABLE

Buyer’s GuideBuyer’s Guide

FURNACE/REFRACTORY PREHEATING
(ON SITE)

Excelsius Global Services GmbH
BGM. Dr Nebel Strasse 14
97816, Lohr am Main   Germany
Tel: 0049 (0) 9352 604400  
Fax: 0049 (0) 9352 604419
fschwarzenau@excelsius-lohr.de
www.excelsius-global.com

FIRECLAYS

Christy Minerals
833 Booneslick, High Hill, MO  63350
Tel: (636) 585-2214  Fax: (636) 585-2220
info@christyco.com                   www.christyco.com
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Sachtleben Chemical Company
104 Murphys Crossing Dr., Powell, OH 43065
Tel: (614) 284-9699 Fax: (614) 761-7722
vrestivo@hotmail.com            www.sachtleben.com

TITANIA

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      

STEEL FIBERS

High-Temp, Inc.
14025 N. Rivergate Blvd., Portland, OR 97203
Tel: 1 (800) 325-2492  Fax: (503) 737-0771
lesg@hightempinc.net             www.hightempinc.net

TFL, Incorporated
14626 Chrisman, Houston, TX 77039
Tel: 281-590-8500 or 800-828-5002 
Fax: 281-590-5342
tfl@tflhouston.com               www.TFLHouston.com

ZIRCAR Ceramics, Inc.
100 North Main St., P.O. Box 519
Florida, NY 10921
Tel: (845) 651-6600  Fax: (845) 651-0441
dph@zircarceramics.com    www.zircarceramics.com

PRE-CAST REFRACTORY SHAPES

Kyanite Mining Corporation
Dillwyn VA 23936
Tel Sales: (434) 983-2043 
info@kyanite.com                        www.Kyanite.com

NABALTEC AG
Alustraße 50 - 52, 92421 Schwandorf, Germany 
Tel: +49 9431 53-457  Fax: +49 9431 61557
ceramics@nabaltec.de                    www.nabaltec.de

MULLITE

Minelco Inc.
2020 Scripps Ctr., 312 Walnut St.
Cincinnati, OH 45202
minelco.inc@minelco.com            www.minelco.com

Unimin Corporation
258 Elm St., New Canaan, CT 06840
Tel: 800-243-9004 Fax: 800-243-9005
metalcaster@unimin.com         www.metalcaster.com

OLIVINE

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., MS 301-432
Worcester, MA 01615-0136
Tel: (508) 795-2963  Fax: (508) 795-5011
patrick.m.stephan@saint-gobain.com
www.refractories.saint-gobain.com

PRECISION REFRACTORY SHAPES

JLW Ventures, Inc., D/B/A Johnson Machine Co.
P.O. Box 669, 290 Bigler Ave., Clearfield, PA 16830
Tel: (814) 765-9648  Fax: (814) 765-9640
inquiry@johnsonmachineco.com 
www.johnsonmachineco.com

Alcon Tool Company
587 Baird St., Akron, OH 44311
Tel: 330-773-9171  Fax 330-773-8042
www.alcontool.com                      rd@alcontool.com

PRESS TOOLING

UNIFRAX I LLC
2351 Whirlpool St., Niagara Falls, NY 14305
Tel: (716) 278-3800   Fax: (716) 278-3900
info@unifrax.com              www.unifrax.com

VanceCeramics101, Inc.
23 Pheasant Run Dr., Export PA 15632
Tel: or Fax: (724) 327-1680
bvance23@comcast.net

PRODUCT ENGINEERING/QA SERVICES

Refractory Machining Services
610 E. Butler Rd., Butler, PA  16002
Tel: (724) 285-7674  Fax: (724) 285-7673
refrmachserv@aol.com

REFRACTORY MACHINING 

High-Temp, Inc.
14025 N. Rivergate Blvd., Portland, OR 97203
Tel: 1 (800) 325-2492  Fax: (503) 737-0771
lesg@hightempinc.net             www.hightempinc.net

REFRACTORY LANCES

Clayburn Refractories Ltd.
33765 Pine St., Abbotsford, BC, CA V2S 5C1
Tel: 604-859-5288 or 604-851-4556
rdlane@clayburngroup.com

REFRACTORY BRICKWORK INSTALLATIONS

REFRACTORY CERAMIC FIBER

Clayburn Refractories Ltd.
33765 Pine St., Abbotsford, BC, CA V2S 5C1
Tel: 604-859-5288 or 604-851-4556
rdlane@clayburngroup.com

REFRACTORY GUNNING INSTALLATIONS

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 GUNNING & SHOTCRETE
EQUIPMENT

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

C-E Minerals
901 East Eight Ave., King of Prussia, PA 19406
Tel: (610) 768-8800 Fax: (610) 337-8122
inquire@ceminerals.com          www.ceminerals.com          

REFRACTORY AGGREGATES

Unimin Corporation
258 Elm St., New Canaan, CT 06840
Tel: 800-243-9004 Fax: 800-243-9005
metalcaster@unimin.com       www.metalcaster.com

SILICA MATERIALS

Utah Refractories Corp.
P.O. Box 12536, Pittsburgh,  PA  15241
Tel: (412) 851-2430  Fax: (412) 851-2425
tlmpgh@aol.com

SILICA BRICK

Clayburn Refractories Ltd.
33765 Pine St., Abbotsford, BC, CA V2S 5C1
Tel: 604-859-5288 or 604-851-4556
rdlane@clayburngroup.com

REFRACTORY SHOTCRETE INSTALLATIONS

RFI Construction Products
Division of Cangro Industries, Inc.
495 Smith St., Farmingdale, NY  11735-1186
Tel: (631) 752-8899  Fax: (631) 454-9155 
cangrosales@ix.netcom.com    
www.rficonstructionproducts.com/
Lancaster Products, 
Div. of Kercher Industries, Inc.
920 Mechanic St., Lebanon, PA 17046
Tel: (717) 273-2111,   (800) 447-7351
info@lancasterprd.com  www.lancasterprd.com

REFRACTORY MIXERS

Unimin Corporation
258 Elm St., New Canaan, CT 06840
Tel: 800-243-9004 Fax: 800-243-9005
metalcaster@unimin.com      www.metalcaster.com

REFRACTORY RAW MATERIALS

Buyer’s GuideBuyer’s Guide

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

Saint-Gobain Ceramics
1 New Bond St., MS 301-432
Worcester, MA 01615-0136
Tel: (508) 795-2963  Fax: (508) 795-5011
patrick.m.stephan@saint-gobain.com
www.refractories.saint-gobain.com

SILICON CARBIDE REFRACTORY SHAPES

SILICON METAL POWDER 

BassTech International 
300 Grand Ave., Englewood, NJ 07631 
Tel: :201) 569-8686  Fax: (201) 569-7511 
info@basstechintl.com          www.basstechintl.com 

PHOSPHATE BINDERS & DEFLOCCULANTS 

BassTech International 
300 Grand Ave., Englewood, NJ 07631 
Tel: (201) 569-8686  Fax: (201) 569-7511 
info@basstechintl.com          www.basstechintl.com

SODIUM SILICATE POWDERS  

BassTech International 
300 Grand Ave., Englewood, NJ 07631 
Tel: :201) 569-8686  Fax: (201) 569-7511 
info@basstechintl.com          www.basstechintl.com 

SPINEL-SINTERED

Almatis
501 West Park Rd., Leetsdale, PA  15056
Tel: (412) 630-2800  Fax: (412) 630-2810
www.almatis.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

Unimin Corporation
258 Elm St., New Canaan, CT 06840
Tel: 800-243-9004 Fax: 800-243-9005
metalcaster@unimin.com        www.metalcaster.com

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

J. H. Mac, Inc.
610 East Butler Rd., Butler, PA 16002
Tel: (724) 285-7222   Fax: (724) 431-0944
Sales@JHMacinc.com            www.JHMacinc.com

REFRACTORY RECYCLING
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Refractory Specialties, Inc.
230 W. California Ave., Sebring, OH 44672
Tel: (330) 938-2101  Fax: (330) 938-2574
sales@rsifibre.com                     www.rsifibre.com

ZIRCAR Ceramics, Inc.
100 North Main St., P.O. Box 519
Florida, NY 10921
Tel: (845) 651-6600  Fax: (845) 651-0441
dph@zircarceramics.com  www.zircarceramics.com

VACUUM FORM SHAPES

AluChem, Inc.
One Landy Lane. Cincinnati, OH 45215
Tel: (513) 733-8519  Fax: (513) 733-0608
aluchem@aluchem.com 

ZIRCON SAND & FLOUR

Washington Mills Electro Minerals
PO Box 423, Niagara Falls, NY  14302-0423
Tel: (800) 828-1666 Fax: (716) 278-6650
sales@washingtonmills.com

ZIRCONIA 

AluChem, Inc.
One Landy Lane. Cincinnati, OH 45215
Tel: (513) 733-8519  Fax: (513) 733-0608
aluchem@aluchem.com 

TOLL PROCESSING

AluChem, Inc.
One Landy Lane. Cincinnati, OH 45215
Tel: (513) 733-8519  Fax: (513) 733-0608
aluchem@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 CRUSHING & GRINDING

Buyer’s GuideBuyer’s Guide Free Openings, 
as Easy as
Popping a Cork

ENGINEERED OLIVINE EBT AGGREGATES

When your EBT refractory must hold without sintering,
then flow freely upon release, make sure the “cork” 
is THERMTECH®.  The optimal combination of size 
distribution and packing density, THERMTECH olivine
delivers refractory values well in excess of tapping 
temperatures and a basic chemistry which minimizes
chemical attack for a longer tap hole life.

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

E-mail: metalcaster@unimin.com

Worldwide: www.metalcaster.com

® THERMTECH is a registered trademark. All rights reserved. ©2007

®
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