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Jeffrey D. Smith, Editor, jsmith@mst.edu

Another St. Louis Refractory meeting
is upon us. The meeting has become the
most important annual meeting of the
refractory community in North
America. The agenda is quite full as
always with a strong technical content
and ample opportunity to socialize and
conduct business. Come join in, I think
you will enjoy it.

This issue of RAN is quite full having
considerable contribution in the standard
part and includes a Transactions contribution by James Hemrick
entitled “Non-Classical Creep Behavior of Fusion-Cast a/f
Alumina Refractories”. The latest addition of Phase Rules is also
in this issue. These installments continue to increase in complexi-
ty and I need to again thank Todd Sander for his efforts related to
creating tables and figures. It is a bit shocking to see the amount
of effort that is necessary to produce the detail that is required for
manuscripts of this type.

Jeffrey D. Smith

A last note concerns the figure that is included at the end of this
editorial. During the last bit of editing and shifting things around
in the issue, this figure was removed. We apologize for any incon-
venience this omission may have caused.

Correction
Figure 4 was missing in the January/February 2009 article
“Polymer Bonded Refractories” by D. Martin and O. Hunter, Jr.

o

-
T

@ 129C/ minute

& Seatic

o
T

Y
T

Percent Weight Loss

N

] 1
L LT e

O L L 1 !
TUL 00 L) 00 B L1 KET]

Temperature °C

Figure 4. Percent weight loss as a function of temperature for silicone-alumina
compact. (Image from “Polymer Bonded Refractories”, figure was missing in the
Jan/Feb 2009 issue.
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REFRACTORIES RELATED MEETINGS

2009

March 25-26, St. Louis Section and the Refractory Ceramics Division 45" Annual Symposium, Hilton St. Louis Airport Hotel, St.
Louis, MO.

April 5-8, 5™ International Materials Symposium (MATERIALS 2009), Lisbon, Portugal, The conference addresses all classes of
materials, focusing on the latest advances in theory, modeling, simulation, characterization, processing, and industrial applications.
The following topics are especially welcome for presentation in MATERIAIS 2009: effects only present at the nanoscale; molecu-
larly engineered materials; crystallography, defects associated with crystal structures, and their relation to physical properties; high
temperature materials; materials for civil engineering applications; fabrication of devices using electronic and electro-optic materi-
als, and others. Visit the web site for complete listing of topics. Contact: Carlos Anjinho, Instituto Superior Tecnico, Dept. of
Materials Engineering, av. Rovisco Pais, Lisbon 1049-001, Portugal. Phone: +351-218-418-135, E-mail: materiais2009@ist.utl.pt.

April 16-17, 4" Global Foundry Sourcing Conference 2009, Shanghai, P.R. China, Contact: Annabelle Chen, Suppliers China
Information Consultation Co., Ltd., Room 2608, Bldf 3, 41 Jilin Road, Qingdao 266012, China, Tel: +86-532-8586-0799, E-mail:
princessfrog@foundry-suppliers.cn.

Apr. 20-23, 5* International Ceramic Interconnect and Ceramic Microsystems Technologies Conference - CICMT 2009, Curtis
Hotel, Denver, CO.

May 47, AISTech 2009 - The Iron & Steel Technology Conference and Exposition, America’s Center in St. Louis, MO. Abstracts
for this major international conference are being sought now for manuscripts to be presented at the event and published in the pro-
ceedings. Featuring international technologies from the world over, allowing steel producers to compete in today’s global market.
If you are involved in the steel industry, you can’t afford to miss this event. Whether you present, attend or exhibit, take advantage
of this opportunity to discover ways to make your job easier and improve your productivity.

May 31-June 5, 8" Pacific Rim Conference on Ceramic and Glass Technology - PACRIM 8, Includes 2009 Annual Meeting of
the International Commission on Glass (ICG), Hyatt Regency Vancouver, Vancouver, BC, CA.

August 29-September 2, The 30* International Thermal Conductivity Conference and the 18" International Thermal Expansion
Symposium, Seven Springs Mountain Resort near Pittsburgh, PA. The conference will be hosted by Anter Corporation (Pittsburgh,
PA, USA) and the University of Lisbon (Portugal), www.thermalconductivity.org.

September 23-24, 52™ International Colloquium on Refractories 2009, Aachen, Eurogress, Germany, Forschungsgemeinschaft
Feuerfest e.V. — Feuerfest-Kolloquium — An der Elisabethkirche 27 - 53113 Bonn, Germany, Tel:+49-(0)228-91508-45, Fax:+49-
(0)228-91508-55, E-Mail: info@feuerfest-kolloquium.de, www.feuerfest-kolloquium.de.

October 13-16, UNITECR 2009 - 11" Biennial Worldwide Conference on Refractories, Pestana Bahia Hotel, Salvador, Brazil,
www.unitecr2009.org/.

October 25-30, Materials Science & Technology 2009 Conference and Exhibition - MS&T '09 combined with the ACerS 111"
Annual Meeting, David L. Lawrence Convention Center, Pittsburgh, PA.

2010

January 24-29, 34" International Conference and Exposition on Advanced Ceramics and Composites, Hilton Daytona Beach
Resort and Ocean Center, Daytona Beach, FL.

Feb. 21-24, Materials Innovation in an Emerging Hydrogen Economy, 2010 Hilton Cocoa Beach Oceanfront - Cocoa Beach, FL.

October 17-21, Materials Science & Technology 2010 Conference and Exhibition - MS&T '10 combined with the ACerS 112"
Annual Meeting, George R. Brown Convention Center, Houston, TX.

Nov. 14-18, 3" 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.
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News from The Refractories Institute

www.refractoriesinstitute.org/

The Refractories Institute, P.O. Box 8439, 325 Maple Avenue, Pittsburgh, PA 15218

Planning for UNITECR 2009

It is not too early to plan to attend the
upcoming  Unified International
Technical Conference on Refractories
(UNITECR) to be held at the Pestana
Bahia Hotel in Salvador, Brazil,
October 13-16, 2009.

The theme of the conference is
“Refractories in a Shifting Globalized
World”. Technical Program Chair Dr.
Geraldo Eduardo Gongalves of
Magnesita Refratarios reports that the committee has received 244
abstracts. Topics include refractories for iron and steel, nonferrous
metallurgy, cement and lime, glass and petrochemical, as well as
recycling, nanoengineered refractories, characterization, modeling,
installation, raw materials, and education. There will also be a short
course on thermal shock resistance of engineered microstructure.

Rob Crolius

Salvador, Brazil is a city that blends the modern with the historical.
Founded in 1549, the city features a picturesque colonial quarter sur-
rounded by 21* Century Brazil. Its position on a peninsula on
Brazil’s coast 13° south of the equator provides a warm but not
oppressive climate. The average temperature is about 77°F.

Air access from North America is usually through Rio de Janeiro
and Sao Paulo, although there have been direct flights from Miami
and New York to Salvador in the past.

One important note. Citizens of the United States are required to
have a visa for entry into Brazil. This requirement is based on the fact
that the U.S. requires Brazilians to obtain visas prior to entry into the
uU.s.

Brazilian visa applications must be filed with the appropriate
Brazilian consulate office based on the state of residence of the appli-
cant. For example, Pennsylvania residents must apply for visas in the
New York City office, Connecticut residents in Boston.

The easiest way to apply is to use a visa service. Once you have
your flight information, you can complete and download a visa appli-
cation on the internet. Then you can send the completed application
and a copy of your plane ticket, with appropriate documentation and
waivers, with checks for the visa fee and the visa service, plus your
passport, to the appropriate service for processing. Allow at least
three or four weeks for normal service, although for a premium you
usually can get expedited service.

The important point to remember is to begin the application process
early and become familiar with all application requirements and steps
prior to beginning the process to ensure a timely and hassle-free visa
application process. Brazilian visas are good for a year.

Obama Administration Takes Hold of Regulatory
Process
On day one of the Obama Administration, Rham Emanuel,

President Obama’s chief of staff issued a memorandum directing fed-
eral agencies and departments to:

* not send proposed or final rules to the Office of Management
and Budget (OMB) until they were approved by an agency
head appointed by President Obama;

» withdraw all Bush Administration Federal Register notices
(proposed and final) at the Office of the Federal Register that
had not yet been published,;

» consider extending by 60 days the effective date of all rules
that have already been published in the Federal Register but
have not yet taken effect; and

* consider reopening the notice and comment period for 30 days
for any rules that had not taken effect.

There are some exceptions to these directions, mostly pertaining to
rules subject to judicial or statutory deadlines. The practical impact
of this memorandum is the delay in the issuance or effective date of
essentially all federal regulations that were in development prior to
the new president taking office.

Congress, President Move on Labor Legislation

While the economic recovery and confirmation of Obama
appointees takes the spotlight, the Congress is moving forward with
legislation which was stymied in the previous administration.

In one of its first actions, Congress passed and President Obama
signed the Ledbetter Fair Pay Act which extends substantially the
statute of limitations under civil rights laws for bringing suits against
employers over pay discrimination. In addition, action is expected
soon in Congress on the Paycheck Fairness Act (H.R. 12) which
expands damages under the Equal Pay Act of 1963 for women who
are not paid equal wages as compared to their male counterparts.

The quick action on these bills had been expected as Democratic
legislators had campaigned for their passage. The business commu-
nity has opposed them, fearing they could lead to frivolous lawsuits.

Waxman Promises Action on Climate Change and
Energy

House Energy and Commerce Committee Chairman Henry
Waxman has vowed to move comprehensive climate and energy leg-
islation out of his committee prior to Memorial Day in a bid to give
President Obama a major environmental achievement in his first
term. While few details are yet available, the legislation is expected
to build off of previous cap and trade proposals as well as recom-
mendations made by the U.S. Climate Action Partnership.

Electro Abrasives Joins with U.S. Electrofused
Minerals/ELFUSA

The Electro Abrasives Corporation has announced that the compa-
ny has signed a purchase agreement with U.S. Electrofused Minerals
Inc/ELFUSA effective at the end of 2008.

Electro Abrasives will now become Electro Abrasives, LLC.
Electro Abrasives manufactures black silicon carbide, green silicon
carbide, and boron carbide. U.S. Electrofused Minerals/ Elfusa is a
producer of abrasives involved in the mining and fusing of abrasive
and refractory materials.
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Industry News

DEMAND FOR CEMENT IN CHINA TO APPROACH 1.8
BILLION METRIC TONS IN 2012

Demand for cement in China is forecast to rise 6.0 percent
annually through 2012 to 1.8 billion metric tons. Growth will be
driven by rising, but decelerating, construction expenditures in
China. Further advances in cement manufacturing technology
will also help stimulate sales by improving the quality of the
product. Blended cements will account for about 90 percent of
total sales in 2012, reflecting the versatility of these types across
a range of construction applications, as well as their perform-
ance and/or price benefits over competitive cements. These and
other trends are presented in Cement in China, a new study from
The Freedonia Group, Inc., a Cleveland-based industry research
firm.

Nonresidential building construction will continue to represent
the largest end use for cement, benefiting from ongoing indus-
trialization in China. Nonresidential building cement consump-
tion will also be boosted by the construction of new manufactur-
ing facilities as the Chinese industrial sector focuses on more
value added goods. However, demand for cement in nonbuilding
construction will outpace other construction categories, rising
7.3 percent annually to 544 million metric tons in 2012. In the
short term, demand for cement used in infrastructure applica-
tions will benefit from government spending packages designed
to offset the effects of the global economic downturn. In the
longer term, a number of large infrastructure projects and other
government initiatives to address imbalances in development
between urban and rural areas will boost nonbuilding cement
consumption.

For more information contact, Corinne Gangloff, Media
Relations, Tel: +1 440.684.9600, Fax: +1 440.646.0484 or
pr@freedoniagroup.com.

US CEMENT DEMAND IN CHINA (million dollars)

% Annual Growth
ltem 2002200712002 b0 2007 2007-2012|
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BRAULIO AWARDED 2008 WAKABAYASHI PRIZE

The Technical Association of Refractories of Japan, will award
the 2008 Wakabayashi Prize to Mariana Braulio, for the best
paper published in the Journal of the Technical Association of
Refractories, named “Microsilica Effects on Cement Bonded
Alumina-Magnesia Refractory Castables” (Vol. 28, No.3,
pp-180-184), at its general meeting on April 20™ 2009, in Sendai,
Japan. Her contribution was co-authored by L. Bittencourt, J.
Poirier and V. C. Pandolfelli. The Wakabayashi Prize, named by

This research work is part of a broader research project, fund-
ed by FIRE, an association founded by industrial and academic
partners in the refractory field (www.fire.polymtl.ca), and is
directed by Professor Victor Pandolfelli, from University
Federal of Sao Carlos, in Brazil. New significant results on this
subject will be presented at the UNITECR’09 meeting, in
Salvador, Brazil, next October (13 to 16, 2009), as well as on the
other projects sponsored by FIRE.

CHINA CERAMIC DIRECTORY JUST PUBLISHED

Business Data International Inc., the business and professional
information provider, has recently announced that the only
English-language China Ceramic Directory 2008 has just been
published. The 321-page directory is a comprehensive and up-
to-date information source on the Chinese ceramic industry. The
directory provides a list of about 1,300 leading ceramic and pot-
tery enterprises, research institutes, associations, importers and
exporters in China. It covers commonly used ceramics, porcelain
products, sanitaryware, building ceramics, tile, electroceramics,
refractories, technical and industrial ceramics, ceramic raw
materials, equipment and machines, as well as publications. The
directory provides information on each organization's name,
address, telephone and fax numbers, e-mail addresses and web-
sites, name of the director, registered capital, number of employ-
ees, history, production capacity and main products.

Further information on ordering is available from Business
Data International Inc., info@businessdataintl.com or Fax: +1
(514) 227-5424, www.businessdataintl.com.

SWECO OPENS NEW AIR CLASSIFIER TEST
FACILITY

Sweco, A Business Unit of M-I L.L.C., is proud to announce
the opening of a new North American test facility for its Ecutec
business unit. Located in Florence, Kentucky the 1000 square
foot laboratory will be used to conduct milling, classification
and coating trials on fine and ultrafine particles.

This new Ecutec lab is capable of milling and classifying prod-
ucts as fine as 1 mm. With a capacity of up to 1800 kg/hr (2
TPH) the lab will be available for both small scale batch tests as
well as pilot scale toll processing. It includes an 8000 RPM
Ecutec NEASO air classifier and a 22 kW (30 HP) KGM ball
mill. In-line instrumentation continuously monitors and logs
measurements of speed, temperature, pressure, flow and particle
size parameters. Additionally, a custom designed control panel
with a web interface allows for remote monitoring and control.

There are now four Ecutec pilot scale test facilities around the
world. Other locations include Barcelona, Spain; Enns, Austria;
and Kolkata, India. The new Florence lab is part of a project to
build 3000 square feet of new laboratory and analytical space to
support Sweco’s North American industrial business.

Sweco serves the pharmaceutical, chemical, food, minerals,
paper and many other industries with a complete line of separa-
tion, sizing and milling equipment. For more information, please

the founder of the association, has been awarded since 1983 in  visit www.sweco.com or e-mail info@sweco.com.
order to promote and keep a high scientific publication level in

the refractory area.
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Tutorial - Phase Rules . ..

PHASE EQUILIBRIA DIAGRAMS OF THREE
COMPONENTS - REACTIONS AND

CRYSTALLIZATION

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

University of Science and Technology, jsmith@mst.edu

In the last installment of Phase Rules [1] considerable time was
devoted to the relationship between two and three component sys-
tems. One of the critical aspects of true binary systems was that they
were required to lie upon an alkemade line. These alkemade lines are
significant in other ways, and the issues associated with them will be
addressed first in this installment. A rendering of the magnesia-alu-
mina-silica (MAS) diagram is included as Figure 1.

Two

Liquids

2Mg0-Si0,

10

Sapphirine 45 %3
1600 :

LS00~

Alkemade lines are significant to phase equilibria, even in the
absence of all the other information related to the system. In
instances where such lines are absent they can be added based
upon the principle that two compounds whose phase fields touch
must have an alkemade line between them. Of course, the compli-
cation with this relates to the fact that compounds, and their asso-
ciated phase fields, can appear and disappear as a function of tem-

SiO,

1723% <
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Figure 1. Ternary phase diagram representing the MgO-Al,03-SiO, system [1].
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Figure 2. Ternary phase compatibility diagram of the MgO-Al,03-SiO, system showing alkemades without considering solid solution.

perature. For example, a compound that forms on cooling via a
peritectoid reaction and then dissociates via a eutectoid reaction at
a slightly lower temperature would only have alkemade lines dur-
ing those few degrees where the phase is stable.

The issue of stability is key as alkemade lines “connect” stable
phases. Ignoring the solid solution complication for a moment, one
can connect all the compounds with adjacent phase fields. Once
completed, a record of the phase stability in the system exists. This
is extremely important, as an engineer or scientist now knows what
equilibrium reactions should occur in the system. Figure 2 shows
the MAS system with the alkemade lines.

Determining what reaction might occur between any two com-
pounds is a simple matter of drawing a construction line between
them. There are only three possibilities: (1) the construction line
will lie on an alkemade line; (2) the construction line will lie on
two or more alkemade lines; or (3) the construction line will cross
an alkemade line or lines.

In situations where the construction line is coincident with an
alkemade line, no reaction occurs; the two compounds are stable.

Heating a mixture of these two compounds will not change the
equilibrium. A number of binary mixtures in the MAS system will
result in no reaction and a complete list is included as Table 1.

In order to simplify the process of indicating reactions in the
MAS system a special notation will be utilized. The notation is

Table 1. Stable binary mixtures in the system

Stable Binary Mixtures Stable Binary Mixtures
Cristobalite Mullite Spinel Cordierite
Cristobalite Cordierite Spinel Sapphirine
Cristobalite  Protoenstatite Spinel Mullite

Protoenstatite Cordierite Spinel Corundum
Protoenstatite Forsterite Corundum Mullite

Forsterite Cordierite Mullite Sapphirine

Forsterite Spinel Mullite Cordierite

Forsterite Periclase Sapphirine  Cordierite

Periclase Spinel
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based on cement notation whereby the main oxides magnesia, alu-
mina and silica are indicated as M, A, and S respectively.
Additionally the number of molecules is indicated by a subscript
number following the letter. For example, 2MgO-SiO, is indicat-
ed as M,S. The oxides in the MAS system and their corresponding
cement notation are included as Table 2.

In situations where the construction line lies on more than one alke-
made line, the two components will react to form the new compound.

Table 2. Simplified oxide notation
compounds in the MAS system

Notation
Name Chemical Cement
Cristobalite SiO, S
Protoenstatite MgO-Si0O, MS
Forsterite 2MgO-Si0, M,S
Periclase MgO M
Spinel MgO-Al,O; MA
Cordierite | 2MgO-2A1,0458i10, | M2A,S;
Sapphirine | 4MgO-5A1,0;5:25810, | M4AsS,
Corundum Al,O4 A
Mullite 3A1,0528i0, As5S,

For instance, a mixture of MgO and Al,O; results in a construction
line that rests on both the MgO - MgAl,0, and MgAl,O, - Al,O;
alkemades. Therefore, that mixture will result in spinel formation
by the following reaction:
MgO,) + AL O3 —> MgAL Oy

Mixtures other than the stoichiometric 1:1 molar MgO:Al,O5 will
result in some amount of MgO or Al,O;. In those instances the
resulting binary mixture of spinel with either periclase or corundum
is stable as they are connected by an alkemade line. Table 3 shows
shows the other reactions in the system that are similar.

Tahle 3. Binary reactions in the MAS svstem

Binary Reactants | Stoichiometric Reactions
Periclase + Corundum M+ A= MA
Periclase + Protoenstatite M + MS = M-S
I Forsterite + Cristobalite M-S + 8 = 2MS
'_.(‘nmn(lum + Cristobalite __1:-1 + '?ﬂ-_:;-.;-‘ﬁ—
I Spinel + Cristobalite 2MA + 55 = MaASS:
+ o = M2
Periclase + Cristobalite ;:1 +§ _'_';1?5

Perhaps the most interesting situations are when the construction
lines cross one or more alkemade lines. In those cases, upon suffi-
cient heating, the mixture will react to form the two compounds at the
ends of the alkemade line. Once again, a stoichiometric mixture
would result in the formation of only the two compounds at the ends
of the alkemade line. Excess of either of the mixture compounds will
result in three phases in equilibrium. Table 4 indicates all of the pos-
sible reactions in the system, in this case where two phases react to
form two other phases.

In cases where the construction line crosses more than one alke-
made, both reactions will likely occur, depending on local conditions.
Eventually, equilibrium will be attained, resulting in three phases

Table 4. Reactions between binary mixtures in the MAS system
Binary Reactants Stoichiometric Reactions

16MS + 2A55, = 5M,S + 3M,A,S5
3MS + A3S, = MA + MASSs
52MS + 19A:S5, 2 16M,ALSs + SMyASS,

Protoenstatite + Mullite

8MS + 2A = 3M,S + MyA,Ss

SMS + 5A = 3MA + M,A,S;
16MS + 19A = 2M> A8 + 3MyA:S,

AMS + 8A = A;3S; + MyAsS,

2MS + 5A = A8, + 2MA

40MS + 2ZM4A5S; =2 19M,S + 5SMyALSs
SMS + 5MyAsS; 2 19MA + 3M,ALS5

10MS + 2MA = 5M,S + M>A;S;

15M-S + 10A58; = 16MA + TM,A-S5
13M-S + 10A5S; = 4M4ASS, + 5MLA,S;

Protoenstatite +Alumina

Protoenstatite + Sapphirine

Protoenstatite + Spinel

Forsterite + Mullite

5M,S + 10A = 8MA + M,A,S5
2M,S + 5A = MLASS,
2M,S + T7A = 4MA + A,S,

Forsterite + Alumina

Periclase + Cordierite 10M + M>A,Ss = SMLS + 2MA

M + A3S; = 2M,S + 3MA
15M + 5A58; = 2M,A,Ss+ 1 IMA
52M + 21A5S; = 4M,A,Ss+ 11M,4A S,

Periclase + Mullite

SM + MyAsS; = 2M,S+ SMA
5M + 5MyA5S; = 2MoALSs+ 21IMA

268 + 3My4AsS, = A5S) + 6MLALSS

Periclase + Sapphirine

Cristobalite + Sapphirine

based upon the relative amounts of the starting phases. Global reac-
tions can be written to reflect the final phase assemblages.

The simplicity of these stability relationships is quite powerful in
new systems or systems that haven’t been widely studied. By craft-
ing a series of experiments, the entire set of stability (alkemade) lines
can quickly be generated.

An interesting effect occurs in systems having significant but not
infinite, solid solution. In these cases, the reactions that occur can be
determined as before. However, the resulting phases do not have the
chemistry of the stoichiometric compound. The effect is that the
alkemade lines are shifted away from the location of the compound.
The phase diagram highlighting these lines is included as Figure 3.
In this way the solid solution just occurs as the phase forms. The spe-
cific location of these solid-solution-shifted alkemades cannot be pre-
dicted. Often there is more than one alkemade line associated with
the same two oxides. These are indications of specific chemistries
that are in equilibrium.

As examples, consider three triangles that are present near the cor-
ners of the MAS system. The first to consider is the triangle between
MgO, 2MgO0-SiO, and MgO+Al,O;. Based on the information indi-
cated, no significant solid solution exists, so the three alkemade lines
terminate on the stoichiometric oxide chemistries. The second is the
MgO-Si0,, SiO, and 2Mg0*2Al,04°5Si0, triangle. In this case, the
alkemades terminate on the oxides SiO, and MgOeSiO, indicating
that they are both stoichiometric oxides. Two alkemade lines termi-
nate at a composition that is very far from the stoichiometric
cordierite position. Some of the MgO+SiO, and SiO, reached with
2Mg0°2Al1,04°5Si10, to form a solid solution, creating non-stoichio-
metric cordierite. The third to consider is the triangle between
MgO-Al,04, 3A1,04°2Si0, and Al,O5. In this case Al,Oj is the only
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Figure 3. Ternary phase compatibility diagram of the MgO-Al,03-SiO, system showing alkemades with solid solution considered.

stoichiometric phase as both spinel and mullite become rich in Al,Os.
The spinel non-stoichiometry is quite significant, a fact that was dis-
cussed in detail in previous installments of Phase Rules [1].

It is important to pause to ensure that compositions can be deter-
mined in the system. Figure 4 is included to highlight the use of the
ternary lever rule. Two points are included, labeled as A and B. With
the point labeled A, determination of the overall composition was
accomplished by applying the ternary inverse lever rule. The most
straightforward application of the rule is to construct two lines
through the point of interest that are parallel to the other two sides of
the triangle. This procedure sections the line into three segments that
then represent the concentration of the oxides at the corners of the tri-
angle. The smallest segment (10% of the total) corresponds to the
amount of SiO,, while the longest corresponds to the amount of
MgO. The middle segment always corresponds to the far point of the
triangle, in this case Al,O;.

This procedure can be applied to any triangle, not just to the large
system triangle. Point B is used to highlight the use of the ternary
lever rule to a triangle that is not equilateral. In this case, the two
lines are constructed parallel to the short sides, so that the longest side

is sectioned into three parts (provides the greatest precision). The
composition selected turns out to be 25% mullite, 40% sapphirine
and 35% cordierite.

Of course, both of these compositions could be considered in the
other fashion and although the construction lines are left for the read-
er to add, the concentrations are indicated near the top of Figure 4.

The ternary lever rule is extremely useful in determining the con-
centrations of the various phases present, the composition of a liquid
and the weight concentration of components in a solid phase. For
instance, the oxide cordierite (2MgO<2A1,04°5Si0,) is 2/9 MgO or
22 mol%, 2/9 ALO; or 22 mol% and 5/9 SiO, or 56 mol%.
Determining the weight percents of the three components could be
accomplished by considering the molecular weights and converting
the mol% values or the ternary lever rule can be applied at that
composition on the phase diagram yielding values of 14 wt%
MgO, 35 wt% Al,05 and 51 wt% SiO,.

Alkemade lines are also critical in defining critical points for tem-
perature changes in a system. In this instance Alkemade theorized
that the location at which an alkemade line and its corresponding
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A
Forsterite = 23
Magnesia = 35
Spinel =42

Magnesia = 60

Alumina = 30'_

B
Silica =30
Magnesia = 13
Alumina =57

.23 = Mullite
\40= Sﬁ_lpphifiﬂf:

35 = Cordierite

By

0

Silica =10

=

Figure 4. Ternary phase diagram illustrating the use of the ternary inverse lever rule to determine the composition associated with two particular chemistries (A and B)
within the MAS system in terms of the system components as well as the phase assemblage within the local alkemade triangle.

boundary curve (the boundary between the two phases of interest)
cross was a special point at which the alkemade line was at a min-
imum in temperature while the boundary curve was at a maximum
(topographically analogous to a saddle point). If the curve/line com-
bination does not cross, either or both should be virtually extended
until they intersect, and the rule then applied.

Alkemade lines combine to form triangles that have additional
significance. The triangles not only define the three phases that are
stable together, they help to establish the invariant temperature
associated with all chemistries within the triangle. Within the last
statement is a critical principle of ternary phase equilibria; all com-
positions within an alkemade triangle are associated with the same
final invariant reaction. Although different chemistries may
progress through very different reaction sequences, all will go
through final solidification at the same invariant point. That invari-
ant is defined as the point where the three phase fields (represent-
ing the compounds at the three corners of the alkemade triangle)
come into contact. Figure 5 provides this type of analysis for each
of the alkemade triangles in the system. Here each alkemade trian-
gle is indicated by a spelled number, while the invariant associated
with a given triangle is circled and labeled with the corresponding

numeral. In each of the three examples, the associated invariant is
indicated by the number associated with the numbered triangle.

The nine ternary points in the system are listed in Table 5 along
with the invariant type, temperature and reaction. Only three eutec-
tic and six peritectic ternary invariants exist in the MAS system.
Note that invariant (6), a peritectic at 1482°C is associated with two
separate reactions. The particular reaction that should be consid-
ered is dependent upon the alkemade triangle in which the initial
composition was located. Typically peritectic reactions involve
two boundary curves entering the invariant and one exiting. In this
special case, one boundary curve enters the invariant and two exit
the invariant. In this case, the only way to know which exit is
appropriate is to consider the starting alkemade triangle.

Once the final solidification conditions have been established,
the question of how the overall crystallization proceeds remains.
Upon selecting a chemistry to be considered, the final liquid crys-
tallization location is defined by the alkemade triangle in which it
resides as above. The next step is to define the initial crystals that
will form from the melt of interest. This is a simple matter of
locating the initial chemistry and determining the phase field in
which it is present.
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Figure 5. Ternary phase diagram of the MAS system highlighting the nine alkemade triangles and each of their associated final invariants. (Note: the alkemade triangle
labels are spelled, e.g. “Ten”, while their associated invariants are identically enumerated, e.g. “10”.)

Table 5. Ternary invariant reactions in the MAS system

Lahel | Type | Temp Reaction on Conoling
| Eutectic | 1355°C | L = Tridvmite + Protoenstatite + Cordierite
2 | Euectic | 1365°C | L — Forsterite + 'rotoensiatite + Cordierite

3 Peritectic | 1370°C L. + Spinel = Forsterite + Cordierite

4 Eutectic | 1710°C L. =* Periclase + Forsierite + Spinel
5 | Peritectic | 1453°C L + Sapphiring = Spinel + Cordierite
6 | Peritectic|1482°C| L +Mullite + Spinel -» Sapphirine
7 | Peritectic | 1578°C L + Corundum =+ Mullite + Spinel
8 | Peritectic | 1460°C | L + Mullite = Sapphirine + Cordierite
9 | Peritectic | 1440°C L + Mullite = Tridymite + Cordierite

For example, consider the chemistry indicated by (X) in Figure 6.
It is in the periclase phase field, so periclase (MgO) will be the first
oxide to crystallize upon cooling. As the periclase crystallizes
from the liquid, it is obvious that the liquid will become lower in

MgO concentration; the change in liquid chemistry being indicated
on the diagram as the bold line moving directly away from the
chemistry that is crystallizing (MgO) and running through the ini-
tial chemistry of the melt (X). The specific liquid composition can
be determined by applying the ternary lever rule at the temperature
of interest. For example, upon cooling to 2200°C, the liquid com-
position is indicated by the chemistry of point “b”. The amount of
liquid and periclase in equilibrium at this temperature is deter-
mined by dividing segments a-X and X-b by a-b, respectively.
Periclase crystallization continues with cooling until the liquid
chemistry reaches the boundary curve between periclase and spinel
at point “c”. Further cooling results in the crystallization of two
solids, periclase and spinel. It is important to realize that the over-
all chemistry has not changed, and thus analysis of this type is termed
isoplethal or of constant chemistry. This is key as the liquid and solid
are complementary in combined systems. As one increases in amount
or chemistry the other must adjust so that the overall chemistry and
mass is unchanged. Graphically, the effect is interesting, as a con-
struction line can be drawn from a selected liquid chemistry back to
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the original composition and then extended to the alkemade line that
connects the two solids crystallizing. At ~1960°C (point c) the analy-
sis is identical to that of point “b” with the exception that one realizes
at equilibrium an infinitesimal amount of spinel coexists with peri-
clase and liquid.

Continuing with the melt of composition X and now cooling to
1900°C (point “d”). While the composition of the liquid is that of
point “d”, the construction or tie line used to determine the solid:lig-
uid proportion is now d’-d where d’ terminates on the periclase-spinel
alkemade joining the two phases now crystallizing. The amount of
liquid is equal to the section length from solid to the initial composi-
tion (d’-X) divided by the total section length (d’-d, solid to liquid).
Conversely, the amount of solid would be the section length from lig-
uid to initial composition (X-d) divided by the total (d’-d).
Construction lines are included on Figure 6 to show this type of
analysis.

The previous calculation provides only the total solid content; so
determining the ratio of the two solids present would establish the

specific concentrations. The point where the construction line con-
tacts the alkemade line (point d’) bisects the alkemade line into seg-
ments that can be used to determine the ratio of the solids, periclase
and spinel. Once again, it is the inverse lever rule that applies using
segments a-d’, d’-a’, and the alkemade a-a’. The concentration of a
particular solid is obtained by multiplying that ratio by the total solid
concentration determined previously.

Spinel and periclase continue to crystallize until the system is
cooled to the eutectic at 1710°C (point e). This eutectic at the junc-
tion of three phase fields (periclase-spinel-forsterite) is the invariant
for the alkemade triangle containing composition X. At 1710°C the
isoplethal analysis is analogous to that at point “d” with the under-
standing that an infinitesimal amount of forsterite is also included in
the solid along with periclase and spinel, and that the liquid is of com-
position “e”. Although isoplethal analysis of any composition initiat-
ing within the periclase-spinel-forsterite alkemade triangle will have
identical liquid chemistry (e) on cooling to 1710°C, the amount of this
eutectic liquid will vary. Chemistries located closer to the eutectic

8
aOg!

Figure 6. The crystallization of two chemistries within the MAS system is illustrated. (Points X and Y). Construction lines are included at various temperatures of
interest; and, the chemistry of the liquid phase on cooling is highlighted by a bold line for each case. Associated calculations are included as Tables 6 and 7 for points X

and Y, respectively.
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will have a greater proportion of liquid at ~1710°C than compositions

Table 6. Isopelthal calculations for point X in Figure 6

: : State Proportions Phase Proportions
nearer the apacies of the alkemade trlangle. Temperature Phase Calculation | Weight | Species | Calculation | Weight

Cooling beyond 1710°C will yield a completely crystallized system. Method | Percent Method | Percent
The eutectic liquid, in this case 28% of the total mass, crystallizes into » ) Magnesia | iag A at 66%

. . . . . Liquid Inspection 100%  |Alumina . 26%
periclase, spinel, and forsterite with proportions that can be deter- 2350°C (Point % Silica Point X 8%
mined using the ternary lever rule within the alkemade triangle at soid | nsoect v |peri | 100k

e . . 0 nspection | << 1% [Periclase | Inspection
point “e”. These crystals resulting from the crystallization of eutec- ' pect ' P
tic liquid are referred to as eutectic crystals. The crystalline matter Magnesia | wASA ot B2%
that was in equilibrium with the eutectic liquid at the eutectic tem- Liquid | aX/eb | 82% g!:_"“""'a Point b fg'if’

. . - . ilica %o
perature are referred to as primary crystals. In terms of microstruc- Z200°C (Point b)
ture, a melt of composition X slowly cooled to room temperature Solid | Xb/ab | 18% [Periclase | Inspection 100%
would have ~2/3* of the mass attributable to larger primary crystals
. o . . . Magnesi 52%
of periclase and spinel in a eutectic matrix accounting for ~1/3* of the Liqud | aX/ac | 67% Alumia M:jr'fcm 36%
total mass and consisting of smaller crystals of periclase, spinel, and 1960°C (Point ) Silica 12%
forsterite. Table 6 provides details for the solidification of chemistry soid | wer a3, |PEClESE | 100%
. . . . ! ac Spinel nspection =< 1%
in X in Figure 6 at the selected temperatures of interest.
Measurements of this type are difficult to make with precision. All Magnesia |\ 1ic s 52%
N Liquid | d-X/d-d | 46% |Alumina ; 36%
values should be assumed to be +/- ~3%. Silica Point d 12%
) ) i Lo ) 1900°C (Point d)

The isoplethal analysis of composition Y in Figure 6 proceeds sim- soid | xd/dq | say [Perclase | d-asaa 70%
ilarly to that of composition X with a couple of distinctions. At Spinel ad/ad 30%
~1470°C (point g) there is a polymorphic transformation and the sta- Wagnesia | oo 52%]
ble solid phase is tridymite rather than cristobalite. At ~1400°C 710G (Point &) Liquid | e-Xiewe | 28% ‘;:;‘2:"3 Point e ig:i
(point h) the cordierite phase field is reached. With continued cool- > Eutectic cerciase | oasaa oo
ing to the eutectic at ~1355°C (point j), tridymite and cordierite are Solid | Xele-e | 2% |ging ae/aa 39%
crystallizing; therefore, proportional analysis in this temperature —— =
range uses the S-M,A,S; alkemade (f-f") on the interior of the MAS E“Wt:g:z eXlee | 28% [Periclase BF;T:::Q 5%
parent diagram. Below 1355°C, the eutectic liquid of composition e Ponte) Spinel 29%
crystallizes into tridymite, cordierite, and protoenstatite. The iso- g;’;';’l‘; xele-e | 72% g:i'ri‘:la“ :_:::_: g;;’:
plethal analysis of composition Y is detailed in Table 7.

Although many crystallization paths are quite simple in ternary sys-
tems, others are considerably more involved. As examples, two addi- Table 7. Isopethal calculations for point Y in Figure 6

. . . . . State Proportions Phase Proportions

tional paths are 1nc1udef1 as Figure .7. Although a bit more compli- Temparaire | Phass | Caiculation | Weighi | Species | Galcuration | Weight
cated, isoplethal analysis proceeds in the same manner. As before: Method | Percent Method | Percent
(1) the final solidification is determined from the alkemade triangle Magnesia MAS-A at 9%

. . . . C e . . . Liquid Inspection 100%  |Alumina Point Y 1%
and its associated final invariant; (2) the initial crystallization is _ Silica 80%
- .. . 1600°C (Point )

defined by the primary phase field of the overall composition with the _ ] o _

. . .. . . . Solid Inspection <= 1% [Cristobalite Inspection 100%
liquid composition moving directly away from the solid phase com-
position until a boundary curve is encountered; then (3) the boundary Magnesia MASAat 14%
curves are followed (usually) to the final invariant using the appro- 1470°C (Point g) [ HUI | FYTFG ) 85% - [Amina Point g o

. . . Polymorphic !
priate alkemade to determine proportions. Transfomation Cristobalite 100%

. . . . Solid Y-g/fg 35% . : Inspection -z 18

The first two steps are typically straightforward. The third is where Tridymite 1%

the complications arise. In the example of composition P in Figure Magnesia MAS at 15%
- . . Ligud | FY/fh | 57% [Alumina ; 20%
7, the path initially moves directly away from spinel (MgO+Al,05) Silkca Point h B5%

. . . 1400°C (Point h

until the spinel-corundum boundary curve is reached at ~1820°C. (Fomth) Tridymite 100%
o " Soiid | Yhifh | 43% m Inspecti

From here the liquid composition follows the phase boundary as ° Cordierite repeeton | <<

before and the spinel-corundum alkamade (a-a”) is used to determine Magnesia MASAm %

proportions.  Upon cooling to 1578°C, the liquid reaches a triple Liquid | F=Y 71 42% ‘;'_IL_"“‘”E Point | gjx

. . P nica
point where the boundary curves spinel-corundum, corundum-mul- 1380°C (Palint i) E—— e -
lite and spinel-mullite intersect at point “c”. This invariant point, a Solid | YAli | 58% | cordieite Fi S 17%
peritectic, is not the final invariant for this particular chemistry; e -
. 0 A . agnesia MAS-A at 21%
instead it is just a thermal arrest point along the way. From here with Liquid | =Y /- 34%  |Alumina Pont| 17%

. .. . . . . 1355°C (Point | ili o
further cooling, the liquid chemistry will continue along the spinel- IS Pont) Sliea S2%
: ITPRT) 6 399 . S o Tridymite IEEAZS Ti%
mullite boundary curve from “c” to “d”. Solid Y114 88% | ordierite £ 1 6F 23%
. Progressing .thFoug.h the peritectic '1n.varlant pglnt at “c — s — 0
involves the elimination corundum. This is accomplished by the Crystals | JY/J4 | 34% |Cordierite Balance 50%
invariant reaction: -1355°C (Point j) Protoenstatite 33%
t o . . <Eutectic 1 primary viris | esv [Tridymite e 7%
Alumina + Liquid — Spinel + Mullite Crystais [ 7111 Cordierite B 188 23%
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Figure 7. The crystallization of two chemistries within the MAS system is illustrated involving an intermediate peritectic reaction in the case of point “P”” and complete
resorption in the case of point “Q”. Construction lines are included at various temperatures of interest; and, the chemistry of the liquid phase on cooling is highlighted

n

.3'_' b : £ R SN
axl 0 ¢ a

by a bold line for each case. Associated calculations are detailed in Tables 8 and 9 for points P and Q, respectively.

GLOSSARY OF TERMS

(refer to the previous installment [1, 2, 3, 4] for additional terms of interest)

Alkemade line — A straight line joining the compositions of two
phases that share a boundary curve.

Alkemade Triangle — Combination of three alkemade lines
that define the final solidification invariant.

Congruent Phases — Pair of phases that define a phase field. A
tie-line between conjugate phases is used to determine the
relative amounts of each.

Crystallize — Partial solidification of a liquid.

Eutectoid — A reversible reaction between two solid phases
that upon heating forms a single solid phase with a dif-
ferent composition.

Isotherm — A type of contour line or surface connecting
points of equal temperature on a phase diagram.

Peritectoid — A reversible reaction between two solid phases
that upon cooling form a single solid phase with a dif-
ferent composition.

Resorb — A crystal that is dissolved back into the liquid
phase.

Solid Solution — A solid phase containing more than one sub-
stance.

Ternary Lever Rule — Parallel lines drawn within a triangle
cause the sides of the triangle to be divided into three seg-
ments that define the concentrations of phases present.
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The time required to eliminate corundum is the thermal arrest peri-
od. On cooling the reaction is exothermic so the temperature of the
system remains unchanged until, in this case, alumina is exhausted. It
should be noted as well that thermal arrest periods also result in an
abrupt change in the alkemade line used for proportional analysis. In
this case, the solid composition “jumps” from the spinel-corundum
alkemade (a-a’) to the spinel-mullite alkemade (a-a’’). Isoplethal
analysis just before and just after the invariant supports the above
reaction and highlights that although ~75% of the liquid is consumed
in this process, the chemistry of the liquid remains constant. The
details of the isoplethal analysis of point P are included as Table 8.

The second crystallization path for point Q of Figure 7 goes
through an interesting change where one phase is completely resorbed
on cooling. This is a result of the crystallization path entering and
then later leaving a boundary curve and travelling across a phase field
in a similar fashion to the initial crystallization of a singe phase.
Determining when complete resorption of a phase will occur is not
necessarily obvious. Initially the path moves directly away from
forsterite (point e) from Q until the forsterite-protoenstatite phase
boundary is reached at ~1540°C (point f). As cooling progresses, the
M,S-MS alkemade (e-g’) is used for determining proportions and
forsterite is resorbed as protoenstatite crystallizes. Eventually at
~1480°C (point g), the isoplethal analysis shows that the solid phase
consists of 100% protoenstatite and that all of the forsterite has been

Table 8. Isoplethal calculations for point P in Figure 7

resorbed. As cooling continues further, only protoenstatite is crystal-
lizing and therefore the liquid composition follows a path directly
away from the MS composition and across the protoenstatite phase
field from points “g” to “h” at ~1375°C. Here the MS-M,A,S; phase
boundary is encountered and cordierite begins to crystallize with pro-
toenstatite. From point “h” to the eutectic at point “i” the MS-
M,A,S5 alkemade (g’-g”) is used for proportional analysis. Details
of the isoplethal analysis of point Q are included as Table 9.

The next installment of Phase Rules will consider construction of
isothermal and vertical sections.
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Table 9. Isopethal calculations for peint Q in Figure 7

State Proportions Phase Proportions State Proportions Phase Proportions
Temperature Phase [Calculation| Weight] Species |Calculation| Weight Temperature Phase |Calculation| Weight Species | Calculation| Weight
Method |Percent Method | Percent Method | Percent Method |Percent]
Magnesia 19% Magnesia 37%
-A -
Liquid | Inspection| 100% |Alumina M; o?nt Pat 70% Liquid | Inspection| 100% |Alumina M: o?n;\oat 3%
- - o
2030°C (Point P) Silica 1% 1560°C (Point Q) Silica 60%
Solid | Inspection | << 1% |Spinel Inspection| 100% Solid | Inspection | << 1% |Forsterite Inspection | 100%
Magnesia ; 11% Magnesia 36%
Liquid | a-P/ab | 54% [Alumina M:osin?:t 69% Liquid | e-Q/ef | 95% |Alumina Mﬁj}: fat 3%
o ; Silica 20% . ili
1820°C (Point b) o 1540°C (Point f) Silica 61%
) Spinel ) 100% i Forsterite . 100%
Solid P-b/ab | 46% Corundum Inspection << 1% Solid Qf/ef 5% Protoenstatite Inspection << 1%
Magnesia N 16% Magnesia 32%
Liquid | ¢-P/cc | 25% [Alumina MAS A o 42% Liquid | g-Q/g-g | 35% [Alumina MAS-Q at | Low
o . . Point ¢ - Point g
+1578°C (Point ¢) Silica 42% R ) Silica 58%
= Peritectic 1480°C (Point g)
. , ., |Spinel c-a' [/ a-a' T3% . Forsterite . << 1%
Solid | Pc/cc | 75% Corundum ac'/ a-a 279% Solid | Qg/g-g | 65% Protoenstatite Inspection 100%
Magnesia 16% Magnesi 24%
MAS-A at agnesia _
Liquid |c"P/c'c| 6% [Alumina posimi\c 42% Liquid | g-Q/g-h | 18% |Alumina M:S_‘Ahat 19%
-1578°C (Point c) Silica 42% Silica oint 579
< Peritectic Soinel o | o 0% 1375°C (Point h)
. " pine c-a/aa o Protoenstatite 100%
Solid | P</c'c | 94% : oo i /g % : i
Mullite a-c"/ a-a 30% Solid | Q-h/g-h | 82% Cordierite Inspection | __ 1%
Magnesia 17%] .
- ) ) o ) MAS-A at Magnesia A 21%
, Lquid | &P fd'd | B% [Alumina Pointd | 1% Liquid | i-Q/i5 | 6% [Alumina MAS-Aat| oy
+1482°C (Point d) Silica 46% +1355°C (Point i) Silica Pointi | ooop
< Peritectic i
) Spinel c-a"/aa'| 69% > Eutectic . o N
Solid | P-d/d-d | 95% ) . Y . P ., |Protoenstatite| g-i'/ g-g 92%
Mullite ac"/aa 31% Solid | Qi/i-i | 94% |~ oo i-g"/ g-g" 8%
i i . Protoenstatite 25%
Peritectic| Phase 21% |Sapphirine Phase 100% Eutectic Qi % |condiort Phase Sa0%
. i Crystals | Balance Balance Crystals | '/ lerte Balance
-1482°C (Point d) -1355°C (Point i) Tridymite 17%
> Peritectic ) . o < Eutectic
Primary | Phase | ., |Spinel Phase 67% Primary | oo | gge, |Protoenstatite| g-'/g-g" | 92%
Crystals | Balance Mullite Balance 33% Crystals 1T Cordierite i-g"/ g-g" 8%
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Editor’s Note

The figure on the right was incorrectly labeled in the Jan/Feb
2009 of Phase Rules. The corrected version is included here.
Updated versions of all the Phase Rules installments will be placed
on the website in the following weeks.
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Figure 3. The MgO-Al,03-SiO, ternary phase diagram highlighting the binary
compounds and invariants. Corrected from Jan/Feb 2009 issue.
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Attention UNITECR Attendees
We have been advised of an additional requirement to supplement the information in the January newsletter con-
cerning Brazilian visas for UNITECR 2009. You must make entry into Brazil within 90 days of the date of the appli-
cation approval. Therefore, you should not apply too early. Based on the October 13 date for the start of UNITECR,
you may want to mark July 15 on your calendars as the day to apply. That gives you the maximum time while meet-

ing the 90 day requirement.
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LINING DESIGN CONSIDERATIONS

Ruth Engel, Refractories Consultant, 121 Olde Farm Rd., Oxford, OH 45056

ruthengel@refractoryexpert.com

I'will start out by saying that there are many ways of approaching a
lining design and they are all correct as long as the end result fulfills
the aim requirements.

Lining design considerations generally encompass many different
parameters, only some of which are of a true refractory nature. They
can be any one of the following, but generally encompass several
competing requirements: product(s) to be made in the unit under
repair or construction, maximum acceptable heat losses, maximum
and average use temperatures, total refractory cost, speed of installa-
tion, available materials, length of time a unit will be in use before a
maintenance outage is expected, who will install the refractories and
their level of expertise, and so on. Most of these questions need to be
addressed before a refractory lining design is considered complete.

OPERATIONAL PARAMETERS

The first issue to be ascertained is the operational parameters of the
unit. If the new lining is purely a replacement of an existing one then
the refractory requirements and challenges are known. Changes to
the design will be small as they are only made to improve the overall
operation, the environment, or to incorporate new refractory installa-
tion techniques. Unless there is an area which has seen unusual wear,
design challenges are minimal.

On the other hand, if the unit represents a new installation, then
many questions need to be considered such as, is a comparable unit
in existence or is this a first of its kind, either because it is a new and
experimental process or it is a pilot unit. Even if a comparable unit
exists that will only provide an inkling of possible problem areas as
each installation has its own challenges.

Among the operational parameters that require much consideration,
as they impact refractory selection and performance, are process tem-
perature and chemical environment. Process temperature encompass-
es many subcategories. The maximum expected temperature should
be used as an overall requirement because if the refractory fails at
lower temperatures then it will not be adequate. In addition it has to
be ascertained how long the unit will be exposed to maximum tem-
perature and if there will be localized areas which will be even hotter
(I realize that this is a contradiction, but it is often encountered). The
chemical environment can alter the initial refractory properties by
modifying their thermal conductivity or lowering their melting point,
changes that can dramatically affect performance.

Engineering parameters: Often the operational parameters and
engineering parameters are discussed concurrently. By engineering
parameters I mean the physical shape, size and location of unit.
Although these issues are discussed early on, refractory knowledge-
able personnel are often not involved in this step. Once shell dimen-
sions and shape are committed to or under construction it is often too
late for optimum refractory lining design as there may not be suffi-
cient room for proper wall thickness, roof may not be able to support
the weight required or unit shape is such that it precludes an easy dry-
ing, heating or lining configuration.

Although no unit lasts forever, provisions for its repair are often
overlooked. The addition of walkways wide and strong enough for a
loaded tow motor to use, openings to remove spent refractories and
deliver new ones, and crane assists to properly place the refractories
during a repair should all be incorporated into the original design.

REFRACTORY PARAMETERS

The first and most important parameter is, of course, what will take
place in this unit. If it is melting or refining then the refractories need
to be chemically compatible and inert with respect to the melt and
slag, if it is a heating unit then the refractories need to be able to with-
stand the temperature and atmosphere, and so on. Selection of prop-
er refractories requires deciding on the properties which are most
important for success, and then determining what class of refractories
embodies them and is most compatible. Often a compromise is
required as opposing refractory properties are needed. Once the
refractory that best accommodates the differing requirements has
been selected then its proper installation method, advisability of using
insulation, available method(s) for bringing the unit to use tempera-
ture, etc. should be considered. When similar refractory properties
can be achieved using a brick, a castable or a plastic then a decision
has to be made as to which material form will result in the best lin-
ing. One of the deciding criteria should be the level of installation
expertise available, the reliability of the quality control of the manu-
facturer of the different materials, the likelihood of a controlled dry-
out/heat up, etc. Cost of installation encompassing materials, forms,
labor and dry out also need to be considered. This is also the time
when provisions for ease of subsequent repairs should be incorporat-
ed into the design.

A unit which is to be used for an experimental process requires con-
siderable imagination to design an optimum refractory lining as many
parameters are unknown or poorly understood. In this case combin-
ing the best practices observed in units which have some overlapping
characteristics with the new one should be taken into consideration,
but novel concepts will also have to be developed to address expect-
ed challenges. It is imperative to be aware of the inherent risks
involved in designing a lining for a completely new concept and one
has to be ready to make adjustments quickly as knowledge is being
developed.

There will be cases when the properties of the available refractories
are not sufficient to properly address the operational requirements. In
those cases a combination of engineering together with refractory
design will be needed to solve the problem. An example might be
temperatures exceeding the refractory’s use limit in which case water
cooling might need to be added for them to be successful.

I hope to have presented a summary of the most important issues
that should be taken into account for a lining design. Obviously, most
of these topics could be greatly expanded, but they were selected to
provide a framework to use for decision making.

If you have comments about this column or suggestions for future
topics please visit refractoryexpert.com.
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REFRACTORIES REVIEW, ALA AACHEN

COLLOQUIUM’08

Charles E. Semler, Refractories Consultant, Semler Materials Services, Chandler, AZ, CESemler@aol.com

The 51¢ Annual International
Colloquium on Refractories was
held at the Eurogress Center in
Aachen, Germany, October 15-16,
2008. 54 papers were presented by
speakers from 13 countries; the gen-
eral theme of the Colloquium was
“Refractories for Metallurgy”,
including Sessions on Steel topics,
Unshaped Refractories, Properties
of Sintering, Material
Testing/Mechanical Properties, and
Foundry. In addition to the presen-
tations, there was an exhibition with 25 booths. Most of the
papers (44%) dealt with monolithic refractories, and 41%
focused on refractories for the steel industry. Carbon-contain-
ing refractories were discussed in 17% of the papers. Selected
information from various papers presented in Aachen, and
published in the Proceedings, is briefly summarized below, to
provide a general sampling of the refractory activities around
the world.

BACKGROUND/INTRODUCTION

The Steel Institute, VDEh reported that the steel industry
started the year strong; orders were up 5% in the last quarter
2007, and 7% in the first quarter 2008; but the situation
changed as the year went along. Steel production in Germany
(1) was 12.1 mmt in the first quarter 2008, then 12.4 and 11.8
mmt in quarters two and three, respectively; the projected pro-
duction for quarter four is about 10.4 mmt. So the steel pro-
duction for the second half of the year declined 9% compared
to the first half. The projected total steel production for
Germany in 2008 is 46.68 mmt, which is 5% less than the total
production in 2007.

The German Refractory Association (GRA) reported that
their members were profiting from the strong steel market
early in the year, and even before the decline in steel produc-
tion, their margins were strongly affected by energy prices and
raw materials issues. GRA noted that the price of major raw
materials has increased 30-200%, since 2000, along with sup-
ply shortages and quality problems.

CONTINUALLY CHANGING REFRACTORY
DEMANDS FOR STEEL

The plenary lecture by J. Schleuter, SMS Demag (Germany),
provided current information about the adaptation of casting
technology to the development of higher-grade steels, and the
refractory needs related thereto. He used the CSP (thin-slab
casting) and horizontal strip casting methods to illustrate how

Charles E. Semler

the increasing market demand for high-grade steels is causing
the processes to be improved, and new processes to be devel-
oped, to meet the ever more stringent requirements for steel,
which means that the refractory demands continue to increase.
He also made the important point that the advances of steel-
makers will be doomed to failure if the refractories don’t fulfill
the stricter requirements.

REFRACTORY ACTIVITIES FOR THE STEEL
INDUSTRY

Historically the refractories industry has been successful in
continually providing new and improved products, procedures,
technology, cost reductions, and other benefits, to the steel
industry. Considering the presentations at Aachen’08 it is clear
that this historical trend still continues today.

The goal of implementing “endless life” castable linings in
ladles has not been achieved because of insufficient castable
durability, whereby the slag line still has to be lined with MgO-
C bricks. So the need remains to develop an MgO-C castable
that will work in the slag line, as well as special shapes like
nozzles, well blocks, plugs, and slide gates. Authors from
Refratechnik Steel and the Technical University at Freiberg
reported their development of an MgO-C castable (up to
10%C), based on a novel bonding system (cold-setting resin
and other graphitizable carbon). Field-testing is to be done
soon, to confirm that the promising lab results will likewise
result in good performance in actual service.

Several papers on slag practices revealed developments that
result in significant practical benefits, and cost savings. A new
synthetic flux (CMA — calcia magnesia alumina), discussed by
Kerneos, showed reduced corrosion of MgO-C brick; i.e., 25%
less than a CaF, practice and 15% less than a calcium alumi-
nate practice. Pilsen Steel, Czech Republic reported the suc-
cessful use of foamy slag practice in two 70 ton electric arc fur-
naces with two sidewall burners each. The refractory heats per
campaign increased from 106 to 217 (105%), and the quantity
of maintenance refractory decreased 72%, from 4.42 tons per
ton of crude steel to 1.22 tons. And, the furnace tapping time
was reduced from 5 hrs to 3 hrs.

G. Buchenebner, et al., RHI, reported that the modes of wear
of MgO-C bricks in steel ladles are very complex, including
interactive mechanical, thermal, and chemical effects. Because
the thermomechanical behavior of MgO-C refractories is of
crucial importance in minimizing and controlling the detrimen-
tal effects in service, it is important to know that the thermo-
mechanical behavior can be influenced by designing MgO-C
bricks with the proper microstructure. Their research showed
that the choice of proper additives (Al and alumina), for car-
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bide, nitride, and spinel formation, and the proper expansion of
MgO-C bricks could be affected throughout a ladle campaign.
This work by RHI resulted in the development of a new gener-
ation of MgO-C products.

MONOLITHIC REFRACTORY TOPICS

Given the great importance of the nozzleman to the installa-
tion rate, quality, and integrity of gunned/shotcast installa-
tions, it is important to recognize that specific training and cer-
tification could help the industry to progressively reduce the
number of installation problems, linings with shortened life,
costly lawsuits, etc. A. Zilch, DGFS (German Society for
Refractory & Chimney Construction) reported a program of
personal training, which includes a course with half practical
and half theoretical content, and exams on both the practical
and theoretical information, for qualifying and certifying peo-
ple for installation of refractory by shotcasting.

C. Paglioso, et al., Magnesita, reported the development and
successful use of a new resin-bonded MgO-C castable that
comes to the job site ready-to-use (R2U) for filling the 50-80
mm gap when a BOF converter bottom is replaced. It is
planned that this R2U castable will also be used for hot repairs
of well/plug blocks in ladles and critical wear areas in BOFs.

Refractory companies have always paid close attention to
raw materials, because they are the lifeblood of the industry.
But now there are a variety of reasons (cost, availability, qual-
ity, innovation, etc.) why raw materials are getting even more
attention. Pertinent to the increased adjustment/substitution of
raw materials in product formulations, H. Fryda, et al.,
Kerneos, discussed a new calcium aluminate binder which
helps to minimize castable setting variability when used with
fillers like silica fume and natural aggregates like bauxite and
andalusite. This new binder offers more options, and flexibil-
ity, for making formulation changes. Aggregates, which are
often considered to be inert, are not neutral with respect to
castable rheology and cement hydration.

BENEFICIAL EFFECT OF REFRACTORY
ADDITIVES

Over the decades, there are countless examples where the use
of one or more additives, in major, minor, or trace amount, has
resulted in significant improvement of a refractory, e.g. fumed
silica addition to 90% alumina, and trace additions to high-tech
castables. Several examples were reported at Aachen’08, such
as:

Aneziris, et al., ICGCM, Freiberg, reported their research to
improve the thermal shock resistance of alumina with the addi-
tion of titania and zirconia, which result in the formation of
aluminum titanate, zirconium titanate, and/or destabilization of
zirconia. These reactions result in the desirable formation of
microcracks in the alumina matrix, and the associated decrease
in Young’s modulus.

F. Golestani-Fard, Iran Univ. of Science & Technology stud-
ied the mineralizing effects of nano-boehmite (AIOOH) on
spinel formation in MgO and Alumina-MgO mixes. The
results showed that the presence of nano-boehmite, (1) pro-
moted the formation of spinel at <700°C (vs. 1000°C other-
wise, for example), and (2) retarded the formation of CAq.

Y.T. Lim, et al., POSCO, discussed the properties of high
alumina (>90%) brick, based on fused alumina, with added
fused silica and mullite. They determined that the crushing
and flexural strength, hot MOR, and thermal shock resistance
could be improved with optimum addition (not specified) of
fused silica. And likewise, the optimum addition (not speci-
fied) of mullite resulted in high strength and excellent thermal
shock resistance.

R. Kartik, et al., Tata Refractories, reported on the beneficial
effects of adding an unspecified metal (up to 2 wt.% to silica
brick composed of quartzite, lime slurry (3 wt.%), and iron
oxide (1 wt.%). Testing after drying and firing (1430°C for 35
hrs) showed that increased metal addition resulted in lower
porosity (22.5% to 18.5%), increased crushing strength (37 to
51 MPa), and lower thermal expansion because of decreased
cristobalite and increased tridymite.

DUE TO GLOBALIZATION - BUYERS
BEWARE

Today’s refractory buyers and sellers/manufacturers operate
in a global marketplace. Hence it is necessary to understand
that there is a very important need to compare the quality and
properties of refractories from different countries (which use
different test standards), to achieve the proper “apples-to-apples”
comparisons. Krause and Krebs, of Forschungsgemeinschaft
Feuerfest and Sankt Augustin, respectively, compared the test-
ing of bulk density, cold modulus of rupture (CMOR) and
crushing strength, and permanent linear change, for a medium
cement castable to determine the actual differences. Table 1
illustrates the range of CMOR results (after firing at 1200°C)
and the sample cross-section area for the test standards in
Australia, Europe, Japan, and United States.

CONCLUDING COMMENTS

Table 1, Comparison of CMOR results for test standards
in different countries.

Cold Modulus of | Sample Cross-Section
Rupiure Arca
MPa | Lhs/sg.in mm-
Australia 11.2 1624 8625
Europe-A 14.9 2161 72096
Furope-0[ 16.7 2422 3456
United States 17.7 2567 2601
Japan 209 3031 1600

Aachen’08 provided a good forum for the presentation and
discussion of practical and technical information about refractories,
along with opportunities for business and social contacts and
interaction. Further details of the information presented herein,
and the other presentations, can be found in the meeting
Proceedings, which can be obtained from
Forschungsgemeinschaft Feuerfest in Bonn, www.feuerfest-
kolloquium.de or phone — 49 (0)228 915 0845. Aachen’09 is
scheduled for September 23-24.
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A DIFFERENT PERSPECTIVE

Gary J. Bases, BRIL, inc., brilinc.@raex.com

THE ANATOMY OF A BOILER FAILURE

The power industry’s operating and maintenance practices were
held up to intense regulator and public scrutiny when on November
6, 2007, a Massachusetts power plant’s steam-generating boiler
exploded and three men died.

The Department of Public Safety’s Incident Report investigation
[www.mass.gov/Eeops/docs/dps/inf/salem_harbor_boiler 3 fail-
ure nov2007 redacted.pdf] determined that the primary cause of
the Dominion Energy New England’s Salem Harbor Generating
Station Unit 3 explosion was extensive corrosion of boiler tubes in
the division wall at the east furnace lower slope dead air space
(Figure 1). The three operators were working directly below the
furnace on a pulverizer seal air fan when the explosion occurred.
They died of burns and related complications. The boiler was oper-
ating at 1,900 psi at the time of the failure. A complete set of photos
of the failure is included in the incident report.
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Figure 1. A tube rupture on November 6, 2007, at Dominion Energy New
England’s Salem Harbor Generating Station Unit 3 caused a furnace explosion
that killed three men. Source: Commonwealth of Massachusetts, Department of
Public Safety Incident Report: Dominion Energy New England-Salem Harbor
Station Boiler #3 Failure, dated July 31, 2008.

The report concluded that when the tubes failed within the dead
air space formed by the division wall—an area normally under a
slight negative pressure—the vestibule was instantly pressurized,
causing a secondary rupture of the boiler casing around the bottom
of the furnace. Ash and 600°F steam was then released into the area
where the three workers were located (see Figure 2).

The report also summarized interviews with plant operations
staff on standard plant operating and maintenance habits. Because
the plant has operated as a cycling unit for the past ten years or so,
planned outages were so reduced in length that required mainte-
nance activities were not completed. At the time of the accident,
approximately 2,500 work orders were pending.

The report also noted that the dead air space had not been opened
or inspected in at least ten years and was full of ash at the time of
the explosion. The report concluded that the tube explosion that
blew out the outer wall of the furnace was caused by ash and water
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Figure 2. The Massachusetts Department of Public Safety’s official Incident
Report found that extensive corrosion of the boiler tubes, caused by ash captured
in the lower slope air space that had mixed with water introduced by furnace
washes, was the cause of the explosion. Source: Commonwealth of
Massachusetts, Department of Public Safety Incident Report: Dominion Energy
New England-Salem Harbor Station Boiler #3 Failure, dated July 31, 2008.

from boiler washing, coming into contact with tubes. That mixture
caused corrosion that resulted in excessive tube metal loss.

The report held the chief engineer and the outside boiler inspec-
tor directly responsible for the explosion because they failed to per-
form a comprehensive inspection as required by Massachusetts
law. In other words, the catastrophe could have been prevented if
proper inspections had been made of the entire furnace and more
than visual inspection techniques had been used. The Occupational
Safety and Health Administration since have found ten serious
safety violations at the plant, including failure to enter and inspect
the area where the tube rupture occurred.

We must not close the book on this tragedy and chalk it up to bad
luck on the part of this plant’s staff. There is much more to the
story than what is written in the Incident Report. Here is the key
question that the report failed to answer: What caused the vestibule
to fill up with flyash in the first place (see photos)?

I believe that the root cause of the accident was refractory failure
that allowed the water and ash to enter the vestibule in the first
place. A properly installed and maintained refractory surface
would have prevented the corrosion and, thus, the accident.

GOOD BOILER DESIGN PRACTICE

The report states that the boiler’s lower vestibule was full of fly-
ash and had been for a very long time. Post-accident operator inter-
views suggest the flyash may have been there as long as ten years.
Poor maintenance and inspection practices ignored this enclosed
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Figure 3. Typical vestibule behind steam drum.

Figure 4. Typical upper frontwall dead air space (note fly ash).

space. Not surprisingly, this lack of attention is common through-
out the power industry.

The boiler is a 1957 vintage 120-MW coal-fired radiant power
boiler. This was a common boiler design for virtually all utility
boilers built from the mid-1940s through the 1960s. It was not until
1964 that the membrane tube wall design was developed and
became the norm in utility boiler practice. During this time period
approximately 400 boilers of this design were built in the U.S., and
most are still in operation. All of these boilers had similar steam
capacity, tube wall construction, vestibules, and refractory/tube
wall design. Does the boiler cross-section in Figure 5 look famil-
iar to you?

These are considered flat-studded or tangential-type boilers.
They do not have membrane tube walls, but rather use either flat-
studded tubes or bare loose tubes to form the boiler and furnace
walls. To keep the fire (and flyash) inside the firebox, refractory is
applied over the outside of the tubes to form a protective, insulat-
ing wall.

Boilers of this type used either an “all-refractory design” with
refractory (1 to 2 inches thick) on the backside of the tubes or an
“inner-cased design,” which uses a thin layer of refractory applied
flush with the backside of the tubes and a 10-gauge metal casing
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Figure 5. A typical 1957 vintage one-pass boiler that is susceptible to a failure
similar to that experienced at Salem Harbor Unit 3. There are approximately 400
of these boilers in active service today. Source: BRIL inc.

installed over the refractory-backed tubes. The all-refractory
design was less costly, especially in areas such as vestibules and
enclosures, and was therefore the most commonly used design. For
this discussion, I focus on the “all-refractory design”.

In essence, the refractory must keep the fire inside the box in
order to keep the boiler operating efficiently and to prevent flyash
from penetrating or entering the vestibules in and around the boil-
er. (Please note that the following photographs were not taken at
Salem Harbor Unit 3 but at units of the same boiler design and con-
figuration.)

Figure 6. Typical refractory failure inside a lower furnace vestibule.
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The boiler designers and manufactures of these types of boilers
knew that it was very important to keep flyash out of these
vestibules because of the chemical constituents of flyash. Flyash is
a by-product of burning coal and typically contains alkalis such as
sodium and potassium that can form corrosive mixtures in the pres-
ence of water, or sulfur that can form sulfurous or sulfuric type
acids, both of which can corrode or weaken structural supports and
tubes in the presence of water. The photos below illustrate these
points in a boiler similar to Salem Harbor Unit 3’s in design and
construction.

Figure 7. Typical refractory failure inside a lower furnace vestibule.

These vestibules and enclosures are typically located under the
superheater area, above the roof tubes, under drums, around the
burner area, and below or just underneath the furnace hopper slope
tubes where the failure occurred.

Figure 10. Typical structural supports inside a lower vestibule.

POOR REFRACTORY PRACTICES

Boilers of this vintage and design use refractory on the backside
of tubes located inside vestibules and enclosures. The refractory is
approximately 1 inch thick from the face of the tube and requires
a support system. In my experience, the refractory can fail for any
number of reasons, including these:

* Poor refractory mixing and handling practices.

* Poor installation practices (including curing and drying).
 Improper water-washing techniques.

* Improper refractory attachment systems.

Figure 9. Typical pulverized coal type burner inside a windbox (note expanded
metal welded to tubes around burner).

22 March/April 2009 Refractories Applications and Néws, Volume 14, Number 2



Figure 12. Super heater vestibule (note stain on refractory wall from water wash-
ing).

The way to prevent failure is to handle, mix, and install refracto-
ry correctly and by following proper water-washing practices.

What do following proper procedures mean?
P Proper handling means:
« Storing the refractory in a dry, well-ventilated place
* Wearing air filter masks at all times during handling of indi-
vidual bags
P Proper mixing means:
» Using a paddle mixer, pan, or bucket, and never using a
cement mixer
» Knowing the percentage or range of water required for the
application the refractory is intended to be used for (i.e. trow-
el or pour)
» Knowing how long to mix the refractory (i.e. paddle mixing 3-
4 minutes, hand mixing 5 minutes)
* knowing the expiration or manufacture date of the refractory
* knowing the pot life of the refractory (time between mixing
and installing)
* Using potable (drinkable) or treated water and never river
water
» Making sure that the final mix temperature is between 50-90°F

Figure 13. Typical vestibule behind steam drum (note fly ash).

Figure 14. Typical upper frontwall dead air space (note fly ash).

* Never reuse or re-mix partially mixed refractory
P Proper installation procedures means:
* Do not over trowel the surface of the refractory
* Do not over vibrate when casting or pouring
¢ Cure the refractory for a minimum of 24 hours (cement bond-
ed refractory only)
* Protect the surface for drying or crusting over for 24 hours (all
types)
P Proper water washing procedures means:
» Avoiding areas where vestibules or enclosures are located
directly behind the waterwall tubes
* Never spray directly into the refractory so as to limit or avoid
washing away existing refractory materials

Unfortunately, my experience has also been that many plants
have an improper refractory attachment system that is by far the
most common reason for a refractory failure inside vestibules and
enclosures. A refractory attachment system will support the refrac-
tory, even during boiler expansion, regardless of how the refracto-
ry is installed. (The gunning installation method uses pressure to
force dry material from the charging chamber through a hose to the
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Figure 17. Expanded metal welded directly to tubes.

Figure 19. Expanded metal overlap is required for expansion.

point of placement; water is added at the discharge nozzle. The
trowel method requires application of refractory by hand.)

Most plants pay little or no attention to the attachment system for
holding refractory inside vestibule areas. The most common prac-
tices for holding expanded metal at power plants follow:

* No support system. The refractory will not last very long
without a support system due to the stresses associated with
boiler expansion.

* A light-gauge attachment with clips. This application uses a
thin-gauge attachment with insulation-type speed clips to
support the expanded metal. This design is better for sup-
porting ceramic module insulation applications than refrac-
tory. The thin gauge of the stud and clip does not last very
long when exposed to stresses associated with boiler expan-
sion.

*Welding directly to the tubes. This approach does not allow
enough support of the refractory because most of the refrac-
tory material is located above the expanded metal. Due to
stresses associated with boiler expansion, expanded metal
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should be placed in the middle of the refractory to give the
optimum support.

The stud and clip method. This is a good method for hold-
ing expanded metal as long as a clip is placed both under
and above the expanded metal. The clip should be a heavy-
duty speed clip (such as SN3) and large enough to cover the
diamond shape of the expanded metal openings. The prob-
lem with this system is the difficulty of keeping the expand-
ed metal the same distance from the tube face. The distance
of the expanded metal from the tube face is critical for the
success and longevity of the system.

A hex nut and threaded stud with washers. This system is a
variation of the stud and clip except that it uses hex nuts and
washers for holding the expanded metal instead of a speed
clip. This is a good method for holding expanded metal as
long as the washers are placed both under and above the
expanded metal. The heavy-duty (12-gauge minimum)
washers should be large enough to cover the diamond shape
of the expanded metal openings. The problem with this sys-
tem is the difficulty of keeping the expanded metal the same
distance from the tube face. The distance of the expanded
metal from the tube face is critical for the success and
longevity of this system.

A properly supported refractory should last ten years or more if
the refractory is installed (and dried) correctly. All of the systems
mentioned above have some drawbacks that could compromise the
strength of the refractory support system and, consequently, affect
refractory longevity.

Here is a method for holding I-inch-thick refractory over the
backside of tubes located inside a vestibule or enclosure that has
the best chance for lasting ten years or more:

1. Weld a Y-inch carbon steel hex nut face down (not on its
edge) directly to the tube face on 12-inch horizontal x 18-
inch vertical for flat areas and 12-inch x 12-inch centers on
sloped or overhead areas. The Y2-inch nut will act as a stand-
off, so the expanded metal will be located exactly in the mid-
dle of the refractory.

2. Weld 1%-inch x 9-gauge (13-gauge minimum) non-flattened
expanded metal directly to the hex nut. Using this size of
expanded metal will allow both the fines and course aggre-
gate grain to penetrate through the expanded metal. Using a
smaller size of expanded metal will cause a separation
between the fines and course grains in the refractory. That
separation reduces the strength of the refractory and will
affect its longevity.

3. The expanded metal should be overlapped by 1 inch to 3
inches in all directions. This overlapping helps locate the
expanded metal so welding is possible at all hex nut locations
and will take up the stresses associated with boiler expansion.
The expanded metal is never welded in the overlap areas.

4. Apply a medium-weight 2,000°F minimum, 45% alumina
cement-bonded refractory 1 inch over the face of tubes
through the expanded metal. It takes approximately an addi-
tional 2-inch thickness of refractory to completely cover the
expanded metal. Remember that using more refractory than
required does not give you a stronger or better refractory
application.

5. Cure the installed refractory for 24 hours by spraying/wetting
the surface of the refractory with water every two hours or by

spraying/painting the surface of the refractory with water-
based acrylic curing and sealing compound.

6. Dry the refractory during boiler start-up by raising the boiler
temperature 75°F per hour until the water/steam temperature
inside the furnace wall tubes reaches between 250°F and
400°F and hold it there for two hours. This will drive out the
mechanical water used in the mixing process from the refrac-
tory. Then take your boiler up at 75°F per hour to operating
temperature.

LOOK TO THE FUTURE

The root cause of the tragedy in Massachusetts should have been
identified as refractory failure rather than tube failure. It was the
failed refractory lining that allowed flyash and water to penetrate
into the lower furnace vestibule. The natural consequence of large
ash deposits mixed with water and packed around boiler tubes was
preventable.

The tragedy in Massachusetts would never have occurred if prop-
er boiler inspection and maintenance practices had been followed.
It is time for everyone working in or affiliated with the power
industry to do their part to make sure this kind of accident will
never happen again.

The industry can honor the memory of those lost by ensuring that
a similar accident never occurs again by:

* Ensuring that boiler outages allow sufficient time for
inspection and repair of refractory.

* Following proper procedures for handling and installing
refractory.

* Paying very close attention to the refractory support system
inside vestibules.

 Allowing enough time during boiler start-up procedures to
dry the refractory.

» Avoiding water-washing tube walls in vestibule areas.

* Regularly inspecting vestibules and dead air spaces and
quickly repairing damaged refractory.

Gary Bases (330-665-2931 or brilinc@roadrunner.com) is the
president of BRIL inc., an independent consulting firm specializ-
ing in brick, refractory, insulation, and lagging. He is also the
author of The Bril Book (a complete guide to brick, refractory,
insulation, and lagging systems) and The Bril Book II (a technical
manual that includes bril application drawings for the power gen-
erating industry).

Please send your news

items to Mary Lee at:
leemj@mst.edu
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ST. LOUIS SECTION AND THE REFRACTORY CERAMICS DIVISION
45" ANNUAL SYMPOSIUM

The St. Louis Section and the Refractory Ceramics Division of the American Ceramic Society will sponsor the 45" annual symposium on
the theme "Raw Materials" on March 25-26, 2009, held in St. Louis, Missouri at the Hilton St. Louis Airport Hotel. Co-program chairs are
Bill Headrick of Missouri Refractories Co. and Dave Tucker of CE Minerals.

Listed is a schedule of papers to be presented:

"Zirconia, Its Many Types and Uses”, John Kaniuk, Zircoa

“Non Standard-Standards for In House/Customer Quality Assurance and Usage”, Maurice Cook, Sintertec Div of BPI, Inc.

Invited Paper the 2008 Allen Award Winner “Erosion-Corrosion-Resistant Titanium Diboride Cermets for High-Temperature Process
Applications”, Chang Min Chun, ExxonMobil Research & Engineering

“Develop, Analyze, and Recycle: the Service Side of Washington Mills”, Brian Hauer, Washington Mills

“What Does a Refractory Company Want from a Raw Material Supplier?”, Dilip Jain, Kyanite Mining

“Phosphate Bonding for Phun”, George Gower, Refractory Minerals

“Refractory Raw Material Producer Challenges and the Future”, Dave Tucker, CE Minerals

“Coarse Tabular Alumina Aggregates: The Next Generation of Tabular Alumina”, Dale Zacherl, Almatis

“New Calcium Aluminate Binder for Low Cement Castables (LCC’s)”, Chuck Alt, Kerneos

“Bauxite & Brown Fused Alumina Supply in 2009”, Erin Eusner, Great Lakes Minerals

An Open Panel Discussion on Raw Materials led by Charles Semler will be held on March 26" at 10:30 am.
The 2009 Theodore J. Planje Refractories Award will be presented to James W. Stendera of Vesuvius USA on March 25" at 1:00 pm.

The pre-registration fee of $225.00 or on-site registration fee of $275.00 ($125.00 for Emeritus/Seniors and $50.00 for students) includes
the cost of your bound copy of the Symposium Technical Papers, Continental Breakfast, Lunch, Dinner, and Coffee Breaks.

Almatis, Aluchem, American Ceramic Society, BassTech International, Calucem, Inc., CE Minerals, Cilas Particle-Size, Electro
Abrasives/USEM, Kerneos, Inc., Kyanite Mining, Great Lakes Minerals, Matrix Enterprises, Orton Ceramic Foundation, Possehl Erzkontor
N.A., Refractory Minerals, Rio Tinto Alcan and Washington Mills are a partial list of Exhibitors who will be participating in the 2008
Tabletop Exposition. We still have space available so if you are interested in participating in the Table Top Expo, contact Mary
Reidmeyer at (573) 341-7519 (maryrr@mst.edu) or Patty Smith.

A block of rooms have been set aside for the evenings of March 23-26 at the Hilton (314) 426-5500. The rate is $99.00 for a single or dou-
ble. To receive the $99 rate, please refer to the St. Louis Section of the American Ceramic Society when making your reservations or you
can make your reservations online at http:/www.hilton.com/en/hi/groups/personalized/STLHIHF-ACS-20090323/index.jhtml. All reser-
vations must be received on or before March 10, 2009. For further information please contact Patty Smith at Tel: (573) 341-6265, Fax:
(573) 341-6151 or email: psmith@mst.edu.

AMERICAN CERAMIC SOCIETY
St. Louis Section
in conjunction with the
Refractory Ceramics Division

Forty-fifth Annual Symposium on Refractories

March 25-26, 2009
Hilton St. Louis Airport Hotel

Theme:

“Raw Materials”

Presenters:
Alcan, Almatis, AluChem, CE Minerals, Christy Minerals, FiberCon,
Great Lakes Minerals, Kerneos, Refractory Minerals, Sinter Tec,
Virginia Kyanite, Washington Mills, Zircoa

For more information
http://www.ceramics.org/community/divisions/refractory_ceramics/
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Buyer’s Guide

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: Refractories Applications
and News. Your company will also be listed on our website buyer’s guide at no additional cost.

ALUMINA-CALCINED

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
pormond@aluchem.com

RioTinto Alcan

Paragon Two Bldg. Ste. 220, 6150 Parkland Blvd.
Cleveland, OH 44124-4185

Tel: (440) 460-2600 Fax: (440) 460-2604
sales.aluminas@alcan.com
www.specialty-aluminas.alcan.com

ALUMINA-FUSED

C-E Minerals

901 East Eight Ave., King of Prussia, PA 19406

Tel: (610) 265-6880 Fax: (610) 337-7163
inquire@ceminerals.com www.ceminerals.com

Washington Mills Electro Minerals

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

RioTinto Alcan

Paragon Two Bldg. Ste. 220, 6150 Parkland Blvd.
Cleveland, OH 44124-4185

Tel: (440) 460-2600 Fax: (440) 460-2604
sales.aluminas@alcan.com
www.specialty-aluminas.alcan.com

ALUMINA-REACTIVE

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
pormond@aluchem.com

RioTinto Alcan

Paragon Two Bldg. Ste. 220, 6150 Parkland Blvd.
Cleveland, OH 44124-4185

Tel: (440) 460-2600 Fax: (440) 460-2604
sales.aluminas@alcan.com
www.specialty-aluminas.alcan.com

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
pormond@aluchem.com

C-E Minerals

901 East Eight Ave., King of Prussia, PA 19406

Tel: (610) 265-6880 Fax: (610) 337-7163
inquire@ceminerals.com www.ceminerals.com

RioTinto Alcan

Paragon Two Bldg. Ste. 220, 6150 Parkland Blvd.
Cleveland, OH 44124-4185

Tel: (440) 460-2600 Fax: (440) 460-2604
sales.aluminas@alcan.com
www.specialty-aluminas.alcan.com

ALUMINA-TRIHYDRATE

Almatis

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

RioTinto Alcan

Paragon Two Bldg. Ste. 220, 6150 Parkland Blvd.
Cleveland, OH 44124-4185

Tel: (440) 460-2600 Fax: (440) 460-2604
sales.aluminas@alcan.com
www.specialty-aluminas.alcan.com

BASIC BRICKS

Resco Products, Inc.

Penn Center West, Bldg. 2, Ste. 430

Pittsburgh, PA 15276

Tel: (412) 494-4491 or (800) 354-1211

Fax: (412) 494-4571

sales@rescoproducts.com  www.rescoproducts.com

BAUXITE

C-E Minerals

901 East Eight Ave., King of Prussia, PA 19406
Tel: (610) 265-6880 Fax: (610) 337-7163
inquire@ceminerals.com

www.ceminerals.com

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., Ste. B, Wurtland, KY 41144-1635
Tel: (606) 833 8383 Fax: (606) 834 1106
www.greatlakesminerals.com

BORON CARBIDE

Electro Abrasives Corp.

701 Willet Rd., Buffalo, NY 14218

Tel: (800) 284-4748 Fax: (716) 822-2858
info@electroabrasives.com

Washington Mills Electro Minerals

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

CALCIUM ALUMINATE CEMENT

Almatis

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

Kerneos Calcium Aluminates

1316 Priority Lane, Chesapeake, VA 23324
Tel: (757) 543-8832 Fax: (757) 545-8933
info@kerneos.com

USEM

600 Steel St., Aliquippa, PA 15001

Tel: (724) 857-9880 Fax: (724) 857-9916
Icurimbaba@usminerals.com

CALCIUM SILICATE INSULATION

BNZ Materials, Inc.

6901 S. Pierce St., Ste. 260, Littleton, CO 80128-7205
Tel: (724) 452-8650 Fax: (724) 452-1346
mchieppor@bnzmaterials.com

CARBON

Cancarb Ltd.

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/

CEMENT (AIR SETTING)

Resco Products, Inc.
Penn Center West, Bldg. 2, Ste. 430
Pittsburgh, PA 15276

Tel: (412) 494-4491 or (800) 354-1211
Fax: (412) 494-4571
sales@rescoproducts.com

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

CERAMIC FIBER BOARDS

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

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

CHEMICAL ADDITIVES FOR THE
REFRACTORIES INDUSTRY

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

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

ELASTIC PROPERTIES ANALYZER AND
TESTING SERVICES

Matrix Enterprises

858 Maple Lane, Waterville, OH 43566

Tel: (419) 878-0001 Fax: (419) 878-0001
info@matrix-ent.com WWwWw.matrix-ent.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

www.rescoproducts.com
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Buyer’s Guide

FIREBRICKS AND FIRECLAYS

C-E Minerals

901 East Eight Ave., King of Prussia, PA 19406

Tel: (610) 265-6880 Fax: (610) 337-7163
inquire@ceminerals.com www.ceminerals.com

Clayburn Refractories Ltd.

33765 Pine St., Abbotsford, BC, CA V28 5C1
Tel: 604-859-5288 or 604-851-4556
rdlane@clayburngroup.com

FIRECLAYS

Christy Minerals

833 Booneslick, High Hill, MO 63350

Tel: (636) 585-2214 Fax: (636) 585-2220
info@christyco.com www.christyco.com

FURNACE/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

FUSED ALUMINA

C-E Minerals

901 East Eight Ave., King of Prussia, PA 19406
Tel: (610) 265-6880 Fax: (610) 337-7163
inquire@ceminerals.com www.ceminerals.com

Great Lakes Minerals, LLC

1200 Port Rd., Ste. B, 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 MULLITE

C-E Minerals

901 East Eight Ave., King of Prussia, PA 19406

Tel: (610) 265-6880 Fax: (610) 337-7163
inquire@ceminerals.com www.ceminerals.com

USEM

600 Steel St., Aliquippa, PA 15001

Tel: (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 SILICA

C-E Minerals

901 East Eight Ave., King of Prussia, PA 19406
Tel: (610) 265-6880 Fax: (610) 337-7163
inquire@ceminerals.com www.ceminerals.com

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 SPINEL

C-E Minerals

901 East Eight Ave., King of Prussia, PA 19406

Tel: (610) 265-6880 Fax: (610) 337-7163
inquire@ceminerals.com www.ceminerals.com

USEM

600 Steel St., Aliquippa, PA 15001

Tel: (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

HIGH ALUMINA FIREBRICKS

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 PURITY MAGNESITE

AluChem, Inc.

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

INSULATING BRICKS

BNZ Materials, Inc.

6901 S. Pierce St., Ste. 260, Littleton, CO 80128-7205
Tel: (724) 452-8650 Fax: (724) 452-1346
mchieppor@bnzmaterials.com

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

KILN/FURNACE FURNITURE

N*"Degree Products

404 Laurel Ridge Rd., Hainesport, NJ 08036
Tel: (609) 518-9447 Fax: (609) 518-9445
nthdegreeproducts@Y ahoo.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

KYANITE

Kyanite Mining Corporation
Dillwyn VA 23936

Tel Sales: (434) 983-2043
info@kyanite.com

MONOLITHIC FIBER GUNNING

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

MONOLITHIC REFRACTORIES

Allied Mineral Products, Inc.

2700 Scioto Pkwy., Columbus, OH 43221

Tel: (614) 876-0244 Fax: (614) 876-0981
allied@alliedmin.com www.alliedmatrix.com

Chicago Fire Brick Div. of Allied Mineral
Products, Inc.

2700 Scioto Pkwy., Columbus, OH 43221
Tel: (614) 876-0244 Fax: (614) 876-0981
allied@alliedmin.com  www.chicagofirebrick.com

Matrix Refractories Div. of Allied Mineral
Products, Inc.

2700 Scioto Pkwy., Columbus, OH 43221
Tel: (614) 876-0244 Fax: (614) 876-0981
matrix@alliedmin.com www.alliedmatrix.com

Refractory Depot, Inc.

P.O. Box 26188, Collegeville PA 19426

Tel: (610) 308-5449 Fax: (610) 831-0766
sales@refractorydepot.com www.refractorydepot.com

MONOLITHIC REFRACTORIES-CASTABLE

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.Kyanite.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 V28 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
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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 MOULDABLE

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

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

MULLITE

Kyanite Mining Corporation
Dillwyn VA 23936

Tel Sales: (434) 983-2043
info@kyanite.com

OLIVINE

Unimin Corporation

258 Elm St., New Canaan, CT 06840

Tel: 800-243-9004 Fax: 800-243-9005
metalcaster@unimin.com www.metalcaster.com

PRE-CAST REFRACTORY SHAPES

American Precast Refractories

Division of Allied Mineral Products, Inc.

2700 Scioto Pkwy., Columbus, OH 43221

Tel: (614) 876-8416 Fax: (614) 876-0981
allied@alliedmin.com www.amprecast.com

High-Temp, Inc.

14025 N. Rivergate Blvd., Portland, OR 97203

Tel: 1 (800) 325-2492 Fax: (503) 737-0771
lesg@hightempinc.net www.hightempinc.net

Refractory Specialties, Inc.

230 W. California Ave., Sebring, OH 44672

Tel: (330) 938-2101 Fax: (330) 938-2574
sales@rsifibre.com www.rsifibre.com

TFL, Incorporated
14626 Chrisman, Houston, TX 77039
Tel: 281-590-8500 or 800-828-5002

Fax: 281-590-5342
tfl@tflhouston.com

www.rescoproducts.com

www.Kyanite.com

www.TFLHouston.com

PRECISION REFRACTORY SHAPES

Resco Products, Inc.
Penn Center West, Bldg 2, Ste. 430
Pittsburgh, PA 15276

Tel: (412) 494-4491 or (800) 354-1211
Fax: (412) 494-4571
sales@rescoproducts.com

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

PRESS TOOLING

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

www.rescoproducts.com

PRODUCT ENGINEERING/QA SERVICES

VanceCeramics101, Inc.

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

REFRACTORY ADDITIVES

Matrix Enterprises

858 Maple Lane, Waterville, OH 43566

Tel: (419) 878-0001 Fax: (419) 878-0001
info@matrix-ent.com www.matrix-ent.com

REFRACTORY AGGREGATES

C-E Minerals

901 East Eight Ave., King of Prussia, PA 19406

Tel: (610) 265-6880 Fax: (610) 337-7163
inquire@ceminerals.com www.ceminerals.com

Maryland Refractories Company

267 Salisbury Rd., Irondale, OH 43932

Tel: (330)532-9845 Fax: (330)532-3224
maryland@starband.net WWW.mrcgrog.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

REFRACTORY ANCHORS

Refractory Depot, Inc.

P.O. Box 26188, Collegeville PA 19426

Tel: (610) 308-5449 Fax: (610) 831-0766
sales@refractorydepot.com www.refractorydepot.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

REFRACTORY CERAMIC FIBER

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 BRICKWORK INSTALLATIONS

Clayburn Refractories Ltd.

33765 Pine St., Abbotsford, BC, CA V28§ 5C1
Tel: 604-859-5288 or 604-851-4556
rdlane@clayburngroup.com

REFRACTORY GUNNING INSTALLATIONS

Clayburn Refractories Ltd.

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

REFRACTORY GUNNING & SHOTCRETE
EQUIPMENT

Allentown Shotcrete Technology, Inc.
421 Schantz Rd., Allentown, PA 18104
Tel: (800) 553-3414 or (610) 398-0451
Fax: (610) 391-1934
allenb@allentownshotcrete.com
www.allentownshotcrete.com

Blastcrete Equipment Company

2505 Alexandria Rd., PO Box 1964
Anniston, AL 36202

Tel: (256) 235-2700 or 1 (800) 235-4867
Fax: (256) 236-9824

jim@blastcrete.com or tripp@blastcrete.com

REFRACTORY LANCES

High-Temp, Inc.

14025 N. Rivergate Blvd., Portland, OR 97203

Tel: 1 (800) 325-2492 Fax: (503) 737-0771
lesg@hightempinc.net www.hightempinc.net

REFRACTORY MACHINING

Refractory Machining Services

610 E. Butler Rd., Butler, PA 16002

Tel: (724) 285-7674 Fax: (724) 285-7673
refrmachserv@aol.com

REFRACTORY RECYCLING

A-TEN-C, Inc.

P.O. Box 58184, Pittsburgh, PA 15209

Tel: (412) 821-5566 Fax: (412) 821-5577
atencinci@verizon.net www.ceramicrecycling.com

J. H. Magc, Inc.

610 East Butler Rd., Butler, PA 16002

Tel: (724) 285-7222 Fax: (724) 431-0944
Sales@JHMacinc.com www.JHMacinc.com

REFRACTORY MIXERS

Anchor Manufacturing Company

2922 West 26" St., Chicago, IL 60623-4127

Tel: (773) 247-2530 Fax: (773)247-4907
anchormxrs(@aol.com www.anchormxrs.com

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/

REFRACTORY RAW MATERIALS

Unimin Corporation

258 Elm St., New Canaan, CT 06840

Tel: 800-243-9004 Fax: 800-243-9005
metalcaster@unimin.com  www.metalcaster.com

REFRACTORY SHOTCRETE INSTALLATIONS

Clayburn Refractories Ltd.

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

SILICA BRICK

Utah Refractories Corp.

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

SILICA MATERIALS

BNZ Materials, Inc.

6901 S. Pierce St., Ste. 260, Littleton CO 80128-7205
Tel: (724) 452-8650 Fax: (724) 452-1346
mchieppor@bnzmaterials.com

Unimin Corporation

258 Elm St., New Canaan, CT 06840

Tel: 800-243-9004 Fax: 800-243-9005
metalcaster@unimin.com www.metalcaster.com

SILICON CARBIDE

C-E Minerals

901 East Eight Ave., King of Prussia, PA 19406

Tel: (610) 265-6880 Fax: (610) 337-7163
inquire@ceminerals.com www.ceminerals.com

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
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SILICON CARBIDE REFRACTORY SHAPES

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

SPINEL-SINTERED

Almatis

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

STEEL FIBERS

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

TITANIA

Sachtleben Chemical Company

4826 Chatelaine Dr., Dublin, OH 43017-2169

Tel: (614) 284-9699 Fax: (614) 761-7909
vrestivo@hotmail.com www.sachtleben.com

TOLL CRUSHING & GRINDING

AluChem, Inc.

One Landy Lane. Cincinnati, OH 45215

Tel: (513) 733-8519 Fax: (513) 733-0608
pormond@aluchem.com

Christy Minerals

833 Booneslick, High Hill, MO 63350

Tel: (636) 585-2214 Fax: (636) 585-2220
info@christyco.com www.christyco.com

TOLL PROCESSING

AluChem, Inc.

One Landy Lane. Cincinnati, OH 45215

Tel: (513) 733-8519 Fax: (513) 733-0608
pormond@aluchem.com

Maryland Refractories Company

267 Salisbury Rd., Irondale, OH 43932

Tel: (330)532-9845 Fax: (330)532-3224
maryland@starband.net WWW.mrcgrog.com

VACUUM FORM 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

ZIRCON SAND & FLOUR

AluChem, Inc.

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

ZIRCONIA

‘Washington Mills Electro Minerals

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

DIRECTORY OF PRODUCTS AND SERVICES

PRODUCTS

PRODUCTS

For advertising information
please contact
Mary Lee
Refractories Applications
and News

Phone: (573) 341-6561
Fax: (573) 341-6934

leemj@mst.edu

www.ranews.info

PRODUCTS

AluChem, Inc.

One Landy Lane

Cincinnati, OH 45215

Tel: (513) 733-8519

Fax: (513) 733-0608

E-mail: pormond@aluchem.com
Website: www.aluchem.com
Alumina and specialty raw materials for the
refractory industry:

*Tabular Alumina
«Zircon Sand & Flour
*High Purity Magnesite <Toll Processing

*Calcined Alumina
*Reactive Alumina

Isey
refractories co.

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.

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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PRODUCTS PRODUCTS

PRODUCTS

MISSOURI REFRACTORIES CO. INC.
1198 Mason Circle

Pevely, MO 63070

Tel: (636) 479-7770 Fax: (636) 479-7773
E-mail: morco@refractories.net

MORED

REFRACTORIES

The Refractory Specialty Specialist

Customized mix design and manufacturing
Central USA location
Consistent products made fresh for your order

Phosphate bonds from

Refractory

M'.ner a’s Muoist Creamy Paste
Goes Right to Work
Bonds That Last R W

Makes Instant Repairs lo
Furnaces, Cracked Firebrick,

Products and Services Ceramic Fiber Parts & Insulation

* Mono-Magnesium Phosphate
Powder

* Buffered Mono-Aluminum
Phosphate Solution

* Dry blending and packaging

* Fine Grinding

Tel: 800-753-3204 Fax: 610-869-9805
150 S. Jennersville Rd.
West Grove, PA 19390
Email: info@phosphatebonds.com
Website: www.phosphatebonds.com

FREE 80 PAGE HANDBOOK

COTRONICS CORP.

718-7B8-5533 Fax 71B-788-5538
www.cotronics.com

BNZ

BNZ Materials, Inc.

BNZ Materials, Inc.

191 Front St., Zelienople, PA 16063
Tel: (724) 452-8650 or (800) 955-8650
Fax: (724) 452-1346

E-mail: mchieppor@bnzmaterials.com
Website: www.bnzmaterials.com

BNZ Materials, Inc. is a manufacturer of
premium grade insulating firebrick, refrac-
tories, insulation materials and calcium-
silicate structural insulation board prod-
ucts. Noted products include marinite,
transite HT, transite 1000 and CS-85.

VIRSINA VIRSINIA

KYANITE MIVLLITE

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.

M ALMATIS

PREMIUM ALUMINA

Afmciis,_ Inc.
501 West Park Road

Leetsdale, PA - 15056
800-643-8771

www.almatis.com
info.americas@almatis.com

Think alumina. Think Almatis.

ﬁ C:E Minerals

C-E Minerals

901 East Eight Avenue

King of Prussia, PA 19406

Tel: 610-265-6880 Fax: 610-337-7163
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.

e Mulcoa® 47, 60, 70 ¢ Teco-Sil®
* Alpha Star® * Andalusite
* Spinel * Bauxite

¢ Fused White Alumina —

* Brown Fused Alumina p IMERYS
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PRODUCTS PRODUCTS SERVICES
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Al'Green

Members of the ANH Refractories Family of Companies.

Glass: 513-947-8400 EX 169
Cement and Lime: 412-375-6771

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

Iron & Steel: 412-375-6722
Industrial Metals: 412-375-6873

400 Fairway Drive * Moon Township, PA 15108

website: www.anhrefractories.com

RESCO PRODUCTS, INC.
= Penn Center West
Building 2, Ste. 430
R ESC(y 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.

B nin g iy

Dr. Charles E. Semler

Refractories Consultant

10153 E. ElImwood Dr.

Chandler, AZ 85248

Tel: (480) 895-9830 Fax: (480) 895-9831
E-mail: cesemler@aol.com

Semler Materials Services provides varied servic-
es related to industrial refractories, based on 35
yIS. experience. Services include
inspection/troubleshooting, failure analysis,
product development, lining design review,
standard/special testing, microscopy, sonic
testing, sonic testing, quality assurance, corporate
due diligence, workshops, legal/expert assistance,
and more.

CHRISTY:
MINERALS

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.

Ads must be received by
Mar. 24" for publication in the
May/June 2009 issue.

Ads received after the 24™ will be
placed in the next issue.

RioTinto Alcan

Specialty Aluminas
Aluminas, Hydrates & Tabular

Paragon Two Bldg, Ste 220
6150 Parkland Blvd.
Cleveland, OH 44124-4185

http: //www.specialty-aluminas.alcan.com
sales.aluminas@alcan.com
Tel. (440) 460-2600

Fax (440) 460-2604
Toll Free 800-321-3864

Materials Testing & Research Center
-Offaring over 80 ASTM Standard Tasts

-Specializing in Refractory, Glass,
Whitewares and Advanced Ceramic Matenaks

Contact Lis
Phomz, 614-818-1323
E-Mail homeny@ortonceramec com
Website! www ononceramic.com

Your Full-Service Testing Authority
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I i [*R member of ACerS or the Refractory

Division? Join both today and be con-
i the prime netvworking and information

Look to VANTAGE™ and VANGUARD™ fo enhonce

the refractory properties of costable, monolithic and
sprayable systems. High purity VANGUARD silicas
increase PCE values and acid resistance. High Mg0
VANGUARD olivines strengthen with fosterite bonding,
reduce thermal expansion and improve insulating
properfies. High alumina, highly plastic VANTAGE

ball clays and kaolins add dry strength and stability
for extended service life. When you're building
refractories, look for the two that can stand the heat.

! VANTAGE
-REFRACTORIES - Vﬂ n G U n ﬂ D
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of ACECT, ASM, TMS and AT
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Manufacturers of Superior Glassmaking Refractories IJ n I n.l I ” &] rpﬂrﬂﬁ’un

North America: 800-243-9004 Fax: 800-243-9005
Email: refractoryminerals@unimi

Emhart Glass' global industry leadership gets innovative refractory workmanship
quickly to your hands, so you can get to work. Select expendables from a wide
range of compositions, with delivery from our extensive inventory often available
the same or next day.

SSANTEGE ond VANGUARD aro modemarks. AN rights

EMHARTGLASS

a BUCHER company

ASIA Singapore ® Telephone +65 6778 1466
EUROPE Cham, Switzerland ® Telephone +41 (41) 749 42 00
USA Clearwater, FL  Telephone +1 (727) 535 5502
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DOWNTIME ON A REFRACTORY INSTALLATION COMPROMISES
PRODUCTIVITY AND PROFITABILITY. THAT’S WHY THE
DURABLE AND RELIABLE ALLENTOWN MR-1T MIXER-PUMP
IS INVALUABLE TO REFRACTORY MATERIAL PRODUCERS,
CONTRACTORS AND PLANT OWNERS. OCoOMPACT AND
MANEUVERABLE, THE MR-1T EASILY NAVIGATES
THROUGH YOUR PLANT OR WAREHOUSE. ITs sMALL

WWW.ALLENTOWNSHOTEG

RETE.CO

]
€
=

FOOTPRINT ALLOWS FOR SETUP IN CONFINED SPACES
AND PROMOTES EASY STORAGE. THIS POWERFUL MODEL
1s THE RESULT oF PuTtzMEIsSTER?’S IS0 9001:2000
ENGINEERING AND MANUFACTURING CAPABILITIES AND
ALLENTOWN’S VAST INDUSTRY EXPERTISE. THE MR-1T
COMBINES PERFORMANCE, SUPPORT AND PARTS
AVAILABILITY TO MEET YOUR INSTALLATION NEEDS.

e 1-800-553-3414

M

Allentown

SHOTCRETE TECHNOLOGY


http://www.allentownshotcrete.com/MR1T
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