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Applications of synthetic alumina raw materials

Refractory aggregates like tabular alumina, magnesia
aluminate spinels, and fine refractory matrix components
like calcined and reactive aluminas, calcium aluminate ce-
ments, and dispersing aluminas, which are used in both
shaped and unshaped refractories, have made significant
contributions to the development of high performance re-
fractories.

A comprehensive review of production processes, prop-
erties and applications of synthetic aluminas is given by
Hart [1]. Kendal [2] and Keegan [3] describe the applica-
tions of synthetic aluminas in different industries.

Beside these applications, the main volume market for
synthetic alumina raw materials is the refractory industry.
65-70% of refractories are used in the iron and steel indus-
try. The continuous advancement of steelmaking technolo-
gy and processes requires higher quality refractories, which
has led to an increase in the use of synthetic alumina raw
materials, despite an overall decrease in specific refractory
consumption in steelmaking [2]. Key advantages of alumina
in its main refractory applications are high thermomechan-
ical strength, chemical stability, high thermal shock resis-
tance, good abrasion resistance, and easy handling.

Applications in the iron and steel industry

Applications of alumina raw materials and refractories in
steelmaking processes are given in table 1, which also in-
cludes the average specific refractory consumption for each
process.

Blast furnace lining. Jeschke and Martl [4] describe the
lining of large, modern blast furnaces. Besides fireclay
(35-45% Al,0O5) and high alumina bricks (60-75% AlLO;
based on andalusite or mullite), mullite-bonded corundum
bricks (90-95% Al,Q,) are sometimes used for the stack.
Krebs [5] reports on monolithic linings of parts of the cool-
ing box of the stack with self-flowing castables. For the lin-
ing of the bottom and hearth of modern blast furnaces, a ce-
ramic cup, which comprises sintered mullite bricks at the
bottom and large precast panels in front of the carbon wall,
is used to protect the carbon bricks and extend their ser-
vice-life. Today corundum-based castables are used instead
of chrome-corundum for environmental reasons [6].

Blast furnace taphole. Since 20 years ago, the number
of operating blast furnaces has been decreasing while the
iron production has been kept nearly constant by higher
outputs from larger furnaces [7]. An increase in tapping
temperature from 1450 up to 1550 °C is observed [4]. High-
er temperatures combined with prolonged tapping time and
the requirements of constant flow, safety, and reduction in
the specific refractory cost have led to the development of
new taphole muds. Compared to conventional muds, the
new muds contain increased amounts of alumina and sili-
con carbide, up to 50% and 15-20%, respectively, SiO, de-
creased from about 60 down to < 10%, and about 15% car-
bon. The specific refractory consumption of the new muds
is 0.5-0.8 kg/t hot metal [1, 4, 7]. Besides aluminosilicates,
bauxite, and corundum, there is a potential for high purity
aluminas because of severer working conditions expected
for taphole muds in the future.
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Table 1.
ences see texi)

Applications and specific refractory consumption of synthetic raw alumina materials for steelmaking refractories (refer-

Process Type of Alumina product Refractory
refractory consumption
Tab Spi Calc. React Disp. CAC kg/t iron or steel
Blast furnace:
Stack, ceramic cup High alumina bricks
and castables X X X X X
Taphole mud A-SiC-S-C masses X X X 0.5-0.8
Main trough A-8iC-C castables X X X X X X 0.3-0.6
Slag runner A-SiC-C castables X X X X 0.15-0.3
Iron runner A-SiC-C castables X X X X 0.15-0.3
Tilting trough A-SiC-C castables X X X X 0.1
Hot metal transport:
Torpedo ladle High alumina
bricks and castables, X X X X X 0.4-0.5
A-SiC-C bricks
Transfer ladle High alumina
bricks and castables (x) X X X X 0.4-0.5
Electric arc furnace: A-MA castables
and bricks X X X X X X 0.1-0.3
Steel ladle:
Bottom, side wall A-MA-M castables,
high alumina
and A-M-C bricks X X X X X X 1.5-4.0
Safety lining High alumina castables (x) (x) X X X X <0.05
Secondary metallurgy:
RH-snorkel A-MA castables X X X X X X 0.1-0.2
Ladle covers A-MA castables X X X X X X 0.2
Precast shapes:
Purging plugs,
weliblocks, lances etc. A-MA castables X X X X X X 0.15-0.25
Slide gate plates A-8-C X (%) X 0.05
Gontmuous castmg: ' ' ‘ '
e X CX e .:0.05,
Longnozze, T e S
monobloc. stopp
subentry nozzle E 220200
A = Al,Ogz; MA = Spinel MgO AI203, M= MgO S= SIOQ, C Carbon

Blast furnace main trough. Low cement and ultra-low
cement castables with 60-85% AlLO; and 5-25% SiC are
used for the wear lining ol the main trough [7, 8]. Replace-
ment of ramming installation with vibration casting and
self-llow casting has a strong impact on the improvement of
working conditions in the casthouse [7]. In 1992 Nameishi
[9] described the development of main trough materials in
Japan from ramming mixes made of Roseki chamotte-SiC-
C to vibration castables made of AlLO;-SiC-C. The bond-
ing changed from clay + deflocculant to ultrafine silica pow-
der + cement. Nameishi [9] expected that the future direc-
tion for the improvement of main trough castables would
be a decrease in the silica content and the development of
agents that can reduce the amount of water. Today, multi-
modal reactive aluminas are available as effective matrix
components lor those improvements that will be described
later. Jeschke and Mortl [4] reported in 1993 that free-flow-
ing mixes have certain limitations; selting time, in particu-
lar, has to be adjusted according to the requirements on
site. New developments for setting control like the dispers-
ing aluminas will also be described later.

Consumption data are given by Jeschke [4] and Zhong
[8]. Larger furnaces always have higher specific refractory
consumption than smaller furnaces, mainly because of high-
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er erosion. The flow speed of the iron in a trough is higher
for larger furnaces, because the trough cross section is not
increased in proportion to the tonnage of iron produced per
minute [10]. A study of the corrosion wear ol castables ver-
sus temperature shows a remarkable increase in wear, by
100% and 350% i‘lemperatul” is increased from 1500 °C
to 1550 °C and 1600 °C, respectively [11]. Avis [10] reports
a special trough castable lining for a )umbo blast furnace
with an average tapping temperature of 1520 °C. A corun-
dum-based castable (30% SiC) causcd problems which
were attributed to high wear. Replacement of fused corun-
dum with tabular alumina solved the problems, and despite
higher raw material costs, the overall specific cost was re-
duced.

[t is important to note that tabular alumina (3.55 g/cnf’)
has a bulk density that is 11% lower than that of brown
fused corundum (3.95 g/cm®). Since about 60% of the mixes
is coarse aggregates, tabular alumina reduces the material
demand by 6-7% in weight, which lowers specific refracto-
ry consumption by about 0.02 kg/t iron. Lower bulk density
of tabular alumina is due to small intracrystalline (closed)
pores (< 1-10 pm), which are not infiltrated by slag and
considerably improve the thermal shock resistance of the
aggregate [1]. Compared to brown fused corundum with an
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impurity content of 4-5% (TiO,, Si0,, Fe,0s,, and alkalis),
tabular alumina has a much higher chemical purity (Al,O,
> 99.4%) which contributes to the improvement of the
wear resistance of the trough castables.

The slag corrosion resistance of Al O;-SiC-C castables
is improved by adding spinel which forms less liquid phase
with slag than pure alumina materials, despite accelerated
decomposition of SiC when it coexists with spinel [12]. Alu-
mina-rich spinel shows advantages over stoichiometric spi-
nel, because of less oxidation of SiC [13].

Torpedo car and transfer ladle. For torpedo cars, vari-
ous high alumina refractories are used, the required quality
of which depends on the hot metal treatment. When no hot
metal treatment is performed, fired bricks of andalusite and
bauxite are the commion linings [14], and the specific refrac-
tory consumption is 0.4-0.5 kg/t hot metal. When desul-
phurization, dephosphorization, and desiliconization are
performed in the torpedo car, the specific consumption in-
creases to 0.9 kg/t and ALL,O;~C and Al,O5—SiC-C bricks of
higher quality are used [4, 9, 15, 16]. These types of bricks
are also used for the impact zone when no desulphurization
is carried out in the torpedo car. Corrosion tests of
ALO;-SiC-C bricks have shown that the wear rate is
50-60% lower with synthetic alumina raw materials than
with natural materials like andalusite and calcined alumi-
nous shale [9]. Kataoka [16] anticipated in 1995 that mono-
lithic refractories would play an increasingly important role
for torpedo car linings in the future. The development of
the shotcreting technology supports that prediction, be-
cause it removes the need for the construction and installa-
tion of a former, which is difficult to realize in a torpedo car.
Trials with shotcreting technology will continue for new lin-
ings and repairs.

Transfer ladles (hot metal charging ladles) are common-
ly lined with alumina bricks, fired or chemically bonded.
Sometimes carbon-bonded high alumina bricks are used in
parts of the ladle, at the bottom, for example. The spout is
often lined with monolithic high alumina materials by ram-
ming, casting, or gunning. Reisinger et al. [17] report on
monolithic bottom and side wall linings of a 120 t transfer
ladle with a high alumina self-flowing castable.

Electric arc furnace.  Special parts of electric arc furnac-
es, e.g., roof (delta section), charging and slagging doors,
pouring spouts, and tapping systems, are lined with high
alumina materials. In view of high temperatures and severe
working conditions, these are very often precast shaped re-
fractories based on tabular alumina and corundum. The lin-
ing life of those prefabricated blocks is approx. two or three
times higher than that of installations on site [4]. The Infil-
Cast® technology, a new installation method for monolithic
refractories developed by Alcoa, has undergone successful
trials in EAF cover hearl sections as well as in steel ladle
bottoms and wellblocks in several European countries.
With this technology, the lining life of the EAF cover heart
at a German steel plant was increased by about 50% com-
pared to an alumina-spinel castable formulated with a con-
ventional particle size distribution [18].

Steel ladle. The replacement of ingot casting by contin-
uous casting and the increasing demand for steel cleanliness
require a variety of metallurgical processes to be performed
in the steel ladle. Their metallurgical aspects and demands
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on refractories are discussed in detail by Bannenberg {19].
The development of ladle metallurgy (secondary metallur-
gy) has resulted in much severer working conditions for the
ladle refractories because of increased tapping tempera-
tures, extended residence time of the steel in the ladle, stir-
ring, heating, and various aggressive slag compositions, e.g.,
for desulphurization [20]. The development of ladle lining
refractories in response to such working conditions has
been discussed by several authors [8, 9, 15, 16, 21-27].
Cheap acid materials like slinging sand or Roseki chamotte
have been replaced by high alumina bricks (e.g. andalusite
or bauxite) or zircon-containing materials. Today, basic
bricks (magnesia-carbon or dolomite) or high alumina cast-
ables (tabular alumina, corundum, spinel, or spinel-form-
ing) or alumina-magnesia-carbon bricks are standard lining
materials for steel ladles. They are used either alone or in
combination in various installation practices, e.g., alumina-
spinel-castables at the bottom and in the side wall, and mag-
nesia-carbon bricks in the slag line. Ladle lining practices
can remarkably differ between regions and steel plants as
the result of different metallurgical processes, working con-
ditions, and refractory concepts.

With the introduction of high quality lining materials spe-
cific refractory consumption of steel ladle linings decreased
significantly, e.g., from about 9 kg/t of steel with slinging
sand down to below 1.5 kg/t with alumina-spinel castables
combined with relining techniques [25, 26, 28, 29]. In a
modern integrated steel plant the steel ladle lining accounts
for about 25% of total refractory consumption both in ton-
nage and costs [20]. However, specific refractory consump-
tion strongly depends on the metallurgical processes ap-
plied and can be as high as 10 kg/t when Vacuum Oxygen De-
gassing (VOD) or Ladle Furnace (LF) processes [30] are used.

A detailed laboratory investigation of high alumina
castables based on natural and synthetic raw materials is
given by Buhr [31] in order to provide users in the steel in-
dustry with a basis for assessment. Theoretical investigation
and practical experiments show that the high purity of raw
malerials and the low silica content particularly in the cast-
able matrix exert remarkable influences on the thermome-
chanical properties, especially at high temperatures {31, 32].
For the performance of monolithic ladle linings, proper
workability of the castable is essential. The development of
self-flowing mixes has eased casting practices and reduced
failure attributable to improper densification of the cast-
able installed with vibration.

Monolithic permanent and safety linings of steel ladles are
based on natural high alumina materials or tabular alumina
and spinel, and extend lining life to several years [17, 33].

Recent developments of alumina-magnesia-carbon
bricks for steel ladles combine the advantages of high alu-
mina with those of carbon-containing refractories. This type
of resin-bonded brick contains 60-90% Al,O; (tabular alu-
mina, corundum, bauxite), 6-11% (sometimes up to 33%)
MgQO, 6-8% carbon, and optional antioxidants.

Precast shapes. The main applications of precast
shapes are in steel ladles and tundishes. They include purg-
ing plugs and injection lances, wellblocks, nozzles, impact
pads, precast ladle bottom elements, and tundish furniture
for steel flow modification. These refractory products are
not only part of the refractory lining but necessary for the
performance of a required metallurgical treatment. Purging
plugs at the ladle bottom, for example, are required to ex-
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hibit reliable stirring performance and high wear resistance
[20]. Temperatures as high as 1750 °C in steel ladles require
refractories based on synthetic aluminous materials like
tabular alumina or spinel, while lower temperatures in
tundishes (about 1550 °C) permit the use of natural raw
materials (bauxite, andalusite) as well as synthetic ones. An
investigation of purging plugs made of alumina and alumi-
na-spinel for steel ladles shows a favorable high hot crush-
ing strength of 25 to 43 MPa at 1600 °C [34].

Slide gate plates. Slide gate plates were the first impor-
tant and successful application of tabular alumina in the
steel industry. High wear resistance combined with excel-
lent thermal shock resistance is the key advantage of tabu-
lar alumina in comparison with fused corundum [1]. The de-
velopment of slide gate plate refractories has been de-
scribed by several authors [8, 9, 16, 24, 35-37]. Commonly
used mullite-bonded alumina refractories (85-90% Al,05)
have been improved by reducing silica content and adding
graphite and carbon bonding. Mullite improves the thermal
shock resistance but its SiO, content decreases resistance
against corrosion caused by calcium-treated steel, high
manganese steel, and high oxygen steel. Slide gate plates
with an addition of ZrQ, instead of SiO, feature high corro-
sion and thermal shock resistance. Walker et al. [37] and
Anderson et al. [36] report on the development of magne-
sia-spinel plates to improve thermal shock resistance.

Continuous casting. The most commonly used refracto-
ries for permanent tundish linings are high alumina cast-
ables based on andalusite or bauxite. Monolithic linings
show better performance than bricks in terms of both lining
life and economy [17, 38, 39]. Sufficient mechanical
strength and high thermal shock resistance are key proper-
ties of high performance tundish castables [31].

With its excellent thermal shock resistance, fused silica
was initially used as a principal material for submerged en-
try nozzles in continuous casting, but it suffers dramatic
wear when used with manganese-containing steel. Isostati-
cally pressed Al,03~SiC-SiO,—C (graphite) refractories are
now used for the main body of long nozzles (ladle shrouds),
monobloc stoppers, and submerged entry nozzles. Usually,
the alumina content is 50-60% and the carbon content
20-30%. A ZrO,~C material with extremely high wear re-
sistance is used for the slag line of the submerged entry noz-
zle. MgO-C materials improve corrosion resistance of the
cap of monobloc stoppers and the inlet of submerged entry
nozzles for casting calcium-treated or high oxygen steels
[24, 40-43]. Nomura et al. [44] report on spinel coatings to
improve the corrosion resistance of submerged entry noz-
zles against high-oxygen steels.

Refractories consumption in the iron and steel
industry

Specific refractory consumption in steelmaking strongly
depends on the applied steelmaking technologies. In the
western countries most open hearth furnaces were taken
out of operation in the 1970s. During that time, in Germany,
for example, refractory consumption decreased from 35 kg
(1970) to 23.4 kg/t (1980) of crude steel [21]. The expansion
of continuous casting to more than 90% of the steel cast in
most of the developed countries further decreased the re-
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fractory consumption to below 15 kg/t crude steel, e.g., 10.7
kg/t in Japan in 1997 [45].

The decrease in specific refractory consumption has been
more intense for shaped refractories (bricks) than un-
shaped refractories (monolithics). As a result of this, the ra-
tio of unshaped to total refractories in terms of specific con-
sumption has been increasing. In Japan, the 1989 consump-
tion of unshaped materials in steelmaking was for the first
time higher than that of shaped materials [45]. Increasing
consumption of unshaped refractories is also reported in
Germany [20].

The increasing importance of monolithic refractories in
steelmaking is related to the development and use of high
performance low and ultra-low cement castables. Newly de-
veloped synthetic alumina raw materials have been the key
elements for these innovations, and they are described in
the following part of the article.

Synthetic alumina raw material innovations

Castable formulation principles. Before discussing the
innovative synthetic alumina products, we will take a look
at the principles of refractory castable formulation to show
the idea behind and benefits from these new products. In
general, a castable is made from several components that
include refractory aggregates, e.g., tabular alumina and spi-
nel of different grain size fractions up to 10 mm, a binder
like calcium aluminate cement, and fine-grained materials
like calcined aluminas, reactive aluminas, or microsilica
which are essential for the formulation of low and ultra-low
cement castables. The fine-grained fraction including the
binder is called the matrix. Defined as the fraction below 45
pm, the matrix accounts for approximately 25% of the total
weight in the case of vibration castables and 35% in self-
flowing castables.

The final performance of a castable not only depends on
its refractoriness but also on physical properties like den-
sity, porosity, strength, etc. The former is determined by the
chemical and mineralogical compositions. Microsilica addi-
tion, for example, significantly reduces the refractoriness of
a tabular alumina castable bonded by a pure calcium alumi-
nate cement; the theoretical temperature for the onset of

‘melting is lowered from 1875 °C to 1512 °C [31]. Physical

properties, on the other hand, are critically affected by the
amount of water needed for the mixing and placement of a
castable. Increasing the water addition by 1% results in an
increase of about 3% in the open porosity in dried and fired
castable installations and significantly reduces their slag re-
sistance.

These simple examples show the importance of taking
both chemical and physical aspects into consideration in the
formulation of castables.

The key for minimizing the amount of water necessary
for mixing a refractory castable and obtaining desired rheo-
logical behavior is to optimize particle packing especially
in the matrix down to the submicron range. Successive par-
ticle sizes must be put together in such a way as to minimize
the void, which is filled with water. Microsilica has particle
sizes ranging down to below 1 wm and has been a key com-
ponent in the development of low and ultra-low cement
castables with low water demand. But it reduces the refrac-
toriness of castables by forming low melting phase compo-
sitions with calcium aluminate cement.
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Monomodal and multimodal reactive and calcined alu-
minas. In general, the composition of the matrix is espe-
cially important for the refractoriness of a castable, because
the calcia originating from calcium aluminate cement is lo-
cated in the matrix. The development of superfine ground
aluminas allowed the replacement of microsilica in the fin-
est part of the particle size distribution. Those aluminas
were used first in ceramic applications and are called “reac-
tive aluminas” because of their high sintering reactivity re-
sulting from their high specific surface area and small pri-
mary crystal size. Reactive aluminas are a subgroup of cal-
cined aluminas, their BET surface areas being as high as or
above 1.5 m*/g and soda contents below 0.1%.

Innovation in reactive aluminas has led to the develop-
ment of aluminas with a multimodal particle size distribu-
tion as shown in figure 1, which was measured with a laser
optical instrument (Cilas HR 850). Aluminas whose parti-
cle size distribution exhibits only one peak are monomodal
with a majority of particles within a tight particle size range.
Aluminas with two or more peaks are called multimodal. In
a castable formulation, monomodal alumina covers a small
portion of the particle size range of the matrix, and has to
be surrounded by other matching products for the desired
rheological properties to be achieved. Multimodal aluminas
cover a broad range of the particle size, which helps im-
prove the rheological behavior of castables even with a re-
duced amount of water. A variety of such products are
available to meet individual requirements in respect of sin-
tering reactivity and volume stability as well as different
placement technologies for vibration, self-flow, and gun-
ning castables [46-50].

Calcium aluminate cements. For high performance cast-
ables, calcium aluminate cements (CAC) containing 70 and
80% Al,O, are most commonly used. While 70% CAC’s typ-
ically consist of pure clinker, 80% CAC’s consist of clinker
plus calcined alumina addition in order to bring the total alu-
mina content up to 80%. In high quality cements, the total
content of impurities like SiO; and Fe,O; is below 0.5%.

For low cement castables (LCC, total CaO 1-2.5%) and
ultra-low cement castables (ULCC, total CaO < 1%), 70%
CAC is preferred. The innovative 70% Al,O cement CA-
270 is optimized specifically for low water demand; com-
pared to conventional 70% CAC’s, CA-270 is made from
much denser clinker and exhibits a bimodal particle size
distribution, which contributes to dense particle packing of
castable matrix. The hydraulic bonding properties of ce-
ments depend primarily on their mineralogical phase com-
positions, not on chemical compositions. The mineralogy of
CA-270 is optimized so that castables can achieve high
strength even at a low cement content.

Being hydraulic binders, calcium aluminate cements de-
velop heat during their hydration (exothermic reaction)
with the mixing water. The amount of heat generated and
its time frame depend on various factors such as CAC reac-
tivity, ambient temperature, pH, and additives used to ac-
celerate or retard setting. The heat evolution can be meas-
ured and recorded with thermocouples and a data logger
and used to control the setting behavior of castables [47,
51]. Numerous tests have proved that the EXO start (first
increase in temperature) correlates very well with the time
for the end of the flow or working time which is usually de-
termined by the vibration flow cone test. The EXO max
corresponds with the time for maximum temperature de-
velopment and correlates with the development of strength
high enough for demolding.

Dispersing aluminas. To take full advantage of the cast-
able matrix whose particle size distribution has been opti-
mized for the lowest water demand and desired rheological
behavior, it is essential that all the matrix components are
homogeneously distributed during mixing with water. Dis-
persing agents are commonly used to de-agglomerate fine
particles. Also used are additives that influence the hy-
draulic reaction of the cement and steer the setting time of
castables. Homogeneous mixing of these agents and addi-
tives is difficult, since usual additive concentrations are in
the range of 0.01-0.1% which corresponds to 0.1-1 kg/t of

castable mix. The homogeneous mix-

T L T :
;i Monomodal alumina ; ;. . ;.
SRRt L B
LT o

; ‘Mu‘ltimodal aluminas .

100 ing of its components is inherently
difficult.

80 The dispersive function of dispers-
ing agents can be seen during the mix-
ing of a high performance castable
whose water demand is below 5%.
With water added, the castable initial-
ly looks completely dry. After some
mixing, matrix fines start dispersing,
20 and first small crumbs and later larger

lumps form. Further mixing results in

0 gradual release of water from the void
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Percentage, %
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Particle diameter, um
Product: g "CT, 800SG -A17 NE © CTC30 :'CTC 40
Type: “#-calcined "+ reactive :-‘reactive - reactive
Chemical composition (typical)
Al O4 [%] 99.7 99.8 99.8 99.8
Na,O (%] 0.12 0.06 0.09 0.08
Physical properties (min-max)
BET surface area [m?g] 0.8-1.5 24-3.7 3.045 4.0-55
d50 - Cilas [um]  3.3-43  20-30 1.4-20 0.9-13
Reactivity — higher BET, lower d50
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100 among particles as the dispersed reac-
tive alumina replaces the water in the
void, and final mix consistency is ob-
tained after thorough mixing. The to-
tal mixing time usually takes 4-6 min-
utes.

Setting behavior required of cast-
ables varies greatly according to their

Figure 1. Proper-
ties of monomodal
and multimodal alu-
minas

applications. For example, castables
for blast furnace trough linings need a
long setting time even at elevated
temperatures, because about 100 t of
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Figure 2. Dispersing alumina combinations and their influ-
ence on castable setting (exothermic reaction). (Exo start =
end of flow; Exo max = demolding strength; ADS = dispersing
alumina, retarding type; ADW = dispersing alumina, accelerat-
ing type

castable must be placed without lamination, which may oc-
cur if setting starts too early. On the other hand, producers
of precast shapes, e.g., purging plugs for steel ladles, have a
strong interest in a short demolding time, which corres-
ponds to a short setting time so as to reduce the number of
formers needed for their production.

Dispersing aluminas are innovative products with the
function of dispersing matrix fines combined with the func-
tion of steering the setting behavior of castables. When dis-
persing aluminas are used, no other additive is needed to ad-
just the rheological and setting behavior of castables to indi-
vidual requirements. Two types of dispersing aluminas, the
retarding type (ADS 1 or ADS 3) and the accelerating type
(ADW 1), are used together in a predetermined ratio for a
desired setting time. The total amount of dispersing aluminas
is recommended to be approx. 1% in weight of the castable.
As long as the total amount is kept unchanged, the dispersing
capability of dispersing aluminas remains stable no matter
which type (S or W) or types are used. For castables contain-
ing microsilica, dispersing aluminas M-ADS 1 and M-ADW 1
have been developed according to the same prineiple as was
applied for developing the original dispersing aluminas.

The advantages of dispersing aluminas in comparison to
conventional additive packages are highly homogenized mix-
ing, high reproducibility of well-defined setting times, and
easy control of the setting time in a wide temperature range.
Homogeneous mixing is easily achieved, because the amount
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g 250 [— o 110°C 553
&} 200 m 1000°C
% & 1500°C
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w
g
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2
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Figure 3. Cold crushing strength of castables with different
matrix compositions (PSD = particle size distribution)
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of dispersing aluminas added to one t of castable is as much as
10 kg. The exothermic reaction shown in figure 2 clearly dem-
onstrates the influence of different ratios of S-type to W-type
dispersing aluminas on the setting behavior.

The Matrix Advantage System (MAS)

The MAS consists of matrix components based on new
alumina raw materials that facilitate the design of matri-
ces for vibration (VIB), self-flow (SF), and dry gunning
(GUN) placement [46-48]. It is intended to offer user-
friendly combinations of a small number of matrix compo-
nents, which are individually optimized to deliver optimum
performance in many types of placement.

The MAS components include:

- asingle 70% Al,O; cement — CA-270 for vibration — self-
flow — dry gunning placement,

- reactive aluminas for vibration - self flow — dry gunning
placement, and

— dispersing aluminas for vibration and self-flow place-
ment.

To exemplify the benefits of this system, improvements
made to a vibration castable based on tabular alumina are
discussed below. In this case fines (cement and alumina) oc-
cupying 15% of the castable were replaced with MAS com-
ponents [46].

The original formulation contained 80% CAC and a cal-
cined alumina (CT800SG), 7.5% each, which were replaced
with 70% CAC (CA-270) and a reactive alumina (CTC 30
or CTC 40), 5% and 10%, respectively. CaO and Al,O4 lev-
els were identical in both formulations. Polycarbonic acid,
an additive used in the original mix, was replaced with the
dispersing aluminas ADS 1 and ADW 1 for optimum dis-
persion and setting control. Compared to the original mix,
the new mix containing MAS components exhibited the fol-
lowing improvements:

— water demand decrease by 28% (from 6% to 4.3%),

— softer mix consistency,

- remarkable increase in cold crushing strength (CCS) at
20 °C from 3.8 MPa to 24.4 MPa (CTC 30) and 26.9 MPa
(CTC 40), and

— remarkable increase in hot modulus of rupture (HMOR)
at 1500 °C from 5.2 MPa to 16.9 MPa (CTC 30) and 18.1
MPa (CTC 40).

The increase in hot strength is due to the sintering reac-
tivity of the aluminas used, CTC 40 being the most reactive.
Further improvements in the mix properties were achieved
by optimizing the packing density in the coarse and medium
fractions of the castable. The use of closed sizes as well as
finely ground tabular alumina T-60 0-0.020 mm led to a fur-
ther reduction in the mixing water demand to as low as
3.6%, which still imparted soft consistency to the mix. This
mix, whose particle size distribution was fully optimized in
the whole particle size range, exhibited a higher density and
a remarkably high CCS at 1000 °C, which closed the typical
strength gap [46] as shown in figure 3. It is mentioned in
passing that similar improvements have been made with
MAS on self-flowing and gunning formulations.

InfilCast technology

InfilCast® is a completely new monolithic placement
technology which takes advantage of large ball-shaped ag-
gregates (converter discharge sieved 18-22 mm) or grains
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forms a “skeleton”, voids are filled with a self-flowing fine castable
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Figure 4.  Principle of InfilCast technology (CDS = Converter
discharge sieved)

of irregular shapes (6-12 mm) of tabular alumina or spinel
[49]. This technology, which was patented by Alcoa, is
based on those coarse grains and a fine slip. Dry coarse
grains are introduced into a mold and subsequently fully in-
filtrated with a special slip, figure 4. This slip embodies all
the experience gained through the development of high
performance matrix products. Its components include spe-
cial infiltrating (“AFL”) aluminas, the new CA-270 cement,
and the dispersing aluminas ADS and ADW.

Initial results, as mentioned before, clearly indicate that
this new placement technique has several advantages over
conventional castable technologies. The technology enables
the use of high performance raw materials like tabular alu-
mina and spinel in forms that can be produced at lower pro-
cessing costs than with crushed and sieved grains. One
interesting aspect of the InfilCast technology is the dry
placement of coarse materials that occupy 60% of the
whole body. This means that only fine matrix materials that
occupy 40% of the body remain to be mixed. B
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