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ABSTRACT

This report describes the results of an investigation into the status of the
design and selection of refractory materials for coal-fueled circulating
fluidized-bed combustors. The survey concentrated on operating units in the
United States manufactured by six different boiler vendors: Babcock and
Wilcox, Combustion Engineering, Foster Wheeler, Keeler Dorr-Oliver, Pyropower,
and Riley Stoker. Information was obtained from the boiler vendors,
refractory suppliers and installers, and the owners/operators of over forty
units. This work is in support of DOE’s Clean Coal Technology program, which

includes circulating fluidized-bed technology as one of the selected concepts
being evaluated.
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1.0 INTRODUCTION

The U.S. Department of Energy (DOE) is actively involved in the implementation
of a Clean Coal Technology (CCT) program. Two rounds of solicitation and
selection have occurred with the third solicitation currently out for
proposals. One of the key technologies that has already been identified and
velected under this program is fluidized-bed combustion and, in particular,
atmospheric circulating fluidized-bed (CFB) combustion.

The DOE has selected proposals from three CFB facilities. The Colorado-Ute
Electric Association (CUEA} CFB at Nucla, Colorado was selected under the
first round CCT solicitation. The CUEA project involves the replacement of
three stoker fired units with a Pyropower CFB. In addition, the plant was
upgraded from 36-Mw to 110-Mw with the addition of a new 74-Mw turbine
generator. Southwestern Public Service Company (SPS) was selected from the
second round CCT solicitation. The SPS project involves the repowering of an
existing 250 MW (nominal) steam turbine-generator at the SPS Nichols Station
Unit 3 in Amarillo, Texas with a Combustion Engineering (CE) CFB. The project
represents about a 2 to 1 scaleup of the Texas-New Mexico Power (TNP) 150 MW
CE CFB plant currently under construction. The TNP design represents about a
2 to 1 scaleup of the CE CFB at the Scott I'aper Company in Chester,
Pennsylvania. A third CFB project has recently been added to the list of
selected projects under the DOE CCT program. The city of Tallahassee was
chosen, as an alternate under Round 1, for repowering their Arvah B. Hopkins
Station Unit 2 with a CFB. The boiler vendor had not been identified at the
time this report was written.

A major concern of these projects is the performance of the refractory. Many
refractory designs, products, and installation methods are currently being
used in the industry. This is symptomatic of the uncertainty in the design
requirements for this system. CUEA has already experienced refractory
problems which have resulted in forced outage time. Several other units are
rumored to be experiencing refractory problems and requiring significant
outage time to make repairs and modifications.



2.0 OBUJECTIVE

The objective of this task was to develop a benchmark as to where the design
and selection of refractory materials for use in CFB systems exists today.
There are close to 40 operating CFB units in the United States with varying
amounts of operating time and experience. Most of these units are small in
comparison to the Colorado Ute, SPS, and Tallahassee projects; nevertheless,
they operate with similar temperatures and most operate with coal and

lime::itone.

The objective of this task was carried out by:

identifying and summarizing refractory problems experienced with
operating domestic CFB's,

identifying CFB’s that did not experience problems and explaining
reasons why as compared to those that did (e.g. design,
installation, operating differences, process upsets, etc.),

providing causes for the problems and recommendations/fixes made
to eliminate the refractory problems identified,

and determining for each CFB the brand and type of refractory, the
installer, method of installation, curing process, and whether the
refractory was field or factory installed.

Based on the information gained from this task, general recommendations have
been made for the design, installation and operzating requirements for future
CFB refractory systems.



3.0 SCOPE

To maximize the usefulness of this task in supporting DOE and the Clean Coal
Technology program, the survey concentrated on CFB plants which, (1) have an
appreciable amount of operating experience and (2) operate on coal
(bituminous, subbituminous, anthracite, and coal waste products such as
anthracite culm, and gob). Six major vendors were identified: Babcock and
Wilcox, Combustion Engineering (Lurgi), Foster Wheeler, Keeler Dorr-Oliver,
Pyropower, and Riley Stoker. Tables 1 through 6 list the units which these
vendors have operating, under construction, or planned. A total of 31 CFB
units was researched. The information contained in this report is based on
discussions and information provided by the owners/operators of these units,
the boiler vendors, and the refractory vendors. Table 7 is a listing of the
type of information that was solicited from these sources.
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TABLE 7
SURVEY INFORMATION

PLANT INFORMATION
- SIZE (MW, KPPH, DIMENSIONS)
- FUEL, SORBENT/BED MATERIAL
- BOILER VENDOR
- HOURS OF OPERATION

- OPERATING CONDITIONS (VELOCITY, TEMPERATURE, CYCLING, BASE LOAD,
.

REFRACTORY INFORMATION

BRAND/TYPE
- INSTALLATION METHOD (GUNITE, CAST, RAM, BRICK)
- ANCHOR REQUIREMENTS (TEMPERATURE, TIME)

- PROPERTIES (SHRINKAGE, THERMAL CONDUCTIVITY, ABRASION LOSS,
STRENGTH, DENSITY)

- Q.C. FROGRAM
- COST/SCHEDULE
- THICKNESS
EXPERIENCE
- WHAT WORKED/WHAT DIDN'T
- PROCESS UPSETS
- RESULTING PROBLEMS
- REPAIRS/FIXES
- SERVICE " IFE
- RECOMMENDATIONS

- ANNUAL MAINTENANCE COST

11



4.0 CFB DESCRIPTION AND REFRACTORY REQUIREMENTS

Fluidized-bed combustion of coal in the United States has seen a shift from
bubbling bed units to circulating bed units with the potential for better
combustion efficiency and lower pollution (SO, and NO,) emissions. Bubbling
beds, by design, operate with relatively low velocities (4-12 ft/sec) and low
recycle ratios (0-5 lbs recycle/lb coal). At these conditions, the need for
refractories is minimal. CFB units, on the other hand, are dependent on
reliable refractory service for three primary reasons: (1) combustion and
emisgsion performance are dependent on high recycle ratios (typically 40 - 50
1lbs of solids recycled per lb of cral fed) which increases the solids loading
in the system and thus the erosion/abrasion potential, (2) performance is
dependent on higher velocities (15-30 ft/sec) to entrain and "circulate" the
larger amounts of solids which also increases the erosion/abrasion potential,
and (3) CFB's are operated with staged combustion air to improve emissions
(primarily NO,) which requires that a portion of the unit be operated at
substoichiometric conditions. To operate in this manner, CFB's must have
refractory designs which protect uncooled surfaces from overheating while
minimizing heat loss in the uncooled areas. CFB refractory designs must also
protect the components from the high velocity, high dust loading
abrasive/erosive environment, and, :n addition, the refractory design must
also protect metallic components that are located in substoichiometric,
reducing environments.

Figures 1 through 6 are typical of thi CFB configurations that are provided by
the six boiler vendors. CFB componernts which require refractory include:
combustor, cyclone, dip leg or downcomer, loop seal or seal valve, bottom ash
cooler (optional), external heat exchanger (optional), and windbox.

Combustors require refractory in the lower section, just above the distributor
plate, to protect the combustor walls from the turbulent mixing of fuel,
sorbent, and recycle material. One vendor’s (Riley Stoker) design also
maintains a dense bed of large inert material. The lower region in all CFB's
is run substoichiometric and refractories are required to shield the metallic
components from this potentially corrosive environment. Depending on the
design, the floor of the unit may have a refractory layer. The upper section
of the combustors are waterwall lined with refractory used at

12
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the combustor exit to the cyclone and in some cases the combustor roof as
well.

The cyclones operate at high velocities to produce the high collection
efficiencies required to maintain high recycle ratios (solids loading).
Babcock and Wilcox does not utilize cyclones but rather uses a U~Beam
separator, which does not require refractory protection except for the casing
around the separator and the collection hopper. The discussion on cyclone
refractory experience is divided into the following sections: gas/solids
inlet, cycloae barrel and roof, cyclone cone (solids outlet), and cyclone
outlet (gas outlet). Refractories must withstand high velocities, high dust
loadings, and high temperatures. The cyclones provide the severest test for
refractories and hence have experienced more problems.

From the solids outlet of the collection device solids travel to the pressure
seal device through a dip leg or downcomer. This head of material also
assists in providing a pressure seal and the driving force for recycle of
solids back to the combustcrs. Refractory requirements in this region are
primarily for insulation purposes. Hard facing is required but velocities are
relatively low.

The pressure seal/control device acts as the pre. sure seal between the
positive pressure in the lower combustor and the negative pressure in the
cyclones. Solids are collected from the downcomers and reinjected into the
lower combustor. Various types of devices, called by different names, are
used including loop seals, J-valves, L-valves, seal pots, and Fluoseals, to
name a few. All serve a similar function. These devices are second only to
the cyclones for experiencing refractory problems. The redirection of the
solids requires an acceleration of the material and subjects the seal device
to thermal expansion. Several of the seal devices have had failures to the
metal casing due to these thermal stresses.

Two of the vendors (Combustion Engineering and Riley Stoker) utilize a
separate vessel, referred to as an external heat exchanger (EHE), to perform
additional heat duty. The EHE collects solids from the cyclones and flows a
portion of this material over evaporator, superheat, and/or reheat surfacing
in a ’'benign’ low velocity bubbling bed. Both vendors also have provisions
for directly reinjecting hot solids back to the combustor. Refractory needs
in this area are primarily for insulating purposes; however, both vendors use
refractory weirs or dam walls in the EHE to separate the EHE into different
temperature zones.

To maintain proper solids loading and size distribution, bottom ash is
periodically removed from the bottom of the combustor. Many of the vendors
utilize a refractory lined vessel to fluidize this drained material. The
smaller material is elutriated and carried back into the combustor while the
large material is selectively removed and disposed. A portion of the sensible
heat is removed from the large material by the fluidizing air and retained in
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the system. Refractory needs in this device are primarily insulating
requirements with the ability to handle the fluidized material. Because of
the intermittent nature of draining bottom ash, tnhe coolers are subjected to
cyclic operation over a wide temperature range.

The primary air to the combustor is brought into a plenum or windbox except
for Riley Stoker which uses air sparger pipes. The windbox provides uniform
fluidization air, typically from the outlet of an airheater, during normal
operation and hot air from an induct burner during unit startups. Refractory
in this region serves as an insulation barrier and, in general, has not been
an area of major concern.

As can be seen, refractories play a vital role in the successful operation of
CFB's. Failure of the refractories to perform properly can result in
operation and maintenance probtlems such as plugged drains, hot spots,
defluidization, erosion, abrasion; any of which can bring a unit off-line.

20



HH

5.0 SURVEY RESULTS

Based on technical discussions with boiler vendors, refractory suppliers, and
owner/operators of CFB’s, and review of available technical reports, a summary
of refractory system design development for CFB’s has been collected. The CFB
technology has experienced rapid growth and acceptance over the past five
years. With this growth, lessons have been learned and products have been
developed to improve the design of refractory systems for CFB’'s. The
following sections summarize the findings from discussions with boiler vendors
and owner/operators of CFB’s. Appendix A contains irformation obtained from
refractory suppliers on products which have been used in CFB’s and where they
were applied.

5.1 BOILER VENDORS

Attempts were made to discuss refractory experience and design development
with all six boiler vendors. As can be seen below, some were more willing to
share information than others. This topic is sensitive as some vendors feel
they have a commercial edge over their competitors and are unwilling to
discuss the subject. Others are hesitant to discuss details, as they have
units which are still under warranty and in some cases are in arbitration with
refractory suppliers and installers. Summarized on the following pages are
comment s received fror. boiler vendors, verbally or through written reports.
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5.1.1 BABCOCK & WILCOX

Babcock & Wilcox (B&W) has CFB units at six sites. Three of these are wood
fired and one is fired with sewage. The other two units are coal fired,
neither of which have started operating yet. Table 1 gives a listing of these
units along with their location, steam conditions, and date of commercial
operation. The fol'.owing information was obtained from discussions with B&W
personnel and refe.ence 1.

The B&W units use a thin layer (approximately l-inch) of high thermal
conductivity refractory on the lower walls of the combustor for erosion and
corrosion protection. The refractory height was initially 6-1/2-feet from the
floor. Later, overfire air ports were installed higher in the combustor with
the refractory raised accordingly. The West Enfield refractory was raised to
a2 height of 18 feet, while Jonesboro was raised to 15 feet. Biasing of the
overfire air with more being injected through the front wall resulted in wear
in the furnace refractory. Where waterwall tubes are bent out of plane to
allow for ports, wear also occurs. These areas have bezn protected with
refractory. The lower combustor is covered with a 82% silicon carbide
refractory with a calcium aluminate hydraulic bond. This material is gunned
onto a dense array of 7/8-inch long pin studs. Undulations in the refractory
surface, which did not meet flatness or thickness specifications, resulted in
uneven wear of the surface. Sheets of refractory 1/16 to 1/8 inch thick
spalled off (beyond the ends of the pin studs). It is believed that the
gunning material set up too quickly (15-20 minutes) and prevented the surface
from being straight-edged smooth. Later refractory installation used a
modification of the above gun mix which had a longer set time (45-60 minutes)
and resulted in better conformance to the specification for flatness. Later
repairs and extensions used a 77% silicon carbide material supplied by another
vendor (Harbison-Walker Harbide 80). This material has held up extremely
well.

In addition to the lower combustor waterwalls, the combustor roof is coated
with 2-inches of gunned 47% alumina r-“ractory (Kaocrete HSRFT) which contains
2-3% stainless steel needles. The needles are added to improve the thermal
shock, spalling, and abrasion resistance of the refractory. No problems have
been noted after 2-1/2-years of operation. Refractory is held in place with
V-anchors placed on a staggered pitch.

The B&W CFB units do not use cyclones, but instead, collect solids via a U-
Beam mechanical collector. The outer walls, roof, and collection hopper of
the U-Beam are refractory lined with an abrasion resistant high-density gunned
56% alumina refractory which incorporates stainless steel needles. This
material is a higher grade refractory than the material used for the combustor
roof. It was chosen since these areas are somewhat inaccessible. The roof
and wall areas have 2 inches of refractory attached with V-anchors. No
refractory problems have been experienced on these surfaces in 2-1/2 years of
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operation. The collection hopper abrasion resistant refractory has a thick
layer of insulating refractory between it and the hopper shell to retain heat.
Both layers are held in place with Y-anchors. The abrasion resistant
refractory disintegrated in six months, exposing the insulating refractory to
the abrasive fly ash.

The hoppers were repaired by casting three inches of the same abrasion
resistant refractory. This repair looks good at the Jonesboro site, but some
cracking due to thermal cycling has occurred at West Enfield. B&W has made
design changes to their CFB for future units by using waterwall membrane
panels to form the hoppers. This eliminates the need for dual layer
refractory in this area. The hoppers are now designed for 4-inches of
abrasion resistant refractory anchored directly to the panels. This design is
used at the Lauhoff Grain CFB. V. J. Mattson installed the refractory at this
plant.
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5.1.2 COMBUSTION ENGINEERING

Combustion Engineering has five CFB units which have appreciable operating
time and thirteen additional units which have either recently started up or
will be in operation within the next year or so. Fuels used in these units
include bituminous, anthracite culm, lignite, and wood. Combustion
Engineering classifies these units into three designs. The first generation
units have straight combustor walls which consist of upper sections of
waterwall membranes and lower walls of refractory lined plate. The Scott
Paper and New Brunswick units have this design. The second generation units
are characterized by combustors with straight walls which are made ~ntirely of
waterwall membrane construction. Units with this configuration are the Ione
and Westwood plants. The third and current design configuration has tapered
lower walls and use waterwall membrane constructicn for all the walls, floor,
and plenum. The Fresno and following units have this design. As these design
changes were made, refractory changes were being made as well. The following
is based on discussions with Combustion Engineering personnel and reference 2.

The early first generation units with the lower portion of the combustor
uncooled required two lzrers of refractory, 16-20 inches thick. The high
density, abrasion resistant, hot face refractory was gunned onto anchors with
expansion gaps approximately every two feet. These gaps filled with bed ash
during operation which caused pinch spalling during heatup. This situation
was made worse by numerous startups and shutdowns. Cracking and loss of
refractory around large combustor ports occurred even on second generation
units. Sp. .ed refractory caused problems by plugging bed drains and bottom
ash conveyc:3. Spalled areas were repaired using phosphate bonded plastic
refractory.

The later second and third generation units which have fusion welded
waterwalls require only a thin abrasion resistant refractory lining. Thin
linings minimize thermal spalling by having only small temperature gradients
through the material. Pre-fired silicon carbide tiles, 6 inches x 6 inches
which are formed to the waterwall contour, are currently being used and are
showing good strength and abrasion resistance characteristics. These tile are
attached to the walls by pins and mortar. Silicon carbide possesses a high
heat transfer coefficient (100-120 Btu-in./hr. ft* F) which allows lower
waterwalls to be heat transfer effective and at the same time minimize thermal
spalling of the refractory due to large temperature gradients. Silicon
carbide also has excellent erosion/abrasion resistance. The Fresno unit has
seen excellent service from silicon carbide tile in the lower combustor.

The cyclones used with the early combustor designs were equipped with the same
refractory construction as the lower section of the combustors. The cyclones
saw the same type of problems with pinch spalling occurring, especially in the
lower cone area. The cyclone barrel section saw refractory loss due to
erosion in the target zone (area where particles impact from the high velocity
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tangential cyclone entry). Patching was required. The solution to these
problems has been the replacement of the gunned abrasion resistant refractory
with brick. Brick was installed in the cone section of two units and the
barrel section of another unit. After over a year of service, the brick in
these units looks excellent. Combustion Engineering’s current cyclone
refractory design calls for abrasion resistant brick in the cyclone barrel and
cone sections. Multiple layers of insulating blocks of calcium silicate are
used to provide the required skin temperature. Work is continuing on

- identifying materials which possess better wear resistar~e for use in the
target zone.

Original loop seal and downcomer refractory designs were similar to the gunned
installation used in the original lower combustors and cyclones. As to be
expected, they saw the same type of problems as mentioned above. The design
of the refractory for these components has evolved into the use of plastic and
fused silica castable refractories. These materials have been in use for over
a year with excellent results.
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5.1.3 FOSTER WHEELER

Foster Wheeler has one CFB in operation and two units under construction. The
Foster Wheeler design differs from other CFB’s in that it uses a water/steam
cooled cyclone. This allows a much simpler, thinner refractory lining.

Cooled cyclones are covered with only 2-4 inches of refractory ccmpared to 12~
16 inches of dual layer refractory for uncooled cyclones. Skin temperatures
are much lower for the cooled cyclones as well. The refractory, typically 2
inches of Blue Ram plastic with stainless steel needles, is shop installed on
closely spaced steel studs. This refractory covers the entire surface except
for the seams where the different sections of the cyclone are welded together
in the field. These joints are then covered with the same material. If the
client requests it, abrasion-resistant tiles of Blue Ram can be placed as an
inner protective liner. Refractory dryout and heat curing of the shop applied
material is done during a furnace stress relieving cycle at 1250-1275 F.
Dryout and heat curing in the field are performed by filling the water circuit
and firing the in-duct burner normally.

Wear in the cyclones is low angle abrasion except for erosion which may be
occurring on the target zone. The standard test for evaluating abrasion (ASTM
C704) does not do a good job at duplicating cyclone service conditions:
velocities are uncertain, tests use high velocities at high angles,
conventional erodent is suspect, and loadings are typically low. Foster
Wheeler has developed a low-angle impingement test rig which better evaluates
the relative abrasion characteristics of refractory materials and CFB
particulates. Results from this rig show that some castables and plastics
benefit from being heated, with significantly better abrasion resistance
developed at temperature. Of the materials tested, a phosphate bonded 90%
alumina trowel mix and a 60% alumina plastic gave the best high temperature
abrasion performance. Gunited materials are not erosion resistant and should
not be used for this application. Test results showed that cool startup
particulate can he considerably more abrasive than hot recycle material. This
may be a result of wearing bare metal versus a metal oxide and/or a softening
of the particulate matter with temperature. Less refractory is required at
the cyclone gas outlet cdue to the lower abrasion severity brought about by the
reduced dust loading and reduced particle size.
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$5.1.4 KIELER DORR-QLIVER

Keeler Dorr-Oliver has 9 CFB units in operation with two more planned. These
units are listed in Table 4. The lower combustor membrane walls are
refractory lined to protect them from the turbulent, substoichiometric bed
environment. Silicon carbide cast and tile blocks are now used in the
combustors. The elevation of this refractory has been raised with time as
wear was experienced on the waterwall at this interface. The roof of the
combustors was originally unlined and brgan to suffer tube failures in a
matter of a few hundred hours. This area was repaired by adding a thin layer
of silicon carbide refractory. The cyclones and loop seals (Fluoseal) are
brick lined in the newer units. The loop seals in earlier units caused
problems primarily due to improper expansion joints. Brick linings are more
expensive to use but they provide allowance for expansion. Because of the
thick refractory requirements for the cyclones and loop seals, cold startups
require approximately 15 hours with heatup rates of 100 F/hr. Cyclones should
not be gunited due to the severe service, i.e., high particle loadings and
high velocities. This service requires brick. If the coal ash is highly
alkaline, the use of silicon carbide based materials will result in chemical
attack of porous surfaces, characteristic of gunited acid based refractories.
The formation of glass phase reaction products in these pores can build up
stresses, eventually leading to peeling of the refractory. A successful
refractory design is dependent on using proper materials with the proper
technique for installation.
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5.1.5 PYROPOWER

Pyropower has 25 CFB units which are either in operation or will be by 1990.
These units are all coal fired with one burning anthracite culm and another

gob. Table 5 is a listing of these units, describing plant, location, steam
conditions, fuel, and date of commercial operation.

Pyropower has formed their own refractory subsidiary, Pyropower Energy
Services Company (PESCO). Pyropower feels they have developed, over the past
14 months, a refractory system that gives them a competitive advantage.
Pyropower declined to discuss their refractory experience or philosophy.
PESCO is not interested in performing rerractory work for any non-Pyropower
jobs. PESCO did state that future Pyropower units would use brick in the
cyclones and loop seals.

28



5.1.6 RILEY STOKER

Riley Stoker has seven CFB units in operation and one under construction as
shown in Table 6. These units, which all burn coal, use the Multisolids-
Fluidized-Bed-Combustion (MSFBC) concept licensed by Battelle. The design
uses larger feed stocks and rocks to form a dense bed in the lower section of
the combustor. The early concept involved completely refractory lined

- combustors which decoupled combustion and heat transfer and provided fuel
flexibility. There wasn’t a large demand for fuel flexibility and the use of
fully refractory lined combustors was not cost competitive, primarily due to
the additional material and installation costs. For these reasons, Riley
Stoker switched to a combustor with the lower section refractory lined and the
upper section having waterwall heat transfer surface.

Riley Stoker does not have a refractory division which required them to go
outside for a refractory supplier and installer. The initial position was to
have the refractory supplier be responsible for the installation as well.
This limited the number of responses for Riley’s early units to a few
suppliers (Plibrico, CE, and A. P. Green). However, this did provide for a
tighter designed refractory system with better warranty provisions. The only
warranty available from the refractory manufacturers today is "our materials
are what we say they are." Riley Stoker is currently in arbitration with one
refractory supplier and is involved in discussions over technical differences
with another. Riley currently splits the contract for refractory materials
and installation.

Initial information on refractories (primarily from the petroleum industry)
was very limited. What was known was that shell temperatures should be kept
below 350 F. Higher temperatures would cause differential expansion between
the shell and refractory and would break the anchors. Riley Stoker feels that
development work needs to be performed to allow shell temperatures to be
increased to 650 - 700 F. This would result in lower capital and maintenance
costs as hundreds of tons of refractory could be eliminated. Foundation loads
would be decreased and structural steel costs would be lowered. Today,
however, no suppliers are comfortable at designing anchor systems for these
higher temperatures. Offsetting this would be the requirement for additional
external insulation to minimize heat losses. Reliable methods would be needed
to detect hidden hotspots. The other specification that was given was the
refractory should have an abrasion loss of around 10 cc (ASTM C704 test).

What resulted from these specifications was a two or three layer system.

Riley Stoker opted for the two layer system which consisted of a six to nine
inch layer of gunned insulating refractory next to the wall with a four to six
inch layer of hard facing. Y-anchors on six to twelve inch centers, depending
on refractory thickness, was the preferred anchor design. Early experience
with thick hot cyclone refractory showed that two inch x two inch screen
("road mesh") caused refractory to fail in shear at the screen. All suppliers
recommended Y-anchors.
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One Riley Stoker site has suffered a very large number of refractory failures
in the lower combustor. Large pieces of refractory have broken loose and
interfered with the local fluidization. Sections have become defluidized,
causing clinkers to form which in turn took the unit offline. Large cracks
formed in the upper combustor caused overheating of the combustor casing. 8ix
to eight months of operation at this site saw one-third of the hard facing
worn off at the cyclone inlet. The cone section experienced major cracking
with large pieces falling out. Sections of the walls of the external heat
exchanger (EHE) fell off. Recycle lift lines (lines for recycle back to the
upper section of the combustor) saw no cracking but within two months of
operation, the refractory was worn to the bare carbon steel. Riley Stoker is
in arbitration with this supplier (Plibrico) regarding use of improper
materials and poor installation. Over half of the original refractory (6000
ft® of hard facing) has been replaced at this site.

Riley switched to a different refractory material supplier and installer (A,
P. Green) for the next unit. Cracks were noted on this unit, but much less
than seen at the site described above. Problems were experienced with EHE
bricked dam walls. This design was replaced with a monolithic casting with
proper expansion joints. Over vibrating can cause the aggregate and binder to
separate. Cracks are more prone to start near combustor penetrations which do
not have proper anchors. Riley Stoker has not reported any corrosion on any
of their units, but they have noticed some discoloration of the refractory.

Another Riley Stoker unit suffered a major failure in the lower combustor when
one wall of the combustor suffered anchor failures. The failures occurred
between the insulating and hard face refractories causing the wall to crack
and pull away from the side of the combustor. The refractory didn’t fall in
but had to be chipped out and replaced. The original hard face refractory,
Ultra-Green 45 (an ultra-low cement vibrating castable) was replaced with
Greengun 83P (a gunned phosphate bonded high alumina plastic). George P,
Reintjes, the original installer, made the repairs. Repair patches at other
Riley Stoker units show that phosphate bonded plastics are performing better
than low cement castables. Rammed plastic is labor intensive to install but
with the development of gunned plastics this would be Riley Stokers
recommended refractory today.

Results from early units showed that modifications were needed to improve
combustion efficiency. These modifications were implemented where possible on
units that were already under construction. One change that was made was to
go to smaller reducing zones and larger oxidizing zones. To implement this on
units under construction required reducing refractory thicknesses. These
changes raised shell temperatures up from 140 F to 240 F, still well below the
350 F maximum limit.

The dam walls in the Riley Stoker EHE have suffered failures with monolithic
and brick designs. These problems have been resolved by the use of monolithic
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cast walls with proper expansion joints. Lift lines have seen some high local
wear due to local flow disturbances. Design changes should eliminate these
problems.
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5.2 CFB OWNER/OPERATOR

!

CFB sites supplied by the six boiler vendors were identified and contacts were
made with 31 of these units. The survey concentrated on units which had
operated for a sufficient amount of time to be able to gather meaningful
results. The survey also was directed toward coal fired units as this task is
in support of the DOE Clean Coal Technology program. Experience varied from
"no prcblem" to "refractories have a major impact on availability." Operating
time for these units ranged from 0 to 25,000 hours.

Many of the people interviewed were quite knowledgeable about the refractory
design and experience for their units; however there was also a lack of
refractory knowledge by some of the operators. Refractory systems typically
have been a low priority issue to the customer during the plant design review
and construction phase. The level of knowledge is somewhat indicative of the
amount of refractory problems experienced. Material types, brand names
(original and replacement), and installer names are given for many of the
units. In those instances where this information is not given, it is usually
due to the lack of refractory knowledge by the plant personnel quizzed and not
due to a refusal on their part to share information. However, some
owner/operators were reluctant to discuss their refractory experience because
of warranty issues that were still pending or a desire to retain a commercial
advantage over their competitors who might use this technology. Coments
received from the owner/operators and information obtained on these units from
written reports are summarized on the following pages.
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5.2.1 NEW BRUNSWICK POWER

New Brunswick Power operates a 210 kpph Combustion Engineering CFB in Chatham,
Canada. The unit began operation in June of 1986 and has accumulated
approximately 4500 hours of operation. Steam conditions for the unit are 850
psi and 900 F.

Combustor

The combustor cross section is roughly 12-feet x 12-feet with approximately
the first 20 feet of the combustor walls refractory lined. Since this portion
of the walls is not constructed of waterwalls, the refractory is composed of a
dual layer of eight inches of insulating and eight inches of abrazsion
resistant refractory. Velocity in this region is on the order of 11-12
ft/sec. Castable material used in this area had problems essentially
immediately. Since startup, there have been five or six occasions where major
repairs were required. On these occasions, one or more walls of the combustor
have been stripped back to the walls and studs. Minor repairs have been made
with some success using a rammable material which was used at Georgetown and
Summerside (Combustion Engineering (now Premier) "Red Ram"). Spalled pieces
of refractory tended to cause operating problems by plugging drains. The unit
has experienced some slagging, but corrosion does not appear to be a problem.
Cyclic operation may have been partly to blame for the spalling experienced.
Some problems, such as ash getting behind the refractory around ports, were
due to improper installation. Bricks were installed above the fuel chute arch
and have worked well. They have only seen minor damage in 3000 hours of
exposure.

The remainder of the refractory in the unit (cyclones, downcomer, loop seals)

hag performed with essentially no problems. The external heat exchanger which
has refractory lined floor, roof, walls, and weirs, experienced minor problems
with a section of the roof refractory collapsing. This most likely was due to
poor installation. All the refractory in the unit was installed in the field

except for some piping that was delivered lined.
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5.2.2 AMERICAN LIGNITE PRODUCTS

The American Lignite Products plant in Ione, California has a Combustion
Engineering CFB that produces 146 kpph of steam from lignite and lignite
waste. The lignite has high silica ash with a lot of rocks. The CFB began
operation in February of 1987 and, except for the first few months, has been
operated at 75% availability. Steam conditions from the CFB are 1250 psi and
950 F.

Combustor

The combustor utilizes waterwalls the full length of the unit with the lower
portion of the walls covered with an abrasion resistant refractory. This
material was installed 6 inches thick originally. It began to crack and
suffer some ¢~alling, but was still considered serviceable. North American
Refractories Guncrete, a low iron abrasion resistant gun mix, was used.
Initially there was too much refractory on the walls and some of it had to be
removed to get the proper amount of heat transfer. In April of 1989, the
combustor refractory was replaced with silicon carbide tile, except around the
burner throat.

Cyclone

The cyclone began operation with 8 inches of insulating refractory next to the
shell with 6 inches of abrasion resistant refractory (North American
Refractory 'Guncrete’) between the insulating refractory and gas stream.
Rapid erosion was experienced in the cyclone at the target zone ({(direct
impingement point of dust laden gas stream in the barrel of the cyclone).
Repairs were made in this area by patching with NIKE 50AR. Later, brick
material was tried in the cyclone, but was found to be sensitive to "calcium
attack", Corrosion products permeated the surface with a resulting change in
color of the bricks noted. The cyclone ended up with corrosion/erosion wear.
Currently, the bricks have been replaced with a phosphate bonded chrome
alumina material (No:rth American Alchrome 85P). This material has been
installed for about 18 months with site staff estimating a two-year service
life. Chrome bearing refractories pose a disposal problem since they are
classified as a hazardous waste.

Although there has been some cracking of the refractory in the downcomer and
recycle loop, these materials have not had to be touched. The ash cooler
refractory was cast and has seen some spalling, especially on the line to the
cooler. Because of the intermittent use of the ash cooler, it is subjected to
a lot of cyclic operation between 1500 F and 200 F.

The unit was designed to handle and remove large material, but still gets
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plugs due to 4-5 inch pieces of refractory which spall occasionally. The
installation of screens over the drain points has helped.

The owner stated that because of the significant number of repairs that are
required, refractories could be a major cost item.
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5.2.3 WESTWOOD ENERGY

Westwood Energy operates a 271 kpph Combustion Engineering CFB at Joliett,
Pennsylvania. Steam conditions are 925 psi and 900 F. Operation of the unit
began in June of 1987 and has approximately 17 months of service. The unit
does not have a fluid bed external heat exchanger but does have a fluid bed
ash cooler. Operating temperature for the combustor is approximately 1800 F,
using anthracite refuse with limestone addition.

Combustor

The combustor is composed of a waterwall designed enclosure with a cross
sectional area of approximately 14 feet x 14 feet. The first 25 feet or so of
the waterwall from the distrikbutor plate up is refractory lined. This area is
covered with approximately a 3-inch thick layer of high density abrasion
resistant material for corrosion and erosion protection. The combustor has
seen localized spalling of the refractory but no major repairs have been
required. A test panel of silicon carbide refractory material has been
installed in the wall for evaluation.

Cyclone

All the uncooled system components (cyclone, seal pot, fluid bed ash cooler)
use a dual layer of refractory, a low-density insulating refractory next to
the metal casing and a high-density abrasion resistant refractory on the gas
side. The original material was a field installed gunited castable. Spalling
and erosion problems were experienced in the cyciones. The original material
was replaced with brick which has been performing well for the last year and a
half. The inlet to the cyclone has had to be repaired, with Combustion
Engincering (now Premier) "Blue Ram" rammable plastic utilized. Only minor
repairs have been required in the bed material ash cooler.
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5.2.4 SCOTT PAPER

Scott Paper operates a Combustion Engineering CFB at its Chester, Pennsylvania
plant. The unit produces 650 kpph of steam at 1450 psi and 950 F. The fuel
burned at the plant is an anthracite culm. Operation of the Scott Paper CFB
began in June of 1986,

The staff at Scott Paper declined sharing their operating experience with
refractories. The reason stated was that Combustion Engineering is still
involved in resolving refractory concerns. Scott Paper is representative of
Combustion Engineering’s first generation CFB. Generic comments on this
design are discussed under Combustion Engineering’s writeup.
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5.2.5 FORT HOWARD PAPER

Fort Howard Paper Company operates a Foster Wheeler CFB at its plant in
Rincon, Georgia. The CFB produces 320 kpph of steam at 1500 psi and 950 F.
The unit began operation in February of 1988 and reached full load in April
1988, and has been at full load the past six months. The unit has burned coal
and petroleum coke.

The staff at Fort Howard Paper stated that the unit has not had any refractory
problems. The combustor lower waterwalls were coated with air setting A. P.
Green AA22 refractory applied to 3/4 inch stud anchors. 1In May of 1988 a
portion of this refractory was removed to increase the heat absorption to the
waterwalls with the studs left exposed. The upper portion of the combustor
consists of a radiant superheater which is incorporated into the front wall
and roof. These are coated with a 1/2-inch thick high conductivity abrasion
resistant refractory (AA22). This same material was used to coat the cyclone
inlet area. To improve cyclone collection efficiency, the inlet width was
reduced by two feet with the addition of a refractory plug made from
Combustion Engineering (now Premier) Blue Ram material. The cyclone is
constructed of waterwall panels and therefore only requires a thin coat of
abrasion resistant refractory. The cyclone barrel has approximately two
inches of Blue Ram plastic refractory which is covered by Blue Ram tile with a
1/4~-inch gap between tiles. The cone section has a vibration cast fused
silica refractory lining. The loop seal/downcomer region has a dual layer of
refractory made up of 5 inches of insulating refractory and 4 inches of
vibration cast fused silica. The loop seal roof was gunited and has seen some
wear. J. T. Thorpe Company was the refractory installer.
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5.2.6 FRACKVILLE COGENERATION

The Signal Energy’s Frackville Cogeneration plant in Frackville, Pennsylvania
operates a Keeler-Dorr Oliver CFB rated at 410 kpph. Steam conditions for
this plant are 1310 psi and 955 F. The plant started up in October of 1988
and uses anthracite culm as the fuel.

Problems with turbine trips have resulted in numerous thermal cycles. Erosion
has been noted in the cyclones, but the main refractory problem has been in
the loop seal ("Fluoseal") which was gunited. The combustor uses a single
refractory layer of abrasion resistant material. The outlet and cone sections
of the cyclone are brick (super duty and high duty brick on gas side and light
weight insulating refractory next to the shell). The spalling of refractory
has caused some pluggage problems. ‘
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5.2,7 ARCHER DANIEL MIDLAND

—

Archer Daniel Midland operates eight Keeler-Dorr Oliver CFB units at two
plants. The Decatur, Illinois plant has five units, each of which produces
425 kpph of steam at 1310 psi and 900 F. The first of these units began
operation in February of 1987 and the last one in December of 1987. Average
availability of these units has been around 85%. The other three units are at
the Cedar Rapids, Towa plant. These units each produce 477 kpph of steam at
1310 psi and 900 F. They began operation in November of 1988 and have
approximately 5000 hours of service.

The Archer Daniel Midland staff at the Decatur facility stated that their
company had invested heavily in the development and advancement of their CFB
units. Because of this vested interest, they declined discussing their
experience with refractories. They did, however, have one of their refractory
suppliers (Norton) provide some information (see Appendix A). The Decatur
facility uses Norton LCY904, a calcium aluminate bonded silicon carbide
castable.

The Cedar Rapids units use Norton LC904 and CN183, a silicon nitride bonded
silicon carbide. The CN183 refractory is used in tube block shapes. The
Cedar Rapids units benefited from the refractory lessons learned at the
Decatur units. There have been some refractory problems in the loop seal
(Fluoseal) region. The cyclones are brick lined and have not been a problem.
The cast silicon carbide refractory was added to higher elevations in the
combustor to combat abrasion.

40



5.2.8 COLORADO-UTE

Colorado-Ute Electric Association operates a 910 kpph Pyropower CFB at Nucla,
Colorado. The unit produces 110 MW with steam conditions of 1510 psi and 1005
F. Operations began during the summer of 1987. Total operating time through
January 1989 was approximately 5500 hours. Refractory experience for this
unit was obtained from discussions with site personnel and abstracted from
reference 3 and 4. The majority of the discussion centers around a major
refractory outage that occurred in January-February 1989.

Periodic problems with refractory failures have plaguad the Nucla CFB.

Several factors are thought to have led to this experience. Low refractory
mix temperatures are believed to have resulted in poor workability of the
original refractory. This led to increased water usage which reduced
refractory properties and resulted in high shrinkage. Poorly cleaned surfaces
may also have contributed to the refractory performance reported. The use of
a "top-down" guniting application resulted in rebound and other debris
collecting on the walls which can lead to poor bond strength. One other
factor that caused spalling problems was improperly prepared construction
joints. These joints should have been 90° to the refractory surface. Shallow
angles allowed material to collect in the construction joints which in turn
caused triangular pieces of refractory to break off and cause operating
problems such as pluggage and nozzle erosion. Improper curing (dehydration)
of the refractory at the joints may also have been a contributing factor to
failures. Finally, the numerous startups and shutdowns over this time period
( 24 cold starts in 1988 alone), no doubt, played a part in the performance of
the refractory.

Combustor

The lower combustor refractory shows signs of widespread cracking. The
majority of these cracks propagate from the combustor openings (feed ports,
air ports, bottom ash cooler ports, startup burners) with crack widths varying
from 1/4-inch to l-inch. Spalled refractory and bed material build up was
noted in the larger cracks. This material was "layered and hard-packed"
indicating that it had been deposited in the cracks over time and been under
compressive loads. Periodic inspections, including visual observations and
photographs, indicate that some of the cracks are growing in width with time.
It is believed that this crack growth is due to the thermal cycling of the
combustor. During startup, the unit is fluidized causing bed material to be
deposited in the cracks which are at their widest openings in the cold
condition. As the unit and refractory come up in temperature, the refractory
expands and causes the cracks to close. Any material which was deposited in
the cracks in the cold condition is compacted as the cracks close. This
scenario is repeated each time the unit is brought up to temperature and later
cooled back down. As mentioned above, the materials deposited in the cracks
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build up and take a layered, compressed form.

Compressed bed materials can exert tremendous forces during thermal cycling.
Bubbling fluidized bed combustors have experienced failure of in-bed tube
supports due to compaction of bed material in crevices between tube supports
and tubes. Cyclic operation of the combustors can cause a ratcheting of the
tube supports to the point where welds which hold the supports together are
broken. Similarly, the material in a CFB can be deposited in refractory
cracks to the point where cracks are expanded and finally result in pinch
spalling of the refractory.

Areas of refractory spalling in the combustor were somewhat random. Larger
areas where spalling has been noted include: lower sections of walls, below
manway in one combustor, to left of loop seal return in both combustors, and
at the top of the refractory interface with the waterwall in one combustor.
Spalled areas were repaired in both combustors using Thermal Ceramics Mix 228G
reinforced with stainless steel fibers. Some areas were repaired by hand
troweling and others by a gunned application.

Erosion of the refractory in the combustor has bLeen minor with most of it
occurring in the region near the corner primary air lower injection nozzles.
The discharge from these nozzles, due to their orientation, impinges directly
onto the adjacent refractory. Some erosion was also found below the coal and
limestone feed ports which has reached a steady state condition. By proper
care in designing the discharge from these nozzles and ports, erosion can be
reduced so that it is not a concern at this unit.

Cyclone

The cyclones have a dual layer refractory lining, initially consisting of 7~
inches of insulating material (NARCO Litecrete 20) with 5-inches of abrasion
resistant material (NARCO Guncrete). The performance of the refractory varied
with location. Results are discussed for each section of the cyclones (inlet,
barrel, cone, and outlet).

The inlet and barrel roof around the vortex finder was in good shape with
little erosion and essentially no cracking. More wear and cracking was
noticed on the vertical walls of the barrel section. The refractory in this
area was originally installed in four separate sections above the cone, with
horizontal cold joints between each section. These joints with time filled
with dense-layered bed material, similar to that described for the combustor.
The widths of these joints were enlarged due to pinch spalling and erosion.

Refractory at the upper section of the bullnose in one cyclone had cracked
completely through, causing the outer steel shell to discolor due to
overheating. The bullnose is the interface area between the cyclone inlet
duct and the trailing edge of the cyclone barrel. Thermal expansion forced
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the free end of the refractory toward the inlet expansion joint and away from
the bullnose. To provide lateral restraint to this movement, expansion stops
have been added. These stops are a series of steel plates (3/4-inch thick x
30-inches long x 8-inches wide) with three gusset plates welded to them and
the steel cyclone shell. They extend from the ledge of the inlet to the roof
of the cyclone barrel. Two stops were installed in each cyclone barrel; one
stop is located in the barrel ten feet downstream of the inlet expansion joint
and the other stop is located in the barrel, one foot from the bullnose.
Testing will confirm whether these stops restrain the lateral movement and
increase refractory life.

The floor of the cyclone inlet extends into the barrel of the cyclone, forming
a ledge which tapers to blend in with the barrel approximately 180° around the
cyclone. The abrasion resistant refractory on the outer corner of the ledge
had several loose or broken pieces. These were replaced during the January
1989 refractory repair outage. Both layers of refractory were removed as
required and a new anchor design was installed. Seven inches of Thermal
Ceramics Kaolite 1800 insulating refractory and five inches of Thermal
Ceramics 228G with approximately l-inch long 304 ss needles were gunned on in
this area.

Refractory anchors were removed and replaced with a new design during the
January 1989 outage. The original anchors were the "long-horn" or "V" design
made from 3/8-inch diameter stainless steel rod material configured to be 8-
inches long x l-inch wide at the base x 9-inches wide at the tip. The anchors
were attached with 1/2-inch threaded stainless steel studs welded to the
fireside of the steel shell. The new anchors are made in two pieces: (1) a
stainless steel rod stud extension which attaches to the existing studs on the
shell at one end and provides a 3/8-inch male thread on the other end, and (2)
a V assembly which attaches to the rod extension. The V piece is made from
1/4-inch diameter stainless steel rod material, measuring 4-inches long x 1-
inch wide at the base x 4-1/2-inches at the tip. The insulating refractory is
applied up to the base of the V assembly. The V assembly is then encased in
the abrasion resistant refractory.

The growth of cracks in the refractory was noticed in the cyclone barrel and
cone also. As discussed above, this growth is believed to be due to the
thermal cycling and ingress of bed/recycle material. The cyclones, by design,
introduce large quantities of solids to the walls (and cracks). As this
material packs into crevices, the refractory weakens locally and is easily
eroded/abraded by the high velocity dust laden gas stream. Some of the cracks
in the cone section approached 4-inches in width. Three large vertical cracks
were noted in each cyclone, extending from the base of the cone up to the
horizontal refractory support ring at the base of the cyclone barrel gection.
The cracks were evenly spaced around the circumference of the cones. Several
cracks had been repaired in the April 1988 time period with a plastic ram
refractory material. It also was noted to have suffered cracking and
spalling. The insulating refractory was exposed in some areas as was a number
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of the refractory anchors. During numerous outages, large sections of
refractory have been found lodged in the loop seals. The cone section appears
to be more prone to packing of recycle material in the refractory cracks than
the vertical walls of the barrel due to the gravitational forces that are at
work. The new abrasion resistant layer of refractory was installed with
special care to minimize the number of cold joints.

The cyclone gas outlet section were found to be in good condition. The
general cracking, erosion, and spalling problems seen in the combustor and
other areas of the cyclone were not present in the outlets. The dust that did
collect in the cold joint of the refractory was not hard packed but could be
easily removed with finger pressure. With collection efficiencies in the high
90’s, the outlet section is subjected to much lower solids loading.

Downcomers/Loop Seals

During a boiler walkdown on January 5, 1989, a hot spot was noticed on the
loop seal casing due to the failure of the loop seal refractory. An orderly
shutdown was immediately begun to minimize damage. Once down, the loop seals
were opened and the cast arches of both loop seals were found to have failed.
Cracking and erosion were widespread with sections of broken refractory laying
in the bottom of the loop seals along with broken anchors. Approximately one
wheelbarrow full of loose refractory was removed from each loop seal. A heavy
concentration of stainless needles were noted at one failure area. The loop
seal discharge leg to the combustor showed signs of cracking; however, the
refractory was sound and has not been a problem.

After removal of the loop seal refractory in January 1989, several cracks were
found in the steel shells. The area near where the hot spot had been noticed
was discolored (dark red oxide) and was experiencing scaling. A detailed
inspection of the fireside of the downcomers was not possible due to limited
access. However, widespread cracking could be seen.

Prior to the hot spot failure which occurred in early January 1989, the boiler
vendor (Pyropower) had already decided that the loop seal arch should be
replaced and was part of the planned workscope for the 1989 refractory repair
outage. Work planned included replacing refractory in the loop seal arches,
lower 8 feet of the downcomers, and in the loop seal up-leg (bottom of loop
seal to top of discharge leg to combustor).

The originally installed loop seal refractory was a combination of cast and
gunned material. Because of the continued failures in this area, this
material was replaced with a combination cast, gunned, and firebrick
refractories. Figure 7 shows the locations where the now materials were
placed. The cast and abrasion resistant gunned material used was Thermal
Ceramics Mix 228G. The firebrick used were National Refractories Jay Bee §
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fireclay brick.

The downcomer region between the cyclone cone outlet and the top of the new
loop seal firebricks was examined by the boiler vender and loose sections of
refractory were removed and abrasion resistant gunned material applied to make
these areas flush with the original refractory (approximately 40% rework).

Site personnel feel the refractory repairs are superior (materials and
workmanship) to those originally installed.
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These repairs will be monitored periodically to determine if these changes
improved performance.

Miscellaneous

Refractory and firebrick performance in the bottom ash coolers has not been a
problem. Refractory in the windbox is normally designed for insulating
purposes; however, with the occurrence of any backsifting of bottom ash or
dust carryover from regenerative air preheaters it may be prudent to install a
thin layer of abrasion resistant refractory over the insulating refractory.
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5.2.9 CENTRAL SOYA

Central Soya operates a 88 kpph Pyropower CFB in Chattanooga, Tennessee. The
unit began operation in December of 1985 and has run approximately 70% of the
time. Steam conditions for the unit are 190 psi and 384 F, produced from
burning a medium sulfur (<2%) coal.

Combustor

The waterwall combustor, measuring approximately 9 feet square, has the lower
seven feet protected with a gunited Plibrico refractory on the studded walls.
The refractory in this area has experienced some cracking and spalling, but
has not required any major repairs. Tips of the studs are showing in several
areas on the walls. The top one foot of this refractory has been redone.

Cyclone

Major repairs were required in the cyclone and downcomer in April of 1987.

The original refractory (Plibrico) consisted of 8-inches of insulating
refractory covered with 4-inches of abrasion resistant refractory. Repairs
were made using Combustion Engineering (now Premier) Blue Ram H.S. and Hot
Top Moldit. Y-anchors are studded directly to the cyclone metal shell on
approximately a one-foot x one-foot pitch. The cyclone and downcomer required
a second major repair during the summer of 1989. The insulating refractory is
being replaced with A. P. Green Kast-Set 2700 F castable, with A.P. Green Lo-
Abrade being used in tae downcomer. The cyclone barrel is being redone with
brick using a high alumina T-36 cement. In the boiler outlet/cyclone inlet
section, Harbison-Walker Coral Plastic is being used. This material is a 85%
alumina phosphate bonded, heat setting plastic refractory. Summit City Boiler
Service made these repairs. They recommended against using stainless steel
needles in this application, citing a tendency for the needles to settle out
at the lower portion of pours. Needles can burnout up to 2 to 4-inches into
the refractory which can leave the refractory weakened.

Operating problems have been primarily pluggage of the ash cooler due to
spalled pieces of refractory. The largest pieces of refractory found have
been six to eight inches in diameter. The ash cooler was initially lined with
a cast refractory, but spalling problems resulted in this material being
removed and the cooler lined with brick. Bricks are also used in the loop
seal return line to the combustor.
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5.2.10 B. F. GOODRICH

The B. F. Goodrich plant located in Henry, Illinois has a Pyropower CFB that
began operation in October of 1985. The unit produces 125 kpph of steam at
500 psi and 470 F. To date, the unit has operated for approximately 25,000
hours.

A general comment on the B. F. Goodrich plant is that refractories have not
been a problem. All the refractory was installed in the field and was gunned
on except from the cyclone outlet to the combustor which was poured.
Harbison-Walker refractories were installed by V. J. Mattson Company.

Combustor

The combustor, which is approximately 1l-foot square, is constructed of
waterwalls with approximately the lower eight feet of elevation protected with
a nominal 3-1/2-inches of Hargun ER abrasion resistant refractory. The unit
is equipped with five gas lances that are used during loss of coal or for load
cycling. Some spalling has been experienced around these ports due to
expansion problems. Bed material got behind the refractory in one instance
and caused a waterwall tube leak. This leak in turn soaked the refractory in
the windbox causing it to have to be replaced. The unit was down for a summer
inspection this year and minor patch work was being done around the gas lance
ports. Castolast 'G’ with 3% by weight of stainless steel needles was used to
make these repairs. The floor of the combustor has six inches of Light Weight
Cast 22.

The poured refractory (cyclone outlet to combustor) has seen some cracking and
wear. This was noticed after the first year of operation, but has stabilized
since then with no repairs required. The two coolers are lined with 5-inches
of Harcast ES which have not required any repairs. The cyclone, downcomer,
and loop seal are lined with 12 inches of Harvibe Light Weight Gun Mix 22 and
Hargun ER. No major repairs have been required in these areas.

The unit is cooled down by cutting the fans off and opening the access doors
and allowing natural draft to cool the unit (approximately 200 F/HR).
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5.2.11 CALIFORNIA PORTLAND CEMENT

California Prrtland Cement operates a 190 kpph Pyropower CFB, referred to as
"Calmat", at colton, California. Steam conditions for the unit are 650 psi
and 825 F. The unit cogenerates approximately 25 MWe. The unit began
operation in April of 1985 and has had a 90% availability for the last four
years. The unit burns a 50/50 mix of coal and coke and uses ground bottom ash
as a supplement to limestone.

Combustor

The combustor is approximately 60 feet tall and has waterwalls the full
length. The lower 9-10 feet of waterwall surface has 3-4 inches of abrasion
resistant refractory. The unit still has the original refractory and has seen
only minor spalling. Refractory at the combustor exit to the cyclones has

experienced significant wear and has been replaced with a more wear resistant
material.

Cyclone

The majority of refractory problems at Calmat have been in the cyclone. The
cyclones, as well as other uncooled structures have 5-inches of insulating
refractory and 7 inches of hard wear resistant refractory. Severe erosion has
occurred in the roof and sidewall of the cyclone barrel section. The original
gunned material spalled off in some areas near the inlet due to poor
installation. Expansion joints produced uneven surfaces which aggravated the
erosion potential.

Each year, this section of the cyclones is patched with a rammable plastic
which sets at 900 F. The rammable plastic has been used with and without the
addition of stainless steel needles with no significant difference in
performance noted. Pieces of refractories, which spalled after repairs were
made, have caused plugged cyclones.

The cone section of the cyclones has experienced spalling and cracking which
is believed to be primarily due to not enough expansion allowance. Minor
repairs have been made but they are not considered to be a long term solution.
Current plans are to replace this material in the cone section with brick in
the spring of 1990. :
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Downcomers/Loop Seals

Excessive erosion is the primary refractory problem in the loop seal (roof)
and loop seal return. The loop seal return has been replaced with high grade
refractory brick which are performing acceptably.

Miscellaneous

Only minor repairs have been required to the original cast refractory used in
the bottom ash cooler.
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5.2.12 GENERAL MOTORS-ARGONAUT

The General Motors-Argonaut plant in Pontiac, Michigan has a 300 kpph
Pyropower CFB which cogenerates (27 MW and 150 kpph). Steam conditions are
1460 psi and 955 F. The unit came on line in January of 1987 and has operated
the last twelve months with a 98% availability.

Refractories have not been a major problem. The lower combustor refractory
has seen some considerable wear in the dense bed. Wear is to the point where
hangers can be seen. Areas of refractory have been patched and cut out and
replaced. The cyclones were gunited and are experiencing some cracking, but
haven’t seen any spalling. The loop seals where they feed back into the
boiler have been replaced with insulating and abrasion resistant bricks.
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5.2.13 IOWA STATE UNIVERSITY

Iowa State University has two 170 kpph Pyropower CFB’s at the Ames, Iowa
campus. One unit began operation on coal in September of 1988 and the second
unit in December of 1988. Steam conditions at both units are 410 psi and 750
F. High sulfur bituminous coal is burned in both units. Harbison-Walker
refractories were applied to the combustors, cyclones, and loop seals over a
period of six weeks.

The lower 12-15 feet of combustor waterwalls are covered with 8 inches of
insulating and 2-inches of abrasion resistant (with stainless steel needles)
gunned refractory. This section has seen normal cracking in all areas due to
thermal expansion. No appreciable erosion or spalling has occurred. The
refractory was cured over a period of three days with temperature hold points
of 500, 1000, and 1500 F. A 1-ft x 1-ft section of wall refractory at the ash
cooler inlet did try to pop out. This failure appeared to be due to a poor
initial bond and is the only repair made.

The cyclones also have 8 inches of insulating and 2 inches of abrasion
resistant refractory lining. Cast sections in the loop seals experienced
localized erosion due to direct impingement of limestone in this area. Cast
material was replaced in the target area (24-inch x 30-inch long section) with
brick in January 1989.

Pyropower conducted a quality control program on the refractory installation
with Iowa State personnel monitoring. Core samples were taken from various
locations and examined for strength. Loop seal samples failed strength tests
twice before finally passing.
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5.2.14 PYROPOWER UNIT

One plant was willing to share refractory experience, but preferred not to be
identified by name. This facility has a Pyropower CFB which operates at
average steam capacity and high pressure and temperature firing coal.

Combustor

The lower combustor was initially equipped with a dual layer of Kaolite
1600/2300 refractory installed by Turnaround Maintenance. Because of design
changes, the velocity in the lower combustor was increased by adding
additional refractory thickness. This modification was made without changing
the original anchors and resulted in delamination between the layers. Early
in 1989 all the combustor refractory was replaced with Norton Refractory
LC904, a gunned silicon carbide material. Exception to this was the use of
Harbison-Walker Ruby Chrome rammable plastic which was used around tube bends
and combustor penetrations. Approximately 70% of the lower combustor is
coated with the gunned refractory and 30% with the plastic refractory. Studs,
1-1/2 inches long, are used to anchor the refractory to the walls.
Examination of this refractory was conducted in May and looked good.

Cyclone

The cyclones were lined with Kaolite 1600 and 2300 which were gunned on in the
field. Erosion of this material in the target zone of the cyclone barrel
resulted in local overheating of the cyclone shell. Thermax ES was cast in
the cyclone target zone and a diametrically opposite area of the cyclone
barrel where erosion was pronounced during an early 1989 outage. This
material, installed by J. T. Thorpe, suffered rapid erosion. It is believed
that these materials were applied too wet. Later in 1989, this material was
torn out and replaced with North American Refractories Alchrome 85P, an 85%
alumina plus chrome phosphate bonded plastic refractory. This material is
held in place by firebrick anchors.

Loop Seals

The loop seals were gunned and cast with the same original materials (Kaolite
1600 and 2300) identified above. This area has not seen any significant
erosion but has seen some heavy cracking and jacking of the refractory. It
appears the useful life of these materials has a maximum service life of
approximately three years. Current plans are to replace these materials with
a high alumina Andalusite brick.
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5.2.15 GILBERTON

The Gilberton Power Company plant in West Mahoney, Pennsylvania has two
Pyropower CFB’s that produce 355 kpph of steam each. The plant burns
processed anthracite culm in the combustors and produces steam at 1500 psi and
955 F. The units began full operation in September of 1988 and have run
approximately 80 % of the time since.

The combustors have not been a problem but the cyclones have experienced major
refractory problems. The cyclones have twelve inches of refractory consisting
of six inches of an insulating layer and six inches of abrasion resistant
gunited refractory (Thermal Ceramics 122). Repairs have been made with
Combustion Engineering (now Premier) Blue Ram plastic refractory. Problems
have been encountered with spalling and anchor failures both most likely due
to lack of proper expansion. Anchors consist of nuts welded to V-type
anchors. The anchor failures are also felt to be due in part to selection of
the wrong material (304 stainless steel). Erosion was experienced in the
target zone of the cyclone barrels. In June of 1989, the roof refractory
buckled and collapsed causing a forced outage. The roof and cone section of
the cyclones had the abrasion resistant refractory replaced with a gunned
Thermal Ceramics 128. The barrel section of the cyclones had the abrasion
resistant refractory replaced with a high alumina Andalusite firebrick from
the National Refractories Company. Only minor repairs have been needed in the
loop seals. There is some speculation that the high alkaline content of the
fuel may have led to a corrosive attack of the refractory.
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5.2.16 UNIVERSITY OF MISSOURI

The University of Missouri operates a 200 kpph Riley Stoker Multisolids CFB
unit at the Columbia, Missouri campus. Steam conditions of the plant are 950
psi and 850 F. Startup of the unit began in February of 1988. The unit has
been operated at nominally 50% load with a 45% average availability. A. P.
Green was the refractory supplier and installer.

Combustor

The lower half of the combustor consists of a rectangular cross section steel
shell that is lined with a dual layer of refractory. Next to the shell is a
11-inch layer of VSL-35 which is a gunned insulating material which has a
maximum service temperature of 2000 F and is resistant to thermal shock. Over
this material is a 6-inch layer of R5011 abrasion resistant refractory which
was poured in place. At the top of the reducing zone, the lower waterwall
headers are refractory lined as is the start of the oxidizing zone. Four to
five inches of Lo-Abrade, a 50% alumina abrasion resistant refractory, was
gunned in this area. Stainless steel double Y-anchors welded to the steel
shell hold the refractory in place. Approximately l-inch of refractory
extends beyond the end of the anchors which are installed on approximately a
one-foot staggered pitch. Periodic inspection of the refractory in the lower
combustor has shown it to develop cracks which with time have opened up to a
maximum of 1 inch. These cracks fill with bed material which packs in the gap
and causes the cracks to grow with time. No repairs have been needed to date;
however, the west wall is showing some signs of bowing away from the shell and
will be monitored in future outages.

The upper combustor has 1 inch of refractory on the roof and 2-1/2-inches on
the sidewalls near the cyclone inlet. This material is Lo-Abrade which was
gunned onto the surfaces to protect them from the dust loading which must make
a 90° turn to enter the cyclones. No wear or spalling has been noted on these
surfaces except for localized wear around observation ports. Anchors in these

areas are on a tighter spacing ( ~ 4 inch square pitch).Cyclone/Downcomer

The unit is equipped with two 10 foot diameter cyclones which are refractory
lined with two layers of insulating refractory and a single layer of abrasion
resistant material in the cyclone inlet and barrel sections. Starting at the
shell the refractory lining consists of 3 inches of Castable Mix 219, 5 inches
of VSL-35, and 6 inches of R5008GR. All materials were gunned in the field
onto refractory anchors. Some minor spalling has occurred in these areas with
larger pieces missing from the cyclone roof around the vortex finder. Minor
wear appears to be occurring in the cyclone barrel in the target zone.

The cyclone cone section also has three layers of refractory but, instead of
gunned material, are brick. The three layers from the shell toward the hot
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face are 3-1/2-inches of JM SUPEREX 2000 block insulation, 4-1/2-inches of G-
201FB brick, and 6 inches of KX-9¢BF high fired abrasion resistant brick.
This lining has given excellent service. Below the cone section is an eight
foot transition section that delivers the solids to an external heat
exchanger. This section is lined with 3 inches of Castable Mix 219, 5 inches
of VSL-35, and 6 inches of Lo-Abrade which were all cast. These materials
have given good service as well. The cyclone outlet refractory materials are
3 inches of Castable Mix 219, 5 inches of VSL-35, and 6 inches of KS46R from
shell to gas outlet. No problems were noted in these cast materials.

External Heat Exchanger

The solids collected by the two cyclones dump into the end compartments of a
refractory lined external heat exchanger (EHE). The solids in these
compartments can either be recycled back to the combustor or can flow over dam
walls in the EHE to a center compartment which contains in-bed evaporator
surface. The EHE behaves as a low velocity bubbling fluidized bed.

The hot compartments are lined with 16 inches of refractory on the walls and
roof and are made up of 4 inches of Castable Mix 219, 6 inches of VSL-35, and
6 inches of Lo-Abrade. The floor is lined with approximately 7 inches of VSL-
35 and 6 inches of Kast-O-Lite 25. The cold and hot compartments are
separated by a dam wall. This wall was initially constructed of tongue and
groove KX99BF brick. These bricks came loose and fell into the hot
compartments. During the summer of 1989, these walls were removed and
replaced with cast monolithic walls which incorporate expansion joints. These

have operated without any problems to date and are only seeing a normal amount
of cracking.

The cold EHE compartment, which contains horizontal in-bed evaporator tubing,
has 13 inches of refractory on the walls and roof. These linings are made up
of seven inches of VSL-35 and six inches of Lo-Abrade. The floor has a three
inch layer of Kast-O-Lite 25 on top of approximately five inches of VSL-35.

Return Lines

The L-valves, hot and cold solids recycle lines and the EHE gas outlet line
were cast in the shop and use six to nine inches of refractory. The
insulating refractory is Castable Mix 219 and the abrasion resistant
refractory is R5011. Localized wear has occurred in these lines and appears

to be more a problem with local geometry conditions rather than refractory
deficiencies.
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5.2.17 GENERAL MOTORS - FORT WAYNE

The General Motors Truck and Bus Group in Fort Wayne, Indiana operate two
Riley Stoker Multisolids CFB’s. Each unit produces 150 kpph of steam at 700
psi and 755 F. The units began operation in March of 1987.

These units have been in operation less than 365 days and are still under
warranty. Because of this, the owner was reluctant to discuss specifics but
did offer a synopsis of the refractory experience.

The units were originally gunited and cast in the field. Problems were
experienced with the refractories in the hot and cold recycle lines, lower
combustor, all ports, and cyclone inlet. Each of these areas has been
repaired two to three times. Their repair criteria has been if the area is
less than two square feet it is patched and if larger than two square feet a
major rework or replacement is performed. All types of refractories have been
used for repairs and replacement, including cast, gunned, and brick. The most
successful material seems to be the new plastic refractories.

The main mode of failure is believed to be erosion, as all problem areas have
high velocities and high particle loadings. The refractory has been subjected
to a lot of cyclic operation due to boiler operation but no thermal shock
expansion failures have been seen.

The rapid loss of refractory is at such a high rate as to make operation and
maintenance unacceptable. It is felt that the refractory being used is a
misapplication, i.e. it can not handle the high particulate loadings. The
General Motors staff recommended that refractory R&D be performed before CFB's
can be declared practical for commercial application.
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5.2.18 UNIVERSITY OF IOWA

The University of Iowa operates a 170 kpph Riley Stoker Multisolids CFB at
lowa City, Iowa. Steam conditions are 475 psi and 760 F. Operations began
during the fall of 1988. Total operating time to date is approximately one
month, burning bituminous coal. Initial noise problems resulted in the city
requiring the University to put a silencer in the stack. This modification
was completed and the unit came back on line in March 1989.

No refractory problems have occurred to date which is not unexpected
considering the short operating time. The combustor and cyclone were gunited
and the external heat exchanger (EHE) was cast. The dividing walls between
the cold and hot EHE compartments are starting to crack and appear to be the
first area where refractory problems will occur. Additional operating time is
needed to properly assess the refractory in this unit.
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5.2,19 A, E. STALEY

A. E. Staley operates two Riley Stoker Multisolids CFB’s at its plant in
Decatur, Illinois. FEach unit produces 375 kpph of steam at 1265 psi and 955
F. The first unit baked refractories out in August of 1988 and began
operation in January of 1989. The second unit began operation in May of 1989.

Combustor

The combustors measure approximately 8 feet x 12 feet in the reducing zone and
approximately 10 feet x 15 feet in the oxidizing zone. The lower combustor is
not waterwall lined and therefore requires two layers of refractory.
Originally the refractory was to consist of 9 inches of insulating and 8
inches of hard face refractory. Design changes dictated reducing the velocity
in the lower region of the combustor. To assist in lowering the velocity, the
combustor refractory installed was only 9 inches thick, consisting of 5 inches
of insulating material and 4 inches of hardface material. A. P, Green
refractories were installed by George P. Reintjes Company. Cracks formed in
the abrasion resistant refractory and were noted to grow larger during each
outage. One wall of the first unit has experienced failure of the fasteners
and the wall has separated from the combustor. This resulted in an
overheating of the casing.

Cyclone

nhe cyclone refractory is retained by corrugated brick anchors on 8-10 inch
spacing. A. P, Green 85P, an 85% alumina phosphate bonded plastic, was used
as the hot face refractory (also used in combustor). The cyclones have not
experienced any cracking. The cyclone cones are brick lined and have not been
a problem. The external heat exchanger has hrc and cold recycle compartments
divided by a baffle wall. This monolithic wall is full of cracks and looks
susceptible to spalling. The outer walls appear in good shape but the roof
has experienced some cracking with the refractory coming off as a sheet.
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6.0 SUMMARY/RECOMMENDATIONS

Refractory systems represent a significant and critical portion of the overall
design of a circulating fluidized bed facility. For this reason, the
refractory design should be integrated early into the design of the unit and
not added as a last step before the unit is commissioned. The customer needs
to evaluate proposed refractory designs from a life cycle cost standpoint and
not just initial capital outlay. Most refractory suppliers have comparable
materials; however, it is the installation of these materials that can make or
break the success of their application. It is imperative that the
installation procedure be developed properly and that quality control measures
be taken to see that these procedures are carefully followed. Local concrete
contractors are generally not qualified to install refractory concretes yet

they are frequently used to save money. Their installations are generally
unsatisfactory.

It is beyord the scope and objective of this task to provide detailed design,
material selection, and installation procedure recommendations. This section
attempts to describe some of the lessons learned, both good and bad. CFB
technology has advanced at a rapid pace during the last five years.
Conventional boilers required the use of little refractory and therefore, the
boiler vendor and refractory supplier/installer have had to develop CFB
refractory knowledge together. Much of the work which has been done is a spin
off from the prrochemical industry.

The summary/recommendations below are a result of this refractory survey which
includes discussions with boiler vendors, refractory suppliers,
owner/operators of CFB units, and literature reviews. Cost of materials and
installation have not specifically been incorporated into any of these
comments. Costs are volatile, with one boiler vendor stating the price of
refractories has increased by a factor of three to four during the last four
years. The customer has to weigh these costs, as well as schedul: impacts,
into his final selection. The customer should consult the boiler vendor and
refractory supplier and installer for specific recommendations.
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6.1 MATERIAL SELECTION

6.1.1 INSULATING

Insulating refractories, in general, have not been a problem in CFB's.
Operating temperature in CFB’s is nominally 1600 F. The temperature at the
interface of the insulating refractory with the abrasion resistant refractory
is even lower. However, with clinkering, temperature excursions (due to
startups, shutdowns, process upsets, etc.), and potential for loss of hard
face material, a margin of safety should be included. A minimum of a 2000 F
material should be selected. Gunning, casting, and bricks have all been used
successfully. With the lower combustor operating in a reducing environment,
it would be prudent to select a low iron content material.

6.1.2 ABRASION RESISTANT

In the lower combustor where dual layers of refractory are required, high
alumina castables either gunned or vibration cast appear to be successfully
used. This materia’, used with stainless steel fibers and moisture release
fibers, should provide long term operation without major problems. Low iron
content is recomnended due to local reducing conditions. Iron oxide can react
with carbon monoxide and deposit carbon which can result in refractory
cracking. Units which have waterwalls in the lower combustor require only a
single layer of refractory. Silicon carbide either gunned or tile products
have proven successful in this application. Gunned silicon carbide is also
recommended for the combustor outlet and roof sections where refractory is
required.

The cyclones have proven to be the most challenging component for developing a
successful refractory design. It was the consensus opinion that gunned
materials ure not available today that can stand up to this harsh environment.
Even though there are exceptions to this finding, most of the boiler vendors
are designing all future units with brick. Hard fired high alumina brick or
high alumina vibration cast materials should give good service. Phosphate
bonded alumina plastic refractories have been used successfully in the target
zone and roof areas of cyclones.

Similar to cyclones, many of the bniler vendors are replacing existing loop
seal refractories and designing new loop seals with brick or a combination of
brick and cast refractory. The major problem in the loop seal appears to be
associated

with thermal expansion problems. The materials suggested for cyclones should
be suitable for loop seals also. Fused silica, which is 100 % amorphous, has
extremely low thermal expansion properties which give it excellent thermal
shock resistance. This material would be suitable for loop seals. The
maximum temperatures should be mnintained below 2000 F to prevent

N
[£8]



devitrification. The dip leg/downcomer line to the loop seal can be vibration
cast.

6.2 INSTALLATION METHODS

6.2.1 GUNNING

Most of the refractory in CFB’'s has been applied with this technique. It
allows more material to be put in place in the least amount of time. However,
this installation method is dependent on the skill of the gunner/nozzleman who
can make or break the success of the application. Dry refractory material is
blown onto the surfaces to be lined using compressed air with water typically
added at the nozzle. An improved gunning technique mixes a portion (up to
half) of the water with the dry materials ahead of time with the remaining
water mixed at the nozzle. Benefits of this technique are increased density,
decreased rebound, and decreased dusting. Rebound is the refractory material
that doesn’t stick to the surface but bounces off as waste. This material is
predominantly the larger coarse fraction of particles and should not be
reused. Proper pre-mixing of water should allow a ball of the refractory
mixture to be formed which can be easily crumbled with finger pressure.
Rebound should be able to be controlled to no more than 10-15% which helps
hold cost down.

The proper method of applying the gunned material is to start at the base and
corners and work your way up. This allows the rebound material to fall clear
of the uncoated surfaces. Once started, installation should not be stopped
even for a ten minute break. It is recommended that the nozzle be
perpendicular to the wall, about four feet away. Small areas should be gunned
in horizontal ovals tc prevent the material from drying out which can result
in laminations. The finished product should not be troweled or floated
smooth. This works the fine material to the surface and closes up pores that
are needed for proper dryout. Also, materials should be applied at 60-80 F
and should not be allowed to freeze before the curing cycle is completed.

Gunning is recommended for installing the insulating refractory layer in
CFB's, but is not the preferred installation method for the abrasion resistant
refractory, except for maybe the lower combustor. Gunned materials have not,
in general, performed acceptably in the cyclones and loop seals. Because
gunning is fast and cost effective this would be one area where development

work could help hold down the capital cost of CFB’s. Gunned plastics offer
some room for optimism.
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6.2.2 CASTING

Refractories can also be installed by casting, which involves pouring the
material into a form. This technique is quick and easy to use and requires
less skill than gunning. This method requires mixing the material at the site
with water. The water used should have a purity suitable for drinking, and
the water, mix, and structure to be lined should be at a temperature of 65-90
F. Refractory should never be installed at temperatures below 65 F. Use of
more than the recommended amount of water can result in weakened refractory.
The refractory and water should be mixed mechanically for two to five minutes
at the most. The proper consistency of the mixed product can be evaluated
using the "ball in hand" test. A ball of the mixed product is formed and
tossed 6-12 inches into the air and caught. The material should conform to
the shape of the hand when caught and should not flow between the fingers (too
much water) or crumble (to little water).

Vibration casting of materials uses only about one half the amount of water
used for conventional casting. Vibration casting increases the density and
strength of the final product and reduces its porosity. A paddle type mixer
is recommended for mixing vibration cast materials to assure that the reduced
amount of water is properly mixed with the solids. Longer mixing times
(approximately 4 minutes) are also recommended. The refractory mix should be
put in place within 30 minutes which is typically the amount of material that
should be prepared in each batch. High purity materials should be put in
place within 15 minutes.

The forms or molds should not absorb water from the casting during the cure
cycle or else a reduced strength prcduct will result. Pre-wetting or moisture
proofing of the forms should be done as necessary to prevent this from
happening. After casting, the surface should be covered (plastic) to prevent
water loss during the curing cycle and the material should be maintained at
the 65-90 F temperature for at least 24 hours. The forms can be removed after
about eight hours. After curing, the manufacturer’s dryout schedule should be
followed. Typically, about 1 hour of hold time is needed for each inch of
lining thickness. Free water will be driven off at approximately 212 F and
hydration water will come off between 400-1600 F. Vibration casting can be
performed by vibrating the form externally or with a surface vibrator.
Immersion vibration is not recommended. Too much vibration will cause the
aggregate to separate out of the mixture. The effect of vibration casting of

a second layer of refractory on top of an installed layer should be
considered.

6.2.3 RAMMING
Ramming is another method of installing refractories in CFB's, particularly

plastic refractories. These materials are essentially pre-fired refractories
that are prepared in a stiff plastic condition by the refractory supplier and
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delivered to the site with no further preparation or mixing required. These
materials are rammed into place with hand held pneumatic hammers or mallets.
The plastics are provided in the high density abrasion resistant form and can
be either air or heat setting types. The main precaution in ramming plastics
is to not put too much material down at one time. The material must be -
knitted together. The use of a notched hammer is recommended to perform this
knitting to prevent laminations. The high success of rammed plastics is due
to the improved material properties and the ease of installation with no
mixing required.

6.3 ANCHORING

Proper anchoring is critical to successful refractory linings. For
circulating fluidized beds, "V" or "Y" anchors are used almost exclusively,
except for some use of ceramic anchors. Metal anchors should be made of 309
or 310 S.S, which are good to 1600-1800 F. Ceramic corrugated brick are good
for higher temperatures. Hex mesh and road mesh screen type are not
recommended as they are prone to failing in sheets. Metal anchor length
should nominally be 60 to 80% of the refractory thickness. Ceramic anchors
are placed full depth, flush with the outer surface. Anchors should be coated
with paint, grease, wax, asphalt tape, or plastic which melt on heat up to
allow room for the anchors and refractory to expand without cracking the
refractory. Spacing of the anchors is dependent on the refractory thickness
and orientation of the surface. Anchors are typically placed on one foot
centers, except roofs which are spaced about 9 inches apart. Crowley, in
reference 5, gives an analytical method to estimate anchor spacing. More
anchors are needed near edges, ports, and other areas that are subjected to
vibration or mechanical movement. V=-and-Y-anchors should have the legs
staggered 90 degrees from each other. Anchors should be properly attached to
the shell. This attachment can be checked in the field by rapping the anchors
with a hammer or by using a pipe to bend the legs of the anchor. The hammer
rap should give a sharp ringing sound and the pipe test should allow the
anchor to be bent flat without failing the attachment. If failures are found,
all anchors should be tested. Sandblasting of the shell will improve the
refractory adherence by creating a textured and clean surface.

Significant cost reductions could be made if uncooled shell temperatures could
be increased to 650 - 700 F. These temperatures are well below the oxidation
temperature limit of the materials involved but refractory suppliers and
installers feel anchor designs do not exist that can function at these
temperatures today. Development work in this area could result in lower
capital costs for CFB’s.
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6.4 STAINLESS STEEL FIBERS

Stainless steel fibers are added to castable and plastic refractories to
improve refractory strength, spalling resistance, abrasion resistance, thermal
shock resistanc2, and crack resistance. Most of the CFB units use
approximately 3-4% by weight of stainless steel fiber reinforcement. The
fibers can be added to cast, rammed, or gunned products. Most sites indicate
better performance with stainless steel fiber addition; however, at least one
site saw no appreciable difference in performance with the addition of
stainless fibers, and one installer indicated that stainless fibers could
cause problems, such as settling out and burning out. These problems are
believed to be the result of use of the wrong material and/or improper mixing
of the fibers in the refractory. The use of 310 ss fibers should be suitable
for CFB operating refractory temperatures. Stainless steel fibers can be
provided mixed with the refractory from the suppliers or can be mixed at the
site.

Fibers are typically 1-1-3/8 inches long x about 1/64 inch diameter. The
metallic fibers expand more than the refractory material and cause a network
of "mini-cracks" which improves thermal shock performance, as opposed to a few
large cracks forming which can resull. in pinch spalling in CFB’s. The fibers
have little influence in the overall thermal conductivity of the refractory.

6.5 MOISTURE VENTING FIBER

The hydration of calcium aluminate cements is critically tied to the curing
temperature. If too low a temperature is used, appreciably more moisture will
be released during the drying cycle. With the use of low permeability
refractories, rapid release of large amounts of moisture can build up pressure
and cause explosive spalling. To minimize this problem, refractories can be
purchased which contain fibers that provide paths for the steam to be vented.
Some fibers actually shrink and burn out as the refractory temperature is
raised close to 200 F. Other fibers are tubular in design and provide a
natural path for the moisture to escape. The addition of these fibers is
particularly recommended for cold weather installations. The resulting
refractory installation with the addition of these fibers has better strength

properties with less cracking. A typical example of this product is given in
Appendix A.

6.6 CORROSION

Refractory materials are typically selected based on their insulating and
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abrasiocn resistance. Corrosion is usually a secondary factor. The
circulating fluidized bed application should be less of a concern than other
applications because of the low (approximately 1600 F) operating temperatures
of CFB's. However, a few of the CFB units reported that it appeared corrosion
played a part in the poor performance of their refractories.

Chemical reactions can contribute to the destruction of refractory linings.

In CFB's, this may be somewhat masked by the removal of the corrosion products
by the abrasive nature of the circulating particulate. Refractories can react
with the fuel ash, sorbent, and flue gas. These reactions can result in

.changes in the refractory crystal structure and even produce liquids. Phase

diagrams can be used to determine what reactions are possible and can estimate
at what temperatures they will occur. Sodium and potassium, for instance, can
react with silica at temperatures below 1500 F. Fireclay refractories can
react with limestone but require a higher temperature (approximately 2500 F)
than normal CFB operation. Generally, acid refractories should be used where
acid fluxes exist and vice versa. Silicon nitride bonded silicon carbide has
better alkali resistance. Steam environments, as in water sprayed bottom ash
coolers, accelerate the transformation of silicon carbide to silica which can
result in spalling.

The reducing condition in the lower portion of the combustor is an area where
corrosion may be a factor. High carbon monoxide levels can react with iron
oxide in the refractory. Hydrogen can attack silica bearing refractory at
temperatures above 2200 F. Reducing conditions also produce lower melting
temperature slags. Proper selection of metal materials for anchors and

strengthening fibers need to made based on the environment and temperatures
expected.

In a related subject, the use of chrome bearing refractories should be
carefully considered. Chromic oxide in used refractories presents a problem
for removal and disposal because of its toxicity. This material is classified
as a hazardous waste.

6.7 QUALITY CONTROL

It is recommended that a third party refractory inspector be employed to
oversee the installation of the refractory lining for CFB’s. Refractory
supplier and installer should be required to develop an installation procedure
which should be reviewed and adhered to. The inspector should be raesponsible
for testing both the raw materials and the installed materials for conformance
to specifications. Since refractory installers are not required to have any
type of certification, it would be prudent to have them qualify by
successfully preparing test samples prior to actually beginning work on the

unit, Samples should also be taken during inscallation to verify the as-
installed quality. '
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REFRACTORY SUPPLIERS

A. P. Green

Combustion Engineering (now Premier)

Harbison - Walker

North American Refractories

Norton

Plibrico
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A. P. GREEN



INSULATING BRICK

Only A. P. Green manufactures insulating brick by the revolu-
tionary GREENLITE process . . . giving properties superior or
equal to any other insulator on the market. Produced from
uniform sized, multicellular lightweight aggregate having a
strong, ribbed internal structure — resulting in extra high
strength and low density.

GREENLITE are available in three distinct classes for use at
higher temperatures . . . plus GREENLITE-KL, an insulating
rotary kiln liner for use in cooler portions of the kiln.

Regular lower temperature insulating brick are also available.
These possess the three most desirable properties of insulating
firebrick; high insulating value, structural strength, and the abil-
ity to wuthstand temperatures w:thout shrinkage.

BRAND TEMPERATURE REMARKS
RANGE .
G-20 2000° F. Regular insulator
G-23 2300° F. Regular insuiator
G-26 2600° F, Regular insulator
GREENLITE-28 2800° F. Greenlite process
GREENLITE-30 3000° F. Greenlite process
GREENLITE-33 3300° F. Greenlite process
GREENLITE-KL Greenlite process
kiln liner
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FIRECLAY BRICK =

HIGH DUTY -

A. P. Green high duty fireclay brick have properties that assure o
reliable service in all applications where tempertures or chemi- Lo B
cal attack is not beyond their recommended ranges. A. P. Green -
high duty fireclay brick have those features which provide Q
longer, more trouble-free service: resistance to vitrification and N
spalling, good load bearing ability, slag resistance, and out- N :

standing physical and chemical uniformity. —y

BRAND PROCESS QUALITY D
EMPIRE DP,SM High Duty ok

EMPIRE S DP High Duty o

IDAHO DP High Duty ‘2

(o)
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A perfect balance of physical and chemical properties, en-
hanced by strict laboratory control and rigid tests at every stage
of manuferture, make A. P. Green super duty fireclay brick the
outstanding choice for those applications where operating
conditions are above normal and maintenance costs are high.

All A. P. Green super duty brick have high refractoriness, per-
manency of volume, amazing resistance to destructive spalling,
great load bearing strength with less deformation under load at |
high temperatures than high duty brick, and a dense structure LT
which resists corrosive slags, fumes, dust, and penetration of -
molten metal.

BRAND PROCESS .
CLIPPER DP, SM ;};1
CLIPPER S DP

YUKON DP A

HIGH FIRED SUPER DUTY

These are super duty brick fired to unusually high temperatures

.. forming a stable mineral structure which gives them
exceptional strength, low porosity, and greater load bearing i
strength. They are highly resistant to abrasion - to the washing
action or penetration of fluid slags or molten metal.

BRAND PROCESS
KX-99 DP (also available tempered/impregnated)
KX-99-BF DP (also available tempered/impregnateri)




HIGH ALUMINA BRICK

The Green Company manufactures high alumina brick ranging from
50% to 80% alumina content. These brick are service proved to provide
outstanding refractory life in a multitude of applications. Their high
alumina content provides protection at higher temperatures and each
features high resistance to spalling and slag attack, high strength to
protect againist load deformation, lack of shrinkage for tighter brick-to-
brick joints, and low porosity to guard against metal, gas, and dust
penetration.

BRAND AlLO, CONTENT P.C.E.

MizzouU Aiso Cone 36-37 (3279-3308° F.)
KRUZITE D Available Cone 37-38 (3308-3335°F.)
KRUZITE R Tar/Impregnated Cone 37-38 (3308-3335° F.)

80% ALUMINA

Cone 38-39 (3335-3389° F.)

SPECIAL HIGH ALUMINA
BRICK - MULLITE BASE

In addition to the normal types of high alumina brick, the Green
Company manufactures a special 60% alumina, semi-mullite type prod-
uct branded GREENMUL-60 which has superior stability and lower
porosity compared with regular 60% alumina brick. A low alkali content
gives GhREENMUL—GO high refractoriness and excellent high hot load
strength.

BRAND Al,O, CONTENT P.CE.

GREENMUL-60 60% Cone 36-37 (3279-3308° F.)
GREENMUL-60 T.I.  60%, Tar/Impregnated Cone 36-37 (3279-3308° F.)




EXTRA HIGH ALUMINA BRICK

Afullline of extra high alumina content brick ranging from Cone 39-40
to Cone 42 is manufactured by A. P. Green. Compared with lower
alumina brick, they have a higher modulus of rupture and crushing
strength, better load bearing qualities, and are more refractory and
more resistant to the fluxing action of various basic oxices. They are
exceptionally volume stable and 99-AD can be used at temperatures as
high as 3500° F.

BRAND AlLO, CONTENT P.C.E.

DV 85% Cone 39-40 (3389-3425° F.)
Dv-38 85% (ceramic/chemical bond) Cone 39-40 (3389-3425° F.)
90-B 90% Cone 40+ (3425° + F.)
GREENAL-90 90% Cone 40" (3425° + F.)
GREENAL-94 94% Cone 41-42 (3578-3659° F.)
99-AD 99% Cone 42 (3659° F.)

MORTARS

Refractory mortars specifically developed for laying up various types of
refractory brick are found in the Green Line of Mortars. In each case the
mortar has the chemical composition best suited for the type of brick
and service conditions for which it was designed. All AP. Green
mortars possess the fine grain sizing and smooth workablity needed to
produce thin brick-to-brick joints . . . a necessity in good brick con-
struction. Mortars are available in both heat and air setting bonds and
in wet and dry consistencies.

oo | ship | N
Seting |ping | . i | Maximum
Y Charac- | Condi-| Container ° . | Recomd..
Product Type . teristics tion |Slze - . « i) Temp.
MEXI-KOMO Fireclay Heat-Set Dry 100 Ib, Bags 250-300 | 3000° F,
SATANITE - | High Alumina | Heat-Set Dry 100 |b, Bags 250-300 | 3200°F.
Super Duty 15, 50, 100 |b. Palls
‘SAIRSET Fireclay Air-Set Wet 200 b, Drums 350-400 | 3000° F,
Super Duty
‘SAIRBOND Fireclay Alr-Set Dry 100 |b, Bags 250-30C | 3000° F,
15, 50, 100 Ib. Pails
Super Duty 200 Ib, Drums
‘SAIRMIX-7 Fireclay Alr-Set Wet 100 Ib. Cartons 350-400 | 3000° F.
NO. 36
REFRACTORY 15, 50, 100 |b. Pails
CEMENT High Alumina | Air-Set Wet | 200 Ib, Drums 400450 | 3200°F.
LOXOL-GS High Alumina | Air-Set Dry 100 Ib. Bags 350-400 | 3200° F.
No. T-36 100 |b, Cartons
REFRACTORY 15, 50, 100 Ib. Palls
CEMENT High Alumina | Air-Set Wet 200 Ib, Drums 400-450 | 3200° F,
‘ 450-500
GREENSET-85-P | 85% Alumina Alir-Set Wet 50, 100 ib. Palis Troweled | 3000° F,
Alumina-
JADE SET Chromic Oxide
SUPER Phos. Bonded | Air-Set Wet 100 Ib. Pails 600-650 | 3400° F.




PLASTIC REFRACTORIES

A. P. Green plastic refractories are in moldable form, ready to pound into place.
They may be installed to form a solid monolithic refractory lining in all types of
boilers and industrial furnaces.. . . plus being used as an effective patching material
for quick repairs. Easy to use, plastics save time and labor.

A. P. Green plastics combine high fusion, load bearing strength, spalling resist-
ance, and lack of shrinkage. Separate and distinct brands of plastics assure the
perfect plasiic refractory for every industrial use.

Lbs./Cu.
BRAND P.C.E. /Ft. DESCRIPTION
GRAPHPAK 38-39 (3335-3389° F.) 165 83% aiumina-graphite
GREENPAK-45-P —_— 151 45% alumina, phosphate bonded
GREENPAK-50-P _ . 156 50% alumina, phosphate bonded
GREENPAK-60 _ 155 60% alumina
GREENPAK-80 38-39 (3335-3389° F.) 176 80% alumina
GREENPAK-83-MP —— 180 83% alumina, phosphate bonded
GREENPAK-85-P —_— 185 85% alumina, phosphate bonded
GREENPAK-85-PF —_— 185 85% alumina, phosphate bonded, fine grain
GREENPA(-90-P — 195 90% alumina, phosphate bonded
GREEN-X 33-34 (3169-3205° F.) 140 Super duty graphite plastic
HIGH ALUMINA PLASTIC  37-38 (3308-3335°F.) 165 70% alumina, air setting
JADE PAK-88-P _— 198 Alumina-chromic oxide, phosphate bonded
JADE PLASTIC —_— 196 Alumina-chromic oxide, phosphate bonded
METALKLEEN 36-37 (3279-3308° F.) 150 High alumina graphite plastic
RED-X 20-23 (2847-2921° F.) 138 Slag resistant graphite plastic
SUPER G 35-36 (3245-3279° F.) 150 50% alumina for severe service/high temp. areas
SUPER H 33-34 (3169-3205° F.) 148 Special super duty stee! mill plastic
SUPER HYBOND ‘ 33-34 (3169-3205° F.) 145 Extra strong super duty, air setting
DAUBPAX _— 140 Slliceous
JADE RAM i —_ 208 Alumina-chromic oxide, phosphate bonded

PLUS PLASTICS
Fast Firing Capability

The entire | 1 of A. P. Green regular plastics and GREENGUN plastics are
available in the PLUS version, featuring an added ingredient that gives them a fast
fire capability that can be translated into extra savings on many plastic jobs. PLUS
plastics have proved their worth in all types of jobs throughot: the country. When
your next plastic installation is approaching, inquire about A. P. Green PLUS
Plastics. Their extra dimension can bring you these benefits:

SHORTER HEAT-UP SCHEDULE . . . Capable of being heated faster, PLUS
Plastics mean shorter heat-up schedules, reduced downtime. A normal plastic
heat-up takes from 2-5 days to bring to operating temperature. PLUS Plastics can
normally be breught to operating temperatures in less than 15 hotrs.
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LESS FUEL USAGE ... Extensive fuel is necessary to follow the normal heat-up
schedule of plastics. The greatly reduced heat-up time for PLUS Plastics translates
to substantially less fuel usage and increased savings.

REDUCED LABOR COSTS ... High labor costs are associated with properly
following the normal long plastic heat-up. Labor costs are reduced due to less
personnel time spent on monitoring the shorter heat-up time of PLUS Plastics.

LESS BLOATING, SHEETING, CRACKING . .. If a conventional plastic heat-ub

schedule is exceeded, the result is excessive bloating, sheeting, and cracking. ...

harming the integrity of the lining and necessitating immediate repairs. Bloating,
sheeting, and cracking are very remote with PLUS Plastic linings regardless of the
heat-up rate used to bring the unit to operating temperature.

GREENGUN

A Total System For Plastic Refractory Placement

The GREENGUN System is an advanced installation method for placing plastic
refractories. It features the advantages of a gunned lining - higher production rates,
lower labor costs, less downtime - while producing a lining with excellent physical
properties and good structural integrity.

The GREENGUN System combines the latest technology in gunning equipment,
highly trained, professional installation crews, and a wide range of job-proved,
scientifically ceveloped products. The total result is a long-lasting, quality installa-
tion at a more economical installed cost. Ali GREENGUN materials are also
available with Plus additives.

® Fast, efficient material piacement

¢ Less manpower requirements

® Highly compacted, long-lasting linings

® Wide range of specially deveioped materials
® Less downtime and lost production

BRAND DISCRIPTION : ;,;"" ' B
GREENGUN=5 Super duty fireclay w2
GREENGUN-45 P Super duty, phosphate bonded
GREENGUN-4S5 X Super duty, graphite
GREENGUN-46 Super duty fireclay
GREENGUN-50 50% afumina

GREENGUN-50 P 50% alumina, phosphate bonc
GREENGUN-53 XS Silicon carbide, graphite

GREENGUN-60 60% alumina

GREENGUN-60 X 60% alumina, graphite
GREENGUN-70 70% alumina

GREENGUN-70 P 70% alumina, phosphate bonded
GREENGUN-80 80% alumina

GREENGUN-83 P 83% alumina, phosphate bonded
GREENGUN-83 X 83% alumina, graphite

GREENGUN-85 P 85% alumina, phosphate bonded
GREENGL!N-S0 P 90% alumina, phosphate bonded

GREENGUN-JADE 88% alumina-chromic oxide,
* phosphate bonded .
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NS Rt T SO LR SO

1oeyay bu

‘S8uo




CASTABLE REFRACTORIES

Aino other single source can a line of castable refractories be obtained that will match the
Green Line of Castables. This complete line features products applied by all three
recognized methods: troweling, pouring, and gunning. All A. P. Green castables can be
applied where other products may be difficult to handle.

Q | 5 | Product Method|Max. | Reqd.
3 € | Brand of Service | Per
§ | Name Instail, |Temp. Cu.FL|Type Remarks
s .E, GREENCAST-94 Pour {3400°F, | 163 |94% Alumina Extremely abrasion resistant
7] '; GREENCAST-97 Pour (3400°F. | 158 |97% Alumina For extreme temperature
S| E furmace construction
O | £ | KRUZITE CASTABLE | Pour |3200°F. | 150 [74-78% Alumina | Spal resistant, dense, strong
1) W | MIZZOU CASTABLE Pour |[3000°F, | 136 [57-60% Alumina Spall resistant, strong
MC-30 Pour (3000°F. | 145 [64-67% Alumina Very coarse for thermal shock
N
c £ and withstanding abrasion
[T} 2 | STEELKON Pour [2800°F. | 133 |51-54% Alumina Dense, strong, abrasion resistant
Q ,3; MC-25 Pour |2550°F, | 125 |Fireclay Very coarse for thermal shock
9 and withstanding abrasion
% LO-ABRADE Pour |[2600°F, | 133 [54-57% Alumina Resists abrasion and/or erosion
_9" MC-22 Pour [2350°F. | 125 |[Fireclay Very coarse for thermal shock
and withstanding load and abrasion
GREENCAST-94 GR Gun |3400°F. | 155 |94% Alumina For resisting abrasion, erosion
: and high temperatures
- | MIZZOU GR Gun [3000°F. | 140 |60-63% Alumina | Spall resistant, strong
g ‘1 STEELKON BF Gun  |2B00°F. | 132 [53-56% Alumina | For blast fumace repair
E GREENCAST-28 GR Gun [2800°F. | 123 |Fireclay For blast furnace repair
: : KS-4V GR Gun |2600°F, | 121 |Fireclay For blast furnace repair
@ | KS4GR Gun |2550°F. | 125 |Fireclay Dense, abrasion resistant
‘ LO-ABRADE GR Gun  {2600°F. | 133 [47-50% Alumina Resists abrasion and/or erosion
GREENCAST-12 GR Gun |2200°F, | 122 |Fireclay High strength and abrasion
resistance
8 SUPER KAST-SET Pour [2800°F. | 120 |Fireclay Resists vitrification, balanced
E‘ properties
§ | Ks«v Pour |2600°F. | 122 |Fireclay Strong, abrasion resistant.
?‘., KAST-SET Pour [2700°F, | 115 |Fireclay Outstanding general purpose mat'.
‘ § KS4 Pour |2550°F, | 123 |Fireclay Strong, dense, abrasion resistant
) 6 HYDROCRETE Pour [2200°F. | 125 |Fireclay High strength, resistant to carbon
: monoxide atmospheres

ULTRA-GREEN.....Ultralow Cement, High Strength Castables

ULTRA-GREEN represents the new breed of ultralow cement, high strength, vibratable
castables. Along list of impressive physical and chemical characteristics make these new
generation materials ideal for numerous high temperature applications. The unique bond
found in ULTRA-GREEN products gives them strength and hot load properties superior
to regular low cement or conventional castables. Their low porosity enables them to better
resist slag and hot metal penetration. In essence, properties of ULTRA-GREEN are equal

or superior to fired brick of similar alumina composition, yet they are installed with the
speed and ease of a vibratable castable.

ULTRA-GREEN is now available in three alumina contents:

Recommendea
Product % Alumina Wt/Ft.2 Temperature
ULTRA-GREEN 45 45% 145 3000° F
ULTRA-GREEN 70 70% 165 3100 F.
ULTRA-GREEN 80 80%. 175 3200°F.
‘42)
Bl SN
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w Lbs.
— Product Method |Max. Reqd.
0 Brand of Service Per
[ Name instail, |Temp. Cu.Ft.|Type Remarks
vy GREENCAST-97-L Pour |3300°F. |85 Insulating | For very high temperatures, resists
% Bubble Alumina carbon monoxide disintegration
o KAST-O-LITE 30 Pour {3000°F. |84 I‘{lsulatln? Fc;;'l high Itfmpemt:rles, %ogd sgsneth,
ggregate replaces heavy and insulating bric
o)) KAST-C-LITE 30 GR Gun |3000°F. |98 Insul. Aggregate | For high temperatures, good strength
o MC-28-L | Pour [2800°F. 110 |Coar. Aggregate Extra strength, coarse aggregate
W~ | GREENCAST-26-L Pour |2600°F. |50 |Insulating Low Iron, excellent for highly
(1+] ‘ Aggregate reducing atmospheres
——
- KAST-O-LITE 25 Pour |[2500°F. |82 Lr:sulating ‘Goold slrengt%ﬁreplaces heavy and
(7, ggregate nsulating firebrick
< KAST-O-LITE 26 GR Gun [2500°F. |90 I;\'isulatlng 'Goold strenlt,;ttt\),ri reflaces heavy and
— ggregate nsulating firebric
VSL-50 Gun [2300°F. |60 insulating Low iron - excelient for use in highly
Pour 54 Aggregate reducing atmospheres
CASTABLE | Pour [2200°F. |50 Insulating Good strength, low thermal
INSULATION NO, 22 Aggregate conductivity, low shrinkage
CASTABLE INSULA- | Gun |2200°F. |72 Insulating Light weight combined with good
TION NO. 22 GR Aggregate strength, low rebound
VSL-35 Gun  |2000°F. 39 Insulating Low thermal conductivity,
“1 Pour 29 Aggregate resistant to thermal shock
CASTABLE Pour [1600¢F. 21 Insulating Extra low thermal conductivity
BLOCK MiX Aggregate block insulation in castable form

Plus Castables.....Faster, Safer Heat-Ups

All A. P. Green castable materials are available with job-proved PLUS additives. PLUS
additions to castables give them Fast Fire Capability, reducing heat-up time drastically
while greatly reducing the dangers of explosive spalling.

REDUCED CHANCES FOR EXPLOSIVE SPALLING . .. Explosive spalling or severe
cracking is almost nonexistent with PLUS Castables, regardless of the heat-up rate, thus
giving additional insurance against the possibilty of injury to personnel or equipment.
BETTER THERMAL SHOCK RESISTANCE . . . Job experience indicates that PLUS

Castables have better thermal shock resistance than conventional castables when cyclic
temperatures are involved.

LOWER LABOR COSTS... Faster heat-up means reduced labor costs associated with
monitoring the faster schedules.

FUEL SAVINGS... The faster fire-in capability of PLUS Castables reduces the amount of
fuel required for heat-up.

LESS DOWNTIME ... Heat-ups can be reduced from 2-5 days to less than 15 hours. This
faster schedule translates into reduced equipment downtime and less preduction losses.

-6 g; Product Brand Description Lbs. Req. | Remarks
-6 ¢ Name Per Cu.Ft.
D= GREENCOTE | Refractory maintenance — Applied as a protective coating or paich
Q. E GREENKON-26 Plus High strength, vibrating castable 133 Outstanding hot strength for coke oven
m doors, car top blocks
E‘ GREENKON-28 Plus High strength, vibrating castable 135 Outstanding hot strength for iron ladles,
@) forge furnaces
== | GREENKON-30 Plus High strength, vibrating castable { 163 Outstanding hot strength for high
Q temperature burner ports, iron ladles
S GUNWELD 50 50% alumina, hot or cold 120
E gun mix For hot or cold repairs with mlnlmtém
downtime or for complete linings. Can
m GUNWELD 70 7(1);’/; al;.;mlna. hot or cold 138 be used with fireclay, silica, nr high
gunm alumina linings.
* | GUNWELD %0 90% alumina, hot or cold 159
gun rmix

E119H 91q=ISED



A.P. GREEN INDUSTRIES, INC.

MEXICO, MISSOURI 65265 U.S.A.

TENTATIVE TECHNICAL DATA

ULTRA-GREEN 45

Ultra~low Cement Vibrating Castable

N

: o
MAXIMUM RECOMMENDED TEMPERATURE =—===-=======m= 3000°F 1650 C
3 .
QUANTITY REQUIRED =====rm==—-se-mcececoa=w —————— 145 1b/ft 2.32 g/cc
3
QUANTITY IN PLACE ° ' o lb/ft g/cc
Cured and ThenoDried gt 220°F (105°C) ===-- 142 - 148 2.28 - 2.37
Heated at 1500 F (815 C) ===-mwmwceeccecwca~ 142 - 148 2.28 = 2.37
APPARENT POROSITY - ASTM C20 o o Approximately
Cured and ThenoDried 8t 220F (105°C) ====- 8 - 12%
Heated at 1500 F (815°C) and Then Cooled =-- 11 - 15%
WATER REQUIRED FOR MIXING Approximately
o Pints (US) ' liters
Per 100 Pounds (45.4 KRg) =====wmecmemmcconoo 4 1/2-5 1/2 2.1 - 2.6
MAXIMUM TIME FROM ADDING WATER TO PLACING MATERIAL
Minutes ====-csmrmemm e e e, 20
PERMANENT LINEAR CHANGE - ASTM Cli3 and €865
Expansion or Shrinkage 5 °
Cured and Then Dried at 220 F (105 C) =-- Nil

Heated at 15003? (als°g) and Then Cooled
Heated at 2000 F (lOQSOC) and Then Cooled
Heated at 2500 F (1370°C) and Then Cooled

Heated at 2910°F (1595°C) and Then Cooled

0

0 - 0.5% shr
0.2 -~ 0.8% shr
0.7 shr - 0.3% exp
1,0 - 2.5% exp

{Continued)

MODULUS OF RUPTURE - ASTM C133°and CBgS lb/in2 o kq/cm2
Cured and Then Dried at 220 F (l05°C) ~-====- 1000~-2000 70-140
Heated at 15002? (815°g) and Then Cooled -- 1800-2800 125-195
Heated at ZOOOOF (lOBSQC) and Then Cooled -~ 1500~2800 105~195
Heated at 2500 F (1370 °C) and Then Cooled - 800~-1500 55-105

HCT MODULUS OF RUgTURE —OASTM C562 and ASTM CB865
rneated at lSOOOF (815 8) ------------------ 2200-3800 155-265
Heated at ZOOOOF (lO9SoC) ----------------- 2500-3500 175-245
Heated at 2500 F (1370 C) ==wwmeemecmmemaceaa 600~1200 40-85

COLD CRUSHING STRENGTH - ASTM Cl33 and C865
Cured and Then Dried at 220°F (105°C) ----- 5000-10000 350-705
Heated at lSOOoF (815 g) and Then Cooled -- 8000-15000 560~1055
Heated at 2000 F (1095 C) and Then Cooled - 1C000~-1600C 708-1125
Heated at 2500 F (1370°C) and Then Cooled = 700C-1300v 490-915
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ULTRA-GREEN 45
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ABRASICN LOSS - ASTM c7u§ L

ce
Heated at 1500°F (Si%“cv“andfThen Cooled -=- 7 710
Heated at 2500°F (1370°¢) and Then Cooled - 5 -9
PARTICLE SIZE -~ ASTM C92
Retained on 4 Mesh Tyler Screen (4.7 mm opening)
Wet Analysis. ===——=~—cmcccccrec e nc e a——— Trace
THERMAL CONDUCTIVITY Btu-in . kgal-m
At a Mean Temperature of ft"hr F m hr'C 
4OOOF (205OC) --------- - emmemsescea— 6.19 0.7 '
BOOOF (4250C) ------------------------ 7.34 0.91
12000F (6500C) ------------------------- g8.49 1.08
16000F (87OOC) ------------------------ 9.€3 1.19
ZOOOOF (10950C) ------------------------ 10.78 1.34
2400 F (l315°C) ==---mrrecceccccnccm e 11.93 1.48
CHEMICAL ANALYSIS
Calcined Basis
Silica = Si0, —=======mmcesmcmceeeeeoo 44.0 - 50.0%
Alumina = AlI0_ ==-=mecmmmm e 44.0 - 50.0%
Iron Oxide -"F&_ 0, -=-m-=m=m=e-—ceaanono 1.0 - 1.6%
Lime = Ca0 ====F e e e 0.7 - 1.0%
Titania = Ti0, ~=-=rm-memm e e 2.5 - 3.5%
Alkalies = Naj0 + K,0 ==---=-==-moooom-- 0.4 - 0.7%

These results cannot be taken as maximum or minimum requirements for specification
purpcses.,
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A.P. GREEN INDUSTRIES, INC.

MEXICO, MISSOURt 65265 U.S.A.

R-8009

Ultra-low Cement Vibrating Castable

o] o
MAXIMUM RECOMMENDED TEMPERATURE =~==v-recccww-- 3000 F l650°C
v 3 )
QUANTITY REQUIRED ~==em~e—moe e cc e e cm e 160 1b/ft 2.56 g/cc
3

QUANTITY IN PLACE l1b/f¢ g/cc

Cured and Then Drled gt 220 F (105 C) ~wmm- 162 2.60

Heated at 1500 F {8l57C) ==~--mrrermcmcecn= 160 2.56
APPARENT POROSITY -~ ASTM C20 o o Approximately

Cured &nd ThenoDried gt 220°F (1057C) =mme-= 12%

Heated at 1500 F (€15 C) and Then Cooled ==~ 15%
WATER REQUIRED FOR MIXING anproximately

Per 100 Pounds (45.4 Kg) =-~=-s-=eermcca—aan Pints (US) liters

4-1/4 2.0

MAXIMUM TIME FROM ADDING WATER TO PLACING MATERIAL

Minutes —r==rmmem e e e —— e e 20

PERMANENT LINEAR CHANGE ~ ASTM Cl13 and C865
Expansion or Shrinkage o o
Cured and Then Dried at 220 F (105 C) -==-=~ Nil

Heated at 1500°F (8150C) and Then Cocled =~ 0 - 0.3% exp
Heated at zooof’) (10952@ and Then Cooled - 0 - 0.5% exp
Heated at 2500o (137OOC) and Then Cooled - 0 - 1.0% exp
Heated at 2700o (1480_C) and Then Cocled - 0 - 1.3% exp
Heated at 3000 (1650“C) and Then Cooled - 0 - 1.3% exp
MODULUS OF RUPTURE - ASTM C133 and C865 lb/in‘ kg/cmz
Cured and Then Dried at 220°F (105°C) --—-- 2600 140
Heated at lSOOOF (815 8) and Then Cooled -~ 1500 105
Heated at 2000 F (1025C) and Then Cooled - 1200 85
Heated at 2500°F (1370°C) and Then Cocled - 1400 100
HOT MODULUS OF RUgTURL - ASTM C583 and ASTM C865
Heated at 1500 F (815 C) ------------------- 1900 135
Heated at 2000 F (1095 C) wm=mremremr e e 2400 170
Heated at 2500°F (1370° C) mommmmm— e e ' 650 45
COLD CRUSHEING STRENGTH - ASTM Cl133 and CB865
Cured and Then Dried at 220°F (105°C) ----- 16000 705
Heated at LSOOOJ (olSOg) and Then Cooled -- 10060 705
Heated at 2000 F (1095 C) and Then Coocled - 10000 705
Heated at 2500°F (137¢°C) and Then Cooled - o500 670

(Continued)
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ABRASION LOSS - ASTM C704

cc
Heat at lSOOoF (815°C) and Then Cooled =--- 6 = 10
Heat at 2500°F (1370°C) and Then Cooled =--- 6 - 10
100 HOUR HOT LOAD TESTO - ASTMOClG ) :
Deformation at 2600 F (1425 C) --====m—we--- 1%
CREEP TEST (1350°C at 2 kg/cm®)
20=50 HOUr ====mcrmmccmcm e~ 0.07% subsidence
PARTICLE SIZE = ASTM C92
Retained on 4 Mesh Tyler Screen (4.7 mm opening)
Wet Analysis =--—=r-meecmcc e Trace
THERMAL CONDUCTIVITY Btg-in kgal-m
At a Mean Temperature of ft hr F mhy C
400 F (205 C) ==m===m====mccsomsoceoos 10.88 1,35
BOO_F (425 C) ==-=====-=mmmmmmomoooo- 11.44 1.42
1200 F (650 C) =r=====v=m=ossoommmoooce 11.97 1.48
1600 F (870 C) ===========m-scomomoooon 12.47 1.55
2000 F (1095 C) =======m===mmsomomoooon- 12.94 1.60
2400 F (1315 C) ===wmemmomeecc———————— 13.38 1.66
CHEMICAL ANALYSIS
Calcined Basis
Silica = Si0, ===-mremeccrc e 38.0 - 42.0%
Alumina - Al 0, =====-sssseeeseceeee— oo 56.0 - 592.0%
Iron Oxide —'Fezo3 ————————————————————— 0.5 - 1.0%
Lime = CAQ === mmimm e 0.5 - 1.0%
Titania = TiQ_ === cccccccccmcccnnmenen 0.5 - 1.0%
Alkalies - Nazo + K0 -mmmmsmsmomemeoos | 0.1 - 0.3%

These results cannot be taken as maximum or minimum requirements for specification
purposes.

muast L4, 1988



A. P GREEN REFRACTORIES CO.
MEXICO. MISSOURI 85265 U.S.A,

TECHNICAL DATA
EMPIRE DP

digh Duty, Dry Press, 9" and 3" Saries Firs Clay Brick
Magufactured at Mexico, Missouri

PYROMETRIC CONE EQUIVALENI - ASTM C24%
Orton-Staadavd Cones ===- . - 32 - 33
Temperature Equivalent 3123 - 316%:?
1717 = 17437°C

REHEAT (Permanent Lipeer Change) - ASTM C113

Contraction or Expansion at 2550°%r (1400%) . " 0.4% Contr. ~-
, ) 0.2% Exp.
HOT LOAD TEST - ASTM Cl6 o
Deformation at 2460°F (1350°C) —=w—wmwmmuee 0.2 - 2.6%
PANEL SPALLING TEST ~ ASTMOCIO7 .
Preheat at 2910°%F (1600°C) Spalling Loss =—- 0.5 - 4%
APPARENT POROSITY - ASTM C20 === 18 - 22%
WATER ABSORPTION - ASTM C20 8.5 - 11%
BULK DENSITY ~ ASTM C20 -~ ——— ib/ft3 . glee .
128 - 134 2.05 - 2.15
MODULUS OF RUPTURE = ASTM CL33 =e—rcccmececcen= lb/inz kg/cmz
600 -~ 1000 42 - 70
COLD CRUSHING STRENGTH - ASTM Cl33 =w=——===—== 2000 -~ 3000 . 141 - 211
CHEMICAL ANALYSIS
Silica - S.i.O2 ---------------------------- 55.0 - 58.0%
Alumina - Al 0, ===~ ~cecccccccccr e 37.0. - 40.0%
Iron Oxide = Fe203 -------- 1.0 - 2.5%
Lime = Ca0 =~====lcecc—e.ec-- 0.1 - 0.6%
Magnesia = Mg) -w~--emmcecmemmrcc e 0.1 - 0.6%
Titania = Ti0, === —memcccmemccccmn e e e 1.0 = 2.0%
Alkalies - Nazo + kzo --------------------- 0.5 - 1.5

The test data shown above are based on avarage results of ccntrol tests om 9' brick
and are subject to normal variation on individual tests. These results cannot be
taken as maximum or minimum requirements for specification purposes.

Form TD=42-5
(s)
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A.P. GREEN INDUSTRIES, INC.

MEXICO, MISSOUR! 65265 U.S.A.

LIMITED DATA SHEET

GREENPAK-83-MP

High Alumina, Phosphate Bonded, Plastic Refractory

-3 4
QUANTITY REQUIRED = Net =======-=s-scceemec—ce—o ' lb/ft g/cc
18l 2.88

DRYING AND FIRING SHRINKAGE - ASTM Cl79
Shrinkage or Expansion
Percent of Original Length

pried at 220°F (105°C£ -------- m————— 0 - 0.8% shr

Heated at lSOOZF (815 g) and Then Cooled 0.8% shr - 0.5% exp

Heated at 2550 F (1400 C) and Then Cooled 0.5% shr - 1.5% exp

Heated at 3000°F (165000) and Then Cooled 1.5% shr - 1.0% exp

!
MODULUS OF RUPTURE - ASTM C491 1b/in? kg/cm?

Dried at 220 F_ (105 C& -------------------- 900 , 63
Heated at 1500°F (815°C) and Then Cooled ~-- 1100 ‘ 77
Heated at 2550°F (1400°C) and Then Cooled - 1300 91

PARTICLE SIZE - ASTM C92 .
Retained on 6 Mesh Tyler Screen (3.33 mm opening)
Wet Analysig ---—===ce--mcmcc e e less Than 6%

CHEMICAL ANALYSIS
Calcined Basis

Silica - 5102 -------------------------- . 10.0 =~ 12.0%
Alumina - Al O3 e 79.0 =~ 82.0%
Iron Oxide -"Fé ( =~=-~c--cceccmcccanea-" 1.0 - 2.0%
Lime = Ca0 ----" ~—=meceecccmccec—e e 0.05 - 0.15%
Magnesia =~ Mg0 - ~--m-mrmmcmcc e 0.05 =~ 0.15%
Titania - 'I‘iO2 ----------------------- = 1.5 = 3.0%
Alkalies = Na_O + K 0 ==-===-ecocecmcann 0.2 =~ 0.4%
Phosphorous Pentoxi&e - P205 ----------- 3.0 - 5.0%

These results cannot be taken as maxinum or minimum reguirements for specification
purposes.

June 28, 1988



A.P. GREEN INDUSTRIES, INC.

MEXICO, MISSOUR! 65265 U.S.A.

TECHNICAL DATA
LO~ABRADE

High Strength, Abrasion Resistant Castable

o
MAXIMUM RECOMMENDED TEMPERATURE --=====cm—ec==n- 2600°F 1425°C
3
QUANTITY REQUIRED =~ Net ~=mecocccaccrrcarmccma—— 132 1b/ft 2.11 g/cc
QUANTITY IN PLACE o o 1b/ft3 g/cc
Cured and ThenoDried gt 220°F (1l05°C) =~=~==~- 135-143 2.16-2.29
Heated at 1500 F (B15°C) and Cooled =--=~~==~=-= 128~-136 2.05-2.18
WATER REQUIRED FOR MIXING Appreoximately
Per 100 Pounds (45.4 kg) ===semmccmcmccacnn—— 1 1/4 gallons (US) 4.7 liters

MAXIMUM TIME FROM ADDING WATER TO PLACING MATERIAL
Minutes === === e e e 15

PERMANENT LINEAR CHANGE - ASTM C113 and C8¢5
Expansion or Shrinkage

Cured an’ "aen Dried at 220°F (lOSOC) ———— : Nil
Heated at‘lOOO;F (540;C) and Then Cooled ~ 0 - 0.3% shr
Heated at lSOOOF (815 g) and Then Cooled - 0 - 0.3% shr
Heated at 2OOOOF (10950C) and Then Cooled 0 - 0.5% shr
Heated at 2300°F (1260°C) and Then Cooled 0.3 - 1.2% shr
)
MODULUS OF RUPTURE - ASTM C133 and CB8ES lb/in2 kg/cm”
Cured and Then Dried at 220 F (105 C) =====~- 1200-1600 84~112
Heated at lSOOiF (8150C) and Then Cooled ---- 1000-1400 70~-98
Heated at 2000°F (1095°C) and Then Coocled --- Z00-700 21-49
COLD CRUSHING STRENGTH - ASTM C133 and C865
Cured and Then Dried at 220°F (105°C) --—-=--- 5500-10000 387-703
Heated at 1500°F (815°C) and Then Cocled -=--- 3900-8000 274~562
Heated at 2000°F (1095°C) and Then Cooled ~-- 3300-7000 232-492

PARTICLE SIZE ~ ASTM C92
Retained on 4 Mesh Tyler Screen (4.70 mm opening)

Wet Analysis ~—----mrrerc e e Less Than 2%
ABRASION LOSS - ASTM C704 ce
Heated at 1500°F (815°C) and Then Cocled ---- 12.0 « 17.0

(Continued)



THERMAL CONDUCTIVITY Etg-in ksal—m
at a Mgan Temgerature of ft"hr F m hr C
400 F (205 C) =nm-=====s===owssomesssosoos 5.60 0.69

BOO F (425 C) =======memmemcemeecmma e 6.10 0.76
12007F (650°C) ==-========smmosemo—seoooso- 6.17 0.77
1600 F (870 C) ==m====m=smmssoscmsssocsooo 6.21 0.77
2000°F (l095C) ===r=-mrmmecccm e — e~ 6.46 0.80

CHEMICAL ANALYSIS
Calcined Basis

Silica = 5§10, ====m=m=se=mmmmemessosomeoos 34.0 - 37.0%
Alumina = A1203 —————————————————————————— 54,0 - 57.0%
Iron Oxide -~ Fe203 ----------------------- 1.0 - 1.5%
Lime = Cad ---==- --ccocom e e e 4.7 - 5.3%
Magnesia - Mg0 -==-===-c--comemmem e 0.1 - 0.6%
Titania - TiQ, —-====--==ec=-- e ——— 1.0 - 2.0%
Alkalies - NaZO + KZO ———————————————————— 0.5 -~ 1.5%

The test data shown above are based on average results of control tests and are subject
to normal variation or individual tests. These results cannot be taken as maximum or
minimum requirements for specification purposes.

Form TD-360
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BOILER
REFRACTORIES: - .

Technical Data

and Information eousumou)smmsamm
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The importance of proper

refractcry product
-

selection.
As in all industrial applications, the proper selec- system. Combustion Engineering manufactures a
tion of refractory products depends on a variety of broad range of castables, plastics, mortars and insulat-
operational and environmental factors, Equipment ing refractory products designed specifically for
processes and conditions are different between indi- power generating systems.
vidual power generating systems. Such factors as fuel Comburtion Engineering sales representatives
chemistry, service temperatures and operating prac- combine power generating expertise with an excel-
tice have a direct bearing on refractory requirements. lent knowledge of refractory technology. Your C-E

It is important to select the appropriate refractory sales representative should always be consulted before
product so that a complete refractory system is final specifications and ordering of refractory prod-
incorporated into an individual power generating ucts and materials.
PLASTICS

Thermal
Recommended Oy [Modulus of | % Permanent |  Conductivity
Max. Service | Material | Rupture | Linear Change | (Bt ~inme. | Chemical Analysis

Temp Required | (b./in2) | at1000°F fi2of (% Calcined Basis)
Product (F) {otid) | at 2000 500°F | 2000°F |A1,05| 510, | Bond Type
90-RAM® HS 3100 185 1080 -06 |19.8] 154 [93.4] 2.7 [Chemical
90-RAM® PC 3100 183 950 ~1.0 {14.0] 16.5 {91.5] 4.3 |Chemical

BLU-RAM® HS| 3100 171 1130 -0.2 |10.1] 9.0 |72.8] 20.7 [Chemical

WASP? 60 2900 156 505 -0.4 50] 7.0 151.4] 41.6 jChemical
RAMTITE® 25 2900 150 108 =07 6.6] 7.9 1455] 51.0 Heat
WASP* 30 2550 150 450 ~0.7 661 7.9 [425} 49.2 |Chemical
EMERALD 10.0 )
RAM® HS 3400 201 1360 -0.2 |20.0} 14,2 (851 (C1,0,) Chemical
DENSE CASTABLES
Thermal
Recommandad Dry  {Modulus of|% Permanent | Conductivity
Max Service | Materia) | Rupture [Linear Change| (Btu —in./ht. Chemical Analysis
Ternp Required | (Ib./in?) | at 1000°F HRoF) (% Calcined Basis)
Product (°F) (bt | at230°F 500°F | 1500°F | AL,O; | CaO [Fe ;0
SASTADLE | do00 | 165 | 1100 | -0t [11.2] 89 |e7.0 |27 -
CERCAST* | 3030 | 164 | — | -01 | — |85 |53 53|17
CERCAST™| 9900 | 144 | — | ~01 | 66|80 |55 [4509
MOLDIT® 40.5
ERCAST™
SUPER L| 2700 142 - -01 68| 81 | 505 |68 1.2
oo | 200 | 12 |20 | -02 | 49|56 401 [B2] 12
L B Y TS 01 |59l 42 |47 21| 28
DIT'D| 2100 | | < i |37 53 77
;ﬂUstT 2 j‘mo HB X (‘ _,____jﬂ’_ 1? AT This data reprsents average results ot standard tests conducted
SC- 2400 LIt u S EER U A under contre fed conditions and s subject o usual vanations
AR-153" 0350 ERETEN RS - t6b (562165 06 They should aot be used i specitvimg producte




INSULATING CASTABLES MORTARS AND INSULATION

Recom- Recommended | . Thermal
mended Modulus| % Perm- | Thermal Chemical Msaxirr_!um Densit (Btcunuugivti:?);ﬂ
Max. Dry of anent | Corductivity Analysts ervice ensity U ~in./r. ft¢
Service | Matenal |Rupture | Linear | (Btv —in/hr | (% Calcined Product Temp. (°F) (1b./113) | 500°F | 1000°F
Terrp [Required} (1b./in?) | Change H2oF Basts) ry
Product] (°F) | (Ib./3) jat 230°F [at 1000°F |500°F [1500°F [Al,04 |CaD |Fe 05 fd%lmgsooo 3000 195 5.2 58
are o 2500 | 80 | 385 | 01 |39 22 |e70firg]ns UTILITY FINISH. 1200 5 | 07 | 11
e 70] 2300 | 78 | 450 | —02 30 23 |336[12.4|7.2 g%%?rl'irp 1800 2 |07 | 13
R}?E.stm 58 | 200 | 03 |27 19 34018 0|88 IPNUSUUR&%%N 1200 5 |11 ] 12
L o 1800 | 42 | 130 | -05 |13 | 20 |194]149|36 GRIPTEX® BLOCK 1800 5 | 05 | 08
CER CALCINED
LTe* 18 | 7800 | 20 | 26 | -0.1%| 0B | 1.1 1255]13.5(7.7 [s)llﬁrt?AMBAL%E&US 2000 25 | 06 0.8
VERMICULITE
INSULATING 2000 25 06 0.8
BLOCK
CER-wOOL®
BLANKET LT 1900 468 | 04 1.0
BLANKET RT 2400 468 0.4 1.0
BLANKET HT 2700 468 | 0.4 1.0
CER-WOOL®
WET WRAP 2100 24 05 0.9
THERMOTECT®
FIBER BOARD
A BOARD 2300 28 0.9 1.1
RT BOARD 2200 22 0.7 0.8
HT BOARD 2700 20 0.7 0.8
Power Systems C-E Refractories
Combustion Engineering, Inc. Combustion Engineering, Inc.
1000 Prospect Hill Road PO. Box 828
Windsor, CT 06095-0500 Valley Forge, PA 19482
Phone: (203) 688-1911 Phone: (215) 337-1100
TWX: 99297 TWX: 510-660-4837

RP48S



Alumina-Silica Castables and
Gunning Refractories...
Technical Data

MODULUS OF RUPTURE/ o, PERMANENT THERMAL CONDUCTIVITY CHEMICAL ANALYSIS
M C. )
(hin) (wP) “{‘.i‘}?f;f::‘,“,%—,’—,’,{’—),’%;) () /% CALCINED BASIS)

m-'K

A
S
S
&
Fireclays
i 2400 | 118 | 975 | 450 59 |47 |42
i 2450 | 118 | 975 | 450 68 |48 |45
MOLDIT* DLI s205 | 2450 | 1181 975 1 450 | o4 |- 04 |38 |80 |0Rs | 457|370 | 121 | 28
MOLDIT® H&B 5240 | 2490 [ 120 | 800 | 300 | 05 |03 |35, [57s |02 398|417 | 95| 64

HOT TOP MOLDIT*| sa00 | 2699 | 120 | 1206 | 648 | o, | 02 |§9, |§36 |38 |401 305 82| 12

MOLDIT" HT 5220 | 2999 | 730 {1950 | 700 | 02 |-0.2 |§8s |08s | 085 | 485 | 492 | 60 | 09
RICAST" sa24 | 27991 125 1300 | 178 | 02 | 03 |33s |38e |08 | 471|434 | 51| 19
RP-160" 5361 | 2800 | 130 1 950 [ 450 | o | 0.1 |38, |3F; |02 | 401 | 489 | 68| 12
RP-157" 5357 | 2350 | 130 | 1200 1 390 | 0.1 \ 02 |37, 189, |81y {376 | 461 | 91 | 30

High Alumina

SUPERMOLDIT | 5227 | 2899 | 128 "%1"7"9;”‘ 278 | o4l 01|32 | 43| 43 |ssa ase | 59 |10
TE v |8 1 | 50 38| 01| 01| 18| 8h 83 [z w0 |32 o
. MOLDIT" 70 o872 3090 1 138 | 850 | 3 | — 02 005 | 9101 32, | ees | 247 | 312|118
STaSTO ST a8 | 158 |9 UF | o1 ool |'ths Yo |ws| 02| 4a o
CASTABLE 141-A" | 5341 | 3200 | 165 11100 | 890 | o1 o2|"}3, |"%3s| dp [970| 01|27 | ¥

*ESTIMATED
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Alumina-Silica Castables and
Gunning Refractories...
Technical Data '

WODULUS OF RUPTURE/ o PERMANENT THERMAL CONDUCTIVITY CHEMICAL ANALYSIS
(ASTM C-268)
/W, (MPa) /{'{?&%’!2‘;‘,‘“ ) (7"‘”7)/(% CALCINED BASIS)

0°é »

QQo Q’bo Q°9
Lightweight Insulations
A e 5253 (Bl %36 | 0% "tﬁﬂ ~0.65/-350| 38, 394 | — [11.3 | 630|213 | 1.1
CERLITE® 18 sase [ 1800 | 20,0 — | — | — | — |3%82 1395 |03 [255 373|135 | 77
UTEWATE®35 | 5212 | 200 | 38| 209 | 8% [-o1 ("% |6:37 830 |83 918 | 199 | 27.7 | 128
LITEWATE250  |5323 | '809 | 22,1 10 | 79 |-o05 |-08 [§3s [0:37 183 | 194 | 503 | 149 | 23
LITEWATE® 58 | 5246 [zl 28,1 200 | 199 |-0.3 |-04 335 (83 |07 | 247 |376 [ 161 | 80
LITEWATE®70  |s5ase | 2300 | 78,1 450 | 350 |02 |-04 (395 |85y |33; |06 | 416|124 ] 72
LITEWATE® 80 | 5434 2390 | 80,1 290 | 195 |02 |-02 |38, (%32 |33 [ 407 | 302 | 120 24
CERLITE®75C  |5202 | 3139 | 756 | 3% “%ﬂ ~03 0% |23 |33, |33 | 539 | 407 | 20| 09
LINS® 50 5216 [cmnizmest SO0 | 259 | — |04 |-05 |83, |85 |63, |82 | 213 | 80| 06
Abrasion Resistant
maor oo |70 [ 15 [0 00 | o [ ov | T T T [0 [ 50 w3 [0
AR-153? 5253 | 3388 | 248 | 1950 | 1859 | -o2| — | 7| 706|885 | 562 | 345 | 65 | 06
Aluminum
ALUGUARD ~ 75 o672 [2999 | 72, [ 410 1298 | — | o8| 335 | 557|535 | 400 | 326 [148 |6
ALUGUARD“B |og0s [ 2390 | 188 1 _ 1 770 | _ o “?.gg)!g(:?.gg'; — |85 ! 28 58 |09
ALUGUARD A |oooz | 2800 [ 173\ _ &5 | _ o4 "800 (128 975|934 oz a3 02

*ESTIMATED

A
o




Alumina-Silica Castables and
Gunning Refractories...
Technical Data

fouuus or RUPTUAE o4 PERMANENT l:“:;"“ °°""”§I“V'“ CHEMICAL ANALYSIS
vt (M) ASTM C 280, (m'—ﬁ) (W) (% CALCINED BASIS)

A
o
© <
QQ“ / ]
Vibracast
CERCAST" 2732 | 142 | 1184 | 632 68 | 7.4 | 8.1
SUPERLI 9679 | 1500 | 227 | 81 | 43 | 91| -011{ giag| 107] 1.16| 505 | 39.2 | 68 | 1.2
2900 | 144 | 1750 | 893 66 | 7.5 | 8.0
CERCAST * HT 9885 | 2299 | 143 | 0| &3 | 01| 01| 86| T38| T15|559 {372 | 45 | 09
v 2500 | 164 (1832°F) | (2192°F) | 11.9 [ 10.8 8.2
CERCAST " 17 9910 | 1370 | 263 | — | — | 0.1 -02| 1.72| 156[11.9 |853 | 49| 53 | 17
: 2350 | 135 | 1455 | 1615 137 (102 | 9.4
AR'153 VC 5349 1274 216 10‘0 11‘1 05 - 01 1‘97 1'47 130 60.4 31.2 61 0.7
; 2400 | 165 | 1850 | 1900 71 | 7.3' | 7.4* Zr0
AR-400°VC 5302 | ya16 | 264 | 127 | 134 | 01| 01| yi02| 105! 106 | 620 |27 | 63 | 05
- -
® Special Mixes
. 2400 | 105 | 800 | 1050 | 230 F) 5.0°
: 196 | 550 | 415 89 | 87 cr,0
MOLDIT  CHROME | 5217 [ 2399 1 198 1 3% | 35 | — | — | — | V28| 125 | 172 | ag5'| 39 | 202

*ESTIMATED




Engineered Monolithic Lining
Construction...
Anchoring Systems

Engineered Monolithic
Lining Systems

C-E Refractories supplies engineered
monolithic lining systems to meet
specific energy-saving, abrasion
resistance, strength, chemical
compatibility and durability
requirements.

These lining systems can be
customized to satisfy individual
customer needs. A full range of
engineering, installation and tech-
nical support capabilities allows
C-E Refractories to offer total
monolithic linings systems. In
addition to castables, these systems
often involve other refractories,
ceramic fiber inisulations, metallic
and/or ceramic anchoring, trained
installation crews and detailed
lightup schedules.

1) Roof lining with engineered
ceramic anchoring (A-60 series).

2) Abrasion-resistant lining with
engineered hexagonal steel mesh
anchoring welded to shell.

3)Single componrent lining with
engineered S-bar anchoring.

4) Single component lining with
engineered “V” anchors welded
to shell.

5) Two-component lining with
engineered “V” anchors and E-bolt
attachments welded to shell.




Engineered Monolithic Lining

Construction...

Anchoring Systems




HARBISON - WALKER



REFRACTORY SYSTEMS
FOR
FLUIDIZED BED
COMBUSTION SYSTEMS

W /ARBISON-WALKER REFRACTORIES

Division of Dresser Industries, Inc.

One Gateway Center, Pittsburgh, Pennsylvania 15222



A) PRODUCT APPLICATIONS
- FOR SEVERE ABRASION CONDITIONS UP TO 2400°F -

Areas: Combustor and Cyclone (Hot face lining)

Recommended Products

GUN MJTXES

———

*HARGUN ER

Abrasion resistant fireclay gun mix containing a high
strength high purity cement. °

Maximum service temperature - 24007 F

CASTABLES

*HARCAST ER

Abrasion resistant fireclay based castable containing a high
strength, high purity cement. o

Maximum service temperature - 2400 F

BRICK

*H-W 61-65, KALA
50% Alumina Brick



- FOR SEVERE ABRASION CONDITIONS UP TO 2800°F -

Areas: Combustor and cyclone (hot face lining)

Recommended Products

GUN MIXES
*HARGUN ES

Abrasion resistant fireclay based gun mix
Maximnm service temperature - 2800°F

VIBRATION CASTING MIXES

*HARVIBE

Abrasion resistant fireclay based mix designed for vibration
casting. o

Maximum service temperature - 2800 F

CASTABLES
*HARCAST ES

Abrasion resistant fireclay based Sastable
Maximum service temperature - 2800°F

BRICK

*CORAL BP
Burned, phosphate bonded 85% alumina brick

*KORUNDAL XD - mullite bonded, 90% alumina brick




-~ FOR HEAT C%NTAINMENT WITH MINIMUM OR NO ABRASION,
UP TO 2400°F -

Recommended Products

GUN MIXES

*TUFSHOT - fireclay based gun mix with a standard refractory
cement. o

Maximum service temperature - 2400°F

CASTABLES

*ES CASTABLE - fireclay based castable with a standard
refractory cernent.

Maximum service temperature - 2400°F

*ES CASTABLE C - coarse aggregate version

BRICK

*ALAMO S - superduty fireclay
*KALA - 50% alumina
*UFALA - 60% alumina



- FOR TNSULATION -

Areas: Combustors and Cyclones (back-up lining)

Recommended Products

GUN MIXES

*I T, WI. GUN MIX 20 - 2000° F insulating gun mix
*LT. WT. GUN MIX 22 - 22000F insulating gur mix
*LT. WT. GUN MIX 26 - 2600 F insulating gun mix

CASTABLES

*LT., WT. CASTABLE 16 - 1600 F insulating castable
*LT, WT. CASTABLE 20 - 2000°F insulating castable
*LLT, Wr. CASTABLE 22 - 2200°F insulating castable
*[ T, WT. CASTABLE 26 - 2600 _F insulating castable
*LT, WT. CASTABLE LI - 2200°F insulating castable

BRICK

*H-W 20 LI - 20002? (max.)
*Hew 23 LI - 2300 F (max.)

MINERAL WOOL

*H-W Block Insulation =~ 1900°F (max. )

NOTE: The possibility of "rat-holes" exists when applying
block insulation to units with pressure differentials.



-~ FOR WATERWALL BOILER TUBE PROTECTION -

Recommended Products

GUN MIXES

*HARBIDE GUN MIX 80 (H-W 39-82)
80% silicnn carbide gun/trowelling mix with a high strength,
high purity cement.

CASTABLES
*HARBIDE CASTABLE 80 (H-W 2-80)

80% silicon carbide castable with a high strength, hign
purity cement.

NOTE: It is suggested that the above silicon carbide
products be applied over studded boiler tubes.



- FOR HEAT CgNTAINMENT WITH MINIMUM OR NO ABRASION,
UP TO 2600°F -

Recommended Products

GUN MIXES

*TUFSHOT LI - fireclay based gun mix with an improved, low
iron refractory cement. o
Maximum service temperature - 2600°F

CASTABLES

*ES CASTABLE LI - fireclay based castable with an improved,
low iron refractory cement, o

Maximum service temperature - 2600°F

*KILNCAST 26 - Extra coarse aggregate, fireclay based
castable with an improved, low irog refractory cement.
Maximum service temperature - 2600°F

*SUPER CASTABLE - fireclay based castable with an improved
refractory cement.

BRICK

*UFALA - 60% alumina
*ALUSA - 70% alumina



* MINIMIZE STEAM SPALLING AND INITIAL CRACKING *MAXIMIZE INITIA;:

H-W’s ADTECH™ System: designed to maximiz
— s S

THE ADTECH SYSTEM APPROACH

During heatup, the ADTE.CH
additive's specia’ ...perties
cause it to shrink and burn,
thus producing minute, nonr-
continuous passageways in the
refractory. This slight increase

danger of steam spalling and
allows faster heatup rates by
means of a fast, evenly distrib-
uted release of both the
m.echanically and chemically
combined water.

in permeability reduces the

. R

IMPROVED TECHNOLOGY/NEW CAPABILITIES

H-W's advanced technology
system utilizes extremely small
additions that shrink and allow
for release of steam and water
from the lining at critical tem-
peratures during the heatup.
And because the additive in the
ADTECH System is considerably

smaller than in any other

commercially available system,
the passageways have little or
no effect on properties such as
strength and resistance to
metal penetration. The H-W
ADTECH System is the first
technology-that produces
steam passageways of the right
size at the right time!

FOR ADDED SAFETY AND SECURITY AGAINST
STEAM SPALLING, H-W'S ADTECH SYSTEM
FACILITATES WATER RELEASE—WITH MINIMAL

Laboratory testing shows
that the ADTECH

System begins working
as the steam evolves from
the lining and has
virtually disappeared

long before other
commercially available
additives show significant
shrinkage.

>

EFFECT ON PROPERTIES.
COMPARE THE RESULTS.
Density Modulus of Rapture Cold Crushing Strength Permanent Linear Change
Product After (PSI) After (PSI) After
230°F 230°F 1500°F 230°F 1500°F 230°F 1500°F

.;,»Awmq_wmmyqiﬂw-omﬁa - 7a e
Zily, LASI0K e 118
Castolast® G
Adtech™

Adtech

..

1200-1700 1200-1700 7000-12000

PGy b

LAY §
© i e e S 6 e AL

- Harcast® ES
Adtech™

e, T

1000-1300 800-1100 6000- 9000

i
" -Gun Mix 26
e SR

HWe 84

Lightweight
Gun Mix 26
Adtech™

Lo
(SN R

150- 250 75- 150 450- 750 300- 600

N

Negligible |~0.210-0.6

Values shown in table are based on actual manufactuning runs (not merely lab sampies) of typical H-W refrac-
tories All datais subject to reasonable deviation. and therefore should not be used for specifization purposes
H-W can supply Quaiity Control data on every shipment to show representative properties.

COMPETITIVE

ot 2

ADTECH

ADDITIVE ADDITIVE

L 3F, L oA R I

Cover priote courtesy of Westinghouse Electric Corporation Pricincrapt: by Mark Portiand

*Cast properties

**Due to minimal differences in measurable physical properties anc potential improvements in spall and crack
resistance. all CASTOLAST G and CG brand shipments will inciuge the ADTECH™ system



w JUP RATE = MAINTAIN PHYSICAL PROPERTIES
—ater release—for

safer, accelerated heatups?

To approximate a furnace
environment, the H-W
steam spalling test
incorporates a large

18" x 12" x 9" section of
castable that is fired from
one side. The material is
air cured tor 24 hours and
brought to 25650°F in two
hours.

The upper photo shows a
densae, high purity, high
alumina castable aftar 30
minutes in the spalling
test. The 3" spalled sec-
tion iflustrates typical
spalling experignced in
many applications.

The lower photo shows
the H-W ADTECH
version of the same
product. Of the many
other samples of
ADTECH castables and
gun mixes also tested
under the extreme con-
ditions of the steain
spalling test, none
experienced spalling.

HEATUP SCHEDULES

When ADTECH castables or
gunning mixes are used, initial
heatup rates can be acceler-
ated. However, as with I'rick
and plastic linings, the initial
heatup rates of ADTECH
linings must be examined indi-
vidually. Parameters such as
furnace size, lining thickness,
material quality, expansion and
temperature gradient vary with
every furnace and affect the
heatup rate. Based on laboratory

heatup tests, microscopic
analysis of the ADTECH
material, and actual field instal-
lations, an accelerated heatup
schedule can be formulated
ihat shortens heatup t'me and
maximizes energy savings,
material properties, and safety.
Please discuss your specific
situation with the Harbison-,
Walker Contractor-Instalier or
field representative.

Extensive tests
demonstrate a ADTECH
refractory’s resistance to
metal penetration and
cracking.

CRACK RESISTANCE

Minimized "“Craze Cracking”

Just as the ADTECH System
can reduce steam spalling and
maximize heat-up rates with
passageways of the right size at
the right time, the system also
enables a lining to efficiently
evolve water vapor during stand-
ard heat-ups, therehy reducing
“craze cracks” that eventually
propogate i.ito spalls. With fewer
shrinkage and “craze cracks”,
ADTECH linings have maximized

service life in furnaces across
the country.

Maximized Metal Handling

In our tests and in the field, we
have found minimal penetration
into ADTECH metal contact
refractories. |n fact, because of
the reduction of “craze cracks”,
some ADTECH metal contact
refractories have shown less
penetration and cracking than
their standard counterparts.

ADTECH castables and
gun mixes require no
change in mixing with
water, nor in application.”
The ADTECH System is
available with most H-W
castables and gun mixes.

*Additives in the ADTECH
System are considered
non-toxic; however, the
general application of
any gunning material can
produce nuisance dust,
and for that reason, respi-
rators should be used.

APPLICATION

To maximize heatups and maintain properties, please follow the
mixing and curing instructions shown on the bag.

PROVEN IN A WIDE VARIETY OF APPLICATIONS.

Harbison-Walker experience
with the ADTECH System
includes successful installa-
tions in dozens of furnaces.
Examples include rotary kilns,

petrochemical vessels, coke
oven repairs, AOD hoods, verti-
cal channel induction furnaces,
and other ferrous and nonfer-
rous furnaces.

TO LEARN MORE ABOUT HOW YOU CAN GET THE SAFETY AND SECURITY
OF ADTECH REFRACTORIES, CALL YOUR NEAREST H-W OFFICE.

*NOTE OF CAUTION The danger of steam spalling sxists with ail castables and gun mixes, with or without
non-metallic additions However, when used properly, the ADTECH System offers great improvement over

conventional gunning mixes and castables



COMPETITIVE ADTECH
ADDITIVE ADDITIVE

Figure 1. Laboratory testing shows that the
ADTECH™ refractory system shrinks as steam
evolves from the refractory lining, well below
temperatures of shrinkage of other additives.

WATER RELEASE PASSAGEWAYS ARE THE KEY

Safer Heat-ups

During heat-up of castable and gun
mix installations, the ADTECH™
refractory system shrinks and burns
producing minute, water release
passageways in the refractory.
These tiny passzgeways greatly
reduce the danger of steam spallirig
and allow safer maximum heat-ups
by means of fast even release of
both mechanical ard chemically
combined water. ADTECH™
refractory system protection is
es|.ecially important for cold
weather installation.

The Right Time

To be effective, any steam release
system must be required to shrink
and burn at the right time, i.e.,
when the mechanical water begins
to turn to steam.

Figure 1 shows the results of
laboratory tests. They reveal that
the ADTECH™ refractory system
permits shrinking and channel
formation at 200°F or less—well
below the 212°F boiling point of
weter—while competitive additives
do not begin shrinkage and channel
formation until 30C°F or more.

According to a recent technical
paper,! approximately one-half of
the water loss in a castable or
gunning mix occurs between 200

" and 230°F.

The Right Size

Channel formation in the refractory
must also be of the right size, i.e.,
very fine, in order not to impair such
properties as strength and ability to
contain molten metal and slag.

The ADTECH™ refractory svstem
forms smaller channels than are
found in other commercially avail-
able castahle or gunning mix
systems. Figure 2 shows scanning
electron microprobe itnages from
laboratory studies which revealed -
the channels in ADTECH™
refractory specimens to be at least
20% sinaller than the competition.
Permeability and resistance to metal
penetration tests are run on samples
of ADTECH™ refractory products
from commercial production to check
on proper physica: characteristics.

Laboratory Designed

With the speed and safety of furnace
turnarounds becoming increasingly
more important, Harbison-Walker
turned to their research and devel-
opment facility to be sure that the
apprcach they brought to the market
place would provide the customer
the best protection while h.aving

the leust possibie effect on other
propertias of their products. The
ADTECH™ refractory system
described here is the result of that
intensive testing program.

ADTECH™
Refractory System

Competitive
Additive

Figure 2. Enlarged 300 times, the ADTECH™
channel forming elemenits are 10 to 20% smaller
than those developed in other products. Very
small passages are necessary to maintain the
properties of the monolith.

T e
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Setter Installations

On initial heat-up of any dense
castable or gunning mix installation
must relieve the vapor pressure
created as the water is driven off,
Conventional compositions will
spall away and/or create a network
of cracks and crazes that weaken
the structure and shorten service
tife. Often this damage is not visible
on the surface of the tining.

With the ADTECH™ refractory
system, cracking or crazing is
reduced to a minimum and,
therefore, the strength and integrity
of the lining is increased. In other
words, a better installation

can result.

Faster initial heat-up rates demand
the extra measture of protectior
afforded by the ADTECH™
refractory system.

Laboratory Testing

To provide ducumentation for the
above proposition, we performed
explosion tests on large 300 Ib.
clocks of CASTOLAST® G with and
without the ADTECH™ refractory
system. The test block is air dried
only for 24 hours and then olaced in
the test furnace. A raging burner
neats the block from one side,
reaching 1900°F in 30 minutes
and 2500°F in one hour. Table 1
shows the results obtained on
specimens without an additive and
with increasing amounts according
to the patented ADTECH™
refractory system.

Two primary points emerge from
this study:

1. The hot face of the samples
visibly and dramatically improved
in soundness as the ADTECH™
refractory system was increased to

the curreiit standard level (sc mple C).

2. However, even at a depth of 7to 9
in. from the hot face, the strength

of sample C was more than 25%
greater than sample A without any
treatment. This is strong evidence
that damage in the form of micro
cracking can penetrate deep into

a castable lining and that the

BETTER INSTALLA iONS

ADTECH™ )

Refractory System A 8 ¢

Zonal Crushing 0% X% " | Current ADTECH™

Strength Refractory System

0-2in. from Steam Extensive cracking

Hot Face Spalled —no measurable 8200 psi
strength

3-5in. from . . )

Hot Face 9970 psi 9960 psi 11,560 psi

7-9 in. trom : R

Hot Face 9030 psi 10,700 psi 11,440 psi

Tabie 1: Experimental Castolast® G Sampiac

ADTECH™ refractory system
provides better linings as well as
safer heat-ups.

The technology incorporated into
sample C is now incorporated intc
all ADTECH™ brand products.

Value Added Feature

The ADTECH™ refractory system
is being furnished with all ship-
ments of refractory brands such
as CASTOLAST® G and GC,
CASTOLAST® Gun Mix and

DESCON™ A98 at no extra charge.

Other products are available with
the ADTECH™ refractory system
feature at a slight premium.

S A S

Figure 1: Photographs of samples from Table 1.

Heat-up Schedules
When ADTECH™ castables or
gunning mixes are used, initial
heat-up rates can be accelerated.
However, as with brick or plastic
linings, the initial heat-up rates of
ADTECH™ installations must be
examined on an individual basis.
Furnace size, lining thickness,
material quality, expansion and
temperature gradients vary with
every installation and will affect
the heat-up rates. Please discuss
specific heat-up schedules with a
Harbison-Walker field representative
or your contractor installer,

(DRESSER’)




The initial laboratory studies of the
ADTECH™ refractory system were
primarily directed toward safer heat-
ups and sound, strong installations.

Additional technical work by Virginia
Polytechnical Institute!, Harbison-
Walker and an independent labora-
tory has provided further evidence
as to why the ADTECH™ refractory
system works. It is also shown that
ADTECH™ castable and gunning
mix installations will be safer to dry
out and heat up in cold weather, and
that they have good metal contact
properties and are more resistant to
thermal shock.

The various technical studies and
the field benefits they have yielded
are tabulated in Table 1.

Virginia Polytechnical
Institute Studies

A unique probe, developed by VPI
and reported to the ACS in 1982, is
capable of measuring pressures
developed within castables at
various depths during the heat-up
process. This probe was used to
study internal pressures developed
with 90% alumina castables both
with and without ADTECH™ treat-
ment, at two different depths in the
casting. At the same depths the
pressures developed within the
ADTECH™ refractory system is 15
to 20% lower than in conventional
castables—further evidence that
the ADTECH™ refractory system
can better facilitate steam release
and provide safer heat-ups. (Shown
in Table 2.}

Metal Contact Studies

The ability to use the ADTECH™
refractory system products in metal
contact applications is indicated by
the condition of laboratory san:ples
shown in Figure 1. These cup sam-
ples held 7075 aluminum alloy—one
which has great penetrating power—
at 815°C for 5 days. There was no
difference in aluminum penetration
between the fiber free product

and the ADTECH™ product. The

ITAHLER
Y2

ADDITIONAL BENEFITS THROUGH TECHNOLOGY

Table 1

G IES

Techriology

Field Benefits

* Fiber shrinkage studies
(Bulietin #1)

* SEM studies (Bulletin #1)

¢ VPl internal pressure studies

Safer, faster heat-ups

* Explosion testing (Bulletin #2)
¢ Zonal crushing strength tests
(Bulletin #2)

Stronger installation

* Metal contact tests

Good metal contact properties

¢ Thermal cycling tests

Better resistance to thermal shock

¢ Curing temperature studies

Additional measure of protection
in cold weather installations

e Crack resistance studies

Reduction of dry out cracks,
improves service life

Table 2
Maximum Internal Pressure of 90% Alumina Castable Heated on One Face
at 275°C/hr.
Depth From Hot Face Pressure, KPa
cM Standard Castable ADTECH™ Castable
2.5 723 572
7.6 723 614

Figure 1: Extensive tests demonstrate
Adtech™ Refractory's resistance to
metal penetration.

residual aluminum was easily
peeled off the ADTECH™ sample
but stuck to the standard sample.
This non-wetting phe "omenon has
been seen in a variety of ADTECH™
castables tested in the laboratory
and is the subject of continuing
investigation.

Laboratory test results are now
supported by two years of excellent
field experience in metal contact
applications.

Thermal Cycling Studies

The laboratory prism spalling test
cycles samples between a hot fur-
nace and a water quench repeatedly
until they fail by cracking. In such
procedures ADTECH™ refractoty
samples endured between 30 to
60% more cycles than did the
standard samples.

Resistance to thermal cycling is not
unexpected for products that contain
the ADTECH™ refractory system.
Crack propagation theory teaches
that cracking is inhibited in ceramic
bodies by discontinuities in the
matrix. in the ADTECH™ refractory
system, the discontinuities occur as
regularly placed micro channels
rather than macro pores or voids
that are present in other spall
resistant ceramics.

Such evidence indicates that
ADTECH™ castables and gun
mixes should be uite resistant to

(DRESSER)




thermal shock under field condi-
tions. Thermal shock occurs with
removable roofs, intermittently
heated chambers, ladles and
runners where metal filling or flow
is frequently interrupted.

independen* Laboratory
Studies

Extensive published work by
others? has shown that a major
contributing factor to steam spalling
in castables is the gel-like cement
phases formed when castables are
cured at temperatures below 70°F.
The gel structure can act as an
impenetrable barrier to the escape
of steam during the drying and
firing cycles.

The ADTECH™ refractory system
successfully reduces the steam
spalling tendency by increasiig the
micro permeability of castablex and
gun mixes during the drying anc
curing cycles, as shown in Figure 2.
It is never recommended that
castables or gun mixes be cured at
temperatures as low as 50°F
because strength will be impaired
and steam spalling tendencies
increased, whether or not they have
the ADTECH™ refractory system.

However, it is apparent that the
ADTECH™ refractory system pro-
vides additional protection against
steam spalling during heat-up even
under these adverse conditons.

Crack Resistance—
The Basic Benefit

On initial heat-up, any dense casta-
ble or gunning mix installation must
relieve the vapor pressure created
as the water is driven off. Often a
network of cracks and crazes will be
created which may not be visible to
the naked eye but which can be
penetrated by the furnace charge
and then be more rapidly eroded.
Studies of both laboratory samples
and field samples reveal that with
the ADTECH™ refractory system
such cracking and crazing is mini-
mized and furnace wear by penetra-
tion and erosion thereby minimized.

90% ALUMINA HIGH PURITY
CEMENT CASTABLE
EXPLOSION TEMP. °F vs CURING TEMP. °F

2800

2400

2000

1600

1200

EXPLOSION TEMP.°F

800

40 50 60 70 80 90 100
CURING TEMP.°F

Figure 2: The steam spalling temperature
is the highest furnace temperature that an
undried 2.5 in. cube can withstand when
placed in a hot furnace. The spalling
temperature changes relative to the
24-hour curing conditions.?

Additives in the ADTECH™ refractory system are considered non-toxic; however, the general application
of any gunning material can produce nuisance dust, and for that reason, respirators should be used,

NOTE OF CAUTION: The danger of steam spalling exists with all castables and gun mixes, with or
without non-metallic additions. However, when used properly, the ADTECH™ refractory system
otfers greater improvement over conventional gunning mixes and castables.

TO LEARN MORE ABOUT THE SAFETY AND ENERGY SAVING FEATURES OF ADTECH™
REFRACTORIES, CALL YOUR NEAREST HARBISON-WALKER OFFICE.

THipps, D. L. and Brown, J. J. "Measurement of Internal Pressure in High Alumina Castable During Curing' presented to

annual meeling of ACS, 1982,

2Gitzen, W. H. and Han, L. D. "Explosive Spalling of Refractory Castables Bonded with Caicium Aluminate Cement'',

Aluminum Company of America.
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FIGURE A

TYPICAL WORK OF FRACTURE

Standard Refractory Castable
VS
Fiber Reinforced Refractory Castable

Force - :
(Lbs) _ Cracks Begin

B B les F

| N L oth Samples Fractured

- P\

L1 ,
| | I | |
(Bending Movement (Inches)
Standard Work or Energy Required to Crack, Fracture and

Sample Separate (Work of Fracture)

Fiber \ Additional Work Necessary to Crack andFracture Fiber
Sample k Reinforced Sample (Extra Crack Resistance)

Fiber Additional Work Necessary to Separate Fiber
Sample Reinforped wample (Extra Holding Power)
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HARBISON-WALKER REFRACTORIES

Drasser Industries, Inc.
One Gataway Cantsr, Pittsburgh, PA 15222

- LIMITED DATA -

HARGUN ER
Technical Data:
Physical Properties: (Typical) English Units SI Units
Maximum Service Temperature 2,400°F 1,316°C
1b/ft3 kg/m> "
Gunning Mix Required (Net) 133 2,130
Bulk Densxty
After Drying at 230°F (llO C) %ﬁl 2,260
1b/in? kPa
Modulus of Rupture
After Drying at 230°F (110°C) 1,200 to 1,800 8,300 to 12,400
After Heating at 1500°F (815°C) 1,000 to 1,600 6,900 to 11,000
Cold Crushing Strength
After Drying at 230°F (110°¢) 7,000 to 12,000 48,300 to 82,700

After Heating at 1500°F (815°C)

Permanent Linear Change,

After Drying at 230 F (110° Cg
After Heating at 1500 Op

Chemical Analysis:
(Approximate)
(Calcined Basis)

Silica
Alumina
Titania
Iron Oxide
Lime
Magnesia

Alkalies

All data based on gunned specimens.

applicable,

6,000 to 11,000 41,400
Negligible

(815 -0.0%
(8105,) 31.0%

(Al,03) 60.3

(Ti05) 1.6

(Fe,04) 0.7

(Ca0) 6.1

(Mg0) 0.1
(Na,0+K20+Li,0) 0.2

ASTM procedures, whe

used for determination of data.

All data subject to reasonable deviation, and therefore,
not be used for specification purposes.

HD-6

technical data —

to 75,800
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should

(Continued)



Technical Data:

Physical Properties:

Dressar /ndustriss, Inc.

HARBISON-WALKER REFRACTORIES

One Gateway Canter, Pittsburgh, PA 15222

- LIMITED DATA -

Maximum Service Temperature

Dry Weight Required for Casting

HARCAST ER
(Typical) English Units
2,400°F
lb/ft3
135

Approximate Amount of Water Required

Per 100 Lbs.
Per 45.36 Kg.

1b/£t’
Bulk Density
After Drying at 230°F (110°C) 142
lb/in2
Modulus of Rupture
After Drying at 230°F (lloocg 1,850
After Heating at 1500 F (8157C) 2,310
After Heating at 2700°F (l480°C) 3,7l0
Cold Crushing Strength
After Drying at 230°F (110°¢c 8,740
After Heating at 1500 °r (815°C) 9,190
After Heating at 2700°F (1480°C) 9,400
Permanent Linear Change,
After Drying at 230 (110°C)
After Heating at 15003? (81508)
After Heating at 2700°F (1480°C)
Chemical Analysis:
(Approximate)
(Calcined Basis)
Silica (S1i04)
Alumina (Al 83
Titania- (Tl%z)
Iron Oxide (Fep05)
Lime (Ca0)
Magnesia (Mg0)
Alkalies (Nap0+K,»0+Li50)
HD-6 —— technical data —

l11/4 to 1

SI Units
1,316°C
kg/m*
2,160

1/2 U.S. Gallons
4.72 to 5.68 Liter

kea/m3

2,270
kPa

12,800

15,900
25,600

60,300
63,400
64,800

Negligibple

0.
-4,

31.

[¢)}
[oNeoRoNeN o]
« s e s e s

0
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-LIMITED DATA-

HARGUN ES

Technical Data:

Physical Properties: (Typical)

| B HARBISON-WALKER REFRACTORIES
" Y Drassor Industries, Inc.

Ones Gateway Centar, Pittsburgh PA 15222

—

English Units

Gunning Mix Required

Bulk Density

1b/£t3
130

1,400
1.200
2,500

8,000
8,000
13,000

0.0 to
-0.3 to

After Drying at 230°F (110°) 135
1b/in2

Modulus of Rupture o

After Drying at 230°%F (110°¢) 900 to

After Heating at 1500°F (816°C) 700 to

After Heating at 2700°F (1482°C) 2,000 to
Cold Crushing Strength

After Drying -at 230°F (110°¢) 4,000 to

After Heating at 1500°F (816°C) 4,000 to

After Heating at 2700°F (1482°C) 9,000 to
Permanent Linear Change, %

After Heating at 15009F (816°C)

After Heating at 2700°F (1482°C)
Chemical Analysis:

(Approximate)

(Calcined Basis)
Silica (5102)
Alumina (A1203)
Titania (Ti03)
Iron Oxide (Feg03)
Lime (CaQ)
Magnesia (Mg0)
Alkalies (Na20+K20+L120)

All data based on gunned specimens.
applicable, used for determination of data.

SI Units

kg{m3
, 080

2,160

kPa

6,200
4,800
13,800

27,600
27,600
62,100

-0.3

35.3%

to
to
to

to
to
to

9,700
8,300
17,200

55,200
55,200
89,600

ASTM procedures, where

All data subject to reasonable deviation and therefore should
not be used for specification purposes.

GI-6 (Rev.)

technical data —

(Continued)
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HARBISON-WALKER REFRACTORIES

Dresser Industriss, Inc.

(EresR)

| One Gateway Center, Pittsburgh, PA 15222

i

- LIMITED DATA -

HARVIBE
(Formerly H-W 18-84)
Technical Data:

Physical Properties: (Typical) English Units SI Units
lb(ft3 kg£m3
Dry Weight Required for Casting 140 2,240
Approximate Amount of Water Required
Per 100 Lbs. l1 to 1 1/8 U.S. Gallons
Per 45.36 Kg. 3.79 to 4.26 Liters
1b/fe3 kg/m’
Bulk Density o o
After Drying at 230°F (110°C) 148 2,370
1b/in? kPa
Modulus of Rupture o o
After Drying at 230 Fo(llo C& 1,500 10,300
After Heating at lSGQOF (815 8) 1,700 11,700
After Heating at 2700°F (1480°C) 1,900 13,100
Cold Crushing Strengtg o
After Drying at 230 Fo(llo C& 8,600 59,300
After Heating at.lSOOOF (815 S) 16,600 114,500
After anting at 27007F (1480°C) 12,000 82,700
Permanent [Linear Change, 3 o
After Drying at 230 Fo(llO C& Negligible
After Heating at lSOOoF (815 8) -0.2
After Heating at 2700°F (1480°C) +1.3

Chemical Analysis: (Approximate)
(Calcined Basis)

Silica , (Sioz) 32.4%
Alumina (A1203) 59.7
Titania (Tioz) 1.4
Iron Oxide (E‘e203) 0.7
Lime (ca0) 5.0
Magnesia (Mg0) 0.2
lkali i
Alkalies ) (N320+K20+L120) 0.6

HE-5 (Rev.) p—— technical data p— (Continued)
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HARCAST ES

Technical Data:

Physical Properties: (Typical)

English Units

Maximum Service Temperature

Dry Weight Required for Casting

2,800°F

1b/ft3

3

Approximate Amount of Water Required

Per 100 Lbs.
Per 45.36 Kg.

Bulk Density 1b/£t3
After Drying at 2309F (110°c) 138
1b/in?
Modulus of Rupture
After Drying at 230°F (110°) 1,000 to
After Heating at 1000°F (540°cC) 900 to
After Heating at 15009F (8159¢C) 900 to
After Heating at 2700°F (1480°C) 1,200 to
Cold Crushing Strength .
Atter Drying at 230°F (110°C) 6,000 to
After Heating at 1000°F (540°C) 5,000 to
After Heating at 1500°F (815°C) 5,000 to
After Heating at 27009F (14800C) 8,000 to
Permanent Linear Change, %
After Drying at 230°F (110°¢)
After Heating at 1000°9F (540°C)
After Heating at 1500°F (8159()
After Heating at 2700°F (1480°¢C)
Chemical Analysis:
(Approximate)
(Calcined Basis)
Silica (Si0,)
Alumina <A1283>
Titania (T105)
Iron Oxide (Fep04)
Lime (CaQ)
Magnesia (Mg0)
Alkalies (Nap0+K20+Li,0)
HJ-1 (Rev.)

—— technical data ——

HARBISON-WALKER REFRACTORIES

Drassar Industriss, Inc.
One Gateway Cantar, Pittsburgh, PA 15222

SI Uni

ts

1,540°C

kg/m3

11/4 to 1 1/2 U.S. Gal.

4.73 to 5.68 Liters

1,500
1,300
1,300
1,900

9,000
7,000
7,000
10,000

k /m3
2,210
kPa

6,900
6,200
6,200
8,30C

41,400
34,500
34,500
55,200

Negligible
Negligible
Negligible

-1.5

35.
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to 0.0

(Continued)

to
to
to
to

to
to
to

10,30
9,000
9,000
13,10

62,10
48,30
48,30
69,CJ



S //ARBISON-WALKER REFRACTORIES
Dresser Industries, Inc.

One Gateway Center, Pittsburgh, PA 15222

St——

RKALA

(Formerly H=-W 1-77)

Classification: High Alumina Brick

Reheat Test
Permanent Linear Chang
After Heating at 2910°F (1600°C) 0.0 to +0.5

Load Test, 25 psi (172 kPa)
3 Linear Suhsidence

After Heating to 2640°F (1450°C) 0.0 to 0.5
Chemical Analysis:

(Approximate)
Silica (S10,) 46 .4%
Alumina (Al203) 49 .6
Titania (Ti0,) 2.2
Iron Oxide (Fe704) 1.4
Lime (Ca0) 0.1
Magnesia (Mg0) 0.1
Alkalies (Na,0+K,0+Li-0) 0.2

The above data are typical of properties of commercial 2°
straight brick. The data are subject to reasonable variations
and therefore, should not be used in specification purposes.

ASTM Test Methods, where applicable, used for determination
of data.

HD-11 —— ~echnical data ——

Physical Data: (Typical) English Units SI Units
1b/£t’ kg/m®
Bulk Density 150 to 155 2,400 to 2,480
Apparent Porosity, § 13.0 to 15.0 13.0 to 15.0
1b/in? kPa
Cold Crushing Strength, psi 6,000 to 9,000 41,400 to 62,100
' Modulus of Rupture, psi 1,500 to 2,500 10,300 to 17,200



W /ARB/SON-WALKER REFRACTORIES
Oressar Inaustries, Inc.

One Gateway Cantar, Pittsburgh, PA 15222

UFALA

Classification: High-Alumina Brick

Physical Data: (Typical) English Units SI Units
1b/£t> kg/m3

Bulk Density 156 to 160 2,500 to 2,565

Apparent Porosity, % 12.0 to 16.0 12.0 to 16.0
1b/in? kPa

Cold Crushing Strength 7,000 to 10,000 48,300 to 69,0C

Modulus of Rupture 2,500 to 3,300 17,300 to 22,80

Reheat Test
Permanernit Linear Change (%)
After Heating at 2910°F (1600°C) 0.0 to =0.5

load Test, 25 psi (172 kPa)
% Linear Subsidence

After Heating at 26400F (1450°C) 0.1 to 0.5
Parel Spalling Test

% Loss '

Preheat - 30009F (1650°Q) 0 to 3
Chemical Analysis:

(Approxirate)
Silica (S1i0,) 37.0%
Alumina (A1283 58.7
Titania (Ti02) 2.5
Iron Oxide (Fep04) 1.4
Lime (CaO\ 0..
Magnesia _ (Mg0) 0.1
Alkalies (Na0+K50+Liy0) 0.2

The above data are typical of the properties of commerical
9" straight brick. The data are subject to reasonable variations
and therefore should not be used for specification purposes.

ASTM Test Methods, where applicable, used for determination
of data.

Protected by U.S. Patent No. 3,241,989.

See reverse side for cutting recommendations.

AL —— technical data —



HARBISON-WALKER REFRACTORIES

DOrassar Industries, Inc.
One Gataway Cantear, Pittsburgh, PA 15222

CORAL BP

Classificat.on: High Alumina Brick - Phosphate Bonded (Burned)

Physical Data: (Typical) English Units SI Units
1b/ft3 kg/m3

Bulk Density 175 to 180 2,800 to 2,880

Apparent Porosity, % 14.0 to 18.0 14.0 to 18.0
1b/in? kPa

Cold Crushing Strength 10,000 to 16,000 69,000 to 110,30¢C

Modulus of Rupture 2,700 to 3,500 18,600 to 24,100

Reheat Test

Permanent Linear Change, % o

After Heating at 2910 F (1600°C) +0.5 to -0.6
Load Test, 25 psi (172 kPa)

$ Linear Subsidence

After Heating at 2640°F (1450°C) 0.5 to 1.2
Chemical Analysis:
(Approximate)
Silica (si0,) 9.6%
Alumina (Al,05) 81.8
Titania (Ti0,) 2.1
Iron Oxide (Fe203) 1.1
Phosphorous Pentoxide (P20g) 5.4

The above data are typical of the properties of commercial
9" straight brick. The data are subject to reasonable variations
and therefore should not be used for specification purposes.

ASTM Test Methods, where applicable, used for determination
of data.

Patent Applied For.

See reverse side for cutting recommendations.

HALO —— technical data —=  (Continued)



S HARBISON-WALKER REFRACTORIES
Dressar Industries, Inc.

One Gataway Centar, Pittsburgh, PA 15222

—

RKORUNDAL XD

Classification: High Alumina Brick

Physical Properties: (Typical) English Units SI Units
1b/ £t kg/m3
Bulk Density 18L to 185 2,900 to 2,960
Apparent Porosity, % 14.0 to 18.0 14.0 to 18.0
1b/in? kPa

Cold Crushing Strength ‘9,000 to 14,000 62,100 to 96,60C
Modulus of Rupture 2,000 to 3,000 13,800 to 20,70C
Reheat Test

Permanent Linear Change, %

After Heating at 3140°F (1725°C) +0.6 to +1.0
Load Test, 25 psi (172 kPa)

After Heating at 3300°F (1815°C) 0.3 to 1.4
Panel Spalling Test

% Loss

Preheat - 3000°F (1650°C) 0 to 0
Chemical Analysis:

(Approximate)
Silica (Si0 11.0%
Alumina (Al, 33) 88.1
Titania (TlOz) 0.3
Ircn Oxide (Fep04) 0.2
Lime (Ca0) 0.1
Magnesia (Mg0) 0.04
Alkalies (Na20+K70+Lij0) 0.2

The above data are typical of the properties of commercial
9" straight brick. The data are subject to reasonable variations
and therefore should not be used for specification purposes.

ASTM Test Methods, where applicable, used for determination
of data.

See reverse side for cutting recommendations.

Protected‘by U.S. Patent #3,067,050

HA=10 = . s <
—— technical data ——



HARBISON-WALKER REFRACTORIES

” Drasser Indust:.=s, Inc.
® One Gateway Canier, Pittsburgh, PA 15222

r——' . o ————— ==

HARBIDE GUNNING MIX 80

Technical Data: English Units SI Units
Physical Properties: (Typical) 521253 ggégs
Gunning Mix Required (Net) | 140 2,240
Bulk Density 1b ft3 53[53

After Drying at 230% (110°¢) 145 2,320
Modulus of Rupture 324322 RPa

After Drying at 230°F (110°C} 800 to 1,100 5,500 to 7,600
After Heating at 1500,F (815 g) 800 to 1,100 5,500 to 7,600

After Heating at 2730°F (1500 C) 2,200 to 2,800 15,200 to 19,300
Cold Cr' ~hing Strength

After Lrying at 230°F _(110°C) 3,000 to 6,000 20,700 to 41,400
After Heating at lSOOOF (815 g) 2,000 to 5,000 13,800 to 34,500
After Heating at 2730°%F (1500°C) 3,000 to 6,000 20,700 to 41,400

Permanent Linear Change 3%

After Drying at 230c’1.='0(110°c2> Negligible
After Heating at 1500 F (815 8) 0.0 to - 0.1
After Heating at 2730 F (1500 C) - 0.1l to - 1.0
Chemical Analysis:
(Approximate)
Silicon Carbide (sic) 77.0%
Silica (SiOZ) 1.7
Alumina (AlZOB) 16.6
Titania . (Ti0,) 0.1
Iron Oxide (Fe203) 0.7
Lime (cao) 3.7
. ﬁagnesia (MgoO) 0.1
Alkalies (Na20+K20+L120) 0.1

HF-3 —— technical data — (Continued)
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ESHOT Products

U pm(im I compre ~ome of the teatures of dense,
tace vonnimg mises and aehtwensht prodacts. They
used where asmele matenal mast contam heat and

wre low thermai conductivity as well, Some typscal
lications ind'ude process heaters regenerators,
ters and stacks i the petrochenucal and chemical
istries.

HOTGUN Products

These products are designed for low rebound applica-

tion to hot surfaces for purposes of maintenance.,

Hot Gunning Applications:

¢ Slagline maintenance in induction furnaces and other
melting equipment in the ferrous foundry.

* Dressing upper sidewalls o> door jambs in alu-

minum reverb furnaces

« General maintenance in copper converters and cop-

per reverb furnaces.

WP LIGHTWEIGHT €S
efractory

rescription, applications:
combination of stan-
ard calcium aluminate
ement and calcined
ays. This material has
isulating value, as well
; high intermediate
:mperature strengths,
nlike most high caliber
rixes this product can
50 be used in cast
istallations,

2300F
88 pcf
8-10%
30/30 psi
5-10%

pcf
96
88

psi
760
450
450 @ 2500 F

psi
4330
2750

2240 @ 2500 F
%
Negligible
0.0

+1.7@ 2500 F

w W
N — O W0 58
W 0w WO N —

H-W®28-75

Description, applications:
Another single linin
material that by itself can
perform like a backed up
or two-component lin-
ing. This blend of high
temperature calcines,
lightweight aggregate
and high purity calcium
aluminate cement fea-
tures highest refractori-
ness combined with
good insulation and
strength,

2900 F
80 pcf
10%
30/30 psi
5%

pcf
83
80

psi

190

60
880 @ 2550 F
1820 @ 2850 F

psi

450

370
1510 @ 2550 F
2470 @ 285C F

%
Negligible
-05
+0.5@ 2550 F
-0.8@2850F

ur W

—SORm AN
Wt = MNO WU

**LABORATORY PROPERTIES OF AS-GUNNED MATERIAL

All data based on specimens resulting frorn actual gunning performed as de-
wnbed under lnsmhation Data, Note 1. ASTM procedures, where applicable,
were used tor determination of data. All data are subject to reasonable de-

iatic e send thsendoen ek o e frar enncificratinn evarnnene
vidudn anG, GAOTTvere, S WOU O LLST IO LpldiniCancn purplLel.




DENSE Products
For application as original hot face linings and for re-
pairs in furnaces, process vessels and lines, stacks and
process equipment of all kinds, These products provide
graded resistance to elevated temperatures, abrasion
and chemical atmospheres. When installed according
to directions, these products will vield properties close
to those shown in these tables. All products were de-
signed for minimum loss due to rebounds during
installation.

GUN INSTALLATION DATA*
Maximum service tem

Gunned density afler firing
Predampened water req’'d by wt.
Air and mix feed pressure:
Rebound loss, approx. by wt.

PROPERTIES OF GUNNED
REFRACTORY**
Bulk density
After drying at 230 F
After heating at 1500 F

Modules of rupture
After drying at 230 F
After heating at 1500 F
After heating at temp. shown, F
After heating at temp. shown, F

Cold crushing strength
After drying at 230 F
After heating at 1500 F
After heating at temp. shown, F
After hzating at temp. shown, F

Permanent linear change

After drying at 230 F

After heating at 1500 F

After heating at temp. shown, F
After heating at temp. shown, F

Chemical analysis (approximate)
Silica (SiO3)
Alumina (Al203)
Titania (i)
fron Oxicie ¢ 2203)
Lime (CaO)
Magnesia (MgO)
Alkalies (Na O+K20+Li~O)

500
D e scription, applications:
:A'blend of semi-vitreous
ggregate with portiand
cement vinder, ALKAGUN®
fractory gunning mix
as high strength and ex-
ent resistance to abra-
and to alkaline and
stic solutions.

200 F (continucus)
125 pcf
4%
40/25 psi
5-10%

pcf
129
125

psi
910 to 1300
300 to 600

psi
4000 to 7000
1500 to 3000

%
Negligible
-041t0.6

TUFSHOT®

Description, applications:
TursHoOTe refractory gun-
ning mix is a composi-
tion of hardfired fireclay
base and standard cal-
cium aluminate binder. It
exhibits low permeability
plus good resistance to
mechanical impact and
abrasion throughout its
temperature range.

2400 F
121 pef
4%
40/25 psi
10-15%

pef
124
117

psi
500 to 800
300 to 500

400to 800 @ 2300 F

psi

2500 to 3500

2000 to 3000

2700 @ 1000 F

2000 to 4000 @ 2300 F
%
Negligible
-0.2t0 -0.5

-0.6to ~1.0@2300F

TUFSHOT® LI

Description, applications:
TUFsSHOTe U refractory
gunning mix is com-
posed of hardfired fire-
clay aggregate with cal-
cium aluminate binder
that’s especially low in
iron oxide. It has excel-
lent resistance to de-
struction by carbon
monoxide due to its low
iron content,

2600 F
121 pcf
4-6%
40/25 psi
10-15%

pcf
131
121

psi
1000 to 1300
400 to 700

600 to 1000 @ 2500 F

psi
5000 to 8000
3000 to 5000

4000 to 6000 @ 2500 F
%o
Negligible
0.0to -0.4
0.0to +1.0@ 2500 F

%

[
o
N

UnNpwio

4

cor—=npo

HARGUN®

Description, applic:
HARGUNe refractory :
ning mix is a blend
superdutg fireclay ¢
cines and high puri
cium aluminate bin
features resistance 1
high temperatures :
high resistance to
abrasion.

2800 F
120 pcf
5%
40/25 psi
5-10%

pcf
124
120

psi

540

290
1080 @ 2550 F
1890 @ 2730 F

psi
1650
1770
2610 @ 2550 F
5680 @ 2730 F
%
Negligible
-0.2
-1.3@2550°F
+0.7 @ 2730t
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*INSTALLATION DATA
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HARGUN® BF

Yescription, applications:

(ARGUN® 8F is a higher
strength version o
{ARGUN compounded
articularly for gunning
last furnace linings. It
s made of selected
superduty fireclay cal-
ines anJa binder of
igh purity calcium al-
minate cement.

2800 F
120 pcf
4-6%
40/25 psi
10-20%

pcf
125
120

psi
750

550 @ 1750 F
2800 @ 2800 F

psi
3200

2600 @ 1750 F
8200 @ 2800 F
%
Negligible

04@1
-05@

(BN

750 F
2800 F

Ul

CORrO— =R
Vwoo o=

HARGUNZ®ES

Description, applications:
HARGUN=ES refractory
gunning mix offers ex-
cellent strength in a fire-
clay based gunning pro-
duct. It is made of select-
ed superduty fireclay cal-
cines and a ginder of
high strength, high pur-
ity calcium aluminate
cement, It has excellent
strength and abrasion re-
sistance throughout its
temperature range.

2800 F
130 pcf
4-6%
40/25 psi
15%

pcf
135
130

psi
900 to 1400
700 to 1200
2000to 2500 @ 2700 F

psi
4000 to 8000
4000 to 8000
9000 to 13000 @ 2700 F

%
0.0to -0.3
-03to -0.8@ 2700 F

HARGUN® ER

Description, applications:

HARGUN® ER BUNNINE mix
uses a fireclay base and a
high strength, high pur-
ity calcium aluminate
cement binder to offer
the best abrasion resis-
tance in its class. HARGUN
tRis designed to maxi-
mize erosion resistance
in extreme abrasion
areas in refineries and
other tough applications.

2400 F
133 pef
3-4%
40/25 psi
10-20%

pcf
141
132

psi
1200 to 1800
1000 to 1600

psi
7000 to 12000
6000 to 11000

%
Negligible
0.0

o W

COPO—~0O -~z
Mo uowo

ALUSA® Gun Mix

Description, applications:
ALUSA® GUN MIX is a high
alumina refractory mix of
high purity bauxite ag-
gregate and high
strength, high purity cal-
cium aluminate binder.
Features are exceptional
refractoriness and vol-
ume stability.

3000 F
130 pcf
4%
40/25 psi
10-20%

pcf
135
130

psi

770

580
1630 @ 2550 F
2520/ 2910 F

psi

2200

2680
4510 @ 2550F
7240 @ 2910 F

%
Negligible
-0.2
-0.1@ 2550F
+1.6@2910F

%
321
6

SOoOwoN =
aivibwoNO

CASTOLAST® Gun Mix

Description, applications
CASTOLAST* GUN MiX is the
gunning version of a fa-
mous castable refractory
generally specified for
the most extreme con-
ditions. It consists of a
blend of tabular alumina
aggregate and high
strength, high purity cal-
cium aluminate cement.

3300F
157 pcf
4%
40/25 psi
10-20%

pcf

165

157

psi
1300 to 1900
1000 to 1500
1300 to 1900 @ 2550 F
1500to0 2100 @ 3000 F

psi
8000 to 12000
6000 to 10000
6000 to 10000 @ 2550
5000 to 9000 @ 3000 F

“*LABORATORY PROPERTIES OF AS-GUNNED MATERIAL
All data based on sr)ecimcns resulting from actual gunning performed as de-

scribed under Insta

fation Data, Note 1. ASTM procedures, where applicable,

were used for determination of data. All data are subject to reasonable de-
viation and, therefore, should not be used for specification purposes.
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Fireclay Castable Refractories

Brands H-W¢ ES Castable H-W¢ ES Castable LI KILNCAST-26% HARCAST®

Maximum Service
Temperature °F. 2400 2600 2600 2800

Approximate Amount
Water Required per 1004

(46.26Kg) U.S. Gal. ) 1.75-2.0 1.5-1.75 1.25-1.5 1.5-1.75
Lbs. Dry Mix

Required/cu. ft, 121 122 130 123
Application C-R-T C-R-T C (o}
Bulk Density, Ibs./cu. ft.

After Drying

at 230°F. (110°C) 130 130 135 129
MOR, psi

After Drying ‘

at 230°F, (110°C) 900-1200 1000-1500 800-1200 800-1100
After Heating ‘

at 1000°F. (540°C) 500-800 500-800 300-600 300-450
at 1500°F. (815°C) 500-800 500-800 300-600 300-450
at 2300°F. (1260°C) 500-800

at 2500°F. (1370°C) 600-1000 700-1200

at 2700°F. (1480°C) 600-900
Cold Crushing Strength, psi

After Drying

at 230°F. (110°C) 4500-7000 6000-9000 6000-8000 3500-5000
After Heating

at 1000°F. (540°C) 3500-5000 4000-6000 4000-7000 3000-4000
at 1500°F. (815°C) 3100-4500 4000-6000 4000-7000 3000-4000
at 2300°F. (1260°C) 2500-4000

at 2500°F. (1370°C) 3000-5000 2000-5000

at 2700°F. (1480°C) 7000-9000
Permanent Linear Change %

After Drying

at 230°F. (110°C) Negligible Negligible Negligible Negligible
After Heating

at 1000°F. (540°C) 0.0to -0.3 00to -0.3 Negligible Negligible
at 1500°F. (815°C) 0.0to -0.3 0.010 ~0.3 Negligible Negligible
at 2300°F. (1260°C) +1510 ~1.0

at 2500°F. (1370°C) +1.0t0 +3.0 +0.5t0 +4.0 0.0to +1.5
Chemical Analysis:

Silica (Si0y) 32.8% 37.0% 39.7% 49.2%
Alumina (Al,0,) 436 48.0 46.5 42.7
Titania (TiOy) 29 2.5 25 1.5
Iron Oxide (Fe,03) 7.3 1.2 1.5 0.7
Lime (Ca0) 12.0 10.3 8.5 5.0
Magnesia (MgO) 0.4 0.4 0.5 0.3
Alkalies (Na,0 + K0 + Li,0) 1.0 0.6 0.8 0.6

il

Application methods: C, Cast; R, Rammed, and T. Trowelled. For Gunning refer to Harbison-Walkers' *‘High Caliber Gunning Mix'' Brochure.

*Limited Data
All data based on cast specimens. ASTM procedures, where applicable, used 1o determination of data.
All data subject 10 reasonable deviation and, theretfore, should not be used for specification purposes.

1t This castable is bonded with high purity strength calcium aluminate cement. If proper procedures for preparation, application and heat-up of this castable are
not observed, steam spalling during heat-up may occur. (See instructions on product bag wrapping)
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Fireclay Castable Refractories

Brands HARCAST'C

HARCAST"ES*®

HARCAST“ER*t

Maximum Service

Temperature °F, 2800 2800 2400
Approximate Amount

Water Required per 100#

(46.26Kg) U.S. Gal. 1.5-1.75 1.26-1.5 1.25-1.5
Lbs. Dry Mix

Required/cu. ft. 129 132 135
Application C TC-T C
Bulk Density, Ibs./cu. ft.

After Drying

at 230°F. (110°C) 133 138 142
MOR, psi

After Drying .

at 230°F. (110°C) 800-1100 1000-1500 1850
After Heating

at 1000°F, (540°C) 300-500 900-1300

at 1500°F. (815°C) 300-500 900-1300 2310
at 2700°F. (1480°C) ‘ 1000-1300 1200-1900 3710
Cold Crushing Strength, psi

After Drying

at 230°F, (110°C) 5000-7000 6000-9000 8740
After Heating

at 1000°F, (540°C) 3000-5000 5000-7000

at 1500°F. (815°C) 3000-5000 5000-7000 9190
at 2700°F, (1480°C) 4000-7000 8000-10,000 9400
Permanent Linear Change %

After Drying

at 230°F. (110°C) Negligible Negligible Negligible
After Heating

at 1000°F. (540°C) Negligible MNegligible

at 1500°F. (815°C) Negligible Negligible 0.0
at 2700°F. (1480°C) +1.0to +2.0 -1.5t00.0 -4.4
Chemical Analysis:

Silica (SiOy) 49.2% 35.6% 31.0%
Alumina (Alz04) 42.7 55.6 60.3
Titania (TiOg) 1.5 1.6 1.6
Iron Oxide (Fe;04) 0.7 0.8 0.7
Lime (Ca0) 5.0 5.4 6.1
Magnesia (MgQO) 0.3 0.3 0.1
Alkalies (Na,0 + K0 + Li;0) 0.6 0.7 0.2

Application methods: C, Cast; R, Rammed, and T, Trowelled. For Gunning refer to Harbison-Walkers’ “‘High Caliber Gunning Mix’' Brochure.

*Limited Data

All data based on cast specimens. ASTM procedures, where applicable, used to determination of data.
All data subject to reasonable deviation and, therefore, should not be used for specification purposes.

1This castable is bonded with high purity strength calcium aluminate cement. |f proper procedures for preparation, application and heat-up of this castable are

not observed, steam spalling during heat-up may occur. (See instructions on product bag wrapping).



Harbison-Walker High-Alumina Castable Refractories

Brands H-W* High- UFALA* ALUSA' CASTOLAST ' G*t CASTOLAST*GC*
ra Alumina Castable  Castable't Castable* With C-CLRED™ With C-CURED™
Maximum Service

Temperature °F. 3000 3100 3200 3300 3300
Approximate Amount

Water Required per 100#

(46.26Kg) U.S. Gal. 1.25-1.5 1.0-1.25 1.0-1.25 1.0-1.25 .75-1.0
Lbs. Dry Mix

Required/cu. ft, 137 143 143 160 170
Application C-T C-T C-T C-T C-T
Bulk Denslty, ibs./cu. ft.

After Drying

at 230°F. (110°C) 139 144 146 165 174
MOR, psi

Atter Drying .
at 230°F, (110°C) 400-800 600-900 400-800 1400-1800 1200-1700
After Healting

at 1000°F. (540°C) 250-550 400-800

at 1500°F. (815°C) 250-550 400-800 1300-1700 1200-1700
at 3000°F. (1650°C) 1000-1800 1100-1600
at 3140°F. (1725°C) 1700-2100 1300-1700

Cold Crushing Strength, psi ﬁ

After Drying ‘

at 230°F. (110°C) 1500-3500 3500-5500 2000-5000 7000-11,000 7000-12,000
After Heating 5

at 1000°F, (540°C) 1700-3000 2000-4000

at 1500°F, (815°C) 1700-3000 2000-4000 7000-11,000 7000-12,000
at 3000°F, (1650°C) 6000-9000 5000-8000
at 3140°F. (1725°C) 5000-9000 6000-3000

Permanent Linear Change %

After Drying

at 230°F. (110°C) Negligible Negligible

After Heating

at 1000°F. (540°C) Negligible Negligible

at 1L00°F. (815°C) 0.0to -~0.5 Ne’;)igible Negligible Negligible Negligible
at 3000°F. (1650°C) +1.0to +3.5 0.0100.7 -02to -1.2
at 3140°F. (1725°C) -05t0 +2.0 00t -1.0

Chemical Analysis:

Silica (Si0Oy) 31.5% 34.9% 23.3% 0.2% 0.1%
Alumina (Al,0,) 60.5 59.3 70.8 94.0 94.9
Titania (TiOg) 2.9 2.3 2.4 Trace Trace
Iron Oxide (Fe,0;) 1.1 1.0 1.0 0.2 0.2
Lime (Ca0) 3.5 22 2.2 5.3 4.5
Magnesia (MgQ) 0.2 0.1 0.1 01
Alkalies (Na;O + K,0 + Li,0) 0.3 0.2 0.2 0.2 0.2

Application methods: C, Cast; R, Rammed. and T, Trowelled. For Gunning refer to Harbison-Walkers' '*High Caliber Gunning Mix'* Brochure.

*Limited Data

All data based on cast specimens. ASTM procedures. where applicable, used to determination of data.

All data subject to reasonable deviation and. therefore, should not be used for specification purposes.

tThis castable is bonded with high purity strength calcium aluminate cement. If proper proceduraes for preparation, application and heat-up of this castable are
not observed. steam spalling during heal-up may occur. (See instructions on product bag wrapping).



Harbison-Walker Lightweight, Insulating Castables

Brands

H-W* Lightwelight
Castable 16

H-W¢ Lightwalight
Castable 20

H-W¢ Lightwelght

Castable 22

H-We Lightweight

Castable 26

H-W® Lightweight
Castable 28

Maximum Service
Temperature °F.,

1600

2000

2200

2600

2800

Approximate Amount
Water Required per 100#
(46.26Kg) U.S. Gal.

4,0-5.0

5.0-6.5

25-3.0

3.0-3.5

3.0-3.5

Lbs. Dry Mix
Required/cu. ft,

23

32

56

55

85

Application

C-T

C-T

C-T

cT

C-T

Bulk Density, Ibs./cu, ft.
After Drying
at 230°F. (110°C)

25

37

62

56

93

MOR, psi
After Drying
at 230°F. (110°C)

20-60

60-100

130-200

90-200

200-350

After Heating
at 1000°F, (540°C)

10-50

30-60

100-150

50-100

100-150

at 1500°F, (815°C)

10-50

30-60

110-170

50-100

100-150

at 1900°F. (1040°C)

30-60

at 2100°F. (1150°C)

110-170

at 2500°F, (1370°C)

200-400

at 2700°F. (1480°C)

800-1000

Cold Crushing Strength, psi
After Drying
at 230°F. (110°C)

40-120

200-300

500-800

200-400

500-1000

After Heating
at 1000°F. (540°C)

70-110

150-200

300-600

200-300

500-700

at 1500°F. (815°C)

30-100

150-200

300-550

200-300

400-650

at 1900°F. (1040°C)

100-150

at 2100°F, (1150°C)

250-450

at 2500°F. (1370°C)

500-1000

at 2700°F. (1480°C)

2000-3000

Permanent Linear Change %
After Drying
at 230°F. (110°C)

Negligible

Negligible

Negligible

Negligible

Negiigible

After Heating
at 1000°F, (540°C)

~05t0 -1.0

-0.110 -0.5

-0.2t0 -05

-02t0 -04

0.0t0 -0.3

at 1500°F. (815°C)

-1.0t0 -15

-0210 -0.7

-0.3t0 -0.7

-0.2t0 -05

0010 -0.3

at 1900°F. (1040°C)

~-1.5t0 -2.0

at 2100°F. (1150°C)

-0510 -15

at 2500°F. (1370°C)

+1.0t0 +3.0

at 2700°F. (1480°C)

-201to +20

Thermal Conductivity:Btu/hr. ft2 °F./in.

at 500°F. (246°C)

1.00

1.16

1.44

1.47

3.18

at 1000°F. (540°C)

1.30

1.33

1.63

1.68

3.41

at 1500°F. (815°C)

1.54

1.86

1.94

3.76

at 2000°F. (1093°C)

1.80

2.18

2.24

4.22

Application methods: C, Cast; R, Rammed, and T, Trowelled. For Gunning refer to Harbison-Walkers' ''High Caliber Gunning Mix'' Brochure.

* Limited Data

All data based on cas! specimens. ASTM procedures, where applicable, used to determination of data.
All data subject lo reasonable deviation and. theretore, should not be used for specification purposes.

1This castable 1s bonded with high punty strength calcium aluminate cement. if proper procedures for preparation, application and heal-up of this castable are
not observed, steam spalling during heat-up may occur. {See instructions on product bag wrapping)
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Harbison-Walker Lightweight, Insulating Castables

H-W* Lightweight H-W* Lightwelght H-W* Lightweight H-W* Lightweight

Brands Castable 30 Cpstable 33 Castable LI ES Refractory

Maximum Service ‘
Temperature °F, 3000 3300 2200 2300

Approximate Amount
Water Required per 100# ,
(46.26Kg) U.S. Gal. 3.0-3.5 2.0-255 4.0-4.5 3.56-4.0

Lbs. Dry Mix
Required/cu. ft. 88 91 44 76

Application C C C !

($)

Bulk Density, Ibs./cu, ft.
After Drying
at 230°F. {110°C) 92 102 52 80

MOR, psi
After Drying
at 230°F. (110°C) 150-250 400-800 100-250 300-500

After Heating
at 1000°F. (540°C) 50-100 50-100 200-400

at 1500°F. (815°C) 100-150 300-400 50-100 200-400

at 2100°F. (1150°C) 50-100

at 2900°F. (1695°C) 700-1300

at 3000°F. (1650°C) ‘ 200-400

at 3200°F. (1760°C) 200-400

Cold Crushing Strength, psi
After Drying
at 230°F, (110°C) 500-1000 2500-3500 400-600 1100-2100

After Heating
at 1000°F. (540°C) 400-600 300-400 800-1500

at 1500°F. (815°C) 500-700 2000-2800 300-400 800-1500

at 2100°F. (1150°C) 200-300

at 2900°F. (1695°C) 2100-2600

at 3000°F. (1650°C) 1500-2500

at 3200°F. (1760°C) 2000-2800

Permanent Linear Change %
After Drying
at 230°F. (110°C) Negligible Negligible Negligible Negligible

After Heating
at 1000°F. (540°C) 0.0to ~0.2 -0.2t0 -04 -0.1to -0.4

at 1500°F. (815°C) 0.0to ~0.2 Negligible -0.2t0 +0.2 -0.1to -0.4

at 2100°F. (1150°C) -1.0to -20

at 2900°F. (1595°C) ~1.0to +2.0

at 3000°F, (1650°C) +1.0t0 +2.0

at 3200°F. (1760°C) 00to +10

Thermal Conductivity: Btu/hr. ft2 °F./In.
at 500°F. (246°C) 3.48 6.3 1.87 2.40

at 1000°F. (540°C) 3.61 54 1.80 2,58

at 1500°F. (815°C) 3.87 5.05 1.98 2.70

at 2000°F. (1083°C) 4.20 5.05 2.20 2.90

Application methods: C, Cast; R, Rammed, and T, Trowelled. For Gunning refer to Harbison-Walkers' '‘High Caliber Gunning Mix"' Brochure.

*Limited Data
All data based on cast specimens. ASTM procedures, where applicable, used to determination of data.
All data subject to reasonable deviation and, therefore, should not be used for specification purposes.

1This castable is bonded with high purity strength calcium aluminate cement. If proper procedures for preparation, application and heat-up of this castable are
, notobserved, steam spalling during heat-up may occur. (See instructions on product bag wrapping).
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Harbison-Walker Special Castable Refractories

VISiL® Harbison-Walker® » HARCHROME®
Brands ALKACAST® Castable 17-67° HARMIX AL Castablet
Maximum Service
Temperature °F, 1000 2000 2000 2500
Approximate Amount
Water Required per 100#
(46.26Kg) U.S. Gal. 1.75-2.0 1.25-15 75 1.25-1.5
Lbs. Dry Mix
Required/cu. ft, 117 112 165 161
Application C-T C-T C C c
Bulk Density, Ibs./cu, {t.
After Drying
at 230°F, (110°C) 120 120 117 168 173
MOR, psi
Atter Drying
at 230°F. (110°C) 1000-1400 800-1200 800-1100 1000-1300
After Heating
at 1000°F. (540°C) 600-1000 200-500 550-750
at 1500°F. (815°C) 200-500 500-800 550-750
at 2000°F. (1093°C) 500-800
at 2300°F. (1260°C) 300-500
Cold Crushing Strength, psl
After Drying
at 230°F, (110°C) 5500-8000 6000-9000 4000-7000 6000-8000
After Heating
at 1000°F. (540°C) 4000-6500 4000-6000 4000-6000
at 1500°F. (815°C) 3500-5500 4000-7000 3000-5000 4000-6000
at 2000°F. (1093°C) 3000-5000
at 2300°F. (1260°C) 2500-4000
Permanent Linear Change %
After Drying
at 230°F. (110°C) Negligibie Negligible 0.0 Negligible
After Heating
at 1000°F. (540°C) 0.0to -0.5 Negligible 0.0to -0.3
at 1500°F. (815°C) Negligible 0.0 0.0to -0.3
at 2000°F. (1093°C) 0.0to +0.2
at 2300°F. (1260°C) 0.0to -1.0
at 2500°F. (1370°C) ~1.0t0 -2.7
Chemical Analysis:
Silica (SiOz) 50.0% 71.7% 1.2% 5.6%
Alumina (Alz03) 22.0 17.1 90.6 32.8
Titania (TiOy) 1.2 0.8 0.3
.Iron Oxide (Fe,0,) 2.2 0.6 04 15.5
Lime (Ca0) 20.5 9.6 7.2 12.5
Magnesia (MgO) 1.4 0.2 0.2 121
Alkalies (Naz0 + K0 + Li;0) 2.7 0.1
Chrome Oxide (CR203) 21.5

Application methods. C. Cast; R, Rammed, and T, Trowelled. For Gunning refer 1o Harbison-Walkers' ‘High Caliber Gunning Mix" Brochure.

*Limited Data

All data based on cast specimens. ASTM procedures, where applicable, used to determination of data.
All data subject to reasOnable deviation and, therefore, should not be used for specification purposes

tNote concerning chrome bearing castables: Process variables may sufficiently alter castable chemistry so as to require solia waste disposai under applicable
local, state or federal hazardous wasle laws.
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Harbison-Walker Special Castable Refractories

. . FUSIL FUSIL
Brands HARCROME " Gt CHROMEPAK " t Castable 820 | Castable 840

Maximum Service
Temperature °F. 2700 2000 2000

Approximate Amount
Water Required per 1004

(46.26Kg) U.S. Gal. 75-1.0 .75-1.0 1.78-2.0 1.75-2.0
Lbs. Dry Mix

Required/cu. ft. 171 175 110 110
Application C-T C-R c Cc
Bulk Density, Ibs./cu. ft.

After Drying

at 230°F. (110°C) 179 113 117
MOR, psi

After Drving *

at 230°F. (110°C) 1000-1400 600-1000

After Healing

at 1000°F. (540°C; 1200-1700 350-750

at 1500°F. (815°C) 1200-1700 350-750

at 2900°F. (1595°C) 750-1100

Cold Crushing Strength, psi

After Drying

at 230°F. (110°C) 6500-8500 2500-4500 4000-7000 3000-6000
After Heating

at 1000°F. (540°C) 7000-9000 3000-5000

at 1500°F. (815°C) 7000-9000 2000-4000

at 2000°F. (1093°C) 3000-5000 2500-5000
at 2900°F. {1595°C) 6000-8000

Permanent Linear Change %

After Orying

at 230°F. (110°C) Negligible Negligible Negligible Negligible
After Heating

at 1000°F. (540°C) Negligible Negligible

at 1500°F. (815°C) Negligible -0.1t0 -0.3

at 2000°F. (1093°C) -0.5t0 -1.0 -0.1t0-04
at 2700°F. (1480°C) -10t0 -23

at 2900°F. (1595°C) -06t0 -1.3

Chemical Analysis:

Silica (Si0y) 3.8% 8.0% 64.8% 70.4%
Alumina (Al,0;) 411 226 28.8 24.3
Iron Oxide (Fe;0;) . 111 10.8

Lime (Ca0) 43 0.6 6.4 53
Magnesia (MgO) 14.1 33.4

Chrome Oxide (CR,04) 251 246

Appiication methods' C. Cast. R. Rammed. and T. Trowelled For Gunn...g refer to Harbison-Walkers' "High Caliber Gunning Mix™* Brochure.

“Limiteg Data
All data based on cast specimens ASTM procedures. where applicable, used to determination of da.a
All data subject to reasonable deviation and. therefore. should not be used for specification purposes

"Note concerning chrome bearing castables' Process vanables may sufficiently aiter castable chemistry so as to require solid waste disposal under applicable
local. state or federal hazardous waste laws
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Harbison-Walker Vibration Castables Demanding Ultra-High Strengths

Brands DESCON® A93/C* DESCON® 858° DESCON¢® A94° DESCON?® A80*
Maximum Service (In Load Bearing Service)

Temperature °F. 3300 3300 2600 3200
Water Required For

Vibration Casting 5.0-7.0% 4.0-6.0% 3.5-5.0% 5.0-6.5%
Dry Weight Required Per

Unit of Volume, pct 180 187 186 168
Bulk Density, Ibs./cu. ft.

After Drying

at 230°F. (110°C) 181 188 185 171
MOR, psi

After Drying

at 230°F. (110°C) 1500 2000 2000 1750
After Heating

at 1500°F. (815°C) 1200 2000 2300 1500
at 3000°F. (1650°C) 1300 6000

at 3140°F. (1725°C) 1500 2400
Hot MOR,

at 2000°F. (1093°C) 1640 2700
at 2500°F. (1370°C) 730

at 2700°F. (1480°C) 410
Cold Crushing Strength, psi

After Drying

at 230°F. (110°C) 8000 12,000 13,000 10,000
After Heating

at 1500°F. (B15°C) 6000 10,000 12,000 9000
at 3000°F. (1650°C) 8000 15,000

at 3140°F (1725°C) 12,000 10,000

Permanent Linear Change %
After Heating

at 1500°F. (815°C) ~-0.1% ~-0.1% -0.2% -0.2%
at 3000°F. (1650°C) +0.6% - 1.4%

at 3140°F. (1725°C) -0.7% -0.5%
Chemical Analysis:

Silica (SiO5) 0.3% 0.1% 5.0% 11.3%
Alumina (Al,03) 92.5 97.6 93.0 82.5
Titania (TiO,) Trace Trace 0.1 3.2
fron Oxide (Fe203) 0.2 0.2 0.2 1.1
Lime (Ca0) 1.6 1.5 1.5 1.6
Magnesia (MgO) 0.1 Trace 0.1 0.1
Alkalies (Na;0 + K;0 + Li;0) 0.1 0.1 0.1 0.2
Chrome Oxide (CR,03) 5.2 — — —

Application methods: VC, Vibration Casting using external vibration

*Limited Data

Ali DESCON brands include H-W's C-CURED System

All data based on cast specimens. ASTM procedures. where applicable. used for determination of data All data subject to reasonable deviation and. therefore.
should not be used for specification purposes
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Harbison-Walker Vibration Castables Demanding Ultra-High Strengths

Brands

DESCON’ A70/CU"

DESCON"* A60*

DESCON" F45° DESCON" 597°

Maximum Service

3000 (Continuous Service)

Temperature °F. 3100 3100 2800 2000 (Intermittent Service)
Water Required For

Vibration Casting 6.5-7.5% 4.5-6.0% 5.0-6.0% 7.0-9.5%
Dry Weight Required Per

Unit of Volume, pcf 151 145 139 109
Bulk Density, Ibs./cu. ft.

After Drying

at 230°F. (110°C) 164 150 140 116
MOR, psi

After Drying

at 230°F. (110°C) 1600 1350 1000 1200
After Heating

at 1500°F, (815°C) 1000 2400 1200

at 2550°F. (1387°C) 950

at 2700°F. (1480°C) 900 650
at 3000°F. (1650°C) 820

Cold Crushing Strength, psi

After Drying

at 230°F. (110°C) 7200 10,000 7000 6500
After Heating

at 1500°F. (815°C) 7000 10,500 10,000

at 2550°F. (1397°C) 5440

at 2700°F. (1480°C) 7500 9800
at 3000°F. {1650°C) 8500

Permanent Linear Change %

After Heating

at 1500°F. (815°C) +0.1% -0.3% -0.3%

at 2550°F. (1397°C) +0.5%

at 2700°F. (1480°C) +1.1% -0.2%
at 3000°F. (1650°C) +0.5%

Chemical Analysis:

Silica (SiO2) 14.5% 37.8% 50.0% 96.3%
Alumina (Al,05) 70.7 57.0 44.2 0.5
Titania (TiOy) 2.2 2.3 2.1 Trace
iron Oxide (Fe,0,) 1.1 1.0 0.9 0.1
Lime (CaO) 1.5 1.6 1.8 3.0
Magnesia (MgO) 0.1 0.1 0.3 Trace
Alkalies (Na;0 + K,0 +Li,0) 0.1 0.2 0.7 0.1
Chrome Oxide (CR,03)

Penetration Inhibitor 10.0

Application methods: VC, Vibration Casting using external vibration.

*Limited Data

All DESCON brands include H-W's C-CURED System

All data based on cast specimens. ASTM procedures, where applicable,

should not be used for specification purposes.

used for determination of data. All data subject to reasonable deviaiion and, therefore,
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Stainless Steel Fibers Add
Strength and Long Life to
Refractory Linings.

Work of Fracture Testing Shows
Benefits of Stainless Steel Fiber
Additions.

All Harbison-Walker castables and
gunning mixes can be installed with
stainless steel fiber additions. The
best demonstration of the benefits
stainless steel fibers impart to
monolithic refractories is provided
by work of fracture testing.

Harbison-Walker pioneered large-
scale work of fracture testing
programs for refractories because
this test most accurately measures
crack propagation, the major cause
of refractory failure in monoliths
under thermal cycling service
conditions similar to ash hoppers.

The procedure for work of fracture
testing is similar to modulus of
rupture testing, although not only
refractory strength but also crack
resistance and holding power after
fracture are measured. In the test, a
sampie of refractory with a notch
cut in the underside is placed in
tension. Pressure on the sample
continues until it fails and the
pressure exerted as well as the time
expired is noted. Pressure is then
continued after failure until the
sample breaks apart completely,

Fig. 29 Addition of stainless steel fibers
to castable and gunned refractories
increases strength and service life.

and the force and time required
are noted.

Figure 30 shows the typical results of
work of fracture testing on samples
of monolithic refractory with and
without stainless steel additions. As
the graph illustrates, fiber additions
not only increase the ultimate
strength of the refractory, more
importantly they yield dramatic
increases in crack resistance and
holding power after cracking. Testing
with various types of refractories
has shown that all monoliths tested
showed improvement in crack resist-
ance and holding power, although
the improvement varied according
to density, cement content, and
aggregate size of the material.
Stainless steel fiber additions were
also shown to increase K factors
very little since the steel fiber is
dispersed in the refractory mass.
Tests have shown that thermal
conductivity of monoliths with
stainless steel fiber additions should
increase no more than 5 percent.

A typical fiber for addition to
gunning mixes and castables is one
inch long and .015 to .02C-inch in

diameter. Fibers of this size should
pass through standard 1.25-inch
diameter gunning nozzles with no
obstruction. Fibers may be ordered
separately and mixed with the
refractory prior to pouring castable
or charging the emplacement gun.
And, although stainless steel fibers
produce significant performance
benefits when added to castables
and gunning mixes, they do not
affect the pouring or gunning
properties of the mixes and present
no rebound problems.

The grade of fiber used for refractory
reinforcement will be dictated by
the operating conditions to which it
will be subjected. If the temperature
of the majority of the refractory
lining is below 1800°F, Type 304
stainless steel fibers should serve
well. At soaking temperatures,
where the majority of the lining is
approximately 2000°F Type 310
fibers can give satisfactory perform-
ance. However, ash hoppers some
times present acid conditions that
may require a special grade of stain-
less steel fiber. Please consuit a
Harbison-Walker representative or
the fiber manufacturer for details.

Fig. 30 Work of tracture test results for monolithic refractory samples with and without

stainless steel fiber additions.
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The C-CURED™ System
Approach

H-W's advanced-technology system
utilizes a specially sized non-metallic
addition that shrinks and burns at
very low temperatures, thus produc-
ing minute, non-continuous passage-
ways in the refractory. The unique
shrinkage characteristics of the
C-CURED™ additive allows water
release at critical temperatures
during the heatup. The increase in
permeability reduces the danger of
steam spalling and allows faster
heatup rates by means of a fast,
evenly distributed release of both
the mechanically and chemically
combined water. And because the
additive in the C-CURED System is
considerably smaller than in any
other commercially available system,
the passageways have little or no
affect on properties such as strength
and metal handling.

The H-W C-CURED System is the
first techology that produces steam
passageways of the right size at the
right time.

When C-CURED castables or
gunning mixes are used, initial
heatup rates can be accelerated.
However, as with brick and plasti.
linings, the initial heatup rates of
C-CURED linings must be examined
individually. Parameters such as
furnace size, lining thickness,
material quality, expansion and
temperature gradient vary with
every furnace and affect the heatup
rate. Based on laboratory heatup
tests, microscopic analysis of the
C-CURED material, and actual field
instdllations, a heatup schedule
can be formulated that maximizes
energy savings, material properties,
and safety. Please discuss your
specific situation with a Harbison-
Walker representative.

54

Harbison-Walker's experience with
the C-CURED System includes
successful installations in dozens of
furnaces. Examples include rotary
Kilns, petrochemical vessels, AOD
hoods, vertical channel induction
furnaces, and other ferrous and
non-ferrous furnaces.

The C-CURED System is available
in most H-W castables and gun
mixes. For actual physical properties
of H-W C-CURED material, consult
the C-CURED brochure or call your
nearest Harbison-Walker office.

Note of Caution: The C-CURED
System offers great improvements
over conventional gunning mixes
and castables. However, as with all
castables and gun mixes with non-
metallic additions, the danger of
steam spalling still exists.

Fig. 31 Laboratory testing shows that the
C-CURED™ refractory system shrinks as
steam evolves from the refractory lining,
well below temperatures of shrinkage of
other additives.

1



NORTH AMERICAN REFRACTORIES
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CUSTOMER LIST

PROJECT LIST WHERE NARCO REFRACTORY
PRODUCTS HAVE BEEN INSTALLED

Hyperion Energy Recovery System

Sludge Combustion Facility, Element 124

EPA Project No. C06-2417-410
City of Los Angeles, California

CAL-MAT, Inc.

California Portand Cement Division
Cogeneration System for Cement Kiln
Calton, Califomnia

Garrett Air Research Corporation
Combustion Power Corporation
Clrculating Fiuidized Bed Incinerator
Torrance, Califomia

lone Energy Project

Lurgi Corporation

Clrculating Fluidized Bed Incinerator
lone, California

Colorado Ute Electric

Pyropower Corporation

Clreculating Fluidized Bed Incinerator
Nucia, Colorado

Port of Stockton

Combustion Power Corporation
Clrculating Fluidized Bed Incinerator
Stockton, Califomia

Biogen Project

Combustion Power Corporation
Circulating Fluidized Bed Incinerator
Ivanpah, Califormia

Shasta-Signal Power
Zum Industries
Anderson, Califomia

Scott Paper Company

Lurgi Corporation
Circulating Fluidized Bed Unit
Chester, Pennsyivania

*10.

11.

12.

13.

14,

18.

16.

17.

18.

™18.

*20.

21,

Ultrasystems Ine.
Lurgi Comoration
Clrculating Fluidized Bed
Fresno, California

Union Qil
Rodeo, Califomnia

Koppers Company, Inc.
Oroville, California

Dinuba Energy Inc.
Dinuba, California

Martel Cogeneration Ltd.

Pacific Lighting Energy
Croville, California

Ultrapower lil
Blue Lake

Sierra Pacific Inc. -
Susanville, California

Collins Pine Lumber
Chester, California

Ultrasystems Inc.
Combustion Engineering

- Clrculating Fluidized Bed

Racklin, California

Ultrasystems Inc.
Combustion Engineering
Circulating Fluidized Bed
Mt. Poso, Califormnia

Ultrasystems Inc.
Combustion Engineering
Circulating Fluidized Bed
Bakersfield, California

* Denotes units that have NIKE 50 AR installed in the cyclones.

== Denotes units that have NiKE 60 AR instaiied in the cyciones.



NARCQO PRODUCTS FOR THE POWER GENERATION INDUSTRY

Product Recommended Applications Advantages
NIKE 60 AR Recycle cyclones, inlet duct Exhibits both excellent
walls and floor, loop seal. thermal shock resistance
and abrasion resistance.
NARCO 68 Less severe areas of cyclone Excellent thermal shock
such as the cone. shock resistance.
MOHAWK BF Loop seal, areas that are High fired super-duty brick
highly abrasive. which offers excellent
abrasion resistance.
GUNCRETE Monalithic gun mix for Good gunability, abrasion’
combustion chambers and resistant with low iron
cyclone walls and roofs. content.
NARMUL P Burner throats, feed chutes, Excellent strength and

bull nose of cyclone.

abrasion resistance.

ALCHROME 85 P

Target walls of cyclone, high
impact areas, refractory shelf
in combustor.

Highly resistant to slag .
attack, tough and abrasion
resistant.

NARPHOS 85 P

Combustion chamber work-
ing lining, patch material for
cyclones.

Good abrasion resistant
phosphate-bonded mate-
rial.

LO-CAST 50 HS

Inlet floor, burner throats,
manway doors.

Low moisture castable
which offers very high
strengths.

NARCOSET
TENAX

Mortars used with all super-
duty brick in cyclones.

Excellent workability for
tight joints.




NARCO PRODUCTS FOR THE POWER GENERATION INDUSTRY

Product

Recommended Applications

Advantages

NIKE 60 AR

Recycle cyclones, inlet duct
walls and floor, loop seal.

Exhibits both excellent
thermal shock resistance
and abrasion resistance.

NARCOGUN
AR-50

Cyclone inlet ducts and roofs,
walls and roof of combustors.
Fluid bed heat exchanger walls
and roof.

Excellent abrasion resist-
ance at 1500-1800°F.
Low rebound with good
gunability.

GUNCRETE

Monolithic gun mix for
combustion chambers and
cyclone walls and roofs.
FBHE walls and roof.

Good gunability, abrasion
resistant with low iron
content.

NARMUL P

Burner throats, feed chutes,
bull nose of cyclone.

Excellent strength and
abrasion resistance.

ALCHROME 85 P

Target walls of cyclone, high
impact areas, retractory shelf
in combustor.

Highly resistant to slag
attack, tough and abrasion
resistant.

NARPHOS 85 P

Combustion chamber work-
ing lining, patch material for
cyclones.

Good abrasion resistant
ghlosphate-bonded mate-
rial.

LO-CAST 50 HS

Inlet floor, burner throats,
manway doors.

Low moisture castable
which oifers very high
strengths.

NARCOSET
TENAX

Mortars used with all super-
duty brick in cyclones.

Excellent workability for
tight joints.

HPV-50
DURAKAST 56

Cyclone inlet floors, seal pot
floors, combustor grate, FBHE
grate.

Ultra-héqh strengths up to
1800%F. Excellent
abrasion resistance,
extreme resistance to
erosion by hot abrasive
gases.

AEROCASTL

Cyclone inlet duct floors, seal
pot floors, FBHE floor, cyclone
domed outlet duct floors.

Heat saving product used
for working lining or back-
up. High refractoriness,
good high temperature
strengths and negligible
shrinkage.

HPV-SX

FBHE inlet ducts, seal pot
and seal pot inlet and outlet
duct hot face lining.

Very abrasion resistant,
fused silica makes HPV-SX
resistant to thermal shock.
High strength and_erosion
resistance at 1800°F.

LITECRETE HS
2065 GUN

Cyclone inlet duct and roof,

seal pots and connective
ductwork FBHE,

Lightweight hydraulic set-
ting gun mix offering great

bl ' b~ o~ b
strengths up 10 Operaling

temperatures of 2000°F.




North American Refractories Co. 500 Halle Building

1228 Euciid Avenue
Cleveland, Ohio 44115
216/621-5200

HPV-SX
Low Moisture Castable

CHARACTERISTICS

HPV-SX exhibits very high strengths at temperatures up to 1800°F. This strength
makes HPV-SX very resistant to erosion by hot gases and also mechanical
abuse. Due to its low density and fused silica aggregate, HPV-SX has a very low
thermal conductivity. The low porosity and fused silica present in HPV-SX makes
it very resistant to damage by thermal shock. HPV-SX was des(ijgned to be cast

vibrated with a very low water content. Thus, it has a very low drying shrinkage
and less sintering shrinkage in service.

APPLICATION AREAS
(A) Seal pot and seal pots inlet and outlet duct hot face lining.
(B) FBHE's inlet ducts.

TEST DATA
Method of Installation Gunning
Maximum Service Temperature, °F 2600
Bulk Density, pcf
Fired to 230°DF 127
Fired to 1500°F 122
Cold Crushing Strength, psi
Fired to 230~F 8500
Fired to 15009F 7500
Fired to 2000°F 5900
Abrasion Resistance, cc 12
1500/15
Thermal Conductivity - Btu-in.
OF x hr x ft2
@ 500°F (260°C) 6.1
@ 1000°F (538°C) 6.5
@ 1500°F (816°C) 7.2
CHEMICAL COMPOSITION, %
Als0g 27.5
SiOs 66.8
FeoOg 0.3
TiOy | 0.4
Ca0o 4.7

MgO 0.1



1228 Eucid Avenue
Cleveland, Ohio 44115
216/621-5200

North American Refractories Co. 200 alle Building

HPV-50

Low Moisture Castable

CHARACTERISTICS

HPV-50 offers ultra-high strength up to 1800°F which makes it extreinely resistant
to erosion by hot abrasive gases and mechanical abuse.

Due to the high density and low porosity, HPV-50 exhibits very good abrasion
resistance. HPV-50 is also volume stable due to the low water content required in
comparison to a conventional castable.

APPLICATION AREAS

(A) Cyclone inlet duct floors.

(B) Floors of dored cyclone outlet ducts.
(C) Seal pot floors.

(D) Combustor grate.

(E) Duct - FBHE to combustor floors.

(F) FBHE grate.

TEST DATA
Method of Installation
Maximum Service Temperature, °F 3000
Bulk Density, Oocf
Fired to 230"F 145
Fired to 1500°F 141
Cold Crushing Strength, psi
Fired to 230°F 8000
Fired to 1472°F 8000
Abrasion Resistance, cc 8
CHEMICAL COMPOSITION, Wt. %
AloOq 50
Si05 | 46

CaO 2.5



North American Refractories Co. 500 Halle Buiding

1228 Euciid Avenue
Cleveland, Ohio 44115
216/621-5200

NARCOGUN AR-50

Abrasion Resistant Gun Mix

CHARACTERISTICS

NARCOGUN AR-50 offers excellent abrasion resistance at operating
temperatures between 1500°F-1800°F. Due to its excellent gunability,
NARCOGUN AR-50 is easily applied with low rebound loss.

APPLICATION AREAS

(A) Cyclone inlet duct roofs and cyclone roofs.

(B) Cyclone domed outlet duct walls and roofs.

(C) FBHE solids return ducts, walls and roof to combustor.
(D) FBHE walls and roof.

TEST DATA
Method of Installation Gunning
Maximum Service Temperature, °F 2600
Bulk Density, oDcf
Fired to 230°F 135
Fired to 1500°F 126
Cold Crushing Strength, psi
Fired to 230~F 8800
Fired to 1500°F 5300
Abrasion Resistance, cc 230/6
] | Cond 1500/11
Thermal Conductivity - Btu-in.
UF x hr x ft2
@ 752°F (400°C) 6.1
@ 1112°F (600°C) 6.5
@ 1472°F (800°C) 7.2
CHEMICAL COMPOSITION, Wt. %
Al50q 43
SiO, 37
F8203 0.6
NaZO 0.1
K0 : 0.2
Cal 8.3

Rebound Loss, Without Fibers 11%



North American Refractories Co. 500 Halle Building

1228 Euclid Avenge
Cleveland, Ohio 44115
216/621-5200

LITECRETE HS 2065 GUN
Insulatin un Mix

CHARACTERISTICS

LITECRETE HS 2085 GUN is a lightweight hydraulic-setting gun mix which offers
extra strength without decreasing its insulating value. This material provides a

-struc(tjurally sound heat barrier and can be used at operating temperatures up to
2000~F.

APPLICATION AREAS

(A) Cyclone inlet duct and cyclone roof.
(B) Cyclone domed outlet ducts.
(C) Seal pots and connective duct-work.
(D) FBHE connective duct-work.

(E) FBHE.
TEST DATA
Method of Installation
Maximum Service Temperature, °F 2000
Bulk Density, <:)Dr:.f
Fired to 230%F 65
Fired to 1520°F 63
Cold Crushing Strength, psi
Fired to 230%F 750
Fired to 1112°F 575
Fired to 1472°F 500

Thermal Conductivity - Btu-in.

OF x hr x ft2
@ 392°F (200°C) 1.7
@ 752°F (400°C) 1.8
@ 11129F (800°C) 2.0
@ 1472°F (800°C) 2.2

CHEMICAL COMPOSITION, Wt. %

AlxOq 33
SiO5 . 41.1
CaOo 20.2

Rebound Loss ‘ 16%



North American Refractories Co. 500 Halle Suidirg

1228 Euclid Avenue
Cleveland, Ohio 44115
216/621-5200

AEROCAST L
Insulating Castable

CHARACTERISTICS

AEROCAST L combines good refractory qualities with heat-saving insulating
values. AEROCAST L can be used as a back-up or as a working lining exposed
to furnace atmospheres. This hydraulic setting castable offers high refractoriness
while providing a strong cold cet, good high temperature strength, negligible
shrinkage and low thermal conductivity. AEROCAST L is also not affected by
cyclical furnace operation and is free from rehydration.

APPLICATION AREAS

(A) Cyclone inlet duct floors.

(B) Seal pot floors.

(C) FBHE floor.

(D) Cyclone domed outlet duct floors.

TEST DATA
Method of Installation
Maximum Service Temperature, °F 2000
Bulk Density, pcf

Fired to 230°DF 52

Fired to 1200°F 45
Thermal Conductivity - Btu-in.

OF x hr x ft2

@ 392°F (200°C)

@ 752°F (400°C)

@ 1112°F (800°C)

@ 1472CF (800°C)

CHEMICAL COMPOSITION, Wt. %

-—t el b L
WoON®

AloOg : 32.4
Si0y 38
Ca0 15
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FLUIDIZED BED FACILITES UTILIZING
NORTON CRYSTOLON SILICON CARBIDE MONDOLITHIC REFRACTORY OR
NORTON CRYSTON SILICON CARBIDE SHAPES
Operational Number Capacity
Date Facility of Boilers (PPH) Boiler Supplier Material
B & W/Ultrasystems
1986 Jonesboro, ME 1 218,640 Babcock & Wilcox LC?04
1986 West Enfield, ME 1 218,640 Babcock & Wilcox LC?04
Enerqy Factors
1986 Feather River Project
Marysville, CA 1 164,000 Babcock & Wilcox LC?04
Archer Daniels Midland
1987 Decater, IL S 425,000 Keeler-Dorr Oliver LC?04
1988 Ceder Rapids, IA 3 477,000 Keeler—-Dorr Oliver LC904
+CN183
Constellation Investments/ '
Ultrapower/CE
1987 Fresno, CA 1 220,000 C-E Lurgi CN1B3
1989 Rocklin, CA 1 220,000 C-E Lurgi CN1B3
1989 Bakersfield, CA 1 220,000 C-E Lurgi CN1B3
Wheelabrator
1988 Frackville, PA 1 410,000 Keeler—Dorr Oliver LC?04
Northeastern Power
1989 Schuylkill Co., PA 1 485,000 - C-E Lurgi CN1B83
Schuylkill Energy Resource
1990 Mahanoy City, PA 1 825,000 C-E Lurgi CNiB3
AES-Thames
1989 Montville, CT 2 672,000 C-E Lurgi CNiB3
Nonor ZIimoany ® Agvances Cerarucs @ 7 hev Song Srrest e Worcester Ve 0151500058 ¢ (508) 785-5007

Forer 5632



‘Oberétional
- Date = _ Facility

Westwood Enérgz'Prerrties

1987 Joliett, PA

Bechtel /Pyropower Cogen.

1989 Bakersfield, CA

Air Products & Chemical

1988 Stockton, CA

ione Enerqy

1989 Ione, CA

March 1989

- Capacity
of Boilers

-

(PPH)

271,000

500,000

500,000

146,000

Boiler Supplier

C-E Lurgi

Pyropower

Pyropower

C~E Lurgi

- Materia

LC?04
+CN1E"

LC204

LCF04

LLC?04
+CN1EC



INSTALLATION & STARTUP PROCEDURES

EOR GUNNING REFRACTORIES

INTRCDUCTION

Norton Company’'s Gunning Mixes have been designed to assure
that not only maximum refractory performance is attained but
that rebound is minimized. In order that this is achieved,
proper installation and curing technigues must be followed.
Outlined in the following are specific recommendations
relating to procedures and equipment that will more easily
allow the efficient attainment of a good installation.

' PREWETTING

Obviously water controls the stickiness of a gunning mix and
stickiness retards rebound which maximizes density. If water
is only added near the nozzle end, it has minimum time to
penetrate the fast flowing stream of dry refractory and
properly wet it. Therefore, it is strongly recommended that
water be mixed with the cement in a paddle type mixer before
gunning is started. The amount added, obviously must not
affect the mix's ability to flow through the gunning
equipment and hoses. Generally this will be approximately
. 0.5% by weight, however it cam be more precisely determined
. on site by squeezing a handful. When the correct maximum
-~amount is added, the handful will form a ball which will
f‘easily break up into a granular form when finger pressure is
applied. Unfortunately this maximum amount cam not always be
used. Depending on hose diameter, length, number of bends,
-‘etc. clogging could occur and then the amount of water added
L. must be reduced. Prewetted gunning mix must not be allowed
to dry out before gunning as its bond ingredients will
harden, this is particularly true of hydraulically bonded
products.

In order to obtain the highest density and minimum rebound,
predampening to the maximum amount is required. In addition
using a wet mix will eliminate the discharge of static
electricity to the gun operator.

Norton Company ® Advanced Ceramics ® 1 New Bond Stree: » Worcester, MA 01615-0008 ¢ (508) 795-5000
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EQUIPMENT o
Gun Machine “ .

Although virtually all types of gunning equipment could be
utilized, Norton Co. strongly recommends those that utilize a
rotating feed wheel under a hopper as they provide a much
more even and steady material flow. This makes accurate
water control at the nozzle easier and results in better
control of density and rebound. It has been found that
nozzle size should be no larger thanm 1". The gun should be
equipped with working pressure gauges and valves to
individually control air pressure to the drive motor and
material feed connections.

Air Compressor

As hose lengths are usually quite long, it is advantageous to
have a compressor capable of delivering air at approximately
S00 cubic feet per minute at 90-100 psi to insure clng free
even refractory delivery. The piping and/or hoses from the
compressor to the gun should be the same size or larger than
the material delivery hose in order to assure that enough air
is available. Separate air hoses should be run from the
compressor to the air motor drive and material feed
connections.

The air should be free of o0il and excess moisture. 0il will
affect the refractories bonding and water could cause
flow/clogging problems. Air stould be checked for oil
content by bubbling it into a container of water. A slick on
the water surface will be noted if o0il is present.

Water Delivery

Water pressure must exceed air pressure so that it is
properly distributed into the refractory stream. Obviously
both pressure and flow must be uniform and therefore a water
pump is often advantageous.

Mixer

A paddle type mixer is recommended for uniform prewetting. A
backup mixer is good insurance against installation delays.

Communication Equipment

Normally the gun is located some distance from the nozzle man
and direct communication is impossible, therefore a radio or
telephone headset system of some type is required in order
that proper coordination is maintained during installation.



PREPARATION

Prior to starting actual gunning, equipment should be checked
out. Hoses should have no kinks or tight bends that would
retard refractory flow. No fittings in pipe or hose should
be a smaller diameter in air, material flow, or water lines.
Pressures and flows should be measured to ascertain they are
correct. The staging used must allow unobstructed access.
Cross bracing, as typically used with "ladder" type staging
can be a hindrance and therefore "pipe" staging is usually
preferred if not required.

Staging or some type of platform should be erected and
positioned so that the nozzle operator can maintain a
distance of approximately four feet at right angles to the
surface to be gunned.

The surface being gunned should be clean, sandblasted to
remove most rust and any scale. It should also be dry and
free of oil. Finally a system should be established to
assure that prewetting (mixing) will keep up with refractory
usage. Actually mixing should stay far enough ahead of
gunning requirements so that proper moisture levels can be
easily monitored and maintained.

To enhance clean up of rebound plastic sheets or fabric
tarpaulin should be laid down.

INSTALLATION

There are several major objectives to be pursued and achieved

(1) Obtain proper maximum density

(2) Maintain minimum/maximum thickness control
(3) Obtain a reasonably smooth surface

(4) Minimize rebound

Water control at the nozzle is absolutel!y critical to all of
the above. The amount of water and its distribution is what
must be maintained. Even distribution is aided by the use of
a 18"-24" section of hose between the water ring and the
nozzle as it lengthens mixing time. Using the recommendec 1"
maximum I.D. nozzle and running the feed motor on the gun at
a moderately slow speed slows down refractory delivery and
makes water control easier. It also aids thickness and
surface control. If the feed motor speed is too slow, it
will not rotate smoothly and delivery will be pulsing and
erratic. Air pressure to the material feed hose should be
controlled (typically 35-40 psig) to minimize rebound.

—3_
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When correctly applied, the refractory surface will exhibit
a smooth, slightly wet sheen appearance. Slumping is the
result of entirely too much water and requires removal and
reapplication as the refractory’'s density has been affected.
Maintaining a distance of approximately 4 feet from the
nozzle to the tube surface and maintaining the gun at a 90=
angle is the best procedure. In order to prevent
laminations, the surface must not be allowed to dry out
between passes, therefore it is best not to work on an area
of more than 50 square feet.

In order to eliminate gunning over fallen rebound, it is best
to start at the bottom of walls and work up. Rebound will be
greatest on the first pass as it is more difficult to bond to
the walls than refractory.

Ideally, once applied, the gunned refractory should not be
disturbed. However, when a very smooth or contourec surface
is required, some surface adjustment may be necessary. A
curry comb is the best tool to remove excess thickness as it
leaves an open texture. Trowels and/or floats tend to close
up surface porosity making water removal more difficult
during the dryout cycle. Trowels should be used only when a
very smooth surface is required. Overspraying a thin veneer
after trimming back is acceptable but must be done before any
setting occurs. This is usually no problem with phosphate
bonded refractory, but must be done quickly (within 15
minutes) with cement (i.e., calcium aluminate) bonded
refractories.

REBOUND

Rebound is mainly composed of coarse particles. The
properties of the refractory rely on proper distribution of
particle sizing therefore if rebound is reused the properties
(strength, density, thermal conductivity, etc.,) will be
adversely affected. Rebound cannot therefore be regunned

i or reblended into new gun mix.

Once installed and before sufficient heat has been introduced
to eliminate all moisture from the Norton Gunning mixes, they
must not be allowed to be frozen. Remember that water
expands when it freezes and this will at the least weaken the
soundness of the lining and could actually cause refractory
to spall off the walls.

March 1989
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CRYSTOLON SILICON CARBIDE CASTABLE
LC 904
LC?04 is an extremely dense high purity silicon carbide castable
designed specifically for use on studded tube walls in boilers.
It utilizes Norton Company’'s exclusive CRYSTOLON silicon carbide
and a hydraulic bond to achieve its unique high strength
roperties that develop within 12-24 hours after installation.
Bigﬁ strength development in this calcium aluminate bonded
monolithic occurs throughout its applied thickness whereas heat
setting mixes develop minimum strengths in the cool areas
adjacent to water cooled tubes. These features allow its usage
along grate lines where erosion can be very severe. 0On the upper
tube wall areas, its high thermal conductivity allows maximum
heat transfer which assures minimum ash/slag éuildup.
It can be installed using conventional ?unning and casting
techniques. To achieve maximum physical and heat transfer
properties, gunning is recommended.
TYPICAL CHEMICAL ANALYSIS %
SiC Al20=x Si0= Cal Other
82 12.2 2 2.5 1.3
TYPICAL PHYSICAL PROPERTIES
Grain lnstalled Maximum Use
Size Densit Temperature
lbs/ft3 (Kg/m™)
10F 160 (2563) 2900=F
1593=C
THERMAL CONDUCTIVITY ASTM C202 BTU.in/(hr.ft= deg.F) (W/mK)
55 i (7.93)
L/‘ — /’—
50 ] - (7.21)
1
45 /// (6.49)
40 = —| (5.76)
0.4 0.6 0.8 1.2 1.4 1.6 1.8 Z.2
(.2) (.3) (.4) (.58) (.66) (.76) (.87) (.98) (1.1) (1.2)
. TEMPERATURE deg F(=C) [thousands]
COLD CRUSHING STRENGTHS
After Firing To:
212=F 932°F 1832=F 2552=F
(100=C) (500=C) (1000=C) (1400°=C)
PSI 11000 15000 18000 20000
Mpa 76 103 124 138
COLD & HOT MODULUS OF RUPTURE
After Firing to / Holding at
Dried IF92=F 752= 1112=F
(200=C) (400=C) (6007C)
PSI 1700 1700/1500 2200/2200 240072300
Mpa 12 12/10 15715 17716
ABRASION LOSS (ASTM C704) 10 cc

lvorion Company ® Advanced Ceramics ® 1 vew Bong St
Form 5632
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Norcestzr, MA 01675-0008 * (508) 795-5000



PACKAGING - Supplied dry in 100 1b (45.4 kg) polyethylene lined paper bags
standard pallet weight size is 3000 1bs(1364 Kg)

SHELF LIFE - Twelve months when stored under optimum cool & dry conditions.

INSTALLATION - Instructions and SQpervision are available.

"PERFORMANCE NOT PRICE DETERMINES REFRACTORY COST."
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October 1988
- CRYSTOLON® SILICON CARBIDE CASTABLE

LC 904

DRYING AND CURING SCHEDULE

Once installed and before sufficient heat has been introduced to
eliminate all moisture from Norton's Crystolon Gunning mixes,
they must not be allowed to be frozen. Water expands when it
freezes and this will, at the least, weaken the soundness of the
lining and could cause actual spalling off the tube walls.

Because LC-904 is a hydraulic bonded refractory, it must be kept
in a high humidity environment immediately after installation
for a period of at least 24 hours to allow formation of this
bond; temperaturg during this period should be held at
approximately 70°F.

The next step is to remove the water from the refractory. It
can be accomplished with hot air inside the boiler or with hot
water inside the boiler tubes. The temperature of either should
be brought up to approximately 190°F. (not to exceed 2120F)

and held for a minimum of 24 hours with forced air movement
inside the boiler. 1If air is used (instead of hot boiler tube
water), the boiler tubes should be empty to assure optimum
dryout. .

The next step is to raise air or water temperature to a maximum
of 220°F and hold for 24 hours minimum.

Thermocouples located on the tube faces and the refractory
surface should be used to assure proper temperature
measurement. Enough thermocouples should be installed so that
the walls are uniformly heated throughout the boiler.

The final step is controlled heat input to gradually achieve
normal water tube temperature at the end of 24 hours. If
possible, burning during this period should be away from the
sidewalls. During these steps, the walls should be inspected
periodically to assure that any water vapor arising from the
refractory surface is only similar to that off a hot cup of
coffee. If it is apparent that steam under pressure is being
developed within the refractory; water tube temperature should
be dropped as soon as possible and remain at that lower level
until the steaming subsides. Holes drilled through the
membranes between the tubes can be very useful in assuring this.

This essentially completes the refractory drying and curing
cycle and normal operating procedures can now occur.

fporior 2omoany ® AZvancey Deramize ® 7 e Song Swsar® Worcester MA 01615-0008 * (508) 795-5000
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ADVANCED CERAMICS

TECHNICAL BULLETIN April 1989 S-P-CR-BD4
CRYSTON SILICON NITRIDE BONDED SILICON CARBIDE
CN-183

This is a new high bond content nitride bonded silicon carbide
that has exceptional abrasion resistance and outstanding oxidation
resistance in the 1650 to 2000°F (900-1100=C) temperature

range.

Principal uses have been as tube blocks in fluidized bed boiler
applications where long life is important and wear of refractory
components is a concern.

CN-1B3 is available in tubes, brick and other heavy shapes.

Typical Characteristics:

Density 163 1lbs./ft.= (2.65 Mg/m™)
Modulus of Elasticity 19 x 10% psi (130 GPa)
Chemical Analysis A
Silicon Carbide 78
Bond (SizNa) 20
Oxides 2
Maximum Use Temperature 2900°F (1590=C)
Apparent Porosity 13%
Modulus of Rupture psi MPa
room temperature 6500 44
22B0=F (1250=C) 7500 51
2640=F (1450<=C) 5300 36
Thermal Conductivity BTU - in. W
hr. ft.= oF m- K
600=F (315=C) 113 16.3
1200=F (649=C) 120 17.3
1800=F (982=C) 104 15.0
2100=F (1149=C) 100 14.4
Linear Thermal Expansion
per °F (20-2730°F) 2.7 x 10—~
per ®C (30-1500=C) 5.0 x 10—~
Abrasion lLLoss (ASTM C704) Sce

"PERFORMANCE NOT PRICE DETERMINES REFRACTORY COST."
Norton Company Advanced Ceramics / 1 New Bond Street, Box Number 15008, Worcester, MA 01615-0008 (508) 795-5000

. n (OEn! nerpir
© Theinlormation containes . this Gocument 1€ believed 10 be accurale and renabie bul 1s presentea withou! guarantee of warranty on the part of Norton Campany Furihe' nothing present ne'e
- showd e interpreted as an authornization or iINOucement (o praciice any patented inveniion without an approptiate license
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CFLUID BED BOILER AND INCINERATOR BOILER
CRYSTON TUBE BLOCK INSTALLATION

Tube block such as that shown in Figure 1 are designed to be
fastened to boiler walls by threaded studs and nuts. Also a thin
layer of silicon carbide mortar on the back side of the block is
applied to bond the block to the waterwall providing maximum
contact and heat flow. The studs are welded to either the center
line of the tubes or membranme and each tile is held in place by
a single stud.

The tube block is designed with am allowar-z2 for thermal
expansion on each edge. All edges of the block are shiplapped
so that, even with variations in tube spacing in the waterwall,
the blocks fully cover the wall. For this reason the shiplapped
joints should not be mortared.

WHERE CRYSTON TUBE BLOCKS ARE USED

FLUID BED BOILERS

The area to be protected with CRYSTON tube block will be the
walls of the combustion chamber from the bottom to a height of
approximately 30 feet where the fluidized bed creates abrasion.

INCINERATOR BOILERS

All straight tube areas above the grate can use the protection
from corrosion and erosion provided by tube blocks. Block also
maximize heat transfer and deter slag/ash buildup.

Within the insztallation area all flat surfaces of the water wall
will be covered with block. Burner openings, sight ports, or
other openings where tubes are bemt will not be fiat enough for
block installation. These areas will be covered with other
rafractory materials.

Small areas 1in the corners of the fire box will also be
difficult to cover with block and will be covered by a troweling

mix or a gunning mix such as Norton LC904.

CUTTING OF BLOCK

Some blocks must be cut to fit around openings and in corners.
Use a Norton Christensen diamond blade specification R-51%94. It
is available in 14", 18" and 20" diameters.

Norton Company ® Advancea Ceramics ® 1 New Bond Street © Worcester, MA 01612-0008 ¢ (508) 795-5000
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BOILER WALL ACCURACY

Boiler waterwalls are fabricated in panel sections in the shop
and these sections are welded together at the job site. Tube
spacing in the shop welded panels is usually very accurate, but
panels welded together in the field may have wide welds at the
membrane between sections.

For nominal tube spacing of 3" the field welds at section edge

may cause a spacing of up to 3~-1/4" between tubes. The shiplap
on the CRYSTON tube block will usually allow coverage o spacing
up to 1/4" above nominal (3-1/4" in this example). If a wider

spacing is encountered, the block will have to be mounted on
adjacent tubes and block cut to fit.

BLOCK ORIENTATION IN THE BOILER AND START OF INSTALLATION

Refer to Figure 1. Block should be installed with the inside
(fire side) of the shiplap pointing down.

In fluidized bed boilers the motion of the solids at the wall is
generally downward due to boundary layer effects, so the inside
shiplap should be installed downward. Installation should start
at the bottom of the pattern..

In incinerators the inside shiplap is installed down so that
slag or ash will not run in behind the tile. When the inside
shiplap is installed down, the installation should start at the
bottom of the tila pattern in the unit.

INSTALLATION STEPS

1. Build necessary scaffolding.
2. Measure and mark area to be covered with block.

Z. 5Sandblast all tubes in the area to be covered; removing all
paint, rust, dirt or other foreign substances.

4., Refer to specifications for that boiler and mark where the
top row of studs is to be welded. This line can be
established by first marking the location of the studs on
the two edges of the wall and smapping a chalk line between
these two points. The line must be straight. The studs may
be on the center line of the tube or on the membrane. Check
blueprint for tile installation.



10.

11.

12.

-3~ S-AP-EL1
Location of all other studs can be found by: .
(a; wuse of a template that has the stud pattern accurately
located or
(b) by measuring from the first row of studs and using a

chalk line to establish a straight line between each
row of studs. The location of individual studs is then
marked on the centerline of the correct tubes (or on
the membrane).

Accuracy of stud placement should be within 1/16". The tube
block have 1/8" space between blocks when perfectly
positioned so if adjacent tile are both -1/16 on position
there will be interference between block and they will have
to be cut to provide clearance. Correct stud spacing will

‘save this cutting.

If tube spacing is less than nominal, and there is an
interference fit, edges of the block must be cut to provide
clearance. See figure 2. If tube spacing at panel welds is
too great then the stud spacing must be changed so that

block is attached to adjacent tubes and block cut to fit

between those tubes. (figure 3) Stud location must be
checked for fit before studs are welded.

Once stud location is established, and fit is checked at
panel welds, all studs can be welded. .See boiler
specification and welding code for welding procedure and
testing of welds.

Mix the Norton CRYSTOLON LC95% mortar so that it is a thin
consistency suitable for buttering the back of block.

Test mortar on block. If the mortar stiffens quickly when
applied to the block, the block must be dampened with water.

Start at the bottom of the wall (unless the assembly
blueprint differs from "Block Orientation" as described on
page 2).

Mortar the block with LC?59 mortar,taking care to avoid
getting mortar in the shiplap joint. Place the tube block
over a stud and press it firmly against the tube wall.
Assemble washer (if required) and nut. Check block
occasionally to be sure mortar fills all space between block
and tube wall.
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13. Tighten nut as much as possible using a socket wrench. Then
pound on the block with a leather or rubber mallet while
continuing to tighten. When the nut is fully tightened using
this method it should then be backed off slightly to relieve
tension (less than 1/8 turn).

14, Nuts must be tightened within approximately 10 minutes
after block is mortared to ersure a good fit to tubes. If
too long a period elapses between mortairing of block and
tightening, the mortar will stiffemn and the block will not
seat snug to the tubes. This would reduce heat transfer to
the water wall from the block.

15. Cut block to fit as required around openings and at edges of
the pattern. Bloik should not overhang an opening as
ramming or cement behind the block may break it. Cuts
should ue at least 3/4" from the stud hole in the block.

See figure 4, If block is too tight, cut edge to provide
clearance between block. Cut both steps of shiplap. Do not
remove shiplap.

16. At panel welds on the water wall cut or notch the back of
the block to clear the welds allowing the block to seat
against the tubes.

On vertical welds cut the "fin" on the block that is over
the weld to clear the weld.

On horizontal welds the back of the block cam be grooved
with the diamond saw to clear the weld.

17. After all blocks are assembled, tack weid the nut to the

stud using the welding rod specified by the boiler
specification.

18. If required by the design, fill stud holes with cement such
as Norton LC959 silicon carbide mortar.

DRY BUT AND INITIAL HEATING

Because there is little moisture in the block and in the LC95%9
mo-tar behind it, the heating schedule dictated by other
refractories in the unit will be satisfactory for the CRYSTON
tuce block system. Once :nstalled and before sufficient heat has
been introduced to elimirate all moisture from Norton's
Crystolon mortar it must not be allowed to be frozen. Water
#xnands when it freezes and this will, at the least, weaken the

|
oundnece of the mortar,
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FLUIDIZED BED INBTALLATIONS

Co-Generators

Gulf 01l Company
California Cement
Central Soya

A.D,M, Company

General Motors

Ultra Power Unit {1
Ultra Power Unit #3
Thermo Electrons
Thermo Electrons
(Factory Ingtallations)
(Factory Installationg)

Sewaga

Lincoln Park
Onieda County

Key wesr (nyre Warre fice armens

City of Dubuque

Dryers
Blue Cirele Atlantic Cement

J.R. Simplot

Black Liquer

Stone Container
Weston Paper

Locations

Bakersfield, CA
Colton, CA '
Chattanooga, TN
Mankgto, MN

Fort Wayne, IN

Burney, CA

Blua Lake, CA
Mendotta, CA
Woodland, CA
York. PA \
Ferryshbirg, MI

locationa

Lincolu Park, NJ
Utica.'NY

Key West, FL
Dubuqua, IA

Locations

sparrows Point, MD
Pocatells, ID
Locations

Ontonogon, MI
Tarre Haute, IN

Fnorico Company

Designers

Pyropowar
Pyropower
Pyropower
Asea Stal
Riley

Ultra Power
Ultra Power
Gotaverken
Gotzverken
York Bhipley

‘Johnston Boiler

Designers

Doir Oliver
Zimpro
Zimpro
Copeland

Designers

Dorr Oliver
Dorr Oliver

- Desgigners

Copetach
Dorr Qliver

New ot
Repair

New

~ New

New
New
New
Repalr
Repair
New
New
New
New

New ot
Repair

Repairp
New
New
Repadr

New ar
Repaltr

(cra)
(cren)
(cr5)

(CF3)
Cris )
/Z;U/
fﬁd/
(CFE)

Repair

Repair

Naw of
Rapair

New
Repair
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A COMPLETE CHOICE OF
REFRACTORY PRODUCTS AND SERVICES

Tradltional Plibrico plastlcs,‘ Plicast castables

- the application. .
. ) o

. oh '.,,M\,-"_,V
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Pligun gunning mixes, and Plistlx sewicingllnje@g
tion mixes all add up to provide a wide variety of 3
solutions for your ret,ract‘o_ry requiram
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A briet description of some specialIn |
lines follows below, with laboratory data on.the su

ceeding pages. Consult y'ogr local lebr}co reprasen-

Selections i il

FEATURING ...

PLICAST 'HWVIOR® SERIES CASTABLES

The anginal low cement castabie for applications
requiring supenor hot stiengths and the ability to
resist abrasion. With years of proven cost-effective
service in severe environments, the HYMGCR family
of materiais can solve your problems in hign tem-
perature ranges.

PLICAST "HREZIST ' SERIES CASTABLES

A ow moisture design tor agplicalions that demand
aprasion resistant qualites. ang the strength to
stand uyp 1o abusive oosratng conditions
HYREZIST Series castaples also offer innerent flow
properties that Make piacement simple, An 2xcel-
lent performer al iow o intermediate temperature
ranges

THE HWRATE’ PROCESS

Compiming the sbeed and #ase nfinstallation allow-
ed Dy junning. A1th the 'echnoicgy of plastic refrac:
tories The uniguety geveloped HyRATE piastics are
a restructured plastic retractery. designed G
pnuemalic placement. white retaining  all the
reneticial properties of the grades from anicn they
were Jenvad

THE ALsTUFF"SYSTEM

A family of non-wetting aluminum refractories, in-
cluding piastics, castapies, and gunning mixes. The
special formulation, fortified with a surface barrier
thal is iImpenetrabie at normal operating conditions,
yields longer life and less downtime. From the
metal fine to the sub-hearth, inciuding insulating
materiais, AL-TUFF products make aluminum pro-
duction less of a cnallenge

PLISTIX *Injec-Tite" PROCESS

A pumpable refractory process for general bosler
and ‘urnace repair appiicauons, The Seramic fiber
based njection Mix s designed to restore worn (n-
sulation and 4l voigs between a refractory lining
ano shell. Matenal 1s apolird through furnace ex-
terior v1a pneurnatic pump. while the unit 1s aither
on-itne or down.

FerREZIST *SERIES

A ine of grapnite 2nriched refractores specifically
designeq ‘or Jemanging 4pplications in the toundry
industry. Offering excellent resistance to ferrous
melais penetration and slag attack, while retaining
\he field proven pnysical properties of the traai
tional Phbnco products

M

ADDITIONAL PLIBRICO PRODUCTS

NEDI.SHAPES

Custom angingsrad. pre-tired 3hapas are avalladia in vintually un.
nemlea s1208, contigurations, and seights. Wharaver a recutning
weal one Jdamands axira 4ltention, the Reql-Shaps concent
aillows ingtant mainlenancs

Redi-snapss can be cast or rammaed of relraclones fully compati
bla with your 9x1sting iining Saelect from axotic malenals formu:
1aad and avadanla only 1n Reur-3hapes. of choose trom a range of
traditional Mmgn performanca Plibrico plastics and castables.

DRY SKID BLOCK

An voft !the snad" product for furnace nhearth requirements
Faaturing a umiformiy cast ang vibrated HyMOR Series materia
with axceilent resistance 1o scate and slag attack. \With pre-firey
sxid DIoCk. Jownlime 18 minimized, Choosa from a variely of sizes
tot simple nslallation.

PLISUL-GRIP COMPONENTS

Plisul-Grip dipe covering components slfer protection for skio
pIDYS, rO8S Dipaes, and |acks. Dasigned !of the severe service
z0nAs of 4 DIDINg nelwork, Phsul-Grp stands up 1o slagging and
ngh temoperatures, ~#hila oroviding an insuiating efficiency that
suls bara Dine neal loss by 0% (0 0%

PLISULATE BLOCK INSULATION

Phisulate DIOCK nsuiation 8 available in two grades, 1900 ang
1300 Phsulalo 190013 a 11gid block Insulation manulactured from
semuralractony fibers using an arganmiciinorganic oinder system
Thi 1600 DIOCK i§ USAY (N .Ndusiral applications whare servicy
temparatuces range 'rom 1000'F 10 1900°F, and 13 3 rglractony
Dackup (N €103, HVANS and ‘urnaces

The 1300 block 18 a4 semiaqid tharmal and acousticdl block Nsu
taLion MU s racominandad tor 48sign aponcations thal raquirs
fqugity, LUl NGt tha 1a3I4Ual SOMpressive strangth of viher slec-
2roducts.

PLISULATE CEMENT

Plisylata INsuiating Camant 1s an 4lf ourpose mgh lempardturs
DoNdig ANY INSUIBTING ZemBnt, racommended for use n pointing
o 3e.4n0g fefractonas ang nsulaling d1ocks on furnaces. ki,
and pthgr Nign ‘emearature aguipment.

Pusuiate Finsming Cament s a one-coal. hyordulic sethrsy
Iining cemant This matenar 8 “acornmended iase N e
naces, <1INS. salvas. Dipa Mlings. ang dther insuiahions

ANCHORS

Pubrico Dfovides a complata ng of anchors Meataihc ni
noukg. wdll SBALS 4N Brackals ara 31l dvaiaole as argceramc '«
ancnors

SERVICE

Dopeea s tommlment Coondustry 8 ‘oundad N semice
LA S0 R CThroogh umgoieta turn-sey pstaldations
SOUTCA S apaDitieG LRnEDL (OU IR DI0BEL SUERD. 2IhCH

AN ety




Plibrvico?®

% P PLIBRICO PLIBRICO
’ SUPER F 80
PLASTIC REFRACTORY B R AR oKD
Recommended Service Limit °F 2900 3300
Setting Characteristics Air & Heat Air & Heat
Packaging Ibs/ctn 100 100
Shelf Lite—Months 12 12
Weight to Place Ibs/ft? 148 170
Weight in Service Ibs/f? 138 158
Min. Time Before Firing None None
Typical Chemical Analysis—%
Al,0, 41.6 79.1
Sio, 50.9 14.8
Fe,0, 1.4 2.4
Tio, 1.5 2.1
Ca0 0.5 0.2
Mg0 0.1 0.1
Alk 0.5 0.2
Permanent Linear Change—%
ASTM C-179
@ 230F -0.6 -0.7
@1000F -0.7 -0.8
@1500F -0.7 -0.8
@2000F ~-1.0 ~-1.0
@2500F +0.5 +0.2
@3000F +1.0* +2.0
Cold Modulus of Rupture—psi
ASTM C-491
@ 230F 350 350
@1000F 300 350
@1500F 300 350
@2000F 450 500
@2500F 600 500
@3000F 1500“ 1000
Hot Modulus of Rupture—psi
ASTM C-583
@1000F 300 300
@1500F 450 500
@2000F 800 900
@2500F 150 200
Cotd Crushing Strength—psi
ASTM C-133
@ 230F 700 700
@1500F 1200 1200
Thermal Conductivity
btu . In/hr . ft* . °F
@ 500F 4.5 11.8
@1000F 5.5 10.7
@1500F 6.2 10.5
@2000F 6.7 10.3
Bake Out Schedule A A
Applicable Specifications Super U 60% 80%
ASTM C-673 Duty “+ Alumina Alumina
Product Number 10008 .0 10013 10016

' )
s es PRARII

* Al Service Limit

Note: All figures are averaged results of laboratory ASTM tests: reasonable
variations can be expected. Thermal conduclivity will vary depending upon
installation technique and thermal treatment. Data should not be used for
specification purposes.



Plibrico*

PLAST]C PLIBRICQ PLIBRICO  PLIBRICO PLIBRICO  PLIBRICO PLIBRICO  PLIBRICO  PLIBRICO PLIBRICO
REFRACTORY 55-§ SR-68 68-5 SR-85 85-8 :  B85-8 SR-90 90-§ sic
‘ g Speclal ¢ 80
Recommended Service Limit °F 3000 3100 3100 7} 3300 3300 % 3300 3400 . 3400 2700
Setting Characteristics Chemical Chemical Chemical 4 Chemical Chemical ;} Chemical Chemical + Chemical Chemical ‘
Packaging lbs/ctn 100 . 100 100 /9 100 100 fh 100 100 - 100 100
Shelf Lite—Months 4 4 4 4 4 3 3
ol BN '
Weight to Place lbs/ft? 156 - 163 178 185 188 16
Weight in Service lhs/ 3 141 = 150 165 17 187
Min. Time Belore Firing None .5y None None Nane None None
Typical Chemical Analysis—% L
Al,0, 53.6 - 69.0 83.1 86.0 93.0 7.
Si0, 38.5 25.5 10.1 9.3 3.4 7.
Fe,0, 1.1 ¢ 0.9 1.1 0.2 0.2 0.
Ti0, 1.2 = 1.0 1.7 0.2 0.4 =7
Ca0 0.5 0.1 0.1 0.2 0.1 0.
Mg0 0.3 0.1 0.1 0.2 0.1 0.2
Alk 0.6 0.2 0.2 0.2 0.2 0.3
P.0, 2.8 2.7 2.7 2.8 1.6 2.
Sic - - - - - 80.6
Permanent Linear Change—%
ASTM C-179 £
@ 230F -0.4 -0.5 -0.6 -0.4 -0.5
@1000F -0.5 7 -0.6 -0.7 -0.5 -0.6
@1500F -0. -0.7 -0.6 -0.6 ~0.6
@2000F -0.6 7 -0.5 -0.5 -06 ~0.6
@?2500F -0.3 Ay =041 +0.5 +0.2 -0.9
@3000F 0 -0.5 -0.6 ~0.6 1.4
Cold Modulus of Rupture—psi
ASTM C-491
@ 230F 1130 1240 1300 1200
@1000F 1580 1750 2000 1400
@1500F 1600 1870 2000 1600
@20n0F 1980 2400 2400 1900
@2500F 2900 2500 2500 2400
@3000F 4500 2800 2100 3100
Hot Modulus of Rupture—psi
ASTM C-583
@1000F 2000 1500 1300 1700
@1500F 2400 1900 2400 1900
@2000F 1200 900 1800 900
@2500F @ 1100 600 500 500
Cold Crushing Strength—psi k3 o
ASTM C-133 o
@ 230F 1200 .; 1900 1900 2200 2000 % 2000
@1500F 300 %} 6000 600 800 800 :.i'.'f 7500
M .
Abrasion Loss-cC's o 3 a
ASTM C-704 ol bt i
After 1500F 13 47 8 4 6 8 a s
Thermal Conductivity - o N
btu . in/hr . ftt . °F ' a8 )
@ 500F P89 89 .1 16.5 L8,
@1000F 8.5 8.5 -~ 11.8 14.2 16
@1500F 8.5 8.5 4 109 13.0 |
@2000F 9.1 91.. 1 113 2.0 3 i
Bake Out Schedule 0 D ’1 D ) D i D
s SN
Applicable Specifications % ‘ . J
ASTM C-673 70% 70% "3 85% 85% 85% 0% -4 90%
sy Alumina Alumina 7z Alumina Alumina ;i Alumina Alumina 1 Alumina
Product Number 10011 ‘;j 10068 10037 10085 10035 'j 10018 12011 ™3 10033

*At Service Limit

Note: Al figures are averaged results of laboratory ASTM tests. reasonable
variations can be expected. Thermal conductivity will vary depending upon
installation technique ang thermal treatment. Lala snouig not be used for
specification purposes.



HRATF® SERIES
FOR PNEUMATIC APPLICATIONS

- - TR TR, g PR
Plibrico°® HYRATE | YRATE | HYRATE FHyRATE : Hynate |

SUPER 8 (80 (% 85.5 [%90-S 5 STR 3§
PLASTIC REFRACTORY F i § g514

AIR i

BOND § ]
Recommended Service Limit °F 2900 %3200 3200
Setting Characteristics Air & Heat Alf, & Heat Chemical
Packaging bs/ bioc or"carton 55 ' 80 45
Shelf Life—Months 3
Weight to Place Ibs/{t? 153 180 175 E#
Weight in Service Ibs/ft? 142 170 165
Min. Time Before Firing None None None i

Typical Chemical Analysis—%

Al,0,
Si0,
Fe,0,
Ti0,
Ca0
Mg0
Alk

- Pyl
SiC

Permanent Linear Change—%
ASTM C-179

@ 230F

@1000F

@1500F

@?2000F

@2500F

@?3000F

Coid Moduius of Rupture—psi
ASTM C-491

@ 230F

@1000F

@1500F

@?2000F

@2500F

@3000F

Hot Modulus of Rupture—psi
ASTM C-583

@1000F

@1500F

@2000F

@2500F

Cold Crushing Strength—psi
ASTM C-133

@ 230F

@1500F

Abrasion Loss-cC's
ASTM C-704
After 1500F

Thermal Conductivity "ok
btu . in/hr . . °F L
@ 500F 4
@1000F 5
@1500F 6.
@?2000F 6
Bake Out Schedule A EA 8 ©OA B D D - D
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1200
1700
1300
1400
2000
2400

1300
1500
1500
2000
2000
1800

1550
1900
1550

800

1600
2000
800
800

2000 ¥ 2000
8000 - 1000 8000

Appiicable Specifications - ] k
ASTM C-673 Super 60% 70% 80% 70% 90% 70% 75%
Duty Alumina  Alumina  Alumina  Alumina Alumina  Alumina  Alumina

Product Number 10041 10048 10047 10080 10046 11090 10115 11091

At Service Limit Note: All figures are averaged results of laboratory ASTM tests on laboratory
pressed Specimens. reasonable varations can pe expected Thermal con-
ouctivity will vary GEDENOING UDOT. instalialion lecnnique ang thermai ireat-
ment Data shouic not oe useo for specificalion purposes.
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FerREZIST ' SERIES Plif2am’ = W i(Es

- .I (
Plibrico FerREZIST FerREZIST  FerREZIST ForREZIST PLIRAM PLIRAM
PLASTIC REFRACTORY  Suwer S B B0 -8

: AIR BOND

Recommended Service Limit °F 2900 3000 - 3100 3200 3300 3400
Setting Characteristics Heat Chemical 3 Chemical Chemical Air & Heat Chemical
Packaging Ibs/ctn 100 L 100 100 ] 100/Pail 100/Pail !
Shelt Lite—Months 12 4 4 12 3 ,;’4
Weight to Place ibs/ft? 134 155 . 175 175 180 4
Weight in Service lbs/ft? 120 145 162 166
Min. Time Before Firing None s None . None . None
Typical Chemical Analysis—% (Caicined) 8.0 LOI** 5.0 LOI i 5.0 LOI

Al,0, 35.3 55.8 . 65.9 79.3

Si0, 52.5 32.5 23.5 13.8

Fe,0y 1.0 0.9 0.9 1.8

Ti0, 1.7 1.0 . 1.4 2.6

Ca0 0.3 0.4 % 0.1 0.1

Mg0 0.2 0.2 0.2 0.1

Alk 0.9 0.3 0.2 0.2

P,0s - 2.6 % 2.6 -
Permanent Linear Change—%
ASTM C-179

@ 230F -0.4 -0.4 -0.3

@1000F -0.4 -0.4 ~0.3

@1500F -0.6 -05 -0.3

@?2000F -0.7 -0.5 -0.4

@2500F +1.8 -0.1 1.4

@3000F +1.0" 0.7 1.9
Cold Modulus of Rupture—psi
ASTM C-491

@ 230F 250 700 400

@1000F 250 800 450

@1500F 300 900 400

@2000F 400 1000 850

@2500F 550 1200 1550

@3000F - 750 1400 1800
Hot Modulus of Rupture—psi
ASTM C-583

@1000F 300 1100 450

@1500F 300 1300 600

@?2000F 400 650 1000

@2500F 100 600 300
Cold Crushing Strength—psi
ASTM C-133 i

@ 230F 450 1200 1200 7. 1500

@1500F 800 4000 5000 2200
Thermal Conductivity
btu . in/hr . ft2 . °F -

@ 500F 9.0 18.1

@1000F 8.7 16.1

@1500F 8.9 15.0

@2000F [ 9.5 14.0 i
Bake Qut Schedule A 0o ‘ D D ‘ A D i
Applicable Specifications ey : :
ASTM C-673 Super % 70% 85% .- 80% 90% :

Duty Alumina Alumina Alumina Alumina A

Product Number 11002 11068 11007 ... 10016 12004 '

At Service Limit
**Loss On Ignition

Note: All figures are averaged results of laboratory ASTM tests: reasonable
variations can be expected. Thermal conductivity will vary depending upon
installation technique and thermal treatment. Data should not De used lor
specification purposes.



PLITAST®

DENSE
CASTABLE PLICAST PLICAST
REFRACTORY TROWL 2re
Recommended Service Limit °F 2400 2500
Setting Characteristics Hydraulic Hydraulic
Packaging Ibs/ bag 100 100
Required Water U.S. qts./100 lbs 6
Shelf Lite~Months 12
Weight to Place Ibs/#t? 130
Weight in Service |bs/ft? 130
Min. Time Before Firing 24 hrs
Typlcal Chemical Analysis—%
Al,0, 42.6
Sio, 36.8
Fe,0, 5.0
Ti0, 1.0
Ca0 131
Mg0 0.3
Alk 0.8

Permanent Linear Change—%
ASTM C-113

@ 230F -0.1
@1000F -0.2
@1500F -0.3
@2000F ~0.4
@2500F 0.6
@3000F -
Cold Modulus of Rupture-psi
ASTM C-133
@ 230F 1000
@1000F 300
@1500F 400
@2000F 400
@2500F 1700
@3000F -
Hot Modulus of Rupture—psi
ASTM C-583
@1000F - 300
@1500F - 400
@2000F - 325
@2500F - 125
Cold Crushing Strength—psi
ASTM C-133
@ 230F 5000
@1500F 2500
Thermal Conductivity
btu . in/hr . ft* . °F
@ 500F 3.9
@1000F 4.7
@1500F 5.7
2000F ] 7.4 o
Bake Out Schedule B 1 : B B o B
Applicable Specifications N
ASTM C-401 B - c c : C
Product Number 14016 ., 14003 14004 U, 14007

*Al Service Limit

Note: All fligures are averaged results of laboratory ASTM tests: reasonable
variations can be expected. Thermal conductivity will vary depending upon
installation technique and thermal treatment. Data should not be used for
specification purposes.



PLICAST®

DENSE
CASTABLE IC L PLICAST LICAS AS
PLICAST PLICAST PLICAST P T PLICAST
REFRACTORY STEEL MIX a1 KL MiX 3000 36 40
Recommended Service Limit °F 2700 2800 3000 3000 3100 3300
Setting Characteristics Hydraullc Hydraulic Hydraulic Hydraulic Hydraullc Hydraulic
Packaging Ibs/bag 100 100 100 100 100 100
Required Water U.S. qts/100 lbs 6.25 4.25
Shelf Life—~Months 12 9
Waeight to Place Ibs/ft? 135 155
Weight in Service Ibs/{t? 135 155
Min. Tims Before Firing 24 hrs 24 hrs
Typical Chemical Analysis—%
Al,0, 59.9 63.2
Sio, 33.0 29.9
Fe,0, 0.9 1.1
Ti0, 0.2 1.6
Ca0 5.0 3.7
Mgo 0.2 0.1
Alk 0.5 0.1
Permanent Linear Change—%
ASTM C-113
@ ?230F -0.1 -0.1
@1000F -0.2 -0.2
@1500F -0.3 -0.2
@2000F -0.3 - =0.2
@2500F -1.0 +0.2
@3000F +1.1* +2.0
Cold Moduius of Rupture—psi
ASTM C-133
@ 230F 1000 1100
@1000F 550 900
@1500F 500 1000
@2000F 500 600
@2500F 1200 900
@3000F 2500~ 2700
Hot Modulus of Rupture—psi
ASTM C-583
@1000F 400 1000
@1500F 500 1000
@2000F 400 800
@25COF 125 400
Cola Crushing Strength—psi
ASTM C-133
@ 230F 4500 4000
@1500F 3000 3000
Thermal Conductivity
btu . in/hr . #* . °F
@ 5S00F 4.4 4.4 4.8 5.9 12.0
@1000F 5.3 53 5.7 7.1 11.0 K
@1500F 6.5 6.5 6.9 8.7 10.5
@?2000F 8.3 ; 8.3 8.7 : 11.3 11.0
Bake Out Schedule B | B B i B B
Applicable Specifications f:: . j
ASTM C-401 c D ol £ E F G o
q o R
Product Number 1401C 14006 i 14019 14053 ._j 14008 14010 ‘4

* At Service Limit

Note: All figures are averaged results of laboratory ASTM tests: reasonable
variations can be expected. Thermal conductivity will vary depending upon
installation technique and thermal treatment. Data should not be used for

specification purposes.



PLICAST®

DENSE HREZIST" SERIES
CASTABLE il HYREZIST % HyREZIST [ HYREZIST @  HyREZIST
REFRACTORY @::_ngzg. T %ﬁﬁ,ﬁa_ooo 4 s
Recommended Service Limit °F (72500 2700 Wi 3000 . 2500
Setting Characteristics i Hydraulle ¢ Hydraule Hydraulle * Hydraullc
Packaging Ibs/bag 5 ‘ 100 100 100
Required Water U.S. qts/ 100 ws 3.75
Shelf Life—Months 6
Welight to Place Ibs/ft3 165
Welght in Service [bs/ft? 165
Min. Time Before Firing 24 hrs
Typical Chemical Analysis—%
Al,0, 86.8
si0, 8.1
Fg,0, 0.2
Tlo, 0.2
Ca0 0.1
Mg0 3.9
Alk 0.2
- 8ic -
Permanent Linear Change—%
ASTM C-113
@ 230F -0
@1000F \ -0.2
@1500F 2 ~-0.3
@2000F -0.4
@2500F ~0.3
@307 -1.0*
Cold Modulus of Rupture—psi
ASTM C-133
@ 230F 2500
@1000F 2200
@1500F 2200
@2000F 2100
@?2500F 2300
@3000F 3000
Hot Medulus of Rupture—pel
ASTM C-583
@1000F 1600
@1500F 1950
@2000F 1800
@2500F 1100
Cold Crushing Strength—psi
ASTM C-133
@ 230F 8000
@1500F 8700
Abrasion Loss-cc's .
ASTM C-704 o
Atter 1500F 55 R T
Thermal Conductivity Co
blu . in/hr . 12 . °F '
@ 500F 10.3 50.4
@1000F 9.8 45.0
@1500F 9.7 38.0
@?2000F . 10.8 30.0
Bake Out Schedule . C C W G c ¢
Applicable Specifications . : '
ASTM C-401 j c c E D c
Product Number 2495 2508 14072 14073 2544

*At Service Limit

Note: All figures are averaged results of laboratory ASTM tests: reasonable
varialions can be expected. Thermal conductivity will vary depending upon
Installation {echnique and thermal treatment Data snould not be used for
specificaion purposes.



PLITAST”

DENSE FvyiIOR ' SERIES
CASTABLE PLICAST  PLICAST  PLICAST  PLICAST  PLICAST  PLICAST  PLICAST  PLICAST  PLICAST
REFRACTORY HyMOR HyMOR HyMOR HyMOR HYMOR HymOR HyMOR HyMOR SUPER
2800 3000 3000 3100 3100 3100 3100 TSR PLUS HyMOR.
VIBE VIBE SPECIAL  SPECIAL 93
CAST . CAST VIBE g
! ! CAST 4
Recommended Service Limit °F 2800 | 3000 3000 4 3100 3100 ;3100 3100 . 2500 3000 s
Setting Characteristics Hydrau!lp.;“ Hydraullc ~ Hydraullc § Hydraulic  Hydraulle | Hydraullc  Hydraullc | Hydraulie  Hydraulle,
Packaging Ibs/bag 100 100 100 251 100 100 ‘if"-; 100 100
Required Water U.S. qts/ 100 Ibs 3.75 o 3.5 3.25 4.25
Shelf Life—Months 6 6 6 6
Welght to Place Ibs/ft? 145 165 160 125
Welght in Service Ibs/t? 145 150 , 165 160 125
Min. Time 8efore Firing 24 hrs 24 hrs 24 hirs "",? 24 hrs 24 hrs
Typical Chemical Analysis— %
Al 0, 49.5 62.6 28.4
Slo, 43.6 32.7 66.5
Fe,0, 1.0 0.9 0.3
Ti0, 1.6 1.5 0.2
Cao 2.5 1.4 3.9
Mgo 0.3 0.1 0.1
Alk 0.6 0.2 0.2
Parmanent Linear Change—%
ASTM C-113
@ 230F -0.1 ~0.1 -0.1
@1000F -0.1 -0.2 -0.2
@1500F -0.2 -0.3 -0.2
@2000F -0.3 -0.3 -0.4
@2500F 0.3 +0.4 -1.2
@3000F -0.6 =01 -
Cold Modulus of Rupture—psl Bk
ASTM C-133 !
@ 230F 1300 2000 2300 74 1300
@1000F 1300 1750 1100 N
©1500F 1500 2000 1200
W2000F 1800 ) 2500 1000 2
@2500F 2200 1 3000 500 b
@3000F 2700 ¥ 3800 -
Hot Modulus of Rupture—psi P ‘ o g
ASTM C-583 i O L
@1000F 1500 1800 .| 1500 1700 2000 2300 1000 2500
@1500F 2000 2400 4 2700 3000 Y 3000 3500 1600 3000 4
@2000F 2200 2700 ™ 2000 2300 2300 2700 1400 4000
@2500F 400 450 4 900 950 57| 1100 1200 ! - -
Coid Crushing Strength—psi ol o _ o
ASTM C-133 R S
@ ?230F 4500 :"1 5000 6000 5000 7000 5000 7000 ‘[, 4000 8000
@1500F 6000 - 8000 8000 9000 10000 ’." 9000 10000 6000 10000 |
Abrasion Loss-cc's - ] v [ T
ASTM C-704 5 { ! | |
After 1500F 15 10 8 i 12 8§ 9 6 ; 15 4
Thermal Conductivity Sy “| | . -
btu . in/hr . ft2 , °F A B : 1
@ 500F 9.3 1 97 " 138 | 115 ! 93 18.5
@1000F 10.1 =1 105 134 1.7 1 104 150
@1500F 107 1 114 13.0 ! 123 1 107 142 .
@?2000F 1117 118 14.4 13.4 ! 1.1 14.0 -
Bake Out Schedule i c C c c : C C-2
Applicable Specifications 5 B :
ASTM C-401 D 3 F . 1' F Fo= C E
Product Number 2209 i 2104 T 235 o 2009 2284 3

* At Service Limit

Note: All figures are averaged results of laboratory ASTM tests: reasonable
varlations can be expected. Thermal conductivity will vary depanding upon
installation technigue and thermal treatment. Data should not be used fof
specification purposes.
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PLICAST®

INSULATING pLicAST JEPLICAST 2 PLICAST PLICAST PLICAST
CASTABLE REFRACTORY AIRLITE 2 Lwizo .Lwi-22 LWI-26
Rec. Service Limit °F—Exposed 1500 2200 4 2600 ,} 2800 -
Rec. Service Limit °F—Backup 1800 - ‘; t
Setting Characteristics Hydraulic &, * Hydraulic L@ydraullc v Hydraullc Fu Hydraullc i
Packaging Ibs/ bag 49 50 ¥y 1100 & 100 i B
Required Water U.S, qts/100 Ibs 24 10 145 - 14.5 N
shelf Life—Months 12 12 9 .
weight to Place Ibs/f? 27 65 80 80
welght in Service lbs/ 27 65 " 80 80
Min. Time Before Firing 48 hrs 24 hrs
Typlcal Chemical Analysis— %
Al,0, 14.0 51.3
Sio0, 33.3 36.9
Fe,0, 5.3 1.0
Tio, 0.1 1.3
Ca0 35.4 71
Mg0 8.8 0.3
Alk 2.9 1.3
Permanent Linear Change— % ‘
ASTM C-113
@ 230F -0.3 -0.2 s
@1000F -09 -0.3 "f.
@1500F -1.6 -0.3 .
@2000F - .
@2500F -
@?3000F -
Cold Modulus of Rupture—psl
ASTM C-133
@ 230F 90 320
@1000F 50 200
@1500F 50 200
@2000F - 130
@2500F - 350
@?3000F - 480"
Hot Modulus of Rupture~—psi
ASTM C-583
@1000F - 200
@1500F - 220
@2000F - 160
@2500F - 80
Cold Crushing Strength—psl
ASTM C-133
@ 230F 200 1000
@1500F 100 750
Thermal Conductivity
btu . in/hr . ft2 | °F
@ 500F 0.6
@1000F 0.7
@1500F 1.0
@2000F -
Bake Out Schedule B B8 B
Applicable Specifications L
ASTM C-401 - R Cg
Product Number 16001 7%, 16002 16005 7. 16012 16015 716007 16008 16009

*At Service Limit

Note: All figures are averaged results of laboratory ASTM tests: reasonable
varialions can be expected. Thermal conductivity will vary depending upon
installation technique and thermal {reatment. Datd should not be used for
specilication nurposes.
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PLUGUY

DENSE PLIGUN  PLIGUN  PLIGUN  PLIGUN  PLIGUN  PLIGUN  PLIGUN  PLIGUN  PLIGUN
GU N N]NG MIXES HYDRO MIX TUFF MIX 2800 48 3000 TURBO MIX 3100 SiC 80 HYREZIST
| i SPECIAL
Recommended Service Limit °F 2400 1 2500 2800 2900 3000 3000 3100 2700 2700
Setting Characteristics Hydraulic i Hydraulic  Hydraulic | Hydraulic  Hydraullc i Hydraulic  Hydraulic  Hydraulic  Hydraulic
packaging Ibs bag B0 .1 &0 80 .| 80 80 "1 80 80 80 B0 .
Shelf Life—Months o 12 12 12 E 9 CI 9 9
Weight to Place Ibs/ft’ 120 120 7% 125 130 44 145 138 136 130 7
Welght In Service bs/ft 120 120 Sl 125 13u 8 145 135 "4 136 130 y4y
Min. Time Before Firing 24 hrs 24 hrs 24 hrs 24 hrsf. 24 hrs 24 hrs " 24 hrs
Typical Chamical Analysis—% e
Al 0, 49,5 44.7 45,5 78.7 59.1 . 13.6
S0, 38.8 46.6 47.6 13.4 35.3 = 4.8
Fe,0, 1.4 1.3 1.4 1.4 1.2 . 0.3
Tio, 1.8 1.2 1.7 2.1 1.6 % 0.1
Ca0 71 4.0 ; 1.4 3.7 2.3 3.9
Mg0 0.2 0.3 0.4 0.1 0.2° 0.1
Alk 0.9 1.3 1.2 0.2 0.3 0.2
SiC - - - - - 77.5
Permanent Linear Change—% X
ASTM C-113 o
@ 230F ° -0.3 ~0.27%8  -0.2 -0.2 -0.2
@1000F -0.3 -0.3. -0.3 ~0.3 -0.3
@1500F -0.4 -04 -0.4 -n3 ~-0.3
@?2000F -0.3 -0.5" -03J -0.2 -0.2
@2500F +1.1 -09- -0.9 -0.6 -0.7
@3000F - -0.1* -0.1* -1.4 -
Cold Modulus of Rupturg—psi
ASTM C-133
@ 230F 1000 100 1050 1000
@1000F 700 100 750 450
@1500F 750 110 700 600
@2000F 650 200 550 600
@2500F 1950 500 1300 2700
@?3000F - 1700* 2700 -
Hot Modulus of Rupture—psl ‘
ASTM C-583
@1000F 650 80 650 400 . 400
@1500F 800 150 730 550 650
@2000F 500 150 600 650 1000
@?2500F 100 50 200 150 100
Cold Crushing Strength—psi e
ASTM C-133 . RE
@ 230F 2200 300 2400 1600 2500 4000
@1500F 1850 300 2000 1500 - i 2000 3500
Thermal Conductivity v
btu . in/hr . ft*  °F N
@ 500F 3.9 3.9 5.9 4.7 72.0 4.4 -
@1000F 4.7 4.7 7.1 5.6 64.0 5.3
@1500F 5.7 5.7 8.7 6.8 55.0 6.5
@?2000F 7.4 7.4 11.3 8.6 1 -47.0 8.3
Bake Qut Schedule B B B i« B B - B B |
Applicable Specitications :
ASTM C-401 C D E o £ Fooo 0 D ..
Product Number 14033 13022 B 13003 2336«; 13014 14031 } 13030 13041 «,

*At Service Limit

Note: All figures are averaged results of laboratory ASTM tests on gunned samples:
reasonable variations can be expected. Thermal conductivity will vary depend-
ing upon installation technique and thermal treatment, Data should not be used
tor specification purposes.
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PLGUN®

INSULATING

; PLIGUN ' 73 PUGUN TPLGUN -~ PLIGUN g PLGUN -
GUNNING MIXES VERILITE "3 Lwi-22 %_:\;l-u' v LWI-26 ol LWI-28
Rec. Service Limit °F—Exposed 1500 ks 2200 o 2600
Rec. Service Limit °F—Backup 1800 ‘g - o -
Setting Characteristics Hydraulic ) Hydraulic Y Hydraulic
Packaging 1bs/ bag 50 50 ’ 80
Shelt Life—Months 12 i 12 9
weight to Piace Ibs/ft? 38 65 85
Weight in Service Ibs/ft® 38 65 85
Min. Time Before Firing 48 hrs 24 hrs 24 hrs
Typical Chemical Analysis—%

Al,0, 16.4 44.0 57.4
Si0, 36.7 34 37.6
Fe,0, 6.7 2.7 0.9
Ti0, 0.4 0.3 0.8
Ca0 27.5 16.0 0.2
Mg0 9.3 0.3 0.2
Alk 2.6 2.1 1.5
Permanent Linear Change—%
ASTM C-113
@ 230F -0.3 -0.2 -0.2
@1000F -0.6 -0.5 --0.3
@1500F -1.4 -0.8 -0.4
@2000F - ~1.2 -0.5
@2500F - -1.5* +0.6
@3000F - - +1.4"
Gold Modulus of Rupture—psi
ASTM C-133
@ 230F 120 150 500
@1000F 100 125 280
@1500F 80 150 320
@2000F - 150 460
@2500F - 153° 500
@3000F - - 1250°
Hot Moaulus of Rupture—psi
ASTM (-583
@1000F 100 150 300
@1500F 50 100 360
@?2000F - 100 180
@2500F - - -
Coid Crushing Strength—psi
ASTM C-133
@ 230F 250 400 1300
@1500F 250 300 1100
Thermai Conductivity
btu in/hr . H' . °F
@ S00F 1.0 1.9 2.5
@1000F 1.2 2.2 2.7
@1500F 1.5 2.6 3.0
@2000F - 2 31 3.9
Bake Out Scheaule 8 B B B B
Apphicable Soecifications
ASTM C-401 - 0 P R s
Proauct Numper 16003 13018 16022 16013 13016

At Service Limit

Note: Al higures are averaged results of laboratory ASTM tests on quanec sampies
reasonabie vanalions can be expected Thermal conguCiivity wil vary 0epena-
Ing uoon nsialiation technique ana thermal treatment. Data shou:S N0t de used

tor spec:fication purposes
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PLISTIX PLSTIX ~ PLISTIX " PLISTIX PLISTIX PLISTIX
SPRAYTITE SUPER : 900 F SR-68 SR-90

SERVICING MIXES B ' .
Recommenaea Service Limit °F 2500 -, i 2700 3400 Lo 3100 3400
Setting Charactenstics Sllicate” - | Silicate Chemlcal 5 Chemical _ Chemical .
Packaging 80 |bs/bag 1100 Ibs bag 50 los/pail 1,50 bs/pal -
Shelf Life—Months 125 .-1 12 N w2 ]
Weight to Place Ibs/ ft’ 110 160 ‘
Wweight in Service lbs/ ft? 110 a8
Min. Time Betore Firing None None
Typical Chemical Analysis—%

AlL0, 33.9 69.0

Si0, 63.2 25.5

Fe,0, 1.1 0.9

Ti0, 1.7 1.0

Ca0 0.4 0.1

Mgl 0.3 0.1

Alk 4.3 0.2

ons - 2.7
Product Number 17504 17704

PLOSTOX®

. ® PLISTIX s ‘P\LISTIX%
INJEC-TITE INJEC-TITE g" NJEC-TITE:
INJECTION MIXES LWI-2300
Rec. Service Limit °F (exposed) 2300
Setting Characteristics Heat
Packaging 50 Ibs/ pail
Required Water U.S. qts/ 100 lbs -
Shelf Life—Months 3
Weight to Place lbs/ft? 75
Weight in Service lbs/ ft? 30
Permanent Linear Change—%

2000°F -3.5
2300°F -7.5
2700°F -
Thermal Conductivity
btu . in/hr . #t2 = °F
@ 500F 0.6
@1000F 0.7
@1500F 1.0
@2000F -
Product Number 17618

DOENON®
MORTARS

Recommended Service Limit °F
Setting Characteristics

Coverage: Ibs per 1000 Sta. Fire Brick

Packaging Ibs ./ drum
Shett Life—Months

Typical Chemical Analysis—%
Al,0,
Si0,
Fe.0,
Ti0,
Ca0
Mg0
Alk

Product Number

Note:

specification purposes.
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A Fluid Approach
To Combustor
Refractory
Selections . ..

Have it y »ur way!

Plan a combustor lining that de-
livers all the inherent advantages
of monolithic Plibrico construc-
tion...plus...all the indivi-
dually selected benefit features
you consider most important.

Choices . . . the choices avail-
able armong the broad range of
Plibrico refractories ... enable
- you to select products with prop-
ertiesto precisely match your own
operational requirements, to coor-
dinate with your own parameters
for cost-effective levels of service.
That's the fluid approach, the
Plibrico approach, to fluid bed
combustor system linings.

You can select among formula-
tions serving over a spectrum of
service temperatures, offering
varying alumina contents and
densities, delivering varying levels
of hot strength and abrasion resis-
tance, providing varying degrees
of thermal conductivity and in-
sulation. And all of these choices
are yours in materiais for either
casting or gunning in wiace, with
plastics also available for selected
combustor applications.

You can have it our way, if you
choose. You'll see the Plibrico
way in the following pages pre-
senting three schematically illus-
trated combustor systems and the
application of selected product
combinations currently recom-
mended by Plibrico in this still
evolving technology. The signifi-
cant advantages that are yours
with those product combinations
are highlighted at the right.

sirRACTORIES

tusIimitnInG
(omsYBVCTION

PLIBRICO MONOLITHIC LININGS FOR

FLUID BED COMBUSTORS

You get all these benefits . . . and more . ..
with Plibrico’s recommended lining designs

[T T I I

210 220 230 240 250 260
HEAT LOSS . . . BtulFti/Hr,

* e 12va° 13%°
- THICKNESS . . INCHES

121.875

LINING W EIOHT LDSIFT

E 9 Super Doty Firebrick
4 o uanng Firebrick

il S Phcast HyMOR 3000
7 Phgun LWi-106 Special

LOWER HEAT LOSS
. .. for high thermal efficiency

Look at the valuable reductions in heat loss
Plibrico linings achieve compared to ordinary
fire brick linings, a graphic demonstration of
their superior thermal efficiency. Apply these
perceintages to your cost for the fuel needed
with ordinary construction and you'll wel-
come the substantial dollar savings, savings
that continue throughout the extended life of
the Plibrico lining.

THINNER LININGS
. .. for reduced vessel size

Significant to new combustor system de-
signers and buyers alike is the fact that the high
thermal efficiencies depicted here result frem
linings that are 11 9% thinner than the fire brick
linings. Thus, while maintaining the same in-
ternal dimensions to provide the same com-
bustion volumes and gas velocities, external
vessel dimensions can be reduced appreciably.
yielding desirable companion reductions in
sieel quantities and weights, as well as fabri-
cating and erection COSts.

LIGHTER LININGS
. .. for less structural support

Clearly shown here are the pronounced
weight differences that set Plibrico linings far
apart from fire brick linings: they're from
33.2% to 38.9% lighter. Consider the syner-
gistic effect of linings that are both lighter and
thinner, iniNgs that not only contribute to
more compact vessel sizing, byt also trim
down the need for structural suppon. Plibrico
inings are distinctive, giving you high thermal
eflicency plus cost-effective construction.

5" Phigun 3000
7" Phigun LWI-106 Special




Plibvico.

PLIBRICO MONOLITHIC LININGS

Consider these
Additional Lining
Features

Fully Monolithic. . .

Every Plibrico lining forms one
continuous, tightly knit unit. It's
completely free of the countless
Jjoints that make a fire brick lining
SO wvulnerable, joints that open
with expansion and contraction,
allowing excess air infiltration to
retard combustion efficiency,
leading to costly and premature
repairs.

Totally Anchored . ..

Strategicaily placed anchors em-
bedded throughout the Plibrico
lining provide a positive support
system to enhance the lining's
structural integrity. Engineered to
application temperatures, they
serve as shock-absorbers, allow-
ing for free natural movement
while tenaciously holding the lin-
ing securely in piace.

Rapidly Installed . . .

You'll note from the drawings
that gunning refractories predom-
inate, ensuring high speed place-
ment at rates that outstrip those
of laid up construction, especially
where configurations would re-
quire special shapes. Pligun re-
fractories flow freely, quickly
building up a lining that molds to
any contour, compensating on
the spot for any shell irregular-
ities. Even in severe wear zones
where its unique properties are
so advantageous, Plicast HyMOR
3000 can be rapidly cast.
Unmatched Abrasion
Resistance . ..

No conventional castable in its
class can withstand abrasion as
well as Plicast HyMOR 3000. It's
twice as effective! It's ideally
suited to the turbulent, high wear
conditions of fluidized beds.
Superb Hot Strength . ..

High temperature testing re-
veals that Plibrico hot face refrac-
tory selections achieve excellent
in-service strengths, making them
more resistant to hot load defor-
mation, and prolonging their ser-
vice life. For example, Plicast
HyMOR 3000 has three times the
hot strength, one-third the hot
load deformation of conventional
castables.

For a Direct Fired Boiler Combustor

——#

TO ECONOMIZER

BOILER CYCLONE

FURNACE

COMBUSTION
CHAMBER




For a Waste Heat Boiler Combustor

TO WASTE HEAT BOILER

CYCLONE

COMBUSTION
CHAMBER

... and these
Refractory Properties

- Plicast HyMOR 3000

This super duty class castable, a
50% alumina formulation with
the relatively low iron content of
1.10%, serves the full tempera-
ture range from 200 °F to 3000 °F,
It weighs 145 Ib/ft? in service and
offers high load bearing capacity
for it has three times the hot
strength of conventional super
duty castables. In the standard
abrasion test its loss is a mere 6cc,
half that of its conventional coun-
terparts.

Pligun 3000

Constituents of this formulation
are carefully sized and blended,
providing a uniform mix with ex-
cellent flow characteristics to as-
sure consistent gunnability. It's a
super duty material with a 50%
alumina content and the relative-
ly low iron content of 1.16%. In
service it weighs 129 Ib/ft®. Across
its full service temperature range,
extending from 200 °F to 3000 °F,
it achieves uniformly high hot
strengths. It's distinguished by the
moderate thermal conductivity
that contributes to lower heat
loss, and it provides good abra-
sion resistance, ample to with-
stand the wear of those areas
where it's employed.

G Pligun LWI-106
Special

Formulated for service in the in-
termediate duty temperature
range from 200°F to 2000 °F, this
is a smooth-gunning mix that's
very light in weight, only 36 1b/ft’
For its weight it delivers uniform
strength owver its entire service
range. Its key characteristic lies in
its reamarkable insulating efficien-
cy. reflecting its markedly low
heat storage capacity, its minimal
thermal conductivity.




PLIBRICO MONOLITHIC LININGS

A Rugged Plastic
Lining ... Gunned at
High Speed

High performance Plibrico plas-
tics excel in this service because
they so capably combat chemical
attak, repelling the adverse reac-
tions generated by wastes and
many process products. They not
only develop high strengths at
operating temperatures, but
they're also volume stable, rug-
gedly resisting thermal shock.

Now, thanks to the unique
HyRATE Process, plastics can be
gunned at speeds 250% faster
than conventional ramming, and
often more. Both installation time
and labor expense are effectively
reduced. Specially formulated for
gunning, Plibrico HyRATE plastics
are available in a selection for any
service condition.,

A Joint-Free Dome
...Castasa
Single Entity

What could more vividly illu-
strate the impeccable integrity of
Plicast castable construction than
these two photos of a one-piece
combustor dome, one view taken
from below and the other from
above. Here you see the unified
expanse of a monolith, readily
formed and cast as one integrated
structure. Eliminated is the tedious
process of installing costly special
shapes.

With its own powerful proper-
ties, Plicast HyMOR 3000 further
enhances the inherent integrity of
this dome’s monolithic structure.
Superb strength distinguishes Pli-
cast HyMOR 3000 from conven-
tional castables for it attains three
times greater hot strengths, with-
stands hot load deformation three
times more effectively. And it's
100% more resistant to abrasion.

RiPRACYONIES

InsimzIRiNG
comsTRUCTION

‘Plibrico”

PLIBRICO
COMPANY

1800 N Kingsbury Street
Chicago IL 680614

Printead in U S A Ment 1-86

For an Incinerator/Process Combustor

PLICAST
HyMOR 3000

COMBUSTION
CHAMBER

PLIBRICO
HyRATE
PLASTIC

PRE-HEATER
CHAMBER
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