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SHAPED OR UNSHAPED REFRACTORY OR
KILN FURNITURE COMPOSITION

FIELD OF THE INVENTION

[0001] The present invention relates to a shaped or
unshaped refractory or kiln furniture composition comprising
70 weight percent to 98 weight percent particulate refractory
material and 2 weight percent to 30 weight percent binder
phase. The present invention also relates to shaped or
unshaped refractory or kiln furniture products produced by
using the above composition.

[0002] A shaped or unshaped refractory or kiln furniture
composition usually consists of coarse particulate refractory
matetials, a fraction of reactive materials, a binder, and addi-
tives. The reactive phase or the so called binder phase or
matrix comprises reactive fillers together with a binder and if
necessary additives such as deflocculating agents, retarders,
and accelerators. In modern high-tech castables microsilica
or fumed silica and reactive alumina are often used as reactive
fillers. The reactive fillers influence the chemical behavior of
the binder phase and the properties of the castables, particu-
larly the high temperature properties.

[0003] The WO 2008/060161 Al describes refractory com-
positions for use in the production of refractory articles such
as furnace linings, ladle linings and linings for metallurgical
vessels. The refractory compositions according to the above
patent application comprise an exothermic material, fine par-
ticulate andalusite and fine particulate alumina as well as an
inorganic binder. Fine andalusite and fine alumina are used as
reactive fillers in the binder phase together with the inorganic
binder.

[0004] Andalusite, a natural mineral having the chemical
formula Al,0,*Si0,, is a well known refractory material.
The chemical composition of andalusite comprises about 60
weight percent alumina, about 38 weight percent silica and
additionally some impurities, such like iron and alkali oxides.
Typical compositions of andalusite concentrates are summa-
rized in table 1.

TABLE 1

concen- chemical composition (weight percent)

trate ALO, Si0, TFe,0; TiO, Ca0 MgO Na,0 K0

randalusie  59.5 387 0.65 015 010 010 0.10 0.20
purusite 589 385 0.80 0.15 020 010 0.10 035
krugerite 576 403 0.80 025 010 015 0.10 0.20
kerphalite 60.5 380 045 015 005 010 0.10 0.15

[0005] In castables the fine andalusite is used in order to
support the mullite formation (mullitisation) of reactive alu-
mina and fumed silica respectively reactive alumina and
sodium silicate during sintering.

SUMMARY OF THE INVENTION

[0006] It is an object of the present invention to provide an
improved refractory composition particularly for tempera-
tures in the range 0of 700° C. to 1750° C. It is another object of
the present invention to provide a refractory castable having a
high strength particularly in a temperature range between
1100° C. and 1750° C. Furthermore it is another object of the
present invention to replace or substitute reactive alumina as
filler in the matrices of low cement castables (LCC) and ultra
low cement castables (ULCC).
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[0007] Tt has been found that refractories having an excep-
tionally high strength in a temperature range between 1100°
C. and 1750° C. are obtainable by using a refractory compo-
sition comprising 70 weight percent to 98 weight percent
particulate refractory material and 2 weight percent to 30
weight percent of a binder phase, wherein the binder phase
comprises a reactive filler and a binder. The binder phase or
matrix of the refractory composition according to the present
invention substantially comprises solely reactive andalusite
having an average particle size d50 between 0.2 pm and 2.0
um as reactive filler.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0008] Andalusite is an aluminium nesosilicate mineral
with the chemical formula Al,Si0;. The thermally induced
transformation of andalusite into mullite according to the
reaction

3(Al,05*Si0,) (andalusite)—>(3A1,04*28i05) (mul-
lite +S10, (glass)

causes a changing of the properties of the mineral with rising
temperatures. After a thermal expansion of about 1% at 1000°
C., melting of impurities occurs accompanied by a small
shrinkage. The mullitisation starts at 1250° C. and proceeds
with rising temperature. Finally, the mass ratio is about 87
weight percent mullite and 13 weight percent glass.

[0009] Consequently, andalusite can be used directly as a
crude refractory raw material without any preliminary ther-
mal treatment or as a fired refractory material after the above
mullite transformation (mullitisation). During the formation
of mullite the excess of Si0, is transformed into glass. The
major part of the glass is embedded in the mullite phase, while
a small amount is located on the surface of the generated
mullite crystals. At high temperatures the glass embedded in
the mullite phase softens or fuses and absorbs the volume
change of the mullite at high temperatures. Thus, this special
type of mullite formed from andalusite exhibit a higher ther-
mal stability than other types of mullite because the softened
glass is able to penetrate into crack fissures as a kind of
welding agent repairing the damaged mullite during usage.
By studying the microstructure as a function of temperature it
is possible to reveal the relations between mullite bonding
and hot mechanical properties. It can be confirmed that mul-
litisation closes the surface defects and initial cracks of
andalusite grains. The matrix is totally recrystallized into a
mullite-glass network interconnected with partially mulli-
tised big grains.

[0010] It was found that the above described properties are
significantly and unanticipated changed by using a binder
phase substantially comprising solely reactive andalusite
having an average particle size d50 between 0.2 pm and 2.0
um, preferably between 0.5 um and 1.5 pm, as reactive filler.
[0011] Following, the present invention is explained in
detail by means of examples.

Example 1 (Reactive Andalusite)

[0012] Thebelow described investigations were realized by
using areactive andalusite produced by milling commercially
available andalusite having an average particle size between 2
pm and 5 um. Using a high energy stirred mill (attritor grind-
ing mill), reactive andalusite having an average particle size
d50=1.37 um, an extremely narrow particle size distribution
characterized by d10=0.72 um and d90=2.53 um, and a spe-
cific surface area (BET) of 15.27 m*/g was obtained. FIG. 1
shows a mastersizer analysis of the particle size distribution
of reactive andalusite.
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[0013] Comparable values for reactive andalusite were
found using other grinding methods or different raw materi-
als, whereby the average particle size ranges between 0.2 um
and 2.0 um, the particle size distribution has a width of par-
ticles sizes of less than 2.5 pm, and the specific surface area
(BET) ranges between 10 m?/g and 25 m*/g.

[0014] The reactivity of reactive andalusite in comparison
with reactive alumina was tested by measuring the shrinkage
(Permanent Linear Change; PL.C) of test pieces prepared by
dry pressing the respective materials without any additives in
a mould of 50 mmx10 mmx10 mm using a pressure of 1000
kg/en in a temperature range between 700° C. and 1500°C.
For these comparative tests reactive alumina characterized by
d10=0.28 pm, d50=0.93 pum, d90=2.81 pm, and a specific
surface area (BET) of 6.55 m*/g was used. The test results are
graphically reproduced in FIG. 2. As shown in FIG. 2 the
shrinkage (PLC) of the test pieces increases in a temperature
range from 700° C. to 1500° C. from about -0.3 at 700° C. up
to about -17.0% at 1500° C.

[0015] The mechanical strength of reactive andalusite in
comparison with reactive alumina was tested by measuring
the Cold Module of Rupture (CMOR) according to EN
1402-5 of identical test pieces in the same temperature range.
The test results are graphically reproduced in FIG. 3. As
shown in FIG. 3 the

[0016] CMOR of reactive andalusite starts to increase sig-
nificantly at a temperature of about 950° C. The temperature
profile of CMOR starts from about 10 MPaat 700° C. to up to
about 90 MPa at 1500° C. The graph indicates that the mullite
formation starts at 950° C. and is completed at 1350° C. The
temperature profile implies that in case of reactive andalusite
the mullite formation starts 200° C. lower in comparison with
conventional compositions using reactive alumina.

[0017] Reactive andalusite is versatilely applicable and can
be advantageously combined with particulate refractory
materials selected from the group consisting of silica, silicon
carbide, alumina, bauxite, spinel, calcined dolomite, chrome
magnesite, olivine, forsterite, mullite, kyanite, silimanite,
andalusite, chamotte, or mixtures of two or more of those
materials.

Example 2 (Reactive Andalusite Castable)

[0018]
TABLE 2
weight percent
particle present  Comparative
raw matetials size invention example
particulate  white fused 2-5mm 33 33
refractory alumina
material white fused 1-3mm 10 10
alumina
white fused 0-1 mm 20 20
alumina
white fused 0-0.3 mm 13 135
alumina
calcined alumina 5 pm 11 11
binder phase reactive 0.2-2 um 6 —
andalusite
reactive alumina 0.2-2 um — 6
cement secar 71 5 5
STPP = sodium 0.15 0.15

tripolyphosphate

[0019] Typical castable compositions are summarized in
table 2. Both compositions in table 2 are identical except that
the composition according to the present invention comprises
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reactive andalusite as reactive filler, while a comparative
composition comprises reactive alumina.

[0020] Pure alumina castables were used in order to obtain
adirect comparison of the bonding efficiency of compositions
comprising reactive andalusite respectively reactive alumina.
The comparison of the mechanical strength of the castable
compositions of table 2 with regard to their Cold Module of
Rupture (CMOR) according to EN 1402-5 and their Cold
Crush Strength (CCS) according to 1402-6 is shown in FIGS.
4and5.

[0021] As shown in FIGS. 4 and 5 in the medium tempera-
ture range (800° C.-1200° C.) the bonding strength of both
castables has nearly the same level (Castable
RAD=comprising  teactive  andalusite; Castable
RA=comprising reactive alumina). At higher temperatures
reactive andalusite generates an additional bonding by sec-
ondary mullite formation between the glass phase on the
surface of andalusite-mullite and the calcined alumina and
white fused alumina. Thus, the mechanical properties of the
castables comprising reactive andalusite are improved.

[0022] It can be stated that for applications, where hot
mechanical properties are the key parameters to complete the
appropriate performance, reactive andalusite is a promising
reactive filler for a temperature range between 1100° C. and
1750° C.

[0023] Checking various applications of reactive
andalusite in comparison with reactive alumina it was found
that refractory castables or casted pieces produced by using a
refractory composition according to the present invention
sintered in a temperature range between 1100° C. and 1750°
C. generally have a CMOR measured according to EN 1402-5
of more than 5 MPa and a Cold Crush Strength (CCS) mea-
sured according to EN 1402-6 of more than 30 MPa.

[0024] In this context reactive andalusite was used in low
cement castables (LCC) having a cement content of about 5
weight percent as well as in ultra low cement castables
(ULCC) having a cement content of about 2 weight percent.

[0025] Intable 3 some more applications for the composi-
tion according to the present invention are summarized with
regard to their CMOR and CCS. The materials and products
summarized in table 1 were sintered in a temperature range
between 1100 and 1750° C.

TABLE 3
application CMOR CCS
refractory ramming material >5 MPa >30 MPA
refractory gunning material >3 MPa >20 MPa
fired or unfired refractory >8 MPa >50 MPA
bricks
kiln furniture >8 MPa >50 MPa

[0026] Testing the above mentioned applications typical
refractory compositions were used in accordance with the
composition according to the present invention having a
binder phase substantially comprising solely reactive
andalusite as reactive filler. All measured CMOR- and CCS-
values were above the limiting values as shown in table 3.

[0027] On basis of the above results it is concluded that
reactive andalusite is an appropriate reactive filler in order to
substitute reactive alumina for high temperatures applica-
tions. Beside the technical advantages of reactive andalusite
in the medium temperature range (1100° C.-1400° C.) reac-
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tive andalusite stands out due to a significant cost advantage
in comparison to reactive alumina.

1-12. (canceled)

13. A shaped or unshaped refractory or kiln furniture com-
position comprising 70 weight percent to 98 weight percent
particulate refractory material and 2 weight percent to 30
weight percent of a binder phase comprising a reactive filler
and a binder, characterized in that the binder phase substan-
tially comprises solely reactive andalusite having an average
particle size ds, between 0.2 pm and 2.0 pm as reactive filler.

14. The composition according to claim 13, characterized
in that the reactive andalusite has an average particle size ds,
between 0.5 pm and 1.5 pm.

15. The composition according to claim 13, characterized
in that the reactive andalusite has a narrow particle size dis-
tribution having a width of particles sizes in a range of less
than 2.5 pm.

16. The composition according to claim 13, characterized
in that the reactive andalusite has a specific surface area
ranging from 10 m*/g to 25 m*/g.

17. The composition according to claim 13, characterized
in that the particulate refractory material is selected from the
group consisting of silica, silicon carbide, alumina, bauxite,
spinel, calcined dolomite, chrome magnesite, olivine, forster-
ite, mullite, kyanite, silimanite, andalusite, chamotte, or a
mixture of two or more of those materials.

18. A refractory castable or casted pieces produced using a
refractory composition according to claim 13, characterized
in that the castable or the casted pieces are sintered at a
temperature ranging from 1100° C. to 1400° C. and have a
Cold Module of Rupture measured according to EN 1402-5
of more than 5 MPa and a Cold Crush Strength measured
according to EN 1402-6 of more than 30 MPa.
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19. The refractory castable or casted pieces according to
claim 18, characterized in that the castable is a low cement
castable having a cement content of about 5 weight percent.

20. The refractory castable or casted pieces according to
claim 18, characterized in that the castable is an ultra-low
cement castable having a cement content of about 2 weight
percent.

21. A refractory ramming material produced using a refrac-
tory composition according to claim 13, characterized in that
the refractory ramming material is sintered at a temperature
ranging from 1100° C. to 1750° C. and has a Cold Module of
Rupture measured according to EN 1402-5 of more than 5
MPa and a Cold Crush Strength according to EN 1402-6 of
more than 30 MPa.

22. A refractory gunning material produced using a refrac-
tory composition according to claim 13, characterized in that
the refractory gunning material is sintered at a temperature
ranging from 1100° C. to 1750° C. and has a Cold Module of
Rupture measured according to EN 1402-5 or more than 3
MPa and a Cold Crush Strength according to EN 1402-6 of
more than 20 MPa.

23. A fired or unfired refractory brick produced using a
refractory composition according to claim 13, characterized
in that the fired or unfired refractory brick is sintered at a
temperature ranging from 1100° C.to 1750° C. and hasa Cold
Module of Rupture measured according to EN 1402-5 of
more than 8 MPa and a Cold Crush Strength according to EN
1402-6 of more than 50 MPa.

24. A kiln furniture produced using a refractory composi-
tion according to claim 13, characterized in that the kiln
furniture is sintered at a temperature ranging from 1100° C. to
1750° C. and has a Cold Module of Rupture measured accord-
ing to EN 1402-5 of more than 8 MPa and a Cold Crush
Strength according to EN 1402-6 of more than 30 MPa.
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