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My editorial for this issue is very brief,
not because I don't have a great deal to
say (anyone who knows me knows that
is very rarely the case) but because I
want to stress the importance of the edi-
torial topic.

As the refractory industry goes, so
goes advertising support for RAN.  I
thought very seriously about starting and
ending my editorial with that sentence
and not including anything in between,

but I feel like I ought not be quite so cryptic.

The tough times have hit the industry hard and everyone is
doing what they can to survive.  Many see better times within a
year but others expect a longer downturn.  Of course, cost cutting
is just part of the process that companies must go through and
who could blame anyone for reducing or eliminating their support
for RAN.  The real question that comes to mind is "Is a journal
like RAN critical to the health of the refractory industry in the
US?"  I have always used advertising support as my gauge on that
question; but then do the recent drops in advertising revenue
reflect a reduced perception in the value of RAN or is it just that
times are tough and tough decisions have to be made?

A great deal of time goes into an endeavor such as this and I
wonder if we at RAN are providing an appropriate, valuable prod-
uct to the industry.  I guess I will leave it up to the industry lead-
ers to make that call.  R AN

Jeffrey D. Smith
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REFRACTORIES RELATED MEETINGS

2009
August 29-September 2, The 30th International Thermal Conductivity Conference and the 18th 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, 52nd 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 - 11th 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 111th

Annual Meeting, David L. Lawrence Convention Center, Pittsburgh, PA.

2010

January 24-29, 34th 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. 

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

October 17-21, Materials Science & Technology 2010 Conference and Exhibition - MS&T '10 combined with the ACerS 112th

Annual Meeting, George R. Brown Convention Center, Houston, TX.

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

Send meeting announcements to Mary Lee at:

leemj@mst.edu

Announcements must be received a minimum of

four months prior to the meeting date.
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TRI SPRING MEMBERSHIP

MEETING

An energized group of TRI members
met in Ponte Vedra Beach, FL, April
29 – May 1, 2009, to discuss the diffi-
cult issues facing the refractories
industry.  

Attendees heard a number of presen-
tations from TRI officers and staff on
the state of the Institute and its priori-
ties, as well as from a number of guest

speakers.  Dina Daniele from The Graham Company provided an
informative overview of how to manage the cost of risk in a com-
pany through a close, hands-on relationship with insurance
providers.  The discussion was particularly invaluable in a time
when companies must find every possible savings while weather-
ing the economic downturn.

Two speakers discussed the state of the economy.  David
Huether, chief economist of the National Association of
Manufacturers, provided a detailed analysis of how the economic
downturn has impacted the manufacturing sector.  John Nolan,
vice president and general manager of the Structural and Rail
Division of Steel Dynamics then discussed the dismal state of the
steel industry, particularly as it has been impacted by China.

Both Huether and Nolan expect modest improvements in the
economy beginning in 2010, but suggest that the recovery will be
slow and may not reach its full potential until 2012 or beyond.

Participants also saw a rough cut of the TRI video under devel-
opment, “Taming the Flame: The Story of Refractories.”

Another positive highlight of the Spring Meeting was the award-
ing of the 2009 William T. Tredennick Award to Dr. Charles
Semler, long time industry consultant and mainstay of the refrac-
tories community.     

TRI SAFETY AWARDS

Three TRI member companies were recipients of TRI
Chairman’s Awards at the TRI Spring Meeting for reporting the
best overall company-wide safety records for 2008.  A perennial
winner, The Nock and Son Company, won in the small company
category, Allied Mineral Products took the honors for the mid-size
company category, and Unifrax Corporation came in first in the
large company category.

TRI President’s Awards were also announced for TRI member
company production facilities that operated in 2008 without a lost
work time accident.  They are:
• Allied Mineral Products, Brownsville, TX.
• ANH Refractories, Fairfield, AL; Fulton, MO, Mexico,

MO; Middletown, PA; Minerva, OH; Pryor, OK; West
Mifflin, PA; Windham, OH.

• Christy Refractories Company, Christy Refractories,
Christy Industrial Services, Christy Catalytics, St. Louis,
MO.

• LWB Refractories, Engineered Ceramics, Greenville, PA.
• Minteq International, Baton Rouge, LA; Bryan, OH; Old

Bridge, NJ.

News from The Refractories Institute www.refractoriesinstitute.org/

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

Rob Crolius

• Missouri Refractories Company, Pevely, MO.
• The Nock And Son Company, Oak Hill, OH.
• Resco Products, New Cumberland, WV; Oak Hill, OH.
• Riverside Refractories Canada, Nanticoke, Ontario.
• Thermal Ceramics, Burlington, Ontario; Canon City, CO;

Elkhart, IN; Girard, IL; Morgan Insulation, Erwin, TN.
• Unifrax Corporation, Sanborn, NY; New Carlisle, IN.
• Whetstone Technology, Cabot, PA.

POWER, PIERCE ASSUME LEADERSHIP ROLES FOR

TRI ASSOCIATE COMMITTEE

Leslie Power, Almatis, was elected chairperson of the TRI
Associates Committee at the recent membership meeting.  She
replaces Nancy Bunt of Kerneos who completed a successful two-
year term.  Mike Pierce, C-E Minerals, was elected vice chairman
to fill the vacancy created by Ms. Power moving up.  The associ-
ate chair and vice chair also serve on the TRI Board of Directors
during their terms of office on the committee.

TURNER, KANIUK RETIREMENTS 

John L. Turner has retired from Allied Mineral Products after
more than thirty-eight years of service.  A past TRI chairman and
President of UNITECR 2005 in Orlando, Turner has been a fixture
in the refractories community and will be missed.  John will con-
sult with Allied through October to complete projects and facilitate
the transition of top management responsibilities.

John Kaniuk has retired from Zircoa.  John will continue in his
role with BJR Sensors and as the current president of The
American Ceramic Society, bringing a supportive industry per-
spective to an important organization.

NEW SAFETY AND ENVIRONMENTAL MANAGER FOR

RESCO PRODUCTS

Clem Cicconi is Resco Products new Safety and Environmental
Manager.  Mr. Cicconi previously worked at United Refractories
as the Operations Manager and prior to United Refractories was at
the Timken Company.  He has an extensive background in safety,
having previously worked as the Safety Coordinator for the
Timken Company at the Canton, Ohio location. Mr. Cicconi is a
graduate of Youngstown State University with a B. S. Degree in
Business Administration.

REGULATORY

IARC Drafts Silica Monograph Revision

The International Agency for Research on Cancer (IARC) at its
meeting in France in March, approved a draft change to its mono-
graph on the carcinogenicity of crystalline silica.  In unwelcome
news, the new language, when published, eliminates the current
caveat that “inhaled” crystalline silica “from occupational sources”
is a known human carcinogen.  By eliminating the words inhaled
and from occupational sources, IARC has significantly broadened
the definition of potential exposures.  The proposed revision also
contains the sentence, “Quartz and cristobalite dust cause cancer of
the lung.”
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DESIGN AND FAILURE OF MONOLITHIC
REFRACTORY STRUCTURES – PART 2*
Greg Palmer and K. C. Tan, Palmer Technologies Pty Ltd, Australia, greg.palmer@palmertechgroup.com

INTRODUCTION

Part 1 of this paper highlighted the errors with existing refracto-
ry design methodology and a general methodology for the design
of monolithic refractory structures was presented.  In particular it
has been shown that traditional concepts or guidelines are erro-
neous, not based on engineering science and can leave open the
risk for catastrophic failure.

The fact that there are no prescriptive procedures, e.g. engineer-
ing standards, to follow means that detailed engineering analysis is
required to support a refractory lining design as this is normal engi-
neering practice when there are no Standards to follow.  Also in our
opinion the practice of simply following what may have been done
in the past, while important, cannot be considered an engineering
analysis.  While refractory lining design has posed significant engi-
neering challenges the understanding of failure mechanisms and
the availability of advanced engineering software means refractory
structure design can be supported by engineering analysis.  Until
Standards can be developed it will be necessary to undertake more
detailed engineering analysis to support the design.  The benefit in
the medium to longer term is that this will lead to improvements in
refractory lining life and the development of standards.  

Previous research [1] has shown that failure of refractory linings
due to creep rupture of the steel anchor at or near the interface
zone1 is the major failure mechanism.  This is because gravity and
thermal loads induce low stress (<10 MPa) at high temperatures.
However, the thermal strain loads on steel anchors only occur dur-
ing heat up and at low strain rates (έ) typically about 10-7 s-1.  At this
strain rate the yield stress of the anchor steel is low and depending
on the grade of steel alloy used will be <50 MPa and permanent
plastic deformation of the anchor can occur.  If residual yield stress
remained after deformation then creep rupture failure could be
expected to occur in less than 100 hours at 1000°C.  However, this
obviously does not occur in practice, as refractory linings would
catastrophically fail during heat up.  The reason is that the thermal
load (from thermal expansion) is not continually applied to the
anchor.  Once the refractory stops expanding the strain has reached
its maximum thermal strain value and the stress in the anchor will
have reached its maximum stress state which may or may not be
plastic yield.  From this point forward the anchor stress will start to
decrease due to a stress relaxation mechanism, essentially due to
creep at temperature.  This is not comparable to constant load, or
stress creep rupture strength tests, which are used to measure the
creep strength of anchor materials.  

The current approach to anchor design and spacing, which have
been developed from experience and applied “rules of thumb” are
considered inadequate and fundamentally incorrect.  This paper
discusses the analysis of failed refractory structures and the numer-
ical analysis used to predict anchor stress.  Our research has shown
that numerical analysis techniques can be used to predict and
design refractory structures.  The numerical analysis when com-
pared to real structures shows that the results are in-line with
observed failure modes.  It is also clear that non-linear numerical
analysis is required when designing refractory structures.    

This paper shows how numerical analysis should be used in the
design of refractory structures.  

CREEP RATES AND STRESS RELIEF ON
STEEL ANCHORS

Field observations have found that on some occasions steel
anchors can be displaced by large amounts, i.e. 10-20 mm, without
failure.  While it is obvious that these deformations are due to plas-
tic yielding it also means that if the stresses were continually main-
tained then the anchor would fail by creep rupture in very short
time frames.  Thus, it is safe to conclude that relaxation of axial or
bending stresses due to thermal strains must occur in steel refrac-
tory anchors during high temperature operation. 

It is also important to be aware that once the refractory stops
expanding the maximum strain has been reached and there will
also be a maximum stress regardless of the value of strain.  In a
refractory system this means the maximum stress value due to ther-
mal expansion will start to decrease due to creep at temperature,
until reaching an equilibrium residual stress (dependent on temper-
ature and creep rate).  

This creep is a relaxation process, often labeled stress relief, and
the majority of stress reduction occurs very quickly typically less
than 30 minutes at temperatures >550°C (See Figure 1).  Unlike
creep rupture strength tests are carried out at constant loads.  This
means once a refractory system is at steady state the anchor stress
will not be maintained and start to decrease due to creep.

It should be noted that depending on the temperature of operation
the anchor is exposed to; residual stresses may not be fully
removed.  However, at the lower temperatures where this occurs
the creep rate is reduced anyway.  The amount of strain consumed
by stress relief is also limited at essentially that of the elastic strain
limit at the temperature of operation (e.g. up to 0.2% or 1.0% plas-
tic strain).  As anchor materials are ductile at the expected temper-
atures of operation, this strain is readily accommodated by further
(limited) deformation of the anchor until either an equilibrium
creep rate is reached, or the residual stress is essentially zero (i.e.
the elastic residual stress has fully converted to creep deformation).

1The interface zone is that area between the hot-face and insulation layers.

*Design and Failure of Monolithic Refractory Structures – Part 1 of this article
appreared in the previous issue of this journal (Refractories Applications
&News), 14 [3] 19-26 (2009).
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This conversion of residual stresses to small permanent deforma-
tions would have little effect on the service life of the anchor, unless
the anchor was exposed to numerous thermal cycles, i.e. thermo-
mechanical fatigue (TMF).  Then the affect of accumulated creep
strain from relaxed thermal loads can reduce the creep life of an
anchor under constant loading.  Depending on the temperature, type
of alloy, cyclic strain range, and microstructure, the interaction
between constant load creep and TMF can result in a linear or highly
non-linear reduction in service life, as shown in Figure 2.  The com-

bination of any cyclic accumulation of damage and time dependent
damage (e.g. creep or corrosion) should be addressed by detailed
engineering analysis to avoid either unexpected reductions in service
life, or improper operation causing a reduced service life. 

ROOF LINING FAILURE

The failure of a refractory lined roof was investigated after the cen-
ter section of the hot-face collapsed as shown in Figure 3.

After inspection it was found that:
• The center disc hot face layer was completely missing but the

majority of the anchors (Alloy DS) were intact. 
• The remaining hot face panels (closest to the center of the

roof) had all moved away (dropped) from the insulation layer
by approximately 50 to 110 mm.

• Approximately 40% of the anchors were damaged at various
locations along the vee.

• Some of the anchors had signs of creep rupture, though had not
yet failed.

Of the 43 anchors in the center disc area four (4) had failed com-
pletely at the interface and another twelve (12) had one part of the
anchor missing or 37% of the anchors in the center zone were severe-
ly damaged.   

Two anchors were taken for metallurgical analysis and detailed as
follows: 

• Anchor center zone
(a) Service life approximately 14,000 hours 
(b) Small cracks visible near base of vee 

• Anchor outer zone 
(a) Service life approximately 7,000 hours 
(b) Small cracks visible near base of vee

One of the “as-received” refractory anchors is shown in Figure 4.
Inspection of anchors from the center of the roof revealed a large
number of obvious cracks in both arms of the anchor above the vee,
as seen in Figure 4. These were located on one side of each of the
bars, but on opposite sides, indicative of bending stresses either
spreading the arms of the anchor or twisting the arms of the anchor.
The anchor from the outer zone was noted to have a (barely visible to
the naked eye) crack above the vee. The surface of both anchors had

Figure 2. Creep-fatigue interaction design envelope, after ASME/API FFS-1 [3]. Figure 3. General view of damaged roof showing missing center panel.

Figure 1. Typical stress relief curves for an austenitic stainless steel.  Note
majority of stress relief occurs during initial exposure.  From ASM Handbook
Vol. 4 - Heat Treating [2].
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a scaly, corroded appearance, with white deposits, presumably from
the refractory material. 

The examination of the anchors from the center and outer zone
indicates that oxidation occurred.  The arms of the center anchor
were cracked because of a stress being applied to each arm, which
resulted in creep cracking.  The outer anchor having been in service
for approximately 7,000 hours did not have as extensive cracking
and the small cracks observed were adjudged oxide driven rather
than creep driven.  Some voiding, possibly creep, was observed in
the outer sample away from the surface.  The location of the voids
would suggest a tensile load would have to have been applied to the
anchor for those voids to be creep voids. 

It was concluded that the cause of the cracking in the center zone
was creep and the creep cracking was exacerbated by metallurgical
deterioration leading to intergranular oxide attack initiating cracking,
due to the presence of coarse, chromium rich, second phase precipi-
tate. 

ANALYSIS OF REFRACTORY CONCRETE
STRUCTURES 

The most prudent design method for refractory structures is by
using numerical analysis techniques with non-linear functionality.
ATENA [6], Advanced Tool for Engineering Non-linear Analysis,
has been developed to analyze reinforced concrete structures [7].
ATENA allows the user to use both linear and non-linear solutions.
The linear case can be characterized by a linear constitutive equation,
a linear geometric equation and both loading and boundary condi-
tions are conserved.  In many cases it is possible to use linear equa-
tions but the user needs to realize that linear solutions are only per-
missible in the case of small strains.  In the non-linear case where the
solution is not closed an iterative approach is required.  The analysis
is characterized by non-linear material behavior; deformations are
such that equilibrium equations must use the deformed structure
shape and where both non-linear material and geometric equations
are used.   

Refractory structures are highly non-linear due to the anchoring
system and the material characteristics with temperature, though at
low temperatures it is possible to assume, under some conditions,
those material temperature properties are relatively constant after

first firing.  ATENA is well suited for refractory structures because
it incorporates non-linear functionality and temperature dependent
material properties.  This means complex non-linear analysis can be
undertaken relatively quickly.  Refractory anchors (or steel rein-
forcement in civil concrete) are modeled as truss elements and bond
slip between the anchor and concrete can be included, which has
been shown to be critical when analyzing anchor stresses.  Thus the
use of truss elements is particularly useful in 2D analysis where an
approximation to anchor stresses can be obtained in a relatively short
period of time compared to 3D analysis.  The software also includes
solutions for non-linear material property.  This is because during
load increments the forces can be out of balance, i.e. the total load
after applying the loading increment less the internal forces at the end
of the previous increment.  In the case of linear analysis the stiffness
matrix deformation dependence is neglected.  The use of this analy-
sis technique coupled with field observations has allowed good vali-
dation of the numerical models.  

ANCHOR BONDING

When undertaking numerical modelling the concept of perfect
bonding between materials must be considered as this rarely simu-
lates reality.  This is particularly true for steel anchors in refractory
concrete.  In civil engineering, it is well known that bond slip occurs
with reinforcement steel [British Standard BS 8110 Part 1 (1997)
Clause 3.12.8.3 “Design Anchorage Bond Stress”].  Cervenka [5]
has shown that bond slip in steel reinforced structures is an important
modelling criterion.  Our analysis of refractory anchor under thermal
load shows it is equally important that anchors stresses will be unre-
alistically high, >1000 MPa, if bond slip is not applied.

Analysis shows that anchors, when confined in concrete under
thermal load, are placed in compression, which is logical.  However,
poor densification of the concrete around the anchors can result in
increased bond slip and the potential for localized bending stresses
thus the installation of refractory concrete quality is very important.

The bond between refractory anchors and the surrounding concrete
is very important for the mechanical system.  Too much slip can
result in excessive movement of the refractory lining and too little
slip can result is creep rupture failure.  Most computer codes assume
perfect bonding and it has been found that this argument is in con-
tradiction to experimental observation [5].  The numerical software
ATENA [6] allows engineers to use bond slip in the analysis or
design process and our research has shown that when undertaking
numerical analysis of refractory structures that bond slip must be
taken into consideration.  

While there is no, as yet, direct evidence that the current wavy
shape anchor, see Figure 8, impedes bond slip it does raise con-
cerns about the degree of bond slip that can occur between the
refractory concrete and the anchor particularly for materials of
very high refractoriness.  However, this needs to be balanced
against refractory shrinkage dilation in the green state.  It is
known that refractory monolith when green behaves in a plastic
manner under load at temperatures lower than that associated
with creep.  The fact that the anchors shown in Figure 4 and
Figure 5 had the vee angle reduced indicates that there has been
considerable slip between the anchor and the refractory concrete
and this is not typical as the analysis presented below shows that
the anchor when encased in the concrete will be placed in com-
pression at temperature.     

Figure 4. Center anchor as received.
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NUMERICAL ANALYSIS

Figure 6 shows a typical vessel roof composed of a steel shell,
insulation layer and the “hot face” and Figure 7 shows a typical
section with the anchor layout.  Refractory anchors are typical
“wavy vee”, see Figure 8, shaped and the length and diameter vary
according to lining thickness. 

In ATENA, the anchors are modelled as two wire rods 8 mm in
diameter.  The joint between each layer is modelled as an interface,
which considers cohesion, tension and friction.  Gravity and ther-
mal forces can be applied to each material along with refractory
concrete plastic behavior, crack softening and shrinkage.  

Figure 9 shows the results for a 1 m length of refractory roof.
The material characteristic for the concrete can be automatically
determined by using the input compressive strength of f ′cu = 70
MPa for the hot-face concrete and adjustment for density, thermal
expansion, elastic modulus and fracture energy can be made by
the user.  In this case, the hot-face density is 2200 kg/m3.  The
shell is 10 mm thick, the insulation is 100 mm thick and the hot-
face is 130 mm thick.  The refractory anchor is a standard Y

anchor diameter of 8 mm with 200 mm spacing.  Gravity load
only is applied in this model.  The insulation/hot-face and the
insulation/shell are able to debond at the interfaces which is some-
times observed in the field though the degree of adhesion to the
shell varies depending on the grade of insulation concrete used.

Figure 5. Center anchor cracks near base.

Figure 8. A typical wavy vee anchor.

Figure 6. Graphical image of half a vessel roof showing different refractory layers and general anchor arrangement. 

Figure 7. ATENA model of typical roof section showing the refractory layers and
anchors layout.
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The analysis predicts, using a refined mesh at the interface, an
anchor stress on the outer two anchors of approximately 8.8 MPa
due to gravity only load.  This level of stress is because the insula-
tion and hotface are not bonded to each other or the shell enabling
the material weight to deform the shell and thus stress the anchor.  

The same analysis was carried out for the case when a higher
grade of refractory concrete is used, which is very frequently the
case.  

Figure 10 shows the same section of refractory roof but with the
hot-face material density of 3000 kg/m3 and the concrete compres-
sive strength, f ′ cu equals 100 MPa.  The anchor diameter and spac-
ing remain the same, i.e. 8 mm diameter and 200 mm.  Again, there
is no thermal load applied.  In this case, the anchor stress on the
same anchor stem has increased to approximately 10.7 MPa for
gravity only load.  The same anchor stress increases for the same
reason as described above.  The same anchor stress increases due
to the same reasons as previously described.  

At ambient temperature, these axial stresses would be of little
concern.  However, given that the total stress on an anchor is the
sum of gravity and thermal stress,

σ total = σ gravity + σ thermal

then unless the thermal load changes the stress distribution then an
Inconel 601 anchor with a stress of 10.7 MPa will fail under creep
rupture in approximately 1700 hours and an Alloy DS anchor will
fail under creep rupture in approximately 1000 hours at a temper-
ature of approximately 980°C.

Further analysis shows it may be possible to reduce the stress on
the anchors by increasing the anchor diameter but analysis shows

Figure 9. Close-up of ATENA model for a typical 1 m section of the refractory lining, density 2200 kg/m3 with anchor diameter of 8 mm, showing displacements and
anchor stresses due to gravity load (upside down).

that for a dense material of 3000 kg/m3 the anchor diameter would
have to be increased to more than 20 mm.  This is impractical from
an application and economic perspective.  The stress could also be
reduced by increasing the number of anchors per m2 but it is not
possible to reduce the spacing much less the 200 mm center to cen-
ter without significantly increasing the risk of voids and lamina-
tions in the concrete during installation. Also it will not reduce the
bending stress on the outer lying anchors.

A gravity and thermal load case similar to the dimensions used
above was carried out.  The shell thickness has been reduced to 6 mm,
the insulation layer is 110 mm and the hot-face is 130 mm thick.  An
interface is included between the hotface and insulation and between
the shell and insulation layers, which debonds due to the thermal load.
The anchor diameter is 10 mm with bond slip applied.  The thermal
load applied is 154°C at the shell and 1093°C at the hot-face.  Figure

11 shows the results for the gravity and thermal load case for a 2D
axi-symmetric 1.0 m long roof section allowed to freely expand.   

The analysis shows the anchor stress profile for the applied gravity
and thermal loads.  When temperature and gravity load are considered
the anchor stress at the left hand side is approximately 8.8 MPa at the
interface.  An Inconel 601 anchor at 980°C with an axial stress of this
magnitude will fail due to creep rupture in <4400 hours.  The fact that
one anchor arm is preferentially stressed is often encountered in the
field.  

Figure 12 is of failed anchors on a vertical wall and shows a num-
ber of anchors with one anchor arm broken.  The anchors were fabri-
cated from Alloy DS and they had failed in less than 10,000 hours.
This failure pattern is in line with that predicted by the numerical
modelling.    
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Figure 11. 2D axi-symmetric model of typical 1 m section of the refractory lining showing temperature and anchor stresses due to gravity and temperature.  Material
density 3000 kg/m3 and anchor diameter 10 mm. 

Figure 10. Close-up ATENA model of typical 1 m section of the refractory lining showing displacements and anchor stresses due to gravity load.  Material density
3000 kg/m3 and anchor diameter 8 mm.
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slip has been applied to the anchors in accordance with CEB-FIP
model code, 1990.  The anchor was modelled as a cold drawn wire
in confined concrete with a poor bond quality.  The thermal
boundary conditions were 95°C at the shell and 980°C at the hot-
face.  The shell has springs on each side and the insulation and
hot-face are allowed to freely expand.  There is a contact interface
between the insulation and hot-face layers but not at the shell insu-
lation interface nor between the shell and insulation. Figure 14

shows the temperature profile of the anchors and of the interface
plane.

Figure 12. View of failed anchors (10 mm diameter) showing one stem of the vee
missing.

Figure 13 a and b. - 3D roof model showing mesh and anchor orientation. Model
has free expansion of hot-face and insulation layers, shell with spring restraint.

Figure 14. 3D model 1 m x 1 m showing deformed shape and temperature profile.

Clearly the 2D model does not allow for variations in the anchor
orientation as most anchor patterns position the anchor at 90° to
each other.  To account for this a 3D model was carried out.  

The 3D analysis model is shown in Figure 13.  The model has
hexahedra mesh elements and the anchors are orientated 90° to
each other and spaced at 200 mm center to center.  The hot-face
is 130 mm thick and the insulation is 100 mm thick.  The anchors
are 10 mm diameter and the section is 1 m x 1 m in length.  Bond

The maximum anchor stresses are shown in Figure 15.  

The analysis shows the tensile stress along the perimeter anchors,
in particular those with the vee at right angles, of the panel edge,
varies from 30 to 160 MPa at the interface zone.  Thus, some sec-
tions of the anchor will be at the plastic yield stress which means
some small sections of the anchor will permanently deform. The
refractory anchor encased in hot-face is in axial compression of
approximately 160 MPa which is due to the thermal expansion of
the anchor and the refractory concrete.  The stress at the anchor
base, at or near the shell, varies from -20 to -100 MPa (compres-
sion).  The temperature of the anchors at the interface is predicted
to be approximately 850ºC.

At this temperature, the predicted anchor life for different alloys
at 850°C and 9.95 MPa is: 

The analysis shows that ATENA can be used to predict refracto-
ry anchor stresses and the results from our research are in line with
plant observations.  
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The effect of defects was studied by including a void in the model
around the base of one of the anchor vees as shown in Figure 19.  The
model has both thermal and gravity load applied.  The temperature is
incrementally increased by 1.8°C per step until 1000°C then held for
another 300 steps to achieve steady state.  The anchor base is 20 mm
diameter and the anchor vee is 10 mm diameter.  The analysis shows
the effects of thermal load on anchor stress as the temperature of the
structure increases to a point where the hotface fracture energy (Gf)
is exceeded and small crack develops in the hotface.  The analysis

Figure 18. Defect in the hotface around the anchor locations.

Figure 16. ATENA model of roof section with 10 mm diameter anchors at 200
mm spacing.

Figure 17. ATENA model of roof section with 10 mm diameter anchors at 250
mm spacing.

Figure 15. 3D model showing deformed shape and maximum axial stress in
anchors.

It is also concluded that it is possible to validate numerical models
by plant observations though careful observation and interrogation of
the refractory condition is required.  

ANCHOR STRESS DUE TO CHANGING
ANCHOR SPACING

One common question often encountered is the spacing of anchors
from the edge of a panel.  

A 1 m section of a typical roof was modelled in 2D with anchor
spacing of 200 mm and 250 mm.  The model material thicknesses are
6 mm shell, 100 mm insulation and 130 mm hotface.  The anchor vee
is 10 mm diameter cold drawn wire and the anchor base is 20 mm
diameter cold drawn wire both with poor bond slip.  Figure 16 and
Figure 17 shows the gravity only result for a 1 m roof section with
anchor spacing of 200 mm and 250 mm spacing, respectively.  In this
case, the insulation is bonded to the shell.  

The analysis shows the inner arm of the outer lying anchors have a
maximum tensile stress of 1.64 MPa and 2 MPa for the 200 m and
250 mm spacing, respectively.  Further analysis found that if the insu-
lation is not bonded to the shell, which may occur, then the stress on
the outer anchor arms would increase to approximately 3.3 MPa and
4 MPa for the 200 mm and 250 mm spacing, respectively.

DEFECTS AROUND ANCHORS

One of the most common defects found in refractory concrete are
“honeycombs” or voids around anchors.  In a typical concrete struc-
ture, the presence of any void or honeycomb will cause a weak point
where structure failure is likely to occur (See Figure 18).  

In a refractory structure, cracks through the hotface can also cause
a passage for the process gas to penetrate and attack the steel, which
will accelerate corrosion and anchor failure.  The other problem that
could occur is a crack through the hotface, which crosses an anchor,
can increasing the bending stress due to both gravity (a shift in the
center of gravity) and thermal load.  
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shows that as the hotface cracks propagate across the middle anchor
vee then the anchor stress at those location increases, due to bending. 

Figure 20 shows the gravity load anchor stress at ambient tem-
perature.  The anchor stress in the truss elements varies from
approximately 0.5 MPa at the void to 2.56 MPa at the extremi-
ties of the panel.

As the thermal load is increased, the anchor stress in the defect
void also increases.  At step 400, the hotface surface temperature
is 800°C and the calculated anchor stress on one arm is approx-
imately 90 MPa at the void.  The anchor stress at the extremities
of the panel also increases (See Figure 21).  

As the hotface temperature is increased to 1000°C at step 600
a crack starts to form near the center of the hotface panel as
shown in Figure 22.  At this stage, the stress in the outer most
anchor has increased due to bending and the stress in one of the
middle anchor arms has increased slightly to approximately 8
MPa.  The anchor stress in the void has decreased from approx-
imately 90 MPa to approximately 21 MPa (See Figure 22).   

As the crack continues to propagate during the temperature
transients (i.e. the refractory lining temperature increases to
reach steady state) the anchor stress decreases at the void but
increases in the anchor, which is in the crack path.  This anchor

stress increase is due to an increase in the bending of the hotface
panel.  When the hotface is not cracked, it resists the thermal
bending induced by the insulation layer but with a crack that
crosses an anchor the stress in that anchor is seen to increase. 

Figure 20. Defect roof model step 1 anchor max. principal stress at ambient tem-
perature.

Figure 22. Defect roof model step 600 showing crack propagation and anchor
max. principal stress at void, hotface temperature 1000°C.

Figure 21. Defect roof model step 400 anchor max. principal stress at void, hot-
face temperature 800°C. 

Figure 19. ATENA roof model with void defect around one anchor at the interface.
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pounds through refractory concrete is near impossible as con-
centration gradients will drive these compounds into the refrac-
tory (Le Chatelier’s principle).  However, densification during
sintering will assist in closing some pores.  In one example, see
Figure 26, a sample of 1600 grade hotface was sectioned and
inspected microscopically.  The observations are summarized as
follows:

The analysis shows that defects in the refractory concrete can result
in increased anchor stress at that location and defects as in voids
around anchors can result in cracks at those locations.  The analysis
also shows that cracks that propagate across an anchor can increase
the anchor stress at that point.  Thus, it is concluded that the installa-
tion of refractory concrete requires the utmost care and defects, par-
ticularly in the hotface, need to be avoided.  

ENCAPSULATION DESIGN

The corrosion of refractory, anchors and the steel shell poses addi-
tional problems when trying to improve refractory longevity.  This is
especially so in processes like cement kilns which have high alkali
(chlorides or sulphates) feed materials.  Chlorides at temperature can
be particularly aggressive to refractory anchor steel with metal
wastage being greater than 50% in less than 12 months and sulphates
can be aggressive to both the refractory and shell steel causing accel-
erated metal thickness loss and refractory spalling.  One concept has
been to encapsulate the refractory insulation in the hotface to try to
reduce corrosion of the anchor and steel shell [7].  

The principle of the encapsulation design is to try to prevent corro-
sive gases and alkali vapors, e.g. NOx, H2O(vap), SO2 and Cl-, tracking
through expansion joints or cracks and along the interface between
the insulation and hotface.  The elimination of gas tracking is report-
edly achieved by wrapping the hotface at the corner of a panel to the
shell as shown in Figure 24 and Figure 25.

However, part of the theory leading to encapsulation design
appears to be based on the premise that process gases can track
between the hotface and insulation layers causing anchor corro-
sion and failure.  However, our research has shown there is no
scientific evidence to support the gas tracking at the interface
theory.  If gas tracking does occur then corrosion of the metal
anchor by the process gas is rapid and anchor failure can be
expected to occur within months.  In addition, numerical analy-
sis using ATENA shows that the hotface and insulation can sep-
arate by 0.5 mm towards the center of a panel and approximate-
ly 1 mm at the edge of a panel.        

Thus our experience is that diffusion of chloride and sulphate
ions through the refractory concrete is dominated by a mass
transfer mechanism, particularly when there is a network of
open pores left from the polypropylene fiber used to control
steam spalling.  Controlling diffusion of these elements or com-

Figure 24. Gas tight capsulated monolithic lining design according to Baatz [7].

Figure 25. Cross section of encapsulation design.

Figure 23. Defect roof model step 800 showing crack propagation and anchor
max. principal stress at void, hotface temperature at steady state of 1000°C.
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Figure 28. Final steady state temperature profile at step 900, hotface temperature
of 1057°C.

Figure 26. Sample of 1600 grade refractory from a cement kiln showing band of
K2SO4 (yellow) and crack just above the diffusion line.

Figure 27. Variation in K2O% with thickness in refractory hotface sample.

The sample shows two distinct zones and the area closest
to the hot face was grey in colour.  The upper zone (hot
face) was diffusely micro-cracked with zones of spalling.  The
aggregate had changed colour from a cream to grey.  After
washing, the sample a yellow zone appeared near the diffusion
boundary.  This was interpreted as K2SO4. 

The lower zone (cold face) was white in colour and the aggregates
were cream to fawn in colour. The body of this zone appeared sound
(as new) with no visible cracking or spalling.   

A plot of the percentage K2O through the refractory sample is
shown in Figure 27.  This figure shows that the concentration of
K2SO4 decreases the further the distance from the hotface.  

The chemical analysis found the refractory has been impregnated
with K2SO4 and mineralogical analysis has identified feldspathic
minerals - kaliophilite, nepheline and lucite in the samples.  These
minerals are expansive in nature and can increase the original volume

by 45%, which is in line with Baatz [7].  Site observations have found
that the refractory concrete spalls (bursts) in thin small sheets.  The
best solution to solve this problem appears to be careful selection of
the refractory material, which is less susceptible to corrosion by sul-
phates.  

The encapsulation design, as shown in Figure 25, was analyzed
with ATENA to evaluate the anchor stresses.  The model has both
thermal and gravity load applied.  The temperature is incrementally
increased by 1.8°C per step until 1057°C then held for another 300
steps to achieve steady state.  The anchor base is 20 mm diameter and
the anchor vee is 10 mm diameter with a poor bond slip applied.  The
vertical interface between the insulation and hotface has bonding,
cohesion and friction applied.  The density of the hotface was 2300
kg/m3. The final steady state temperature profile is shown in
Figure 28.

The numerical analysis shows that the anchor stresses remain very
low, less than 0.5 MPa, during all stages of the heating process.  The
low anchor stress is due to the support and friction that exists between
the two layers and the fact that the returns at each end of a panel will
help support the gravity load.  

However, that analysis does show that fine cracks parallel to the
hotface surface (<0.3 mm) can occur during the heating process due
to the thermal gradient.  

CONCLUSIONS 

It has been shown that the current approach to refractory structure
design, which has been developed from experience and applied “rules
of thumb” while important, is inadequate in today’s environment
where designers are legally required to support their design.    

Until the development of international standards for the design of
refractory structures it means there is an obligation for engineers to
carry out detailed engineering calculations.  It has also been shown
that traditional concepts and guidelines are grossly inaccurate and can
result in unpredictable refractory failure.

Advanced engineering analysis of refractory structures can be car-
ried out and the structure’s behavior can be predicted.  However, the
paucity of engineering data on refractory material at temperature
means material testing needs to be carried out.  In comparison mate-
rial property data for steel alloys used in refractory anchors is well
understood and available from manufacturers.    

In Australia the material properties available are generally: cold
compressive strength, modulus of rupture, thermal conductivity, per-
manent linear change and abrasion index after firing to a specified
temperature.  Properties such as elastic modulus, tensile strength and
fracture energy over a temperature range are very difficult to find.  It
is also realized that having to test materials to provide this data is
expensive.  However, when these advanced material properties are
not available ATENA software assumes default values based on
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CEB-FIP model code 1990 formulas and their temperature depend-
ence based on Eurocode 2 for fire analysis (EN 1992-1-2) for con-
crete or it is possible to calculate these parameters from a 3-point
bend or compression tests by simulating the test results in ATENA.      

One of the major failure mechanisms of dual layer refractory struc-
tures is due to creep rupture of the anchor at high temperature.  It has
also been shown that numerical analysis is required when designing
refractory structures due to temperature material properties.  

Analysis of a refractory structure shows that changing the anchor
spacing from 200 mm to 250 mm under gravity load will
increase/decrease anchor stress by approximately 22% under ideal
conditions.  More importantly it has been found that defect in the
refractory concrete hotface will introduce weak points into the struc-
ture and increase the likelihood of cracking.  Cracking of the hotface
can lead to a passage for the process gas to penetrate and attack the
steel, which will accelerate corrosion and anchor failure.  In addition,
cracks in the hotface, which crosses an anchor, can increase the bend-
ing stress on an anchor due to both gravity (a shift in the center of
gravity) and thermal load.  

It was found that the encapsulation design for walls could lower
anchor stresses due to the panel returns at each end.  However, this
relies on the corners of a panel not cracking.  In the overhead position
the corner returns do not support the hotface and anchor gravity loads
are not reduced.  In addition, it is not clear if this design is any better
than a standard straight panel shape.  

On the subject of corrosive gases, we are of the opinion that encap-
sulation offers little advantage as ions like chlorides and sulphates
have been found to diffuse through the refractory concrete. 

Our research has shown that numerical analysis techniques are
required for refractory design.  We have also shown that numerical
analysis can allow quick efficient analysis of refractory structures
particularly when it comes to consideration of anchor type and spac-
ing.  
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Company Profile . . .

UNIMIN CORPORATION

YOUR PARTNER IN REFRACTORY
INNOVATION

Chris Karr, Market Director, Refractory and Metallurgical Products, ckarr@unimin.com

Refractory selection is more than physical properties and deliv-
ered costs.  It represents your selection of a technical partner in
the shared pursuit of quality, productivity and environmental
objectives.

Unimin Corporation is North America’s largest producer of
industrial quartz, olivine, nepheline syenite and microcrystalline
silica, and a major supplier of feldspar, clays and kaolin, lime
and limestone. International in its scope of operations, Unimin
has established the quality and service standards in the many
global industries it serves. A major market category served is
refractory, where the company’s industrial minerals provide high
temperature performance in metal casting applications. By
bringing together superior deposits, experienced technical man-
agers, and process innovation in a single integrated system, the
industry has easier access to refractory solutions. In North
America, these products include VANGUARD® mineral refrac-
tory sands, flour and aggregates, VANTAGE® fireclay and
kaolin binders and THERMTECH™ engineered basic refracto-
ries. 

Personnel who represent the company’s refractory portfolio
come from diverse, and often multi-disciplined, backgrounds.
Their expertise is applications oriented with special emphasis on
function and performance in customer applications. With knowl-
edge of our customer’s objectives and continuous feedback from
customer operations, our goal is to optimize our refractory prod-
uct performance.

Unimin also operates research and development facilities in
support of its refractory product line. Through programs of fun-
damental research and application-based product development
the company is able to respond to evolving industry require-
ments. Initiatives reflect current commercial challenges and
ongoing “green” compliance objectives; including projects
designed to increase productivity, reduce cost, minimize emis-
sions and eliminate wastes.  By actively listening to our cus-
tomers, and through continuous improvement and reinvestment,
our objective is to supply proven refractory solutions.

The THERMTECH™ portfolio of engineered basic refractory
shapes and monolithics is an example of customer-oriented prob-
lem solving. THERMTECH™ tundish refractory mixes include
gunning, slurry and sprayable systems for both hot and cold
tundish practices. With superior insulating properties,
THERMTECH™ working linings are an integral part of steel pro-
duction economics. Its forsterite bonding effectively resists thermal
load and erosion from molten steel alloys to extend the lifetime of
working linings and protect costly permanent linings.

THERMTECH™ tundish linings are distinguished by their very
low consumption per ton of liquid steel cast, extended cycle
times before re-lining and prolonged safety lining life.  All
THERMTECH™ tundish systems produce a smooth surface to
minimize reactivity, spalling and erosion at the metal interface.

THERMTECH™ EASYSET™. Figure 1 is a cold setting
tundish working liner designed to eliminate VOC emissions for
a cleaner and safer workplace. An evolution of customer orient-
ed problem solving, EASYSET™ is a versatile system, adapt-
able to the entire range of steel alloy systems and suitable for
either cold or hot tundish practices. Supplied as a dry mix,
EASYSET™ is activated on site with an inorganic environmen-
tally friendly binder and hardener system using conventional
equipment. Placed between the safety lining and a steel mandrel,
EASYSET™ cures rapidly without an external heat source and
without VOC emissions. Residual heat from the safety lining
accelerates the process allowing mandrel removal within 10
minutes and because EASYSET™ does not use water there is no
need for time consuming drying or preheating steps. The fin-
ished lining is smooth, fine grained and of low surface area to
resist erosion.

THERMTECH™ EBT, Figure 2, offers steel producers a
unique ability to achieve a controlled sintering in eccentric bot-
tom taping EAF furnaces. An engineered balance of coarse and
fine-grained particles, THERMTECH™ will improve the free-
opening performance rate.  Finer grain sizes in contact with the
molten metal sinter quickly to form a reliable refractory plug
required for ferrostatic loading. The coarser granules form a
dense stratum that supports the thinner, sintered layer until the
heat is tapped.

THERMTECH™ ALUBRICK™, Figures 3 and 4, cathode barri-
er brick is designed to increase productivity and performance in
Prebake and Søderberg electrolysis cells. ALUBRICK™ thermal
conductivity is equivalent to fireclay, but its higher heat capacity and
greater bulk density can absorb 40 – 50% more excess cell heat. The
benefit is a more uniform bath temperature, an increased current effi-
ciency and a reduced cathode voltage drop. Production can be
increased with greater amperage while still maintaining critical ther-
mal balance. ALUBRICK™ is also more resistant to cryolite attack
and remains dimensionally stable throughout its lifetime.  In some
installations a thin layer of OLIBAR™ is applied on top of
ALUBRICK™ for leveling and height adjustment. (Figure 5)

The foundation of every THERMTECH™ product is VAN-
GUARD®, a natural hard rock mineral composed of forsterite, mag-
nesium orthosilicate, Mg2SiO4, and fayalite, iron orthosilicate,

mailto:ckarr@unimin.com
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Fe2SiO4. It achieves a high refractory value of 1750ºC due to its
effective oxide content of approximately 49% MgO, 42% SiO2

and 7% Fe2O3.  VANGUARD® finds application over the entire
range of fired and chemically bonded basic refractory shapes,
sprayable and ramming mixes, slurry systems, castables, dry
vibratable mixes and mortars. VANGUARD® additions will
help resist chemical attack, increase impact strength and thermal
stability and improve insulating properties. Highly resistant to
neutral and basic chemistry slags, and non-reactive with most
molten metals, VANGUARD® is an excellent refractory aggre-
gate in primary metals production.

VANGUARD® thermal conductivity is lower than comparable
basic refractory raw materials such as dead burned magnesite or
dolomite. This property makes it an ideal component in tundish
working lining insulating mixes for continuous steel casting.
When formulated with an excess of MgO, VANGUARD® will
develop forsterite bonding in the refractory matrix. These two
materials work synergistically to resist hot pressing and to main-
tain lower temperatures at the working lining - safety lining
interface to extend service life by maximizing resistance to ero-
sion and chemical attack. 

VANGUARD® thermal expansion is low and uniform over its
entire use temperature range because it does not undergo a phase
change or crystallographic inversion nor does it require calcina-
tion prior to use. With the combination of low thermal expan-
sion, high heat capacity, high refractoriness and particulateFigure 2. Schematic of Eccentric Bottom Tapping Electric

Steelmaking furnace with EBT tap hole filler aggregates.

Figure 1. Installing a new  EASYSET™ low VOC tundish working lining.
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Figure 4. Relining an aluminum reduction cell with large format ALUBRICK™.

Figure 3. Setting of large format ALUBRICK™ on kiln cars for firing.
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strength VANGUARD® sands and aggregates deliver substan-
tial refractory performance in loose fill applications such as
unbonded ferro-alloy casting beds, aggregates for lining soaking
pits and media for fluidized bed bio-incinerators. In these applica-
tions VANGUARD® is noted for its low attrition rate, energy effi-
ciency and general non-reactivity with molten metals, alkali impu-
rities and slags. 

VANGUARD® and THERMTECHTM

Two Names that can stand the HeatSM

Unimin Corporation

Tel: 800-243-9004  Fax: 800-243-9005

E-mail: Refractoryminerals@Unimin.com

www.metalcaster.com
®™ VANGUARD and VANTAGE are registered trademarks;

THERMTECH, EASYSET, OLIBAR and ALUBRICK are trademarks.
All rights reserved.

R AN

Figure 5. THERMTECH™ OLIBAR™ leveling compound over ALUBRICK™
cathode barrier bricks.

Free Openings, 
as Easy as
Popping a Cork

ENGINEERED OLIVINE EBT AGGREGATES

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

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

E-mail: metalcaster@unimin.com

Worldwide: www.metalcaster.com

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

®

mailto:Refractoryminerals@Unimin.com
http://www.metalcaster.com
mailto:metalcaster@unimin.com
http://www.metalcaster.com
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R2U CASTABLES: A NOVEL PLACING
TECHNIQUE FOR BOF REMOVABLE BOTTOM
C. Pagliosa, L. Tonelli, N. Freire, V. Tofanelli and V. C. Pandolfelli*, pagliosa@magnesita.com.br
MAGNESITA, Contagem, Brazil, Av. Cardeal Eugênio Pacelli, 815 – 32210-190 – Contagem-MG-Brazil

*Federal University of São Carlos (UFSCar), São Carlos, Brazil, Materials Engineering Department - GEMM

ABSTRACT

In the steel industry, two typical BOF vessel designs are currently
used despite the diversity of the production process: vessels with
removable and fixed bottoms. Those with removable ones show
severe wearing mainly of the bricks located around the tuyeres.
Therefore, in order to keep the bottom blowing process working
throughout the BOF campaign, the refractory bricks should be
replaced. After new bottom replacement, the gap between bricks
must be filled to assure that the vessel will end the campaign safely.
Some steel shops present problems in installing monolithic refracto-
ries due to the difficult access to this region. As a result, bottom shell
heating and/or metal infiltration are common problems which could
prematurely halt the campaign.

A novel R2U (ready-to-use) MgO resin bonded castable was devel-
oped for application for BOF removable bottoms. The castable is
delivered to the customers with all liquid incorporated only to be
installed by a refractory castable double piston pump. All mixing pro-
cedures are carried out at the refractory producer, saving time and
making pumping installation easy to be performed. The R2U castable
is pumped from the bottom to the top of the converter. This new tech-
nology assures that all voids will be completely filled without any
temperature restrictions. Field installations are performed as a routine
procedure in an MPR-L converter in any remaining brick layer and
temperature, with the same performance. An MPR-L converter is
ready to resume operation in half the time than the usual installation
procedure, with safety and reliability. 

This paper reports the development of this novel self flow R2U
MgO castable for installation in BOF removable bottoms. Product
properties, field installation trials and performance are presented in
order to highlight this novel technology.

INTRODUCTION

For each vessel, a typical wearing pattern of the refractory lining is
related to a particular BOF operational method. The target is to match
the different refractory quality bricks in order to present homogenous
wearing, decreasing the refractory costs. Bottom blowing vessels
show a very typical wearing area caused by turbulent flow pattern [1].
In some BOF processes, the service life of the bottom is not the same
as the remaining area of the vessel. Therefore, a removable BOF bot-
tom is used as a solution for increasing the campaign life.

The original version of the Metal Process Refining (MPR) convert-
er has now evolved to the MPR-L process in which oxygen is top-
blown and inert gas is injected through the porous elements in the
bottom [2]. Figure 1 shows a schematic view of an MPR-L convert-
er used for stainless steel.

Figure 1. Schematic drawing of a MPR-L converter.

Each time the MPR-L bottom is changed, a gap between the new
and used lining must be filled. Gaps can vary from 50 to 80 mm in a
75 t vessel, according to the wearing pattern. Plastic mortars or dry
gunning mixes can not be installed due to the difficult access of the
placing equipment inside the converter. As the converter must be
kept in a vertical position, the only access is through its mouth.

Throwing type hot casting mix based on basic aggregates and
organic binders can be used. The refractory composition is thrown
into the vessel by a scrap shooter. Afterwards, the refractory is soft-
ened by the heat of the furnace, and it flows and hardens [3]. Usually
the repairing time is longer than gunning and it is very hard to assure
that all gaps will be completely filled.  Bottom shell heating and/or
metal infiltrations are common problems which could prematurely
halt the campaign.

A R2U MgO resin bonded castable was developed for a bottom
exchanging converter to replace a throwing type hot casting mix,
assuring safety and reliability for the converter operation. The devel-
opment of this novel product and field trials will be discussed in this
paper. 

R2U MgO CASTABLE DEVELOPMENT

This novel generation castable has been designed to be delivered to
the customer as a R2U product and is applied by self flowing, pump-
ing or shotcreting. All liquid is already incorporated into the mix in
the refractory producer. No segregation is observed during storing
and transportation due to grain size distribution and matrix viscosity
[4].

A new challenge had to be overcome in the conception of this novel
R2U castable. Long distance, vertical pumping and also very small
gaps to be filled requires a minimum self flow index level of 90%.
Taylor made matrix engineering was conceived to keep its original

mailto:pagliosa@magnesita.com.br
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properties after 30 days. Sintered magnesia aggregates were used in
all ranges to fit an Andreasen grain size distribution. Metallic addi-
tives and submicron MgO particles were incorporated and dispersed
by a special additive for non-aqueous media. Phenolic resin was
selected as the main binder due to various advantages:

• Low polluting organic binder
• Full compatibility with antioxidant additives
• Generation of carbon bonds after heat soaking
• Easy handling and pouring into the mix
• Phosphorous free binder required for MPR-L converter

Figure 2 shows the cross sections of the basic castable before and
after the MRP-L campaign trial. The brick size sample was attained
by self flowing as a quality control.  A small sample was placed by
pumping and withdrawn after the first trial. No significant differences
were observed among the samples.

Table 1 shows the chemical and physical properties of the throw-
ing hot casting mix and the novel R2U castable.

The chemical composition shows almost identical contents for the
main oxides. Additionally, physical properties are similar for both
materials after curing and coking. Improvements in the cold mechan-
ical properties for the MgO castable resulted from better grain size
distribution, additives and the resin binder type. Corrosion resistance
was slightly superior mainly due to the better dispersion of basic fine

Figure 2. R2U MgO castable cross sections: a) Self flowing quality control
brick, b) Pumped sample after first customer trial.

Figure 3. R2U MgO castable installation simulation: Vessel simulating an
MPR-L shell.

Figure 4. Double-split pipe.

particles in the matrix. HMOR improved nearly two-fold for the R2U
castable due to stronger rigid carbon-carbon bonds and different
metallic powders blend. Higher mechanical resistance did not offer
extra labor during bottom replacing. 

STEEL SHOP TRIALS

In-company Simulation

A partnership between a customer and Magnesita was the success-
ful key to this project. A previous installation was performed inside
the company simulating an MPR-L vessel gap to be filled with the
R2U castable. Logistic installation was also simulated. All proce-
dures and trials were followed by the customer. Figure 3 shows the
metallic vessel with a diameter very close to the original converter
and a gap of 100 mm between the walls. The gap height of 1500
mm to be filled was similar to the actual brick converter dimen-
sion. The distance between the pump and the vessel was 7 m and
a special bi-split pipe was used to speed up double pump installa-
tion. Hoses were attached to the vessel bottom by special open-
close connectors. The R2U castable was pumped from the bottom
to the top and the vessel was filled with a very low pump pressure.
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Bag transportation, pumping loading and pumping time were
also recorded. This previous trial provided confidence for the field
trials. 

MPR-L Converter

The MgO castable was placed by pumping in a 75 t MPR-L con-
verter using a refractory double piston pump. Material was deliv-
ered in a 1 t bag to optimize pump loading.

Figure 7 shows the sequence of the hot bottom exchange.  A
worn brick bottom was removed and a new one was already
placed in the converter. Figure 8 shows the same connecting sys-
tem used in the company simulation. The attached connectors

linked the pump hoses from the double-split pipes. Two pumps
were used to speed up R2U castable installation and also to
reduce converter downtime. Material was charged directly by a
single lift car that fed the two pump silos. The R2U castable had
to be transported 11 m through horizontal pipes and 5 m through
vertical pipes. Nine t of castable were installed with a constant
pump pressure of 1200 psi. This novel technology makes any
pumping and shotcreting installation very simple and is suitable
for confined rooms. Figure 11 shows a converter mouth view.
Installation was finished when the castable reached the upper
part of the bricks at the new repaired bottom. The whole opera-
tion was carried out in 30 min. The R2U castable was set by the

Figure 5. Open-close connector.

Figure 6. Gap completely filled up by castable.

Figure 7. MRP-L hot bottom exchange: Used bottom withdrawal.

Figure 8. New bottom lining with connectors attached to the pump hoses. 

Figure 9. Double piston refractory pumps for installation. 
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Figure 10. Material loading into the silo.

Figure 11. Material reaching the upper part of the brick and ready to set.

Figure 12. First inspection of the new R2U castable for removable bottom converter.

heat generated by the oxygen lance. After two hours, the vessel
could resume normal operation, half of the time for the usual
installation procedure

The temperature of the remaining refractory lining region was
measured using an electronic pyrometer and it was around
400°C. After 1614 heats, a complete relining was performed.
The bottom was inspected and no infiltration or empty spaces
were found, as shown in Figure 12. This new installation pro-
cedure was adopted as the routine for the MRP-L bottom
replacement with safety and reliability.

SUMMARY AND CONCLUSIONS

A novel MgO castable has been developed and used for the
converters hot bottom exchange. Easy and faster installation was
attained with this technology. Trials conducted in steel shops
showed safety and reliability with this new procedure.

A resin basic castable was installed by pumping from the bot-
tom to the top of the converter and it was delivered as a R2U
castable with no segregation. New rheology challenges had to be
overcome to keep original properties after transportation and
storing. 

A new procedure for bottom exchanges was adopted by the
customer with this R2U castable. R2U castables have also been
applied for hot repairing of wells and plug blocks for steel ladles
and BOF critical areas.
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Industry News

US DEMAND FOR SPECIALTY SILICAS   

To reach $1.7 billion in 2013 US specialty silica demand is pro-
jected to increase 3.7 percent per year to $1.7 billion in 2013, led by
healthy advances in the large precipitated silica segment. Overall vol-
ume gains are forecast to accelerate from the pace of the 2003-2008
period, benefitting from an expected rebound in nondurable goods
output through 2013.  Advances in market value will be limited by a
significant moderation in specialty silica pricing. These and other
trends are presented in Specialty Silicas, a new study from The
Freedonia Group, Inc., a Cleveland-based industry research firm.  

Precipitated silica accounts for the largest share of specialty silica
demand in both volume and value terms. This silica type will also
constitute the fastest-growing segment of the market, aided by above-
average gains in its primary market -- tire rubber. Increasing use of
precipitated silica as a replacement for carbon black in tire reinforce-
ment applications in the US will offer significant opportunities for
growth.   

Fumed silica represents the second largest product type in value
terms, owing to its higher price relative to other silica types.  Demand
for fumed silica is expected to be healthy, benefitting from gains in
small volume markets such as plastics, adhesives and sealants, cos-

metics and toiletries, and food and beverages.  However, growth in
the large electronics market -- where fumed silica finds use in chem-
ical mechanical planarization slurries -- will slow significantly from
the pace of the previous decade, restrained by changes in electronics
technology, competition from nonsilica materials and greater elec-
tronics production in Asia. 

The rubber industry is projected to remain the largest specialty sil-
ica market through 2013. All types of silica are used in rubber appli-
cations, but demand is dominated by precipitated silica, with fumed
and fused types also accounting for appreciable shares of demand.
Above-average advances will reflect greater use of precipitated silica
in the production of “green” tires, which offer increased fuel effi-
ciency and enhanced performance relative to conventional carbon
black tires.  The cosmetics and toiletries market, which represents the
second largest market in value terms, will also advance at an above-
average pace through 2013.   

For further details, please contact Corinne Gangloff by phone
440.684.9600, fax 440.646.0484 or e-mail pr@freedoniagroup.com.
Information may also be obtained through
www.freedoniagroup.com.

While the IARC proposal has no immediate effect on existing
regulatory requirements, it clearly provides more impetus for
OSHA to continue work on its pending crystalline silica regulation
and opens the door for more scrutiny from EPA and other agencies
concerned with silica exposures beyond the workplace.

REVISED STANDARD FOR NONMETALLIC MINERAL

PROCESSING ANNOUNCED

EPA announced a final rule April 21 that will tighten limits on
particulate emissions from new or modified nonmetallic minerals
processing operations. The final rule amends the new source per-
formance standards (NSPS) at 40 C.F.R. Part 60, lowering the par-
ticulate matter emissions standard for nonmetallic minerals pro-
cessing plants to 0.014 grain per dry standard cubic foot (gr/dscf),
down from the current 0.022 gr/dscf.

NSPS mandate the emissions control technology for new and
reconstructed stationary sources of air pollution. The final rule
would also lower the fugitive emissions opacity limit for crushers
without emissions capture systems at the processing plants from 15
percent to 12 percent. For all other emissions sources, such as

grinding mills, screening operations, bucket elevators, belt con-
veyors, bagging operations, storage bins, and enclosed truck or
railcar loading stations, the opacity limit would be 7 percent, down
from 10 percent previously.

The final rule would require periodic emissions monitoring of
baghouses and water sprays used to control particulate matter
emissions. Testing also would be required every five years to
assure that fugitive emissions that are not being controlled by the
water sprays are being reduced. Wet material processing opera-
tions are exempted from the final rule's emissions control require-
ments. 

OSHA ACTING CHIEF NAMED

Secretary of Labor Hilda Solis has named Jordan Barab acting
assistant secretary of the Occupational Safety and Health
Administration (OSHA).  Mr. Barab most recently worked for the
House Education and Labor Committee.  He spent sixteen years
working as safety director of the American Federation of State,
County, and Municipal Employees and also wrote a blog entitled
“Confined Space” from 2003-2007.   R AN
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al refractories standards having served as chair of C08’s
International Standards Committee from 1988 to 1994 and is cur-
rently a convener of a working group within ISO/TC 33 as part of
the U.S. Technical Advisory Group to the International Standards
Organization Technical Committee on Refractories. Lou was pre-
sented with the ASTM Award of Merit and made a Fellow of
ASTM in 1976. In 2008, Committee C08 named its Distinguished
Service Award after Lou to honor his outstanding contributions to
the committee.

In addition to his service to ASTM, Lou has contributed much to
the American Ceramic Society since joining in 1949. He has con-
tinuously served the Executive Committee of the Refractory
Ceramics Division since 1981, as chairman in 1985-86 and as
Trustee for the division from 1993 to 2002. Lou currently serves as
the Division Councilor. Lou’s other service to ACerS includes
work on the Editorial Advisory Board and its chairman in 1980-81
and as chair of the Nomenclature Committee from 1985 to 1989. At
home in Massachusetts, Lou is active in the New England Section
of ACerS which he joined in 1955. Lou has served in all of the
offices of the section including chairman and currently is the
Section Councilor.

Among Lou’s many awards he is a Fellow of ACerS, has received
the New England Section’s F.H. Norton Award for Distinguished
New England Ceramist in 1982, the St. Louis Section’s T.L. Planje
Refractories Award in 1996 and The Refractories Institute’s
William T. Tredennick Award in 2002. In addition Lou was elect-
ed as a Distinguished Life Member of UNITECR. 

For a man who has a humble disposition, Lou has distinguished
himself as a servant of the refractories industry that deserves our
great appreciation for all he has done.  R AN

J.P. Willi and Louis J. Trostel Jr.

ASTM International Committee C08 held its 192nd meeting in St.
Louis on March 24, 2009 prior to the 45th St. Louis Refractory
Symposium.  The highlight of the meeting was the recognition of
Louis J. Trostel, Jr. for his fifty years of volunteer membership.
Lou was presented with a mantle clock commemorating his mem-
bership from 1959 to 2009 and a framed congratulatory letter from
the President of ASTM International. Throughout his fifty years of
service, Lou has held several official positions on C08. Like his
father before him, Lou was committee secretary and, also, served
as chairman from 1994 to 2000. Lou is very active in internation-

ASTM International Committee C08 on Refractories honors Louis J. Trostel Jr.

PUTZMEISTER CONCRETE PUMPS GMBH APPOINTS

NEW CEO

Effective immediately, Ralf von Baer will oversee sales and mar-
keting at PCP while simultaneously upholding his CEO responsibili-
ties for Putzmeister Holding GmbH (PMH). 

“With his five years experience at PMH Ralf will focus on the PM
Group and their organizational methods while integrating effective
management teams at different levels,” says Karl Schlecht, chairman
of the Putzmeister Supervisory Board and KS Foundation. “As
Putzmeister’s past has confirmed, our success is largely based on the
innovative technology and the high quality of products we deliver.
The drive and commitment behind our innovative technology must
start from the top and I know Ralf will continue to help drive that.”

DAN MARTIN NAMED WESTERN REGIONAL SALES

MANAGER

Allentown Shotcrete Technology, Inc. announces the addition of
Dan Martin as western regional sales manager. Martin’s primary
responsibility will be introducing core products and mortar equip-
ment throughout the western United States.  Martin will report direct-
ly to Allentown’s president, Patrick Bridger.

“Allentown has been busy evaluating processes over the past few
months with a goal of becoming even more efficient and to provide
even better service to both Putzmeister and Allentown customers,”

says Bridger. “Dan has vast knowledge of Putzmeister’s small line
equipment and we have no doubt he will easily transfer that knowl-
edge to the Allentown product line. We’re thrilled to have him on our
team,” says Bridger. 

JAMES ROGERS NAMED PUTZMEISTER AMERICA,

INC.'S 2008 REGIONAL SALES MANAGER OF THE YEAR

Bill Dwyer, Putzmeister America’s vice president – sales & mar-
keting, presented the 2008 RSM of the Year award to James Rogers
during the World of Concrete in February.

“James’ commitment to Putzmeister America’s customers is out-
standing,” says Dwyer. “From state to state within his region he dili-
gently works with current customers to ensure their full satisfaction of
equipment and support, while also prospecting new customers. His
continuing customer dedication and service is why he continues to
produce consistent sales within his region from year to year.”

Employed by Putzmeister America since August 2006, Rogers han-
dles concrete pump and Telebelt® sales within the company’s
Southeast region. 

Dwyer adds, “Beyond his enthusiastic sales style, James is also a
dependable and positive employee who is a strong team player.”

For more information contact: Kelly Hayes, Marketing Services
Manager, (262) 884-6387, www.putzmeister.com.. R AN
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Resco Products, Inc.
Penn Center West, Bldg. 2, Ste. 430 
Pittsburgh, PA 15276
Tel: (412) 494-4491 or (800) 354-1211  
Fax: (412) 494-4571 
sales@rescoproducts.com     www.rescoproducts.com

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

CARBON

CEMENT (AIR SETTING)

CERAMIC COATINGS

SPECIALTY MOLD RELEASE AGENTS

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

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

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

CERAMIC FIBER SHAPES

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

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

CERAMIC FIBER BOARDS

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

CHEMICAL ADDITIVES FOR THE
REFRACTORIES INDUSTRY

Buyer’s Guide

DRYING AND CURING OF REFRACTORIES
(ON SITE)

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

Team Industrial Services 
3640 W. 179th St., Hammond, IN  46323 
Tel: (219) 838-0505  Fax: (219) 838-8558 
cgorney@teamindustrialservices.com 
www.teamindustrialservices.com 
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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 V2S 5C1
Tel: 604-859-5288 or 604-851-4556
rdlane@clayburngroup.com

FIREBRICKS AND FIRECLAYS

FIBERS - POLYPROPYLENE & GLASS 

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

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


Resco Products, Inc.
Penn Center West, Bldg. 2, Ste. 430
Pittsburgh, PA 15276
Tel: (412) 494-4491 or (800) 354-1211  
Fax: (412) 494-4571      
sales@rescoproducts.com     www.rescoproducts.com

MONOLITHIC REFRACTORIES PUMPABLE

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

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

MONOLITHIC REFRACTORIES

Resco Products, Inc.
Penn Center West, Bldg. 2, Ste. 430
Pittsburgh, PA 15276
Tel: (412) 494-4491 or (800) 354-1211  
Fax: (412) 494-4571 
sales@rescoproducts.com     www.rescoproducts.com     

MONOLITHIC REFRACTORIES MOULDABLE

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

Resco Products, Inc.
Penn Center West, Bldg. 2, Ste. 430
Pittsburgh, PA 15276
Tel: (412) 494-4491 or (800) 354-1211  
Fax: (412) 494-4571 
sales@rescoproducts.com     www.rescoproducts.com     

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

MONOLITHIC REFRACTORIES GUNNING

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

HIGH ALUMINA FIREBRICKS

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 SPINEL

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

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

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

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

KILN/FURNACE FURNITURE

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

IFB, Inc.
610 East Butler Rd., Butler, PA 16002
Tel: (724) 282-1012 Fax: (724) 285-7673
ifbinc@aol.com
www.insulatingfirebrick.com            

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

INSULATING BRICKS

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

HIGH PURITY MAGNESITE

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

KYANITE

MONOLITHIC FIBER GUNNING

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

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

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

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

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

FUSED ALUMINA

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

MONOLITHIC PUMPABLE

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

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

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

Resco Products, Inc.
Penn Center West, Bldg. 2, Ste. 430
Pittsburgh, PA 15276
Tel: (412) 494-4491 or (800) 354-1211  
Fax: (412) 494-4571
sales@rescoproducts.com     www.rescoproducts.com     

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

MONOLITHIC REFRACTORIES-CASTABLE

Buyer’s GuideBuyer’s Guide
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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

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

FIRECLAYS

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

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

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

PRE-CAST REFRACTORY SHAPES

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

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

MULLITE

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

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

OLIVINE

Resco Products, Inc.
Penn Center West, Bldg 2, Ste. 430
Pittsburgh, PA 15276
Tel: (412) 494-4491 or (800) 354-1211  
Fax: (412) 494-4571     
sales@rescoproducts.com     www.rescoproducts.com

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

PRECISION REFRACTORY SHAPES

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

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

PRESS TOOLING

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

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

PRODUCT ENGINEERING/QA SERVICES

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

REFRACTORY MACHINING 

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

REFRACTORY LANCES

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

REFRACTORY BRICKWORK INSTALLATIONS

REFRACTORY CERAMIC FIBER

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

REFRACTORY GUNNING INSTALLATIONS

Blastcrete Equipment Company
2505 Alexandria Rd., PO Box 1964
Anniston, AL  36202
Tel: (256) 235-2700 or 1 (800) 235-4867  
Fax: (256) 236-9824
jim@blastcrete.com or tripp@blastcrete.com

REFRACTORY GUNNING & SHOTCRETE
EQUIPMENT

Resco Products, Inc.
Penn Center West, Bldg. 2, Ste. 430
Pittsburgh, PA 15276
Tel: (412) 494-4491 or (800) 354-1211 
Fax: (412) 494-4571
sales@rescoproducts.com    www.rescoproducts.com 

REFRACTORY ANCHORS

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

A-TEN-C, Inc.
P.O. Box 58184, Pittsburgh, PA 15209
Tel: (412) 821-5566    Fax: (412) 821-5577
atencinci@verizon.net   www.ceramicrecycling.com

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

REFRACTORY RECYCLING

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

SILICA MATERIALS

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

SILICA BRICK

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

REFRACTORY SHOTCRETE INSTALLATIONS

Anchor Manufacturing Company
2922 West 26th St., Chicago, IL  60623-4127
Tel: (773) 247-2530  Fax: (773)247-4907
anchormxrs@aol.com            www.anchormxrs.com           

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 MIXERS

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

REFRACTORY RAW MATERIALS

Buyer’s GuideBuyer’s Guide

Refractories Applications and News, Volume 14, Number 4 July/August 2009 29

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

SILICON CARBIDE

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

SILICON CARBIDE REFRACTORY SHAPES

SILICON METAL POWDER 

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

PHOSPHATE BINDERS & DEFLOCCULANTS 

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

SODIUM SILICATE POWDERS  

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

SPINEL-SINTERED

Almatis
501 West Park Rd., Leetsdale, PA  15056
Tel: (412) 630-2800  Fax: (412) 630-2810
www.almatis.com
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mailto:jk@imi-minerals.com
http://www.imi-minerals.com
mailto:sales@washingtonmills.com
mailto:stephan@saint-gobain.com
http://www.refractories.saint-gobain.com
mailto:info@basstechintl.com
http://www.basstechintl.com
mailto:info@basstechintl.com
http://www.basstechintl.com
http://www.almatis.com


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:

•Calcined Alumina •Tabular Alumina

•Reactive Alumina •Zircon Sand & Flour

•High Purity Magnesite •Toll Processing

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 

PRODUCTS PRODUCTSPRODUCTS

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.

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

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

VACUUM FORM SHAPES

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

ZIRCON SAND & FLOUR

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

ZIRCONIA 

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

TOLL PROCESSING

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 CRUSHING & GRINDING

Sachtleben Chemical Company
4826 Chatelaine Dr., Dublin, OH 43017-2169
Tel: (614) 284-9699 Fax: (614) 761-7909
vrestivo@hotmail.com            www.sachtleben.com

TITANIA

Fibercon International Inc.
100 S. Third St, Evans City, PA 16033
Tel: (724) 538-5006  Fax: (724) 538-9118
info@fiberconfiber.com       www.fiberconfiber.com      

STEEL FIBERS
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Kyanite Mining Corporation
Dillwyn VA 23936 USA
Sales: 434.983.2043
WWW. KYANITE.COM
hankjamerson@kyanite.com
dilipjain@kyanite.com

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

C-E Minerals

901 East Eight Avenue

King of Prussia, PA 19406

Tel: 610-265-6880  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.

• Mulcoa® 47, 60, 70 • Teco-Sil®

• Alpha Star® • Andalusite

• Spinel • Bauxite

• Fused White Alumina

• Brown Fused Alumina

Phosphate bonds from

Products and Services

• Mono-Magnesium Phosphate
Powder

• Buffered Mono-Aluminum
Phosphate Solution

• Dry blending and packaging

• Fine Grinding

Tel: 800-753-3204 Fax: 610-869-9805
150 S. Jennersville Rd. 
West Grove, PA 19390

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

MISSOURI REFRACTORIES CO. INC.
1198 Mason Circle

Pevely, MO  63070

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

E-mail: morco@refractories.net

The Refractory Specialty Specialist

Customized mix design and manufacturing

Central USA location

Consistent products made fresh for your order

PRODUCTS PRODUCTS PRODUCTS
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Freeport Brick Division

Kittanning Brick Division

500 Mill St., P.O. Box 338

Freeport PA 16229

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

www.fuziontechnologies.us

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

U.S. SILICA COMPANY

P.O. Box 187

Berkeley Springs, WV

Tel: (304) 258-2500 - (800) 345-6170

Fax: (304) 258-8295

E-mail: sales@ussilica.com

Website: www.u-s-silica.com
U.S. SILICA offers a wide range of

high purity whole grain and ground

silica products, especially suited to

quality monolithics, as well as other

refractory applications.

mailto:hankjamerson@kyanite.com
mailto:dilipjain@kyanite.com
mailto:inquire@ceminerals.com
http://www.ceminerals.com
mailto:morco@refractories.net
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mailto:sales@ussilica.com
http://www.u-s-silica.com


SERVICESPRODUCTS PRODUCTS

Members of the ANH Refractories Family of Companies.

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

Cement and Lime: 412-375-6771 Industrial Metals: 412-375-6873

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

400 Fairway Drive • Moon Township, PA 15108

website: www.anhrefractories.com

Christy Minerals Company

833 Booneslick 

High Hill, MO  63350

Tel: (636) 585-2214  Fax: (636) 585-2220

E-mail: info@christyco.com

Website: www.christyco.com

Christy Minerals mines, processes and

markets a variety of clays and minerals for

the refractories industry.  Products include

calcined MO flint clays, raw clays (including

Hawthorn Bond®), bauxite, burley and

diaspore.  Custom calcining, grinding and

packaging also available.

RESCO PRODUCTS, INC.

Penn Center West

Building 2, Ste. 430

Pittsburgh, PA 15276

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

Fax: (412) 494-4571

E-mail: sales@rescoproducts.com

Website: www.rescoproducts.com

Resco Products, Inc., is a leading global

manufacturer and supplier of advanced

high quality monolithic, formed and brick

refractories for the metals producing,

hydro-carbon, power, cement and lime,

ceramics, mineral and general manufac-

turing industries.

Dr. Charles E. Semler

Refractories Consultant

10153 E. Elmwood Dr.

Chandler, AZ  85248

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

E-mail: cesemler@aol.com
Semler Materials Services provides varied
services related to industrial refractories,
based on 35 yrs. experience. Services include
inspection/troubleshooting, failure analysis,
product development, lining design review,
standard/special testing, microscopy, sonic
testing, sonic testing, quality assurance, corporate
due diligence, workshops, legal/expert assistance,
and more.
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VanceCeramics101, Inc.
23 Pheasant Run Dr., Export PA 15632

Tel: or Fax: (724) 327-1680  Lab Number: (724) 331-1131

bvance23@comcast.net

VanceCeramics101, Inc. provides varied services related to industrial
refractories and ceramics, based on 42 yrs. experience. Services include
product development, inspection/troubleshooting, failure analysis,  lining
design review, standard/special testing, testing raw materials and products,
quality assurance, and legal/expert assistance.

http://www.anhrefractories.com
mailto:info@christyco.com
http://www.christyco.com
mailto:sales@rescoproducts.com
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www.allentownshotcrete.com/MR1T 

or call: 1-800-553-3414 A  

S H OTC R E T E  T E C H N O LO G Y

C O M P A N Y  

DOWNTIME ON A REFRACTORY INSTALLATION

COMPROMISES YOUR 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. COMPACT AND HIGHLY

MANEUVERABLE, THE MR-1T EASILY 
NAVIGATES THROUGH YOUR PLANT OR 
WAREHOUSE. ITS SMALL FOOTPRINT

ALLOWS FOR SETUP IN CONFINED SPACES 
AND PROMOTES EASY STORAGE. THIS

POWERFUL MODEL IS THE RESULT OF

PUTZMEISTER’S ISO 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.

MR-1T

http://www.allentownshotcrete.com/MR1T


Missouri S&T
Material Science and Engineering
223 McNutt Hall
1870 Miner Circle Drive
Rolla, MO  65409-0330
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Attention UNITECR Attendees
We have been advised of an additional requirement to supplement the information in the January
newsletter concerning Brazilian visas for UNITECR 2009.  You must make entry into Brazil with-

in 90 days of the date of the application 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 meeting the 90 day requirement.
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