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THERMAL ISOLATION FOR CASTING ARTICLES

CROSS-REFERENCES

[0001] This application claims priority to U.S. patent application number 13/840,423,
filed March 15, 2013, entitled Thermal Isolation for Casting Articles, to U.S. provisional
patent application number 61/690,727, filed July 3, 2012, entitled MMC with Enhanced
Thermal Isolation , and to U.S. provisional patent application number 61/623,532, filed
April 12,2012, entitled Thermal Isolation for Casting Articles. This application is related
to U.S. patent application number 13/836,001, filed March 15, 2013, entitled Thermal
Isolation Spray for Casting Articles. Each of the above-referenced applications are hereby

incorporated by reference herein in their entirety.
BACKGROUND

[0002] Casting is an old and well-known art in which liquefied or molten materials are
poured or injected into a mold which has a cavity of a desired shape. The liquefied
materials are then allowed to solidify to create a cast article. Metal casting is one type of
casting in which molten metals are introduced into a mold cavity at high temperatures and
then allowed to solidify as the metals cool. The rate and pattern of cooling can affect the
solidification process and can directly affect the structure of the final cast article. For
example, in some cases portions of a casting may begin to solidify at many different
locations, leading to multidirectional solidification patterns within the casting. In other
cases, premature cooling or cooling at undesired rates can result in undesirable
microstructures within the casting or may clog or otherwise block portions of a mold

cavity resulting in an unfinished or partial casting.

[0003] Solidification of a molten material within a mold cavity most frequently begins
when the molten material first contacts the side walls or other inner surfaces of the mold
cavity. Because molten materials are usually much hotter than the mold itself, heat
quickly escapes from the molten material into the mold upon first contact. Once the
material first contacts the mold wall, solidification can spread rapidly through the molten
material throughout the cavity. For example, molten metals exhibit an extremely high rate
of heat loss and once solidification begins, an entire amount of molten metal within a mold
can freeze almost instantaneously. The period of time extending from the first

introduction of the molten material until complete solidification is often referred to as the

1



10

15

20

25

30

WO 2013/155131 PCT/US2013/035890

dwell time. As will be appreciated, dwell times can be extremely short for molten
materials, especially for molten metals, and sometimes may only last for a few seconds or

even less than a second (e.g., milliseconds).

[0004] In some cases, it can be helpful to extend the dwell time of a molten material. For
example, lengthening the dwell time may ensure adequate time for filling a mold cavity
before solidification is complete or may promote the growth of desirable grain patterns in
the solidifying material. In addition, a longer dwell time may facilitate additional
activities during the casting process. As an éxample, when casting composite materials,
extending the dwell time can allow more flexibility in positioning inserts, preforms, and

other composite materials within the casting before solidification is complete.

[0005] Past efforts to extend dwell time include a few different approaches. Some have
tried to increase dwell time by minimizing the temperature difference between surfaces of
the mold cavity and the molten material being introduced into the mold. Some efforts
included heating the mold to a temperature closer to that of the molten material. Other
efforts included lowering the temperature of the molten material to a temperature closer to
that of the mold. Other efforts include using complex gating systems to distribute the
molten material more quickly throughout a mold. While these efforts have been
somewhat helpful, they have not been practical because increasing the temperature of the
mold can consume large amounts of energy and may be inherently limited by the melting

point of the mold material. Advanced gating systems can increase the complexity and cost

- of casting with little added benefit.

SUMMARY

[0006] Some embodiments of the invention are directed to methods for casting articles
that include the positioning of a thermal blanket in a mold cavity before or during the
casting process. In one embodiment, a method for casting an article is provided that
includes providing a thermal blanket and positioning at least a portion of the thermal
blanket within a mold cavity. The thermal blanket includes a layer of thermally insulating
material that has a first surface and a second surface. The method further includes
introducing a molten material into the mold cavity and into contact with the first surface of
the thermal blanket until the molten material fills the mold cavity. In some cases, the

molten material within the mold cavity remains in a molten state during a dwell time that
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extends from the introducing of the molten material into the mold cavity at least until the

molten material fills the mold cavity.

[0007] In another embodiment, a method for casting an article is provided that includes

providing a thermal blanket, positioning at least a portion of the thermal blanket within a
mold cavity, introducing a molten material into the mold cavity and into contact with the
first surface of the thermal blanket, and applying pressure to the molten material until the
molten material solidifies to form at least a portion of a cast article. The molten material
within the mold cavity remains in a molten state during a dwell time extending from the

introducing of the molten material into the mold cavity to the applying of pressure to the

molten material.

[0008] Other embodiments of the invention provide systems for casting an article. In one
embodiment, a system for casting an article is provided that includes a mold cavity and at
least one thermal blanket. The mold cavity has an inner surface and the thermal blanket
includes a layer of thermally insulating material. In some cases the thermal blanket is
configured to isolate a molten material introduced into the mold cavity from the inner
surface of the mold cavity. Doing so can allow the molten material within the mold cavity

to remain in a molten state at least until the molten material fills the mold cavity.

[0009] Other embodiments of the invention provide thermal blankets for use in casting an
article. In one embodiment, a thermal blanket is provided that includes a layer of thermally
insulating material that has a first surface, a second opposing surface, and one or more
sublayers of a ceramic fiber material. Each sublayer includes an arrangement of ceramic
fibers substantially positioned in an X-Y orientation parallel to the first surface of the
layer. The ceramic fibers are at least partially sintered together. In some cases, the layer

of thermally insulating material has a thickness of less than about 0.0625 inches.

[0010] Other embodiments of the invention provide methods for making a thermal blanket
for use in casting an article. In one embodiment, a method is provided that includes
providing a layer of thermally insulating material and compressing the layer of thermally
insulating material to a density of between about 6 Ibs/ft> and about 12 1bs/ft>. The layer
of insulating material includes a ceramic fiber material that is formed in a plurality of
sublayers of ceramic fibers. The method further includes heating the layer of thermally

insulating material so as to at least partially sinter together the ceramic fibers within each



10

15

20

25

WO 2013/155131 PCT/US2013/035890

of the plurality of sublayers. Some time after heating, the method includes removing one
or more of the plurality of sublayers of ceramic fibers. The one or more of the plurality of

sublayers can define a thermal blanket for use in casting an article.

[0011] These and various other features and advantages will be apparent from a reading of

the following detailed description.
BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The following drawings illustrate particular embodiments of the present invention
and therefore do not limit the scope of the invention. The drawings are not to scale (unless
so stated) and are intended for use in conjunction with the explanations in the following
detailed description. Embodiments of the present invention will hereinafter be described

in conjunction with the appended drawings, wherein like numerals denote like elements.

[0013] FIG. 1 is a flow diagram illustrating a method of manufacturing a thermal blanket

according to an embodiment.

[0014] FIG. 2A is a schematic, side sectional view of a layer of thermally insulating

material before compression according to an embodiment.

[0015] FIG. 2B is a schematic, side sectional view of a layer of thermally insulating

material after compression according to an embodiment.

[0016] FIG. 3 is a schematic representation of a casting system according to an

embodiment.

[0017] FIG. 4 is a schematic representation of a casting system according to an

embodiment.

[0018] FIG. 5 is a schematic representation of a casting system according to an

embodiment.

[0019] FIG. 6 is a flow diagram illustrating a method for casting an article according to an

embodiment.

[0020] FIG. 7 is a flow diagram illustrating a method for casting an article according to an

embodiment.
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[0021] FIG. 8 is a flow diagram illustrating a method for casting an article according to an

embodiment.

[0022] FIG. 9 is a flow diagram illustrating a method for casting an article according to an

embodiment.

[0023] FIG. 10 is a schematic representation of a casting system including a mold and a

thermal blanket according to an embodiment.

[0024] FIG. 11A is a perspective view of a thermal blanket positioned within a cavity of a

mold according to an embodiment.

[0025] FIG. 11B is a side cross-sectional view of the thermal blanket and mold in FIG.
11A.

[0026] FIG. 12 is a side cross-sectional view of a thermal blanket positioned betweena

mold and a molten material according to an embodiment.

[0027] FIG. 13 is a side cross-sectional view of a molten material positioned within a

mold cavity and between two thermal blankets according to an embodiment.

[0028] Fig. 14 is a side cross-sectional view of a casting after solidification according to

an embodiment.

[0029] FIG. 15 is a side cross-sectional view of a first molten material positioned within a
mold cavity between two thermal blankets and a second molten material positioned within
the mold on top of the first molten material but between two thermal blankets according to

an embodiment.

[0030] FIG. 16A is a schematic side cross-sectional view of a casting prior to applying

pressure to a mold according to an embodiment.

[0031] FIG. 16B is a schematic side cross-sectional view of the casting in FIG. 16A after

applying pressure to the mold and solidification according to an embodiment.

[0032] FIG. 17 is a perspective, partial sectional view of a casting according to an

embodiment.
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[0033] FIG. 18 is a side cross-sectional view of a casting according to an embodiment.

DETAILED DESCRIPTION

[0034] The following detailed description is exemplary in nature and is not intended to
limit the scope, applicability, or configuration of the invention in any way. Rather, the
following description provides some practical illustrations for implementing exemplary
embodiments of the present invention. Examples of constructions, materials, dimensions,
and manufacturing processes are provided for selected elements, and all other elements
employ that which is known to those of ordinary skill in the field of the invention. Those
skilled in the art will recognize that many of the noted examples have a variety of suitable

alternatives.

[0035] Embodiments described herein are generally related and applicable to casting
processes, including metal casting. Many examples described herein are related to or in
various ways address heat transfer from the molten material that is introduced into a mold
cavity. For examplé, some embodiments discuss heat transfer from molten materials into
the surrounding mold cavity walls, shot sleeves, shot tips, and/or other parts of different
kinds of molds. Also, some embodiments discuss heat transfer from molten material into
various preforms and/or inserts within a composite casting. Some embodiments are

directed to changing heat transfer properties through the use of insulating materials.

[0036] In addition, some embodiments are directed to controlling and/or changing the
behavior of molten materials as they approach surfaces within the mold cavity such as the
surfaces of inserts, preforms, and other objects within the mold cavity as well as the inner
walls of the mold cavity itself. Also, some embodiments discuss materials that may be
used to affect heat transfer within the casting process, and some embodiments describe
thermally insulating materials that can be useful for casting processes. Some embodiments
describe methods for making or manufacturing thermally insulating materials that can be
used to address heat transfer in a casting process. Some embodiments describe methods
for using some types of insulating materials within different casting processes, as well as
systems that are provided to practice the methods. Of course, it should be appreciated that
the embodiments described herein are examples of different products, articles, systems,
and/or methods, and are not meant to limit the scope of possible embodiments or their

application.
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[0037] FIG. 1 is a flow diagram illustrating a method 100 of manufacturing a thermal
blanket according to an embodiment. The method 100 generally starts by providing 102 a
layer of thermally insulating material. The layer of thermally insulating material is then
compressed 104, heated 106, and held 108 at a desired temperature for a predetermined
period of time. After holding the layer of material at the desired temperature for the
predetermined time period, the layer of material is allowed to cool 110 to facilitate
handling. A next step in the method 100 includes removing 112 one or more sublayers

from the layer of thermally insulating material as will be described further herein.

[0038] According to some embodiments, the layer of thermally insulating material used at
the start of the method 100 exhibits insulative properties that can be useful for reducing
heat transfer from a molten material within a mold cavity. Accordingly, the thermally

insulating material can be any desired material that has a desired heat transfer property.

[0039] In some embodiments, the thermally insulating material includes a ceramic
material. In certain embodiments, the thermally insulating material includes a ceramic
fiber material. The configuration of the thermally insulating material can vary. However,
in some cases, the thermally insulating material is configured as a mat or blanket of
ceramic fibers. One exémple of a ceramic fiber material is a layer of material that includes

aluminum oxide and/or silica fibers.

[0040] FIG. 2A is a schematic, side sectional view of one example of a layer 200A of
thermal insulating material as it may appear before being compressed 104 according to the
method 100. It should be appreciated that FIG. 2A is a simple, high-level schematic view
of a possible layer 200A and is not to scale or representative of all details within such a
layer. According to some embodiments, the layer 200A of thermally insulating material
includes a first surface 202, a second opposing surface 204, and one or more sublayers 206
of a ceramic fiber material. According to some embodiments, each sublayer 206 is formed
from an arrangement of flexible ceramic fibers 208 that are substantially (e.g., mostly or
generally) positioned in an X-Y orientation generally parallel to the first surface 202 as
shown in the example in FIG. 2A. In some cases, the character of the multiple small
ceramic fibers provides the layer 200A with a measure of resilience or compressibility. It
should be appreciated that while dotted lines are used in FIG. 2A to illustrate
representative sublayers 206, the sublayers may not actually have a uniform thickness or

completely parallel configuration as shown in the simplified drawing in FIG. 2A.
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[0041] It is contemplated that a number of different types of insulative material can be
used to form the layer of thermally insulating material. According to some embodiments,
a layer of thermally insulating material can be a layer of the material SAFFIL® LD Mat,
which is a well-known thermal ceramics material. Another commercially available
material that may be useful in some embodiments is Kaowool, which is a ceramic blanket

insulation manufactured by Thermal Ceramics.

[0042] Returning to FIG. 1, after providing 102 the layer of thermally insulating material,
the method 100 includes compressing 104 the layer of material and heating 106 the layer
of material. According to some embodiments, the layer of thermally insulating material is
compressed while it is heated, and remains compressed while the layer is held 108 at a
desired temperature for a period of time. According to some embodiments, the layer of
thermally insulating material may be compressed 104 and heated 106 in a kiln. For
example, in some cases, the layer of material can be laid flat on a surface in a kiln and
compressed with one or more free-standing weights or weighted articles (e.g., kiln
furniture). In some cases, compressing the layer of material by gravity with weights can
be useful when it is desirable to heat the material to a degree that is not normally feasible

for clamping molds (e.g., steel molds with a clamping mechanism).

[0043] According to some embodiments, the force used to compress the layer of thermally

insulating material is determined based on the hold time, the temperature, and the desired

density in the compressed layer. According to some embodiments, enough weight is
placed on the layer of material to create a force that compresses the layer of thermally
insulating material to a density of between about 6 1bs/ft’ and about 12 Ibs/f® after the end
of the holding period. In some cases, the force is sufficient to compress the layer to a
density of about 9 Ibs/ft’. In some cases, the force of the weights and the temperature of
the kiln (or other heating device) causes a phase change in the layer of thermally insulating
material over the course of the hold period. For example, in some cases, the method 100
may include heating 106 the layer of material to, and holding 108 it at, a temperature so as
to at least partially sinter together some or many of the ceramic fibers within a number of

sublayers within the layer of material.

[0044] The holding period during which the layer is compressed and heated may vary
depending upon the pressure and temperature imparted to the layer of material. According

to one embodiment, a layer of thermally insulating ceramic fiber material (e.g., SAFFIL ®
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LD mat) is heated to about 1,200 °C (2192 °F), and then held under pressure for at least a
minimum of one hour at 1,200 °C (2192 °F). In some cases, the ceramic fiber material is
brought to about 1,200 °C (2192 °F) and then held for between about 4 hours and about 8
hours. In another embodiment, the ceramic fiber material is held at about 1,200 °C (2192
°F) for about 6 hours. Of course, a variety of holding periods will work to effect the
desired phase change in the material depending upon the desired change and other
conditions of pressure and temperature. In some embodiments, the holding temperature
can be from about 1,093 °C (2000 °F) to about 1,260 °C (2300 °F); in some embodiments,
the holding temperature can be from about 1,149 °C (2100 °F) to about 1,204 °C (2200
°F). In some cases, a layer of ceramic fiber material such as SAFFIL® LD mat may be
compressed and held at about 1,200 °C (2192 °F) for more than about 4 hours, more than
about 6 hours, more than about 8 hours, or an even greater number of hours. For example,
in some cases, a minimum amount of holding time may be needed to effect the desired
phase change in the thermally insulating material, but after the minimum threshold time

has been met, additional holding time may not adversely affect the material.

[0045] Returning to FIG. 1, after holding 108 the layer of thermally insulating material at
the desired temperature and compressing for the desired period of time, the now-
compressed layer is optionally allowed to cool 110 sufficiently to enable handling of the
material. In some cases, the now-compressed layer may be allowed to cool completely to
room temperature (e.g., about 20 °C (68 °F)). After cooling a sufficient amount, the
method 100 includes removing 112 one or more sublayers of ceramic fibers from the
compressed layer of thermally insulating material. While the embodiment in FIG. 1
illustrates a cooling step, it should be appreciated that in some cases a cooling step may

not be necessary and one or more sublayers may be removed without the need for cooling.

[0046] FIG. 2B is a schematic, side sectional view of the layer 200B of thermally
insulating material shown in FIG. 2A after compression according to some embodiments.
As with FIG. 2A, it should be appreciated that FIG. 2B is not necessarily to scale and is
instead a simplified, high-level schematic view of how the layer 200A may change as a
result of the compressing 104, heating 106, and holding 108 processes in the method 100.
In addition, while dotted lines are used in FIG. 2B to illustrate separate sublayers 206, it
should be appreciated that the sublayers may not have a uniform thickness or completely

parallel configuration as shown in the simplified drawing in FIG. 2B.
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[0047] As illustrated by the example in FIG. 2B, in some cases, compressing and heating
the layer 200A of thermally insulating material deforms the ceramic fiber sublayers 206
such that the layer 200B of material maintains a compressed configuration after
compressing and heating. In some cases, this deformation or phase change may result
from adjacent fibers within sublayers sintering together, thus providing a binderless
method of holding the fibers within each sublayer together. In some cases, some ceramic
fibers may generally extend in the Z direction between sublayers, but Applicant believes
that for the most part the sintering occurs in the X-Y direction, thus facilitating the
separation and removal of one or more of the sublayers after the layer 200B has been
compressed and heated. For example, in some cases, one sublayer 210 may be peeled off

of the stack of sublayers 206 as shown in FIG. 2B.

[0048] After removing 112 one or more sublayers 206 from the compressed layer 200B of
thermally insulating material, the one or more removed sublayers 206 can form the basis
of an insulating thermal blanket that can be used in various casting methods and systems
as will be further described herein. According to some embodiments, the number of
sublayers 206 removed from the layer 200B to form a thermal blanket may vary
depending upon the structural properties and thermal characteristics desired for a
particular application. As used herein, the term sublayer is used to refer to one or more of
the layers separated from the thermally insulating starting material (e.g., a ceramic fiber
material such as SAFFIL ® LD mat or Kaowool). In some cases, a thermal blanket is
described herein as having or comprising a layer of thermally insulating material, which is
used is some cases to refer to the sublayer(s) removed from the compressed fhermally

insulating material.

[0049] In some cases, the thickness of the removed sublayers 210 (or alternatively, a layer
of material that is a part of a thermal blanket) may be selected to exhibit sufficient strength
for contacting a molten material but still meet certain maximum thickness preferences in
order to exhibit certain desired characteristics. For example, in some cases, the one or
more sublayers 210 removed have a total thickness of less than about 0.0625 inches but
have a density of between about 6 1bs/ft> and about 12 Ibs/ft’. In some cases, the removed
sublayers 210 may have a density of about 9 Ibs/ft’. According to some embodiments, the
removed sublayers (forming a layer of the thermal blanket) have a thickness of between

about 0.0001 inches and about 0.0625 inches. In some cases, the thickness is chosen to be

10
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between about 0.03 inches and about 0.06 inches. According to some embodiments, the

thickness of the removed sublayer(s) 210 (e.g., a layer of thermal blanket) is about 0.03

inches.

[0050] According to some embodiments, depending upon the materials being used, the
compressing the material to achieve a density greater than 12 Ibs/ft’ can start breaking
fibers within the thermal blanket into particles. In some cases, a pressure leading to a
density slightly higher than 12 lbs./ft’ may be used, although using a weight that leads to a
much lesser density may not produce the desired sublayering described above and it may

be more difficult to peel or otherwise remove layers of the sheets.

[0051] According to some embodiments, the layers within a thermal blanket (e.g., the
removed sublayer(s) 210) exhibit certain properties and/or characteristics that are useful in
a casting process. For example, in some cases, a thermal blanket is configured to isolate a
molten material introduced into the mold cavity from an inner surface of the mold cavity.
In some cases, the isolation lasts long enough so that the molten material within the mold
cavity remains in a molten state at least until the molten material fills the mold cavity. In
some cases, the thermal blanket or sublayers are configured to isolate molten material
from an inner surface of a mold cavity until pressure is applied to the molten material

(e.g., through squeeze casting).

[0052] In some cases the phrase “remaining in a molten state” means that the molten
material remains completely (i.e., 100%) molten for a period of time. In some cases the
phrase “remaining in a molten state” means that the molten material is substantially all
molten or mostly molten, or mostly molten partially solidified. In some cases the phrase
“remaining in a molten state” means that the material remains at a temperature above the
liquidus temperature curve on a phase diagram for that material, such that the material is

considered sufficiently molten for practical purposes.

[0053] According to some embodiments, the thermal blanket is configured to break apart
and/or substantially disintegrate when pressure is applied to molten material within a mold
cavity. For example, in some cases, the thermal blanket or sublayers may be sufficiently
strong to withstand the weight of a molten material, but may start to break apart once
pressure is applied to the molten material and the material is pushed into and starts to

infiltrate the thermal blanket. Upon infiltrating the thermal blanket, less insulation is
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between the molten material and other surfaces within the mold cavity, which tends to
speed up heat transfer and solidification. In some cases, a thermal blanket comprising a
layer of thermally insulating material (i.e., one or more sublayers removed from a
compressed material as described with respect to FIGS. 1-2B) may break apart and
substantially disintegrate such that upon removing a casting from a mold, the insulating
material from the thermal blanket is virtually undetectable. For example, the ceramic
fibers within a sublayer of compressed SAFFIL® LD mat that make up one example of a
thermal blanket may not be visible to the naked eye and may in some cases only be

detectable with the aid of instrumentation, such as a scanning electron microscope.

[0054] According to some embodiments, a thermal blanket includes a layer of thermally
insulating material having a first surface and an opposing second surface. As described
above, in some cases, the layer of thermally insulating material in the thermal blanket may
be formed by removing one or more sublayers of a compressed and densified insulating
material. According to some embodiments, the thermal blanket consists of the layer of
thermally insulating material, i.e., the thermal blanket and the group of removed
sublayer(s) are one and the same. In some cases, the thermal blanket may consist
essentially of removed sublayers from a compressed insulating material as shown in FIG.
2B, but may also include other materials to the extent they do not substantially affect the
performance of the removed sublayers. As just one example, in some cases, a thermal
blanket may include certain other materials, but upon disintegration, the other materials
are virtually undetectable in a similar manner to the insulating materials. Of course some
thermal blankets may include other materials that may enhance or otherwise affect the
performance of the thermal blanket and embodiments are not limited to a particular

configuration.

[0055] As mentioned above, some embodiments such as those described with respect to
FIGS. 1-2B are generally related to thermal blanket insulators and methods for making
them. Turning now to FIGS. 3-18, a number of embodiments relating to methods and
systems for using thermal blankets, and the articles cast with them, are described. In
addition, U.S. Patent Application No. 13/836,001, filed concurrently herewith, entitled
Thermal Isolation Spray for Casting Articles, and having attorney docket number
63974.3.7, describes a number of embodiments relating to casting with thermal insulator

sprays, and the articles cast with them. Some or all of the embodiments applicable to
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thermal insulator sprays in the related application may also be applicable to thermal
blanket insulators. This related application is incorporated herein by reference in its

entirety.

[0056] FIG. 3 is a schematic representation of a casting system 300 according to an
embodiment. The system 300 generally includes a thermal blanket 302 and a mold 304
defining a mold cavity 306. According to some embodiments, a method for casting an
article includves positioning the thermal blanket 302 within the mold cavity 306. The
thermal blanket 300 includes a layer of thermally insulating material having a first surface
and a second surface. In some cases, the thermal blanket 302 may be one of the thermal
blankets described above with respect to FIGS. 1-2B, or a thermal blanket incorporating
one or more sublayers of a compressed insulating material as described above. The mold
304 can be a number of different types of molds and may be configured for different types

of casting. In some cases, the mold 304 may be useful for gravity casting.

[0057] FIG. 4 is a schematic representation of a casting system 400 according to an
embodiment. The system 400 generally includes a first thermal blanket 402 and a second
thermal blanket 404 and a mold 406 defining a mold cavity 408. According to some
embodiments, a method for casting an article includes positioning the first and second
thermal blankets 402, 404 within the mold cavity 408. The thermal blankets 400 each
include a layer of thermally insulating material having a first surface and a second surface.
In some cases, the thermal blankets 402, 404 may be one of the thermal blankets described
above with respect to FIGS. 1-2B, or a thermal blanket incorporating one or more
sublayers of a compressed insulating material as described above. The mold 406 can be a
number of different types of molds and may be configured for different types of casting.
In some cases, the mold 406 comprises a first mold portion 410 and a second mold portion

412 that may be pressed together for during a method of direct squeeze casting.

[0058] FIG. 5 is a schematic representation of a casting system 500 according to an
embodiment. The system 500 generally includes three thermal blankets 502, 504, and
506, and a mold 508 defining a mold cavity 510. In addition, the system 500 includes a
preform or insert 512. According to some embodiments, a method for casting an article
includes positioning the thermal blankets 502, 504, and 506 within the mold cavity 510
along with the preform or insert 512. The thermal blankets each include a layer of

thermally insulating material having a first surface and a second surface. In some cases,
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the thermal blankets may be one of the thermal blankets described above with respect to
FIGS. 1-2B, or a thermal blanket incorporating one or more sublayers of a compressed
insulating material as described above. The mold 508 can be a number of different types
of molds and may be configured for different types of casting. In some cases, the mold
508 includes a first mold portion 520, a second mold portion 522, a shot sleeve 524, and a
plunger 526 that may be actuated to inject molten material into the mold cavity 510 during

a method of indirect squeeze casting.

[0059] While FIGS. 3-5 illustrate a few examples of possible systems that may be used for
casting articles according to embodiments described herein, it should be appreciated that
the illustrations are just examples and are not meant to limit other configurations for
systems in other embodiments. As just one example, some systems may include a mold, a
plurality of thermal blankets and a plurality of preforms and/or inserts that are used to cast

a composite article.

[0060] Some methods for casting articles may include the use of one or more thermal
blanket such as one of those described above. According to some embodiments, a thermal
blanket may be used to help insulate a shot sleeve and/or shot tip that is part of an indirect
squeeze casting mold. As is known, molten materials injected into a mold through a shot |
sleeve and shot tip can in some cases begin to freeze or solidify while in the shot sleeve/tip
before the materials even reach the mold cavity. In some cases, premature freezing can
cause the molten material to build up on the interior surface of the shot sleeve and/or tip,
and in some cases may lead to partial or complete blocking of the passageway for
introducing the molten materials into the mold cavity. In some cases, this difficulty is
particularly pronounced when dealing with small shot tips. According to some
embodiments, a thermal blanket may be positioned within the shot sleeve and/or shot tip in
order to isolate those portions of the mold mechanism from the molten materials. For

example, as the molten material is pressed through the shot sleeve, into the tip and into the

'mold cavity, it may pass by and contact the thermal blanket, but in some cases will not

penetrate or infiltrate the thermal blanket to any significant extent, leaving the material
free to flow through the tip into the mold cavity. In addition, in some cases a thermal
blanket be able to isolate some parts of the mold from the molten material that would in

some cases be difficult with other types of insulation. For example, some thermal blankets
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and/or the insulating layers within the thermal blanket may have a total thickness of less

than about 0.0625 inches.

[0061] According to some embodiments, the removed sublayers (forming a layer of the
thermal blanket) have a thickness of between about 0.0001 inches and about 0.0625
inches. In some cases, the thickness is chosen to be between about 0.03 inches and about

0.06 inches. According to some embodiments, the thickness of the removed sublayer(s)

210 (e.g., a layer of thermal blanket) is about 0.03 inches. Accordingly, very thin thermal

blankets can be used within a narrow or constricted area due to their small thicknesses.

[0062] According to some embodiments, a method for casting an article includes using at
least two thermal blankets to control a direction of solidification within the casting. For
example, in some cases, a first thermal blanket may be positioned within a mold cavity
against the mold cavity surface. Next, an amount of molten material can be introduced
into the mold cavity. After introducing the molten material, a second thermal blanket may
be positioned on top of the molten material. In some cases, one of the first and second
thermal blankets is thinner than the other, which may provide control of the direction of
solidification. For instance, in some cases, the thinner layer of thermal blanket may begin
to wear down and break away before a thicker layer. In some cases, a thinner layer of
thermal blanket provides less insulation that a thicker layer, and thus heat is transferred
more readily through the thinner layer, leading to the start of solidification at the thinner
layer. Solidification can progress through the molten material until it reaches the thicker

thermal blanket layer.

[0063] According to some embodiments, a thermal blanket may be used to create a
functional gradient within a casting. As is known, some types of molten materials include
one or more molten metals and in some cases may include a particulate material or
ceramic fiber material mixed in with the metals. According to some cases, a thermal
blanket may be positioned within the mold such that as the molten material infiltrates and
passes through the thermal blanket, the particular/fiber matter within the molten materials
tends to have difficulty passing through the thermal blanket. Accordingly, a layer or
amount of the particulates and/or fibers tends to build up at the interface of the thermal
blanket. One example of a molten material that includes a fractional amount of
particulates and/or fibers is Duralcan, which is manufactured by Rio Tinto Alcan. For

example, in one possible use, the Duralcan material may be 30 vol. fraction as the material
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is introduced into the mold cavity and may be up to about 60 vol. fraction at the interface
of the thermal blanket due to the difficulty in passing the particulate matter through the
thermal blanket. In some cases, the molten material may then tailor back down to about
30 vol. fraction as it nears another side of the mold cavity, thus creating a functional
gradient within the molten material. Of course this is just one example of a possible
functional gradient and it should be appreciated that numerous variations can be practiced

based on Applicant’s disclosure herein.

[0064] According to some embodiments, one or more thermal blankets may be positioned
within a mold cavity in order to provide some measure of control over how, where, and/or
when the molten material within the mold cavity meets the mold surfaces after
introduction. As discussed elsewhere, molten materials such as metals can in some cases
solidify very quickly upon contacting the mold walls due to rapid heat exchange. In some
embodiments, one or more thermal blankets can be positioned within the mold cavity in
order to prevent the molten materials from contacting the mold walls until pressure is
applied to the molten materials. For example, as molten material is introduced into a mold
cavity it may disperse through the cavity and eventually contact one or more portions of
one or more thermal blankets. As the amount of material continues to increase, it may in
some cases form a surface tension skin in contact with the thermal blanket(s), thus
preventing it from passing through the thermal layers to the mold cavity walls. In other
words, the thermal blanket(s) isolate the molten material from one or more portions of a
mold cavity wall as the cavity is being filled. In some cases, once the cavity is filled,
additional molten material may be injected into the mold, thus applying pressure on the
material already filling the mold cavity. In some cases, a cavity may be filled and pressure -
may be applied by closing a mold, e.g., by bring together multiple mold portions,
clamping down a top mold plate, etc. Accordingly, some embodiments can control (e.g.,
prolong or delay) the moment when the molten material contacts a mold wall until
pressure is applied. In some cases, once the desired pressure is achieved, the molten
materials will break through the surface tension at the interface with the thermal blanket(s)
and begin infiltrating the thermal blankets. As infiltration progresses, the molten materials
lose greater amounts of heat to the surrounding environment and may begin to partially

solidify while moving, thus breaking up the fibers and/or particulate structures in some

thermal blankets.
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[0065] In some cases, upon achieving the desired pressure within the mold cavity, the
molten materials may contact the mold surface very quickly in what may seem an
instantaneous manner. As just one example, in some cases achieving the desired pressure
causes the molten materials to break into and infiltrate a thermal blanket that is about 0.25
inches thick, and then completely solidify in about 200 ms. Accordingly, in some cases a
thermal blanket can be useful for isolating or separating molten materials from other
structures in the mold such as the mold cavity walls due to e.g., the surface tension of the
molten materials pressing against the blanket. In some cases once pressure is applied,
reinforcing fibers within a thermal blanket (e.g., within a ceramic fiber material) may
easily give way to the increased force coming from the molten materials. As the molten
materials infiltrate and begin to solidify, the movement of the solidifying material tends to
break up the ceramic fiber material in some blankets into microscopic pieces. Such pieces
may not be visible to the human eye, but may require a scanning electron microscope to

detect.

[0066] Certain embodiments described herein describe positioning one or more thermal
blankets within a mold cavity. In some cases, the positioning may be as simple as loosely
laying the blanket into the mold. Accordingly, the blanket may be used to create a sort of
holding pond to isolate the molten material from the sides of a mold cavity during a pour,
so that almost all of the material necessary makes it into the mold cavity before
solidifying. Upon introducing a sufficient amount of molten material into the “holding
pond,” pressure may be applied to force the molten material through the thermal blanket to
the surface of the cavity. Accordingly, a thermal blanket may be useful in some cases to
allow the molten metal to come into nearly all or all of the surfaces of a mold cavity nearly
instantaneously. Simultaneous or near simultaneous freezing along all surfaces of the
mold may in some cases promote a more desirable solidification patters within the final

casting.

[0067] In some cases, the thermal blanket rﬁay generally follow the major contours of a
mold cavity (e.g., transitions between major surfaces, etc.), but in some cases, may not
closely follow minor contours in the surface. For example, in some cases, a mold may
define several smaller voids, crevices, recesses, runs, etc., that form surface features when
cast along with the main body of the casting. In some cases, a thermal blanket may be laid

on top of such surface features, but may not be inserted into small recesses or exactly
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follow all the minor details within a mold. In some cases, it is believed that some portions
of a mold cavity surface may be left “uncovered” because use of the thermal blanket may
generally allow most or all of the cavity to be filled, and then upon pressurization, all
smaller cracks, crevices, runs, depressions, etc., can be filled almost instantaneous because
the thermal blanket(s) have allowed molten material to come very close to all surfaces of

the mold prior to pressurization.

[0068] In some cases, for example, all the contours or features of a mold may not need to
be exactly matched by a thermal blanket. For example, in some cases, it may be sufficient
to approximately match the contours of mold cavity so that the molten material is closer
to, or as close as possible to, the desired end shape for the casting prior to pressurization.
This can lessen the distance that the molten material needs to flow for smaller features
and may prevent sections of the mold cavity from solidifying early. In some cases,
approximately covering features with a thermal blanket can thus reduce or minimize the
“uncovered” travel distances over which the molten material may be more likely to
prematurely solidify. In some cases, a thermal blanket may be used to cover thinner
sections of a mold that are used as runners or flow lines to thicker sections of the mold.
Accordingly, the blanket may keep material flow through the thinner sections from

prematurely freezing and clogging before thicker sections of the mold are filled.

[0069] In some cases, use of one or more thermal blankets may provide a casting process
in which the casting molds can be operated at a colder temperature than might otherwise
be used. Colder mold temperatures can, in turn, provide faster solidification times which
may lead to improved solidification of the molten materials (e.g., finer grains, few long
grains, fewer dendrite growths, etc.). In some cases, a casting method using one or more
thermal blankets to line a mold cavity may operate with the molds at room temperature
(e.g., about 20 °C) as opposed to temperatures closer to 250 °C, which are typical for
metal casting processes. Accordingly, some embodiments can provide material flow
characteristics within a mold at room temperature that are substantially the same as
characteristics typical of molds run at temperature closer to 250 C, while also providing

higher solidification or cooling rates.

[0070] According to some embodiments, use of one or more thermal blankets may extend
the dwell time of a molten metal. As just one example, in some cases, positioning a

thermal blanket within a mold cavity may lead to a dwell time on the order of minutes
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rather than the order of seconds, milliseconds, and smaller units. According to some
embodiments, using a thermal blanket during a casting process may provide dwell times of
30 seconds or more. In some cases a thermal blanket may provide a dwell time of
between about 1 minute and about 10 minutes. In some cases, the dwell time provided
may be between about 3 and 8 minutes. In some cases the dwell time may be about 4
minutes or about 5 or more minutes. In some cases the thickness of the thermal blanket

can be adjusted (e. g., by selecting fewer or more sublayers of the thermally insulating

material) to adjust the dwell time.

[0071] In some cases, an increased dwell time can provide advantages for different casting
methods, including the casting of composite materials. For example, a prolonged or
increased dwell time may provide added time that is useful for arranging tiles, inserts,
performs, and other types of objects within the mold cavity during the casting process.
With some past methods, multiple people may be needed to insert materials into a
composite casting because of the very quick solidification rates. In contrast, use of a
thermal blanket may require fewer people and/or provide dwell time for increasing the
accuracy of preform positions, ensuring performs are distributed with spacing as desired,
etc. This can be useful for casting high performance materials and may make it easier to
selectively change the performance of a casting by tailoring properties of the casting

during the increased dwell time.

[0072] In some cases, an increased dwell time may allow the initial pouring of molten
material and then arranging of one or more objects within the cavity that are meant to be
encapsulated by the material. After satisfactorily arranging the objects, in some cases
pressure may be applied to finish the casting process and push the molten material into all
section so the mold cavity that it was previously isolated from by the thermal blanket.
Thus, it should be appreciated that an increased dwell time can be useful for casting
composite materials because it provides a longer period during which different objects
(e.g., inserts, ceramic preform layers with different densities, etc.) can be arranged in order

to tailor the properties of the final casting.

[0073] According to some embodiments, use of one or more thermal blankets may provide
an ability to effectively modify the thermal conductivity of one or more die walls. As just
one example, in some cases at least a portion of a thermal blanket may be positioned

within a mold cavity against one or more walls of the mold. Placing the thermal blanket
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against the selected mold walls insulates that section of the mold wall, thus changing the
thermal conductivity profile of the mold walls. As molten material is introduced into a
mold with such an arranged blanket, the molten material will undergo different thermal
shifts depending upon whether the material comes into contact with a bare mold wall or a
portion of a mold wall that is insulated with a thermal blanket. Thus, insulating one or
more walls or portions of walls of a mold can promote directional solidification within the
casting as portions of the molten material (e.g., those contacting bare portions of a mold
wall) lose heat faster than other portions (e.g., those contacting thermal blankets).

Thermal blankets of various sizes can thus be used to selectively insulate different portions
of a mold in order to solidify different portions of the casting at different times and/or

rates, which can be beneficial for generating desired material properties in a cast article.

[0074] According to some embodiments, a first thermal blanket may be positioned within
a mold cavity to substantially line the cavity. After pouring molten material into the
cavity, an additional thermal blanket may be placed on top of the molten material before
closing and pressurizing the mold. Thus, the molten material is in effect inside an
insulative envelope that reduces the likelihood of premature solidification at any one spot,
even near an open end of a mold that is only sealed and pressurized after filling the rest of

the mold cavity.

[0075] According to some embodiments, a thermal blanket may be used in many different
types of casting methods as mentioned above. In some cases, a thermal blanket may be
positioned in any useful position and/or in contact with any mold surface, preform or

insert surface, or between different types of molten materials.

[0076] As used herein, the term preform is used to reference a material that can be
infiltrated with a molten material. Also, the term insert is used herein to indicate a piece
of material that would not be infiltrated. For example, an insert might be solid material
like a piece of steel. According to some embodiments, a preform can be used as a thermal
isolator, e.g., by placing the preform underneath a tile or insert. In some cases, a preform
can have features that hold the spacing between hot (e.g., heated) tiles and a cold die

cavity.

[0077] As shown in some of the Figures, multi-level laminates including the same and/or

different molten materials may be created by positioning thermal blankets between the
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different materials. According to some embodiments, the molten material(s) introduced
into a mold cavity and into contact with a thermal blanket may be any suitable material
used in methods for casting articles. In some cases, a molten material may include at least
one metal (e.g., in elemental, compound, or alloy forms). In some cases, one or more
metals including aluminum, magnesium, and/or steel may be used. Further, in some cases
a molten material may also include a particulate material. One example of such a material

is Duralcan, which includes SiC particles suspended in aluminum.

- [0078] According to some embodiments, use of one or more thermal blankets for thermal

isolation within a mold cavity may also include isolating one or more insert from the
molten material. Accordingly, the performance of the solidified material can be improved
while also limiting the duration of contact between a molten material and an insert.
Accordingly, an insert and/or preform isolated by a thermal blanket may not be subject to
as high of heat conditions as would otherwise be encountered. This may reduce the
instances when an insert is degraded by unfavorable conditions. For example, some
embodiments may only provide a short amount of contact time between a high
temperature mold material and sometimes sensitive inserts prior to solidification. As one
example, in some cases a thermal blanket may be used to protect a wrought or cast plate

made from magnesium, aluminum and/or titanium that is inserted into the mold cavity.

[0079] FIG. 6 is a flow diagram illustrating a method 600 for casting an article according
to an embodiment. The method generally includes providing 602 a thermal blanket,
positioning 604 at least a portion of the thermal blanket within a mold cavity of a mold,
and then introducing 606 a molten material into the mold cavity and into contact with a

first surface of the thermal blanket until the molten material fills the mold cavity.

[0080] FIG. 7 is a flow diagram illustrating a method 700 for casting an article according
to an embodiment. The method generally includes providing 702 a thermal blanket,
positioning 704 at least a portion of the thermal blanket within a mold cavity of a mold,
positioning 706 one or more preforms and/or inserts within the mold cavity, and then
introducing 708 a molten material into the mold cavity and into contact with a first surface

of the thermal blanket, but not the preforms and/or inserts, until the molten material fills

the mold cavity.
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[0081] FIG. 8 is a flow diagram illustrating a method 800 for casting an article according
to an embodiment. The method generally includes providing 802 a first thermal blanket
and a second thermal blanket, positioning 804 at least a portion of the first thermal blanket
within a mold cavity of a mold, and introducing 806 a first molten material into the mold
cavity and into contact with a first surface of the first thermal blanket. The method also
includes positioning 808 at least a portion of the second thermal blanket within the mold
cavity, and introducing 810 a second molten material into the mold cavity and into contact

with a first surface of the second thermal blanket.

[0082] FIG. 9 is a flow diagram illustrating a method 900 for casting an article according
to an embodiment. The method generally includes providing 902 a thermal blanket and
positioning 904 at least a portion of the thermal blanket within a mold cavity of a mold.
The method then includes introducing 906 a first molten material into the mold cavity and
into contact with a first surface of the thermal blanket. The method also includes applying
pressure 908 at least until the molten material solidifies. Another step in the method 900
includes infiltrating 910 the thermal blanket with the molten material when the pressure is

applied 908 to the molten material.

[0083] FIGS. 10-14 depict a series of steps in a method for casting an article according to
an embodiment. FIG. 10 is a schematic representation of a casting system 1000 including
a mold 1002 and a thermal blanket 1004 according to an embodiment. FIG. 11Aisa
perspective view of the thermal blanket 1004 positioned within a cavity 1006 of the mold
1002 according to an embodiment. For example, in this case, the thermal blanket 1004 is
pressed into the corners of the mold cavity to substantially line the interior surfaces of the
mold cavity 1006 and excess portions of the blanket 1004 simply extend from the mold
cavity. FIG. 11B is a side cross-sectional view of the thermal blanket 1004 and mold 1002
in FIG. 11A.

[0084] FIG. 12 illustrates the addition of a molten material 1008 into the cavity 1006. As
can be seen from the side cross-sectional view, the thermal blanket 1004 is positioned
between the mold 1002 and the molten material 1008 and thus thermally isolates the mold
1002 from the molten material 1008. As can be seen, the thermal blanket 1004 acts to
create a holding pond that holds initial portions of the molten material 1008 in isolation

from the mold 1002 until substantially the entire mold cavity 1006 is filled.
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[0085] Turning to FIG. 13, in some cases, an additional thermal blanket 1010 may be
positioned on top of the molten material 1008. FIG. 13 is a side cross-sectional view of
the molten material 1008 positioned within a mold cavity and between the two thermal

blankets 1004, 1010 according to an embodiment.

[0086] Fig. 14 is a side cross-sectional view of a finished casting 1020 sitting within the
mold cavity 1006 of the mold 1002 after solidification according to an embodiment. For
example, a top portion of the mold 1002 (not shown) may in some cases be pressed against
the bottom portion 1002, thus applying pressure to the molten material 1008 to begin
solidification. As shown in FIG. 14, in some cases applying pressure and finishing the
casting produces a cast article 1020 without a noticeable presence of the thermal blankets
1004, 1010 that were used in the casting process. As discussed above, in some cases
applying pressure may force the molten material 1008 to infiltrate the blankets 1004, 1010
and to begin breaking apart the blankets.

[0087] FIG. 15 is a side cross-sectional view of a first molten material 1500 positioned
within a mold cavity 1502 between two thermal blankets 1504, 1506. The example also
shows a second molten material 1508 positioned within the mold cavity 1502 on top of the
first molten material 1500 but between two thermal blankets 1506, 1520. Accordingly, the
use of three thermal blankets in this case can allow the creation of a multi-level laminate
structure. In some cases the first and second molten materials may be the same, while in
some cases they may be different. As will be appreciated, depending upon the size of the
mold and the thickness of the layers, several thermal blankets could be used at once to cast

an article having several layers.

[0088] Turning to FIG. 16A, an example of a multi-layer high performance composite
casting is shown in a schematic side cross-sectional view of a casting 1650 prior to
applying pressure to a mold according to an embodiment. As illustrated, in some cases a
thermal blanket 1606 may be positionéd between each different adjacent layer, although
this is not required and may not be used in some cases. The casting is shown within a
mold 1900 that includes a bottom wall and side walls, as well as a moving top wall that
allows pressurization of the casting in a direct squeeze casting embodiment. A wide
variety of inserts, preforms and other materials may be placed within the casting 1650 to
enhance the composite performance. For example, in this case the casting 1650 includes a

bottom insert or plate 1604 placed directly on a bottom thermal blanket. Next a thermal
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blanket is positioned over the plate 1604. A plurality of tiles and/or inserts 1608 can then
be positioned on the thermal blanket and another preform 1610 on top of that blanket.
Finally another insert or plate 1610 is included between two additional thermal blankets at

the top of the casting.

[0089] FIG. 16A shows that the mold 1600 includes a movable portion or plunger 1602
that can be actuated to apply pressure to the molten materials within the cavity. Upon
applying pressure in this case, the thermal blankets 1606 are broken up and substantially
disintegrated as discussed above. FIG. 16B is a schematic side cross-sectional view of the
casting 1670 in FIG. 16A after applying pressure to the mold and solidification according

to an embodiment. As can be seen, the thermal blankets 1606 have virtually disappeared.

[0090] FIG. 17 is a perspective, partial sectional view of a casting 1700 according to an
embodiment. The sectional view of the casting illustrates the multiple layers of the casting
1700, which include a low-density preform 1702 at the bottom, a carbon fiber weave 1704
on top of the preform 1702, several ceramic tiles 1706 on top of the fiber weave 1704, and
a layer of metal alloy 1708 encompassing, enveloping, and infiltrating the entire casting
1700. Although not shown in FIG. 17, in some cases one or more thermal blankets may
be positioned between the one or more layers (e.g., see reference number 1720) in order to

isolate the layers during casting.

[0091] FIG. 18 is a side cross-sectional view of a casting 1800 according to an
embodiment. As can be seen, the casting 1800 is formed from three types of materials.
Although not seen, in some cases a first thermal blanket may be placed at position 1802,
and a second thermal blanket may be placed at position 1804 in order to isolate the layers

during casting.

[0092] According to some embodiments a casting method for an article includes placing a
thermal blanket in a mold cavity. The thermal blanket lines the sides of the mold cavity
and in some cases lines and/or envelopes certain preforms or inserts. When a molten
material is introduced into the mold cavity and the mold is closed, there is an extended
dwell period realized prior to pressurization and solidification of the molten material to

form a cast article.
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[0093] In some cases positioning of a preform within the mold cavity may ensure that the

thermal blanket isolates some or all of the preform from the mold cavity wall.

[0094] In some cases positioning of the thermal blanket comprises lining the mold cavity,
and in some cases casting inserts and preforms, with the thermal blanket to substantially

isolate the separate mold entities from the molten material.

[0095] In some cases the preform is a porous preform, a variable density preform or a
porous variable density preform wherein the preforms are suitable for infiltration casting.
A preform may contain for example, ceramic particles, continuous or discontinuous
ceramic fibers or a combination thereof. In addition, the preform can also be used as

positioning thermal isolator for exacting placement of casting inserts.

[0096] In some cases a thermal blanket comprises ceramic based fibers and the thermal

“blanket is thermally processed and compressed to achieved a desired bulk density that can

range from about 64#/Ft’ to about 12#/Ft.

[0097] In some cases the thermal blanket and a preform act to tailor the material structure
through the cross section. In some cases this can be used to create a functional gradient

through the material thickness with tailor-able material properties.

[0098] According to some embodiments, a casting method for an article includes steps in
the process wherein a first thermal blanket is placed in the mold cavity; and wherein the
first thermal blankets lines the sides of the mold cavity; and wherein a first molten
material is introduced into at least a portion of the mold cavity; and wherein a second
thermal blanket is placed over the first molten material; and wherein a second molten
material is introduced on top of the second thermal blanket; and wherein the second
molten material is the same as the first molten material; and wherein this multi-level
lamination can be repeated; and wherein the mold is closed; and wherein there is an
extended dwell period realized prior to pressurization and solidification of the molten

material to form a cast article.

[0099] According to some embodiments, a casting method for an article includes steps in
the process wherein a first thermal blanket is placed in the mold cavity; and wherein the
first thermal blankets lines the sides of the mold cavity; and wherein a first molten

material is introduced into at least a portion of the mold cavity; and wherein a second
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thermal blanket is placed over the first molten material; and wherein a second molten
material is introduced on top of the second thermal blanket; and wherein the each molten
material laminate level is unique and specific; and wherein this multi-level lamination can
be repeated; and wherein the mold is closed; and wherein there is an extended dwell

period realized prior to pressurization and solidification of the molten material to form a

cast article.

[00100] Thus, embodiments of the invention are disclosed. Although examples have been
described in considerable detail with reference to certain disclosed embodiments, the
disclosed embodiments are presented for purposes of illustration and not limitation and
other embodiments of the invention are possible. -One skilled in the art will appreciate that
various changes, adaptations, and modifications may be made without departing from the

spirit of the invention and the scope of the appended claims.
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WHAT IS CLAIMED IS:

1. A method for casting an article, comprising:

providing a thermal blanket, the thermal blanket comprising a layer of thermally
insulating material and having a first surface and a second surface;

positioning at least a portion of the thermal blanket within a mold cavity; and

introducing a molten material into the mold cavity and into contact with the first
surface of the thermal blanket until the molten material fills the mold cavity, wherein the
molten material within the mold cavity remains in a molten state during a dwell time
extending from the introducing of the molten material into the mold cavity at least until

the molten material fills the mold cavity.

2. The method of claim 1, wherein the second surface of the thermal blanket is

adjacent at least a portion of an inner surface of the mold cavity.

3. The method of claim 1, wherein the mold cavity comprises a first surface defined
by at least a portion of a mold and wherein the second surface of the thermal blanket

substantially covers the first surface of the mold cavity.

4. The method of claim 1, further comprising positioning a porous preform and/or a
non-porous insert within the mold cavity, wherein the thermal blanket isolates the molten
material from at least part of the porous preform and/or at least part of the non-porous

insert during the dwell time.

5. The method of claim 1, wherein the molten material comprises at least one metal.

6. The method of claim 5, wherein the at least one metal comprises aluminum,

magnesium, and/or steel.

7. The method of claim 5, wherein the molten material further comprises a particulate

material.
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8. The method of claim 1, wherein the thermal blanket is a first thermal blanket, and
further comprising providing a second thermal blanket, the second thermal blanket
comprising a layer of thermally insulating material and having a first surface and a second
surface, and further comprising positioning at least a portion of the second thermal blanket

within the mold cavity.

9. The method of claim 8, wherein the molten material is a first molten material, and
further comprising positioning at least the portion of the second thermal blanket adjacent
the first molten material and introducing a second molten material into the mold cavity

and into contact with the first surface of the second thermal blanket.

10. The method of claim 9, wherein the first molten material and the second molten

material are different.

11. A method for casting an article, comprising:

providing a thermal blanket, the thermal blanket comprising a layer of thermally insulating
material and having a first surface and a second surface;

positioning at least a portion of the thermal blanket within a mold cavity;

introducing a molten material into the mold cavity and into contact with the first surface of
the thermal blanket; and

applying pressure to the molten material until the molten material solidifies to form at
least a portion of a cast article, wherein

the molten material within the mold cavity remains in a molten state during a dwell time
extending from the introducing of the molten material into the mold cavity to the

applying of pressure to the molten material.

12.  The method of claim 11, wherein the applying pressure comprises filling the mold
cavity with the molten material and continuing to introduce the molten material into the

mold cavity after filling the mold cavity.

13.  The method of claim 11, wherein the mold cavity is defined by at least a first mold

portion and a second mold portion, and wherein the applying pressure comprises closing
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the first mold portion upon the second mold portion and upon the molten material within

the mold cavity.

14.  The method of claim 11, wherein the molten material does not penetrate the first

surface of the thermal blanket prior to applying the pressure to the molten material.

15.  The method of claim 11, wherein applying the pressure to the molten material

causes the molten material to infiltrate the thermal blanket.

16.  The method of claim 15, wherein applying the pressure to the molten material

breaks apart the thermal blanket.

17.  The method of claim 15, wherein applying the pressure to the molten material

substantially disintegrates the thermal blanket.

18. The method of claim 11, wherein the second surface of the thermal blanket is

adjacent at least a portion of an inner surface of the mold cavity.

19.  The method of claim 11, wherein the mold cavity comprises a first surface defined
by at least a portion of a mold and wherein the second surface of the thermal blanket

substantially covers the first inner surface of the mold cavity.

20.  The method of claim 11, further comprising positioning a porous preform and/or
non-porous insert within the mold cavity, wherein the thermal blanket isolates the molten
material from at least part of the porous preform and/or at least part of the non-porous

insert during the dwell time.

21.  The method of claim 11, wherein the molten material comprises at least one metal.
22. The method of claim 21, wherein the at least one metal comprises aluminum
and/or magnesium.
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23.  The method of claim 21, wherein the molten material further comprises a

particulate material.

24. The method of claim 11, wherein the thermal blanket is a first thermal blanket, and
further comprising providing a second thermal blanket, the second thermal blanket
comprising a layer of thermally insulating material and having a first surface and a second

surface, and further comprising positioning at least a portion of the second thermal blanket

within the mold cavity.

25. The method of claim 24, wherein the molten material is a first molten material, and
further comprising positioning at least the portion of the second thermal blanket adjacent
the first molten material, introducing a second molten material into the mold cavity and
into contact with the first surface of the second thermal blanket, and wherein the applying
pressure to the molten material comprises applying pressure to the first molten material

and the second molten material until the first and the second molten materials solidify.

26. The method of claim 25, wherein the first molten material and the second molten

material are different.

27. A system for casting an article, comprising:

a mold defining a mold cavity comprising an inner surface; and

at least one thermal blanket, the at least one thermal blanket comprising a layer of
thermally insulating material, wherein the at least one thermal blanket is
configured to isolate a molten material introduced into the mold cavity from the
inner surface of the mold cavity such that the molten material within the mold
cavity remains in a molten state at least until the molten material fills the mold

cavity.

28. The system of claim 27, wherein the at least one thermal blanket is configured to
isolate the molten material from the inner surface of the mold cavity until pressure is

applied to the molten material.

29.  The system of claim 27, wherein the at least one thermal blanket is configured to

substantially disintegrate when pressure is applied to the molten material.

30



10

15

20

25

30

WO 2013/155131 PCT/US2013/035890

30.  The system of claim 27, further comprising a plurality of thermal blankets.

- 31. The system of claim 27, wherein the at least one thermal blanket consists

essentially of the layer of thermally insulating material.

32. The system of claim 27, wherein the at least one thermal blanket consists of the

layer of thermally insulating material.

33.  The system of claim 27, wherein the thermally insulating material comprises a

ceramic fiber material.

34.  The system of claim 33, wherein the ceramic fiber material comprises aluminum

oxide and/or silica.

35.  The system of claim 27, wherein the layer of thermally insulating material has a

density of between about 6 lbs/ft> and about 12 lbs/ft>.

36.  The system of claim 35, wherein the density of the layer of thermally insulating

material is about 9 1bs/ft’.

37. The system of claim 27, wherein the at least one layer of thermally insulating

material has a thickness of less than about 0.0625 inches.

38. The system of claim 27, wherein the at least one layer of thermally insulating

material has a thickness of between about 0.0001 inches and about 0.0625 inches.

39. The system of claim 38, wherein the thickness of the at least one layer of

thermally insulating material is between about 0.03 inches and about 0.06 inches.

40. The system of claim 27, wherein the at least one layer of thermally insulating

material has a thickness of about 0.03 inches.
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41.  The system of claim 27, further comprising a pressure injection system configured

to introduce the molten material into the mold cavity under pressure.

42.  The system of claim 27, wherein the mold comprises a first part and a removable
second part that define the mold cavity when the removable second part is positioned

adjacent the first part.

43. The system of claim 27, wherein the mold and the mold cavity are configured for

gravity casting.

44. The system of claim 27, further comprising a shot sleeve configured to receive the

molten material and a plunger configured to press the molten material from the shot sleeve

into the mold cavity under pressure.

45. A thermal blanket for use in casting an article, comprising a layer of thermally
insulating material comprising a first surface, a second opposing surface, and one or more
sublayers of a ceramic fiber material, each sublayer comprising an arrangement of ceramic
fibers substantially positioned in an X-Y orientation parallel to the first surface and at least
partially sintered together, wherein the layer of thermally insulating material has a

thickness of less than about 0.0625 inches.

46. The thermal blanket of claim 45, wherein the layer of thermally insulating material
has a density of between about 6 1bs/ft’ and about 12 Ibs/ft’.

47.  The thermal blanket of claim 45, wherein the thermally insulating material is a

binderless material.

48. A method for making a thermal blanket for use in casting an article, comprising:

providing a layer of thermally insulating material comprising a ceramic fiber material
comprising a plurality of sublayers of ceramic fibers;

compressing the layer of thermally insulating material to a density of between about 6
Ibs/£t> and about 12 Ibs/ft’; |

heating the layer of thermally insulating material so as to at least partially sinter together

~ the ceramic fibers within each of the plurality of sublayers; and
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removing one or more of the plurality of sublayers of ceramic fibers after sintering, the

one or more of the plurality of sublayers defining the thermal blanket for use in

casting the article.

49. The method of claim 48, wherein the one or more of the plurality of sublayers

removed have a total thickness of less than about 0.0625 inches.

50.  The method of claim 48, further comprising after heating the layer of thermally

insulating material to a desired temperature, holding the thermally insulating material at

the desired temperature for at least one hour.
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