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ABSTRACT OF THE DISCLOSURE

A method of casting a refraclory article. The method includes providing a
mold formed {rom a slurry composition comprising plaster and fibers and adding a
refractory composition to the mold. The method also includes allowing (he
refractory composition to set. The refractory composttion compriscs colloidal

silica.
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REFRACTORY CASTING METHOD

BACKGROUND

[0001] A variety of refractory articles are used in the casting of steel and other
metals. These refractory articles include crucibles, kiln furniture, laundcr blocks,
lentel blocks, nozzles, pouring cups, pouring tubes, pump tubes, shrouds, stopper
rods, and tundishes. These refractory articles in the metal casting process are
subjected to very harsh and corrosive working environments. They must be able to
withstand hours exposed to molten metals. They must also be capable of enduring
the harsh thermal shock encountered on the start-up of casting and the buoyant

forces.

BRIEF SUMMARY

[0002]  In one aspect, a method of casting a refractory article 1s provided. The
method includes providing a mold formed from a slurry composition comprising
plaster and fibers and adding a refractory composition to the mold. The method
also includes allowing the refractory composition to set. The refractory
composition comprises colloidal silica. In another aspect, the refractory
composition includes about 55% to about 90% alumina, up to about 30% silicon
carbide, and about 2% to about 20% silica.

[0003]  According to another aspect, a method of casting a refractory article
includes providing a pattern of a refractory article. A slurry composition
comprising plaster is provided and disposed around the pattern. The slurry
composition is allowed to set to form a mold. A refractory composition is added
to the mold, and the refractory composition 1s heated.

[0004] The foregoing paragraphs have been provided by way of general

introduction, and are not intended to limit the scope of the following claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005]  Fig. | is a perspective view of an embodiment of a model ot a

refractory article.
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[0006]  Fig. 2A is a side perspective view of an embodiment of a model of a
refractory article in a molding box.

(0007]  Fig. 2B is a top perspective view of an embodiment of a model of a
refractory article 1in a molding box.

[0008]  Fig. 3 shows an embodiment of a molding box filled with a slurry
composition.

[0009]  Fig. 4 shows an embodiment of a plaster mold of a refractory article.
[0010]  Fig. 5 shows an embodiment of a refractory article partially covered by
a degraded mold.

[0011]  Fig. 6 shows an embodiment of a refractory article.

DETAILED DESCRIPTION

[0012]  The mvention is described with reference to the drawings. The
relationship and functioning of the various elements of this invention are better
understood by the following detailed description. However, the embodiments of
this invention as described below are by way of example only, and the invention 1s
not limited to the embodiments tllustrated in the drawings.

[0013]  All percentages are by solids weight unless otherwise specified.

(0014]  The invention relates to a method of making refractory articles from a
refractory composition using a mold. In one embodiment, the method 1s used to
make such articles as crucibles, kiln furniture, launder blocks, lentel blocks,
nozzles, pouring cups, pouring tubes, pump tubes, shrouds, stopper rods, and
tundishes.

[0015] A model or pattern of the final object to be produced 1s formed by any
suitable method. In one embodiment, the model is made from a hard rubber,
which is durable enough to allow many molds to be made. The model has a shape
that corresponds to the refractory article which is to be produced. In one
embodiment, the model 10 is of a generally cylindrical hollow object such as a
nozzle, as shown in Fig. 1. The model 10 of the refractory articie 1s cylindrical in
shape and has a base 12 and channel 14. As shown in Figs. 2A and 2B, the model

10 1s placed in a box 20 which defines a receiving space 22 therein. A slurry
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composttion s introduced 1nto the recerving space 22 of the box 20 and into
channel 14. The slurry may be disposed nto the box by any known method,
including pumping, pouring, or any other method of transporting liquid material.
Fig. 3 shows the box filled with the slurry composition 30. In one embodiment,
the slurry composttion includes plaster. The slurry composition 30 1s allowed to
set to form a mold. By the term “set” 1s meant that the slurry composition
becomes at least semi-solid. After it 1s set, the model 1s removed from the mold
and the mold 1s removed from the box. The resulting mold 40 is shown in Fig. 4.
Mold 40 has a hollow interior 42 and post 44 which corresponds to the shape of
the refractory article to be produced.

10016]  The slurry composition may contain components that produce a mold
with one or more of the following characteristics: low density, flexibility, and
degradation when exposed to high temperatures. In one embodiment, the mold is
lightweight. By lightweight, it is meant that its density is less than about 70 1b/ft’.
In another embodiment, the mold is compliant, meaning that it 1s more flexible
than a mold made from ordinary plaster with no additives. In another
embodiment, the mold degrades when 1t 1s exposed to high temperatures, like
those 1n a furnace.

[0017]  In one embodiment, the slurry composition includes plaster. By plaster
1s meant plaster of paris (2CaSQ4 H,O). In one embodiment, the plaster 1s pottery
plaster. In another embodiment, the slurry composition includes plaster and fibers.
In one embodiment, the fibers are cellulosic fibers. In one embodiment, the fibers

are paper fibers. Other fibers may be used, including polypropylene fiber such as

Herculon™

, available from Hercules Inc. In one embodiment, the paper fiber is
recycled newspaper. The paper to plaster ratio may range from about 1:1 to about
1:4. In one embodiment, the paper to plaster ratio is 1:1. In other embodiments,
the paper to plaster ratio 1s 1:2 and 1:3. The plaster mixture takes about 20 to 40
minutes to set. Additives such as citric acid and oxalic acid may be added to the
slurry composition to control the set time of the plaster. The plaster mold may be

allowed to fully set for 1 to 5 days before adding refractory composition to the

mold.



CA 02521815 2005-09-30

4.

[0018]  The plaster and paper fiber mixture is less densc than pure plaster,
which generally has a density of around 70 1b/ft’. In one embodiment, the mold
has a density of less than about 60 Ib/ft’. In another embodiment, the mold has a
density of less than about SO Ib/ft’. In another embodiment, the mold has a density
of less than about 40 1b/ft’. In another embodiment, the mold has a density of
about 50 Ib/ft’.

[0019]  If the refractory composition shrinks during setting, the moid made
from the plaster and paper {iber mixture has the property of having “give” or
flexibility so that 1t can accommodate this shrinkage. Plaster without any
additives has limited give or compliance, and 1if the refractory composition shrinks
during setting, cracking or other undesirable effects may occur.

(0020}  In another embodiment, the slurry composition includes a combustible
material. When the mold 1s exposed to high temperatures, the combustible
material burns and causes the mold to lose its strength. In one embodiment, the
combustible material is paper fiber. In another embodiment, the combustible
material 1s cotton flock powder. The combustible material may include other
organic components. Other additives may be added to the slurry composition to
improve its properties.

(0021} After the siurry composition is set to form a mold, the mold is then
filled with a refractory composition. The refractory composition may be
transported by any known method, including pumping, pouring, or any other
method of transporting liquid material. The refractory composition 1s allowed to
set in the mold. Vibration may be used to help the refractory composition to
completely fill the mold and remove air bubbles. In one embodiment, the
refractory composition shrinks during setting and the mold is sufficiently flexible
or compliant to accommodate this shrinkage.

(0022]  The method may be used to produce a refractory article with or without
a hollow channel. As shown in Figure 1, in one embodiment, the model 10 of the
refractory article has a hollow channel 14 running in the longitudinal direction of
the model 10. The model 10 is used to cast a corresponding mold 40 that has a

longitudinal post 44 through the center of the mold 40. In another embodiment, a
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mold 1s prepared from a solid model, and a longitudinal rod 1s inserted into the
mold. The longitudinal rod for the mold may be made from any suitable material,
such as a plaster composition or a synthetic material such as vinyl or rubber. The
mold 1s then filled with a refractory composition to cast a refractory article with a
center channel.

(0023]  Although the Figures illustrate the casting of a generally cylindrical
refractory article, 1t will apparent to those skilled in the art that the method may
also be used to cast a variety of other shapes. Other shapes may include various
other items for metal casting operations, including crucibles, kiln furniture,
launder blocks, lentel blocks, nozzles, pouring cups, pouring tubes, pump tubes,
shrouds, stopper rods, and tundishes.

[0024]  In one embodiment, after the mold cavity 1s filled with the refractory
composition, the mold and refractory are heated. In one embodiment, the mold
and refractory composition are heated to a temperature of at least about 800° F. In
another embodiment, the mold and refractory composition are heated to a
temperature of at least about 1000° F. In another embodiment, the mold and
refractory composition are heated to a temperature of at least about 1200° F. In
one embodiment, the mold and refractory composition are kept at the elevated
temperature for about 8 to 10 hours. In one embodiment, the mold and the
refractory composition are heated in a furnace. The high temperature dries and
sets the refractory. In one embodiment, the high temperature also weakens the
strength of the mold, allowing 1t to easily be removed from the refractory product.
In one embodiment, the heat burns the paper fiber and weakens the plaster mold,
causing the mold to fall apart. Fig. 5 shows one embodiment of the refractory
refractory article S0 and the weakened mold 40 after they are removed from the
furnace.

[0025]  After the refractory article 1s removed from the furnace, it is allowed to
cool to a safe handling temperature. The mold 40 is removed from the refractory
article, and portions of the mold 40 may be recycled for the slurry to make new

molds. The refractory article may be machined to achicve the desired dimensions



CA 02521815 2007-07-27

6-

of the final product. Fig. 6 shows an embodiment of the final refractory article 50

with channel 52 after machining.

[0026]  The refractory composition can include any suitable refractory material.

[n one embodiment, the refractory composition 1s a colloidal silica refractory

composition. Exemplary colloidal silica refractory compositions are disclosed 1n
United States Patent No. 5,147,830 entitled “Composition and method for
manufacturing steel-containment equipment,” United States Patent No. 5,147,834
entitled “Gunning composition,” United States Patent No. 5,422,323 entitled
“Nonhazardous pumpable refractory insulating composition,” United States Patent
No. 5,494,267 entitled “Pumpabl.e casting composition and method of use,” and
United States Patent No. 6,528,011 entitled “Colloidal silica refractory system for

an electric arc furnace,” all of which are assigned to the present applicants.

[0027]  In one embodiment, the refractory composition comprises alumina
(Al,O;), silicon carbide (S1C), and silica (S10,). In one embodiment, the
refractory composition includes at least about 55% alumina by solids weight. In
another embodiment, the refractory composition includes at least about 70%
alumina by solids weight. In another embodiment, the refractory composition
includes about 55% to about 90% alumina by solids weight. In another
embodiment, the refractory composition includes about 70% to about 80%
alumina by solids weight. In another embodiment, the refractory composition
includes about 73% alumina by solids weight.

(0028] In one embodiment, the alumina is selected from at least one of brown
fused alumina, white fused alumina, tabular alumina, reactive alumina, calcined
alumuna, and aluminosilicate such as mullite or bauxite type material. In one
embodiment, the alumina has an average particle diameter in the range of about 30
micrometers through about 7 millimeters.

[0029]  In one embodiment, the refractory composition includes about 2% to
about 30% Si1C by solids weight. In another embodiment, the refractory

composition includes at least about 2% SiC by solids weight. In another
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embodiment, the refractory composition includes up to about 30% SiC by solids
weight. In another embodiment, the refractory composition includes up to about
20% S1C by solids weight. In another embodiment, the refractory composition
includes about 10% to about 20% S1C by solids weight. In another embodiment,
the refractory composition includes about 17% Si1C by solids weight. I[n one
embodiment, the silicon carbide has an average particle diameter in the range of
about 30 micrometers through about 3.5 millimeters.

[0030]  In one embodiment, the refractory composition includes at least about
2% silica by solids weight. In another embodiment, the refractory composition
includes about 2% to about 20% silica by solids weight. In another embodiment,
the refractory composition includes about 5% to about 10% silica by solids
weight. In another embodiment, the refractory composition includes about 6.5%
silica by solids weight.

[0031] In one embodiment, the refractory composition includes an aqueous
colloidal silica binder. The refractory composition may include an alumino-
stlicate type material or a fumed silica material 1n addition to the aqueous colloidal
silica binder. In one embodiment, alumino-silicate material provides up to about
15% of the silica. In another embodiment, fumed silica material provides up to
10% of the stlica. The colloidal silica permits the refractory composition to be
easily transported from a source to a destination using a pump or another suitable
means. After the retractory sets, the colloidal silica acts as a binder.

|0032]  The aqueous colloidal silica binder comprises colloidal silica in water,
where the colloidal silica may be in the range of about 15% through about 70% by
welght of the aqueous colloidal silica binder. [n one embodiment, the colloidal
silica 1s in the range of about 30% through about 50% by weight of the aqueous
colloidal silica binder. In another embodiment, the colloidal silica is about 40%
by weight of the aqueous colloidal silica binder. The colloidal silica may have an
average particle diameter in the range of about 4 millimicrons through about 100

millimicrons. In one embodiment, the colloidal silica has an average particle

diameter in the range of about 6 millimicrons through about 50 millimicrons. In
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another embodiment, the colloidal silica has an average particle diameter in the
range of about 8§ millimicrons through about 20 millimicrons.

[0033]  In one embodiment, the refractory composition includes up to about
10% by solids weight free carbon. In one embodiment, the free carbon has an
average particle diameter of about 40 microns to about 0.5 mm. In one
embodiment, the refractory composition includes about 1% to about 5% by solids
weight free carbon, and in another embodiment, the refractory composition
includes less than about 2% by solids weight free carbon. In another embodiment,
the refractory composition includes less than about 1% by solids weight free
carbon. In one embodiment, the carbon is in the form of petroleum pitch, which is
a mixture of carbon and volatile organic compounds. In another embodiment, the
carbon is in the form of graphite.

[0034] The refractory composition may have other components, especially
those associated with the manufacture of refractory compositions.

[0035]  The components of the refractory composition may be mixed together
prior to mixing with the colloidal silica binder. The components of the refractory
composition may also be wet or dry prior to mixing with the colloidal silica

binder.

EXAMPLES

[0036]  Various refractory articles were prepared according to a method of the
present invention. A hard rubber model of the refractory article was placed in a
molding box. A slurry composttion was prepared with one part recycled paper
fiber per two parts plaster. The slurry composition was introduced into the
molding box. The slurry composttion was allowed to set. After it set, the model
was removed from the mold and the mold was removed from the molding box.
The mold was allowed to fully set for 1 to 5 days before the refractory
composition was added to the mold.

[0037]  Various refractory compositions were used to make refractory articles.
The refractory compositions including about 55% to about 90% alumina, up to

about 30% silicon carbide, and about 2% to about 20% silica mixed with 8-10%
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silica binder. The mold was filled with one of the refractory compositions. The
refractory composition was allowed to set 1in the mold. The refractory
composition shrank somewhat during setting and the mold had sufficient
flexibility to accommodate this shrinkage. The mold and the refractory
composition were heated in a furnace at about 1200° F for about 8 hours. The
high temperature weakened the mold, allowing it to easily be removed from the
refractory product. After the refractory article was removed from the furnace, it
was allowed to cool to a sale handling temperature. If necessary, the refractory
article was then machined to the appropriate dimensions. The final refractory
articles produced by the described method had the range of mechanical properties

shown in Table 1, which were acceptable for their intended uses.

Table 1
Density (Ibs./cu.ft.) | 176-184 |
Porosity (%) 15-18
Cold MOR(psi) 900-1300

Cold Crushing Strength (ps1) | 4000-8000

[0038]  The embodiments described above and shown herein are illustrative and
not restrictive. The scope of the invention 1s indicated by the claims rather than by
the foregoing description and attached drawings. The invention may be embodied
in other spectfic forms without departing from the spirit of the invention.
Accordingly, these and any other changes which come within the scope of the

claims are intended to be embraced therein.
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What 1s claimed 1is:

1. A method of casting a refractory article comprising:
providing a mold formed from a slurry composition comprising plaster and fibers,
wherein the slurry composition comprises at least about 20% fibers by weight;
adding a refractory composition to the mold; and
allowing the refractory composition to set,

wherein the refractory composition comprises colloidal silica.

2. The method of claim 1 wherein the fibers comprise paper fibers.

3. The method of claim 2 wherein the slurry composition comprises at least about 25%
paper fiber by weight.

4. The method of claim 1 wherein the density of the mold is less than about 60 b/t

5. The method of claim 1 further comprising the step of providing a model of a retractory

article and forming the mold thereof.

6. The method of claim 5 further comprising the step of forming the mold from the slurry

composition comprising plaster.

7. The method of claim 6 wherein the slurry composition comprises plaster and paper
fiber.
8. The method of claim 1 wherein the refractory composition comprises at least about

55% alumina by weight.
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9. The method of claim 1 wherein the refractory composition comprises at least about 2%

silicon carbide by weight.

10.  The method of claim 1 wherein the refractory composition comprises up to about 2%

free carbon by weight .

11.  The method of claim 1 wherein the refractory composition comprises about 55% t0

about 90% alumina by weight, about 2% to about 30% silicon carbide by weight, and about

2% to about 20% silica by weight.

12.  The method of claim 1 wherein the refractory composition comprises at least about

70% alumina by weight, up to about 20% silicon carbide by weight, and at least about 2%

silica by weight.

13.  The method of claim 1 further comprising the step of heating the mold and the

refractory composition.

14 The method of claim 13 wherein the mold and refractory composition are heated at a

temperature of at least about 800°F.

15.  The method of claim 13 wherein the mold and refractory composition are heated at a

temperature of at least about 1000°F.

16.  The method of claim 1 wherein the refractory article is chosen from crucibles, kiln
furniture, launder blocks, lentel blocks, nozzles, pouring cups, pouring tubes, pump tubes,

shrouds, stopper rods, and tundishes.

17. A refractory article made from the method of claim 1.
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18. A method of casting a refractory article comprising:
providing a mold;
adding a refractory composition to the mold; and

heating the refractory composition;

wherein the mold is formed from a slurry composition comprising plaster and at least

20% fibers by weight,

and wherein the refractory composition comprises about 55% to about 90% alumina

by weight, up to about 30% silicon carbide by weight, and about 2% to about 20%
silica by weight.

19.  The method of claim 18 wherein the fibers are paper fibers.

20.  The method of claim 19 wherein the slurry composition comprises at least about 25%
paper fiber by weight.

21.  The method of claim 18 wherein the refractory composition comprises colloidal silica.
22.  The method of claim 18 wherein the refractory composition comprises about 70% to

about 80% alumina by weight, about 10% to about 20% silicon carbide by weight, and about
2% to about 10% silica by weight.

23.  The method of claim 18 wherein the refractory composition comprises up to about 2%

free carbon by weight.

24. The method of claim 18 wherein the refractory composition is heated at a temperature

of at least about 1000°F.
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25.  The method of claim 18 wherein the refractory article is selected from crucibles, kiln

furniture, launder blocks, lentel blocks, nozzles, pouring cups, pouring tubes, pump tubes,

shrouds, stopper rods, and tundishes.

26. A method of casting a refractory article comprising:

providing a pattern of a refractory article:

providing a slurry composition comprising plaster and at least about 20% fibers by
welght;

disposing the slurry composition around the pattern;

allowing the slurry composition to set to form a mold:

adding a refractory composition comprising colloidal silica to the mold; and

heating the refractory composition.

27.  The method of claim 26 wherein the mold and refractory composition are heated at a

temperature of at least about 1000°F.

28.  The method of claim 26 wherein the refractory composition comprises about 55% to

about 90% alumina by weight, up to about 30% silicon carbide by weight, and about 2% to
about 20% silica by weight.

29.  The method of claim 26 wherein the fibers are paper fibers.

30. The method of claim 29 wherein the slurry composition comprises at least about 25%
paper fiber by weight.
31. The method of claim 26 wherein the refractory article is selected from cructbles, kiln

furniture, launder blocks, lentel blocks, nozzles, pouring cups, pouring tubes, pump tubes,

shrouds, stopper rods, and tundishes.
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33.
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A method of casting a refractory article comprising:
providing a pattern of a refractory article:

providing a slurry composition comprising plaster;
disposing the slurry composition around the pattern;

allowing the slurry composition to set to form a compliant mold with a density of

between about 50 1b/ft’ and about 70 1b/ft3:

adding a refractory composition comprising colloidal silica to the mold: and

heating the refractory composition, wherein the mold degrades upon heating.

T'he method of claim 1 wherein the density of the mold is between about 50 Ib/f and
about 70 1b/ft’.

The method of claim 18 wherein the density of the mold is between about 50 1b/ff and
about 70 1b/ft’.
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