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Description

[0001] This invention relates to exothermic and/or insulating sleeves, their method of preparation, and their use. The
sleeves are prepared by shaping a sleeve mix comprising (1) a sleeve composition capable of providing a sleeve, and
(2) a chemically reactive binder. The sleeves are cured in the presence of a catalyst by the cold-box curing process.
The invention also relates to a process for casting metal parts using a casting assembly where the sleeves are a
component of the casting assembly.
[0002] A casting assembly consists of a pouring cup, a gating system (including downsprues, choke, and runner),
risers, sleeves, molds, cores, and other components. To produce a metal casting, metal is poured into the pouring cup
of the casting assembly and passes through the gating system to the mold and/or core assembly where it cools and
solidifies. The metal part is then removed by separating it from the core and/or mold assembly.
[0003] The molds and/or cores used in the casting assembly are made of sand or other foundry aggregate and a
binder, often by the no-bake or cold-box process. The foundry aggregate is mixed with a chemical binder and typically
cured in the presence of a liquid or vaporous catalyst after it is shaped. Typical aggregates used in making molds and/
or cores are aggregates having high densities and high thermal conductivity such as are silica sand, olivine, quartz,
zircon sand, and magnesium silicate sands. The amount of binder used for producing molds and/or cores from these
aggregates on a commercial level is typically from 1.0 to 2.25 weight percent based upon the weight and type of the
aggregate.
[0004] The density of a foundry mix is typically from 1.2 to 1.8 g/cc while the thermal conductivity of such aggregates
typically ranges from 0.8 to 1.0 W/m.K. The resulting molds and/or cores are not exothermic since they do not liberate
heat. Although molds and cores have insulating properties, they are not very effective as insulators. In fact, molds and
cores typically absorb heat.
[0005] Risers or feeders are reservoirs which contain excess molten metal which is needed to compensate for con-
tractions or voids of metal which occur during the casting process. Metal from the riser fills such voids in the casting
when metal from the casting contracts. Thus the metal from the riser is allowed to remain in a liquid state for a longer
period of time, thereby providing metal to the casting as it cools and solidifies. Sleeves are used to surround or encap-
sulate the riser and other parts of the casting assembly in order to keep the molten metal in the riser hot and maintain
it in the liquid state. The temperature of the molten metal and the amount of time that the metal in the riser remains
molten is a function of the sleeve composition and the thickness of the sleeve wall, among other factors.
[0006] In order to serve their function, sleeves must have exothermic and/or insulating properties. The exothermic
and insulating thermal properties of the sleeve are different in kind and/or degree than the thermal properties of the
mold assembly into which they are inserted. Predominately exothermic sleeves operate by liberating heat which sat-
isfies some or all of the specific heat requirements of the riser and limits the temperature loss of the molten metal in
the riser, thereby keeping the metal hotter and liquid longer. Insulating sleeves, on the other hand, maintain the molten
metal in the riser by insulating it from the surrounding mold assembly.
[0007] Foundry molds and cores do not have the thermal properties which enable them to serve the functions of a
sleeve. They are not exothermic, are not effective enough as insulators, and absorb too much heat to keep the molten
metal hot and liquid. Compositions used in foundry molds and cores are not useful for making sleeves because they
do not have the required thermal properties and density.
[0008] Typical materials used to make sleeves are aluminum, oxidizing agents, fibers, fillers and refractory materials,
particularly alumina, aluminosilicate, and aluminosilicate in the form of hollow aluminosilicate spheres. The type and
amount of materials in the sleeve mix depends upon the properties of the sleeves which are to be made. Typical
densities of sleeve compositions range from 0.4 g/ml to 0.8 g/ml. The thermal conductivity for aluminum at room tem-
perature is typically greater than 200 W/m.K while the thermal conductivity for hollow aluminosilicate microspheres at
room temperature ranges from 0.05 W/m.K to 0.5 W/m.K. To some extent, all sleeves are required to have insulating
properties, or combined insulating and exothermic properties in order to minimize heat loss and to maintain the metal
in a liquid state for as long a time as possible.
[0009] Three basic processes are used for the production of sleeves, "ramming", "vacuuming", and "blowing or shoot-
ing". Ramming and blowing are basically methods of compacting a sleeve composition and binder into a sleeve shape.
Ramming consists of packing a sleeve mix (sleeve composition and binder) into a sleeve pattern made of wood, plastic,
and/or metal. Vacuuming consists of applying a vacuum to an aqueous slurry of a refractory and/or fibers and suctioning
off excess water to form a sleeve. Typically, whether ramming, blowing, or vacuuming is used to form the sleeve, the
sleeves formed are oven-dried to remove contained water and cure the sleeve. If the contained water is not removed,
it may vaporize when it comes into contact with the hot metal and result in a safety hazard. In none of these processes
is the shaped sleeve chemically cured with a liquid or vaporous catalyst.
[0010] These compositions are modified, in some cases, by the partial or complete replacement of the fibers with
hollow aluminosilicate microspheres. See PCT publication WO 94/23865. This procedure makes it possible to vary the
insulating properties of the sleeves and reduces or eliminates the use of fibers which can create health and safety
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problems to workers making the sleeves and using the sleeves in the casting process.
[0011] One of the problems with sleeves is that the external dimensions of the sleeves are not accurate. As a result,
the external contour of the sleeves does not coincide in its dimensions with the internal cavity of the mold where the
sleeve is to be inserted. In order to compensate for the poor dimensional accuracy, it is often necessary to oversize
the cavity in the mold where the sleeve is to be inserted, or form or place "crush ribs" in the mold assembly which erode
or deform when the sleeves are inserted into the riser cavity to provide a means of locking the sleeve in place. Alter-
natively, the sleeves are placed in position on the casting pattern and the mold is made around the sleeves, thus
avoiding problems with sleeves that are not dimensionally accurate.
[0012] Another problem with sleeves is that they may lack the required thermal properties needed to maintain the
molten metal in the riser reservoir in a hot and liquid state. The result is that the casting experiences shrinkage which
results in casting defects. These casting defects are most likely to be scrapped which results in wasted time and metal.
[0013] Runners, sprues, and other components of the casting assembly also can use insulating and exothermic
sleeves as coverings to maintain the temperature of the molten metal which comes into contact with them.
[0014] US-A-4,240,496 discloses a shaped, refractory, heat-insulting article for use in a metallurgical vessel com-
prising particular de-fibred bagasse or the like, a particulate refractory material and a binder. The binder may be organic
e.g. starch, a resin such as a urea-formaldehyde or phenol-formaldehyde resin or it may be inorganic e.g. bentonite
or a silicate such as sodium silicate. Exothermically reacting materials may be included in the ingredients of the articles.
The articles may be in the form of sleeves. If sodium silicate is used as binder this can be made to set by the action
of carbon dioxide.
[0015] GB-A-922,505 relates to a process for preparing feeder heads and sleeves. The process comprises mixing
an exothermic material, such as aluminum, with particulate vermiculite and silica. The resulting sleeve composition is
formed into the desired shape and exposed to carbon dioxide.
[0016] This invention relates to exothermic and/or insulating sleeves according to claim 1, a cold-box process for
making the sleeves according to claim 19, the use of the sleeves in making metal castings according to claim 20 and
a sleeve mix according to claim 21. Preferred embodiments of the invention are the subject-matter of the dependent
claims.
[0017] In the cold-box process, the sleeve mix is first shaped and then contacted with a vaporous curing catalyst.
The components of the cold-box sleeve mixes can be uniformly mixed so that the mixture maintains its consistency,
resulting in a sleeve where the properties are uniform throughout.
[0018] The cold-box process results in chemically cured sleeves. The process results in the higher production of
sleeves per unit of time when compared to the processes known in the prior art. Additionally, there is less risk to the
health and safety of workers who come into contact with the raw materials and sleeves because they are not exposed
to any fibers which may cause breathing problems when ingested for prolonged periods of time.
[0019] The invention also relates to the sleeves produced by this process. The sleeves prepared by the process are
dimensionally accurate. This allows for easy insertion of the sleeve into the mold. The riser sleeves can be inserted
into the mold assembly by automatic methods, thereby further improving the productivity of the molding process. Since
the density and thickness of the sleeve are more consistent and dimensionally accurate, the sleeves do not have to
be oversized, nor is it necessary to use "crush ribs" or molds with ribs to keep the sleeve in place. Moreover, because
the sleeves are sufficiently thermally stable, the castings made with casting assemblies using the sleeves do not contain
shrinkage defects. This results in less scrap and greater productivity.
[0020] The invention also relates to the casting of ferrous and non ferrous metal parts in a casting assembly of which
the sleeves are a part, and to the parts made by this casting process. The casting made using these sleeves results
in less waste because the sleeves enable the molten metal in the reservoir of the sleeve riser to be reduced compared
to the molten metal contained in the reservoir of a sand riser cavity. Consequently, there is better utilization of the metal
in the riser and this allows for additional castings to be made from the same amount of molten metal.
[0021] Figure 1 shows a casting assembly with two riser sleeves (side riser sleeve and top riser sleeve) inserted into
the mold assembly of the casting assembly.
[0022] Figure 2 graphically illustrates the effect of using a sleeve to keep the molten metal hot and liquid.
[0023] Figure 3 shows a diagram representing a casting where shrinkage of the casting has occurred due to the
inadequate thermal properties of the sleeve used. This casting is defective and will be scrapped as waste.
[0024] Figure 4 is a diagram showing a casting where there has been localized shrinkage of the metal riser, but no
shrinkage of the casting. This localized shrinkage does not result in casting defects and waste.
[0025] The following definitions will be used for terms in the disclosure and claims:

Casting assembly - assembly of casting components such as pouring cup, downsprue, gating system
(downsprue, runner, choke), molds, cores, risers, sleeves, etc. which are used to
make a metal casting by pouring molten metal into the casting assembly where
it flows to the mold assembly and cools to form a metal part.
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Chemical binding - binding created by the chemical reaction of a catalyst and a binder which is mixed
with a sleeve composition.

Cold-box - mold or core making process which utilizes a vaporous catalyst to cure the mold
or core.

Downsprue - main feed channel of the casting assembly through which the molten metal is
poured.

EXACTCAST™ cold-box binder - a two part polyurethane-forming cold-box binder where the Part I is a phenolic
resin similar to that described in U.S. Patent 3,485,797. The resin is dissolved in
a blend of aromatic, ester, and aliphatic solvents, and a silane. Part II is the
polyisocyanate component comprising a polymethylene polyphenyl isocyanate,
a solvent blend consisting primarily of aromatic solvents and a minor amount of
aliphatic solvents, and a benchlife extender, The weight ratio of Part I to Part II is
about 55:45.

Exothermic sleeve - a sleeve which has exothermic properties compared to the mold/core assembly
into which it is inserted. The exothermic properties of the sleeve are generated
by an oxidizable metal (typically aluminum metal) and an oxidizing agent which
can react to generate heat.

EXTENDOSPHERES SG - hollow aluminosilicate microspheres sold by PQ Corporation having a particle
size of 10-350 microns and an alumina content between 28% to 33% by weight
based upon the weight of the microspheres.

EXTENDOSPHERES SLG - hollow aluminosilicate microspheres sold by PQ Corporation having a particle
size of 10-300 microns and an alumina content of at least 40% by weight based
upon the weight of the microspheres.

Gating system - system through which metal is transported from the pouring cup to the mold and/
or core assembly. Components of the gating system include the downsprue, run-
ners, choke, etc.

Handleable - sleeve which can be transported from one place to another without sagging or
breaking.

Insulating refractory material - a refractory material with a thermal conductivity typically less than about 0.7 W/
m.K at room temperature, preferably less than about 0.5 W/m.K.

Insulating sleeve - a sleeve having greater insulating properties than the mold/core assembly into
which it is inserted. An insulating sleeve typically contains low density materials
such as fibers and/or hollow microspheres.

Mold assembly - an assembly of molds and/or cores made from a foundry aggregate (typically
sand) and a foundry binder, which is placed in a casting assembly to provide a
shape for the casting.

Pouring cup - cavity into which molten metal is poured in order to fill the casting assembly.

Refractory - a ceramic type material, typically having a thermal conductivity greater than about
0.8 W/m.K at room temperature, which is capable of withstanding extremely high
temperatures without essential change when it comes into contact with molten
metal which may have a temperature as high as, for instance, 1700°C.

Riser - cavity connected to a mold or casting cavity of the casting assembly which acts
as a reservoir for excess molten metal to prevent cavities in the casting as it con-
tracts on solidification. Risers may be open or blind. Risers are also known as
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feeders or heads.

Sleeve - any moldable shape having exothermic and/or insulating properties made from
a sleeve composition which covers, in whole or part, any component of the casting
assembly such as the riser, runners, pouring cup, sprue, etc. or is used as part
of the casting assembly. Sleeves can have a variety of shapes, e.g. cylinders,
domes, cups, boards, cores.

Sleeve composition - any composition which is capable of providing a sleeve with exothermic and/or
insulating properties. The sleeve composition will usually contain aluminum metal
and/or aluminosilicate, particularly in the form of hollow aluminosilicate micro-
spheres, or mixtures thereof. Depending upon the properties wanted, the sleeve
composition may also contain alumina, refractories, an oxidizing agent, fluorides,
fibers, and fillers.

Sleeve mix - a mixture comprising a sleeve composition and a chemical binder capable of form-
ing a sleeve by the cold-box process.

W/m. K. - a unit of thermal conductivity = watt/meter Kelvin.

[0026] Figure 1 shows a simple casting assembly comprising pouring cup 1, sprue 2, runner 3, sleeve for side riser
4, side riser 5, sleeve for top riser 6, top riser 7, and 8 mold and/or core assembly. Molten metal is poured into the
pouring cup 1 where it flows through the sprue 2 to the runner 3 and other parts of the gating system, ultimately to the
8 mold and core assembly. The risers 5, 7 are reservoirs for excess molten metal which is available when the casting
cools, contracts and draws molten metal from the risers. The sleeves 4, 6, which are inserted into the mold and/or core
assembly 8, surround the risers 5, 7, and keep the molten metal in the riser reservoir from cooling too rapidly.
[0027] Figure 2 graphically illustrates the beneficial effect of using a sleeve to keep the molten metal hot and liquid.
[0028] Figure 3 illustrates a casting 3 where there is shrinkage 2 of the metal of the riser 1 and the metal of the
casting 3. This casting is defective and will be scrapped as waste.
[0029] Figure 4 illustrates a casting 3 where there is shrinkage 2 of the metal of the riser 1, but there is no shrinkage
of the metal in the casting 3. This casting is not defective and can be used.
[0030] The sleeve mixes used in the subject process contain (1) a sleeve composition, and (2) an effective amount
of chemically reactive binder. The sleeve mix is shaped and cured by contacting the sleeve with an effective amount
of a curing catalyst.
[0031] There is nothing novel about the sleeve composition used for making the exothermic and/or insulating sleeves.
Any sleeve composition known in the art for making sleeves can be used to make the sleeves. The sleeve composition
contains exothermic and/or insulating materials, typically inorganic. The exothermic and/or insulating materials typically
are aluminum-containing materials, preferably selected from the group consisting of aluminum metal, aluminosilicate,
alumina, and mixtures thereof, most preferably where the aluminosilicate is in the form of hollow microspheres.
[0032] The exothermic material is an oxidizable metal and an oxidizing agent capable of generating an exothermic
reaction at the temperature where the metal can be poured. The oxidizable metal typically is aluminum, although
magnesium and similar metals can also be used. The insulating material is typically alumina or aluminosilicate, pref-
erably aluminosilicate in the form of hollow microspheres.
[0033] When aluminum metal is used as the oxidizable metal for the exothermic sleeve, it is typically used in the
form of aluminum powder and/or aluminum granules. The oxidizing agent used for the exothermic sleeve includes iron
oxide, maganese oxide, nitrate, potassium permanganate, etc. Oxides do not need to be present at stoichiometric
levels to satisfy the metal aluminum fuel component since the riser sleeves and molds in which they are contained are
permeable. Thus oxygen from the oxidizing agents is supplemented by atmospheric oxygen when the aluminum fuel
is burned. Typically the weight ratio of aluminum to oxidizing agent is from about 10:1 to about 2:1, preferably about
5:1 to about 4:1.
[0034] The thermal properties of the exothermic sleeve is enhanced by the heat generated which reduces the tem-
perature loss of the molten metal in the riser, thereby keeping it hotter and liquid longer. The exotherm results from the
reaction of aluminum metal which has a thermal conductivity greater than 150 W/m.K at room temperature, more
typically greater than 200 W/m.K. A mold and/or core does not exhibit exothermic properties.
[0035] As was mentioned before, the insulating properties of the sleeve are preferably provided by hollow alumino-
silicate microspheres, including aluminosilicate zeeospheres. The sleeves made with aluminosilicate hollow micro-
spheres have low densities, low thermal conductivities, and excellent insulating properties. The thermal conductivity
of the hollow aluminosilicate microspheres ranges from about 0.05 W/m.K to about 0.6 W/m.K at room temperature,
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more typically from about 0.1 W/m.K to about 0.5 W/m.K.
[0036] The insulating and exothermic properties of the sleeve can be varied, but have thermal properties which are
different in degree and/or kind than the mold assembly into which they will be inserted.
[0037] Depending upon the degree of exothermic properties wanted in the sleeve, the amount of aluminum in the
sleeve will range from 0 weight percent to 50 weight percent, typically 5 weight percent to 40 weight percent, based
upon the weight of the sleeve composition.
[0038] Depending upon the degree of insulating properties wanted in the sleeve, the amount of hollow aluminosilicate
microspheres, in the sleeve will range from 0 weight percent to 100 weight percent, typically 40 weight percent to 90
weight percent, based upon the weight of the sleeve composition. Since in most cases, both insulating and exothermic
properties are needed in the sleeves, both aluminum metal and hollow aluminosilicate microspheres will be used in
the sleeve. In sleeves where both insulating and exothermic properties are needed, the weight ratio of aluminum metal
to hollow aluminosilicate microspheres is typically from about 1:5 to about 1:1, preferably from about 1:1 to about 1:1.5.
[0039] The hollow aluminosilicate microspheres typically have a particle size of about 3 mm. with any wall thickness.
Preferred are hollow aluminosilicate microspheres having an average diameter less than 1 mm and a wall thickness
of approximately 10% of the particle size. It is believed that hollow microspheres made of material other than alumi-
nosilicate, having insulating properties, can also be used to replace or used in combination with the hollow alumino-
silicate microspheres.
[0040] The weight percent of alumina to silica (as SiO2) in the hollow aluminosilicate microspheres can vary over
wide ranges depending on the application, for instance from 25:75 to 75:25, typically 33:67 to 50:50, where said weight
percent is based upon the total weight of the hollow microspheres. It is known from the literature that hollow alumino-
silicate microspheres having a higher alumina content are better for making sleeves used in pouring metals such as
iron and steel which have casting temperatures of 1300 °C to 1700 °C because hollow aluminosilicate microspheres
having more alumina have higher melting points. Thus sleeves made with these hollow aluminosilicate microspheres
will not degrade as easily at higher temperatures.
[0041] Refractories, although not necessarily preferred in terms of performance because of their higher densities
and high thermal conductivities, may be used in the sleeve composition to impart higher melting points to the sleeve
mixture so the sleeve will not degrade when it comes into contact with the molten metal during the casting process.
Examples of such refractories include silica, magnesia, alumina, olivine, chromite, aluminosilicate, and silicon carbide
among others. These refractories are preferably used in amounts less than 50 weight percent based upon the weight
of the sleeve composition, more preferably less than 25 weight percent based upon the weight of the sleeve compo-
sition. When alumina is used as a refractory, it is used in amounts of less than 50% weight percent based upon the
weight of the sleeve composition, more preferably less than 10% weight percent based upon the weight of the sleeve
composition.
[0042] The density of the sleeve composition typically ranges from about 0.1 g/cc to about 0.9 g/cc, more typically
from about 0.2 g/cc to about 0.8 g/cc. For exothermic sleeves, the density of the sleeve composition typically ranges
from about 0.3 g/cc to about 0.9 g/cc, more typically from about 0.5 g/cc to about 0.8 g/cc. For insulating sleeves, the
density of the sleeve composition typically ranges from about 0.1 g/cc to about 0.7 g/cc, more typically from about 0,3
g/cc to about 0.6 g/cc.
[0043] In addition, the sleeve composition may contain different fillers and additives, such as cryolite (Na3AlF6),
potassium aluminum tetrafluoride, potassium aluminum hexafluoride.
[0044] The binders that are mixed with the sleeve composition to form the sleeve mix are well know in the art. Any
cold-box binder, which will sufficiently hold the sleeve mix together in the shape of a sleeve and polymerize in the
presence of a curing catalyst, will work. Examples of such binders are phenolic resins, phenolic urethane binders, furan
binders, alkaline phenolic resole binders, and epoxy-acrylic binders among others. Particularly preferred are epoxy-
acrylic and phenolic urethane binders known as EXACTCAST™ cold-box binders sold by Ashland Chemical Company.
The phenolic urethane binders are described in U.S. Patents 3,485,497 and 3,409,579, which are hereby incorporated
into this disclosure by reference. These binders are based on a two part system, one part being a phenolic resin
component and the other part being a polyisocyanate component. The epoxy-acrylic binders cured with sulfur dioxide
in the presence of an oxidizing agent are described in U.S. Patent 4,526,219 which is hereby incorporated into this
disclosure by reference.
[0045] The amount of binder needed is an effective amount to maintain the shape of the sleeve and allow for effective
curing, i.e. which will produce a sleeve which can be handled or self-supported after curing. An effective amount of
binder is greater than about 4 weight percent, based upon the weight of the sleeve composition. Preferably the amount
of binder ranges from about 5 weight percent to about 15 weight percent, more preferably from about 6 weight percent
to about 12 weight percent.
[0046] Curing the sleeve by the cold-box process takes place by blowing or ramming the sleeve mix into a pattern
and contacting the sleeve with a vaporous or gaseous catalyst. Various vapor or vapor/gas mixtures or gases such as
tertiary amines, carbon dioxide, methyl formate, and sulfur dioxide can be used depending on the chemical binder
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chosen. Those skilled in the art will know which gaseous curing agent is appropriate for the binder used. For example,
an amine vapor/gas mixture is used with phenolic-urethane resins. Sulfur dioxide (in conjunction with an oxidizing
agent) is used with an epoxy-acrylic resins. See U.S. Patent 4,526,219 which is hereby incorporated into this disclosure
by reference. Carbon dioxide (see U.S. Patent 4,985,489 which is hereby incorporated into this disclosure by reference)
or methyl esters (see U.S. Patent 4,750,716 which is hereby incorporated into this disclosure by reference) are used
with alkaline phenolic resole resins. Carbon dioxide is also used with binders based on silicates. See U.S. Patent
4,391,642 which is hereby incorporated into this disclosure by reference.
[0047] Preferably the binder is an EXACTCAST™ cold-box phenolic urethane binder cured by passing a tertiary
amine gas, such a triethylamine, through the molded sleeve mix in the manner as described in U.S. Patent 3,409,579,
or the epoxy-acrylic binder cured with sulfur dioxide in the presence of an oxidizing agent as described in U.S. Patent
4,526,219. Typical gassing times are from 0.5 to 3.0 seconds, preferably from 0.5 to 2.0 seconds. Purge times are
from 1.0 to 60 seconds, preferably from 1,0 to 10 seconds.

EXAMPLES

[0048] In all of the examples which follow, the binder used was a cold-box phenolic-urethane binder as specified
where the ratio of Part I to Part II was 55/45. The sleeve mixes were prepared by mixing the sleeve composition and
the binder in a Hobart N-50 mixer for about 2-4 minutes.
[0049] The sleeves prepared were cylindrical sleeves 90 mm in internal diameter, 130 mm in external diameter, and
200 mm in height. The amount of binder used in all cases, except in Comparison Example A, was 8.8 weight percent
based upon the weight of the sleeve composition. All lettered Examples are controls where silica sand was used as
the sleeve composition. All parts are by weight and all percentages are weight percentages based upon the weight of
the sleeve composition unless otherwise specified.

COMPARISON EXAMPLE A

(Sleeve formed from silica sand.)

[0050] One hundred parts of silica sand were used as the sleeve composition which was mixed with about 1.3 weight
percent of EXACTCAST™ no-bake binder to form a sleeve mix. Then about 1 weight percent of a liquid tertiary amine,
POLYCAT 41 catalyst1, sold by Air Products, is added to the sleeve mix. The resulting mix is shaped into cylindrical
sleeves.
[0051] The tensile properties of the sleeves, which indicates the strength of the sleeves for handling, are measured
and set forth in Table I which follows. The tensile strengths of the sleeves are measured immediately (30 minutes), 1
hour, 4 hours, 24 hours, and 24 hours at 100% relative humidity (RH) after removing from the corebox.
[0052] Although the tensile strengths were good, steel castings made with the sleeves experienced shrinkage which
is represented by Figure 3. The shrinkage occurred because the thermal properties were not adequate for sleeve
applications. These castings were defective and were scrapped.

EXAMPLE 1

(Preparation of insulating sleeve containing hollow aluminosilicate microspheres by cold-box method)

[0053] One hundred parts of SG EXTENDOSPHERES were used as the sleeve composition and mixed with 8.8%
of EXACTCAST™ cold-box binder to form a sleeve mix. The sleeve mix of Example 1 is blown into a pattern having
the shape of a sleeve and gassed with triethylamine in nitrogen at 20 psi according to known methods described in U.
S. Patent 3,409,579. Gas time is 2.5 second, followed by purging with air at 60 psi for about 60.0 seconds.
[0054] The tensile strengths of the cured sleeves are measured as in Example 1 except the immediate tensile strength
was measured 30 seconds after removing from the corebox. The tensile strengths of the sleeves are set forth in Table
I. The sleeves are dimensionally accurate, both externally and internally.

EXAMPLE 2

(Example 1 with silicone resin.)

[0055] Example 1 was followed except 1.2 weight percent of silicone resin was added to the sleeve mix. The tensile
strength of the cured sleeves are measured as in Example 1. The tensile strengths of the sleeves are set forth in Table
1Less than 5.% acuve based upon the Part I.
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I. The sleeves are dimensionally accurate, both externally and internally.

EXAMPLE 3

(Preparation of exothermic sleeve by the cold-box method.)

[0056] The procedure of Example 1 was followed except the sleeve composition used consisted of 55% SLG EX-
TENDOSHPERES, 16.5% atomized aluminum, 16.5% aluminum powder, 7% magnetite, and 5% cryolite. The tensile
strengths of the cured sleeves are measured as in Example 1. The tensile strengths of the sleeves are set forth in
Table I. The sleeves are dimensionally accurate, both externally and internally.

EXAMPLE 4

(Preparation of exothermic sleeve containing silica by the cold-box method.)

[0057] The procedure of Example 1 was followed except the sleeve composition used consisted of 50% Wedron 540
silica sand, 10% alumina, and 40% of the sleeve mix of Example 3. The tensile strengths of the cured sleeves are
measured as in Example 1. The tensile strengths of the sleeves are set forth in Table I. The sleeves are dimensionally
accurate, both externally and internally.

EXAMPLE 5

(Sleeve composition.)

[0058] A sleeve composition is prepared by mixing the following components in a Hobart N-50 mixer for about 4
minutes:

50% silica sand,
10% iron oxide,
10% alumina,
3% sodium nitrate,
20% aluminum powder, and
2% sawdust.

The sleeve composition is used to prepare cylindrical sleeves by the cold-box method. Exothermic and insulating
properties of the sleeves are varied by changing the amount of aluminum metal and alumina.

COMPARISON EXAMPLE B and EXAMPLES 5-8

[0059] In Comparison Example B, and Examples 5-8, the sleeves of Comparison Example A and Examples 1-4 are
tested in a casting assembly by using them to surround the top riser of the casing assembly, The metal poured into
the casting assembly is steel (carbon content of 0.13%) and is poured at a temperature of 1650 °C. The casting of
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Comparison Example B, made using the sleeve from Comparison Example A, experienced shrinkage and resulted in
a defective casting which was scrapped as waste. The castings of Examples 5-8, made with sleeves 1-4, did not shrink
as Figure 4 illustrates. Figure 4 shows some shrinkage of the riser above the casting, but there was no shrinkage of
the casting. In all cases, where the sleeves were made by the cold-box process, there was no shrinkage of the caseins.
These results are summarized in Table II which follows.

Claims

1. A sleeve having exothermic properties, insulating properties, or both obtainable by a cold-box process comprising:

(A) introducing a sleeve mix into a sleeve pattern to prepare an uncured sleeve wherein said sleeve mix
comprises:

(1) a sleeve composition capable of making a sleeve wherein said sleeve composition comprises:

(a) an oxidizable metal and an oxidizing agent capable of generating an exothermic reaction; or

(b) an insulating refractory material; or

(c) mixtures of (a) and (b);

(2) an effective binding amount of a chemically reactive cold-box binder selected from phenolic resins,
phenolic urethane binders, furan binders, alkaline phenolic resole binders and epoxy acrylic binders;

(B) contacting said uncured sleeve prepared by (A) with a vaporous curing catalyst;

(C) allowing said sleeve resulting from (B) to cure until said sleeve becomes handleable; and

(D) removing said sleeve from the pattern.

2. The sleeve of claim 1 wherein the oxidizable metal and the insulating refractory are aluminum-containing materials.

3. The sleeve of claim 2 wherein the aluminum-containing oxidizable metal is aluminum metal and the aluminum-
containing insulating refractory is selected from alumina and aluminosilicate.

4. The sleeve of claim 3 wherein the aluminum metal is in the form of aluminum powder, aluminum granules, or both.

5. The sleeve of claim 3 wherein the aluminum-containing insulating refractory is aluminosilicate which is in the form
of hollow aluminosilicate microspheres.

6. The sleeve of any one of claims 1 to 5 wherein the binder level is from about 4 weight percent to about 12 weight
percent based upon the weight of the sleeve composition.

7. The sleeve of any one of claims 2 to 6 wherein the amount of aluminum in the sleeve composition is from 0 weight
percent to 40 weight percent based upon the weight of the sleeve composition.

TABLE II

CASTING RESULTS

EXAMPLE CASTING RESULTS

Comparison B Shrinkage of casting resulting in casting defect and waste.

5 No shrinkage of casting. No waste or casting defect resulted.

6 No shrinkage of casting. No waste or casting defect resulted.

7 No shrinkage of casting. No waste or casting defect resulted.

8 No shrinkage of casting. No waste or casting defect resulted.
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8. The sleeve of any one of claims 2 to 7 wherein an oxidizing agent is present in an amount effective to oxidize the
aluminum metal.

9. The sleeve of claim 5, wherein the amount of hollow aluminosilicate microspheres in the sleeve composition is
from 30 weight percent to 100 weight percent, preferably 40 weight percent to 80 weight percent based upon the
weight of the sleeve composition.

10. The sleeve of any one of claims 2 to 9 wherein the amount of aluminum in the sleeve composition is from 5 weight
percent to 30 weight percent based upon the weight of the sleeve composition.

11. The sleeve of claim 1 wherein the chemical binder is a phenolic urethane binder and the curing catalyst is a
vaporous tertiary amine.

12. The sleeve of claim 1 wherein the chemical binder is an epoxy-acrylic binder and the curing catalyst is sulfur dioxide.

13. The sleeve of claim 1 wherein the chemical binder is an alkaline phenolic resole resin and the curing catalyst is
carbon dioxide.

14. The sleeve of claim 1 wherein the chemical binder is an alkaline phenolic resin and the curing catalyst is a methyl
ester.

15. The sleeve of any one of claims 5 to 14 wherein the weight ratio of aluminum metal to aluminosilicate in the form
of hollow aluminosilicate microspheres in the sleeve composition is from about 1:5 to about 1:1.

16. The sleeve of any one of claims 1 to 15 wherein the sleeve composition contains a refractory.

17. The sleeve of claim 16 wherein the amount of refractory in the sleeve composition is from 10 weight percent to 50
weight percent based upon the weight of the sleeve composition.

18. The sleeve of any one of claims 15 to 17 wherein the refractory is silica.

19. A cold-box process for preparing sleeves that have exothermic properties, insulating properties, or both comprising:

(A) introducing a sleeve mix as defined in any one of claims 1 to 18 into a sleeve pattern to prepare an uncured
sleeve;

(B) contacting said uncured sleeve prepared by (A) with a vaporous curing catalyst;

(C) allowing said sleeve resulting from (B) to cure until said sleeve becomes handleable; and

(D) removing said sleeve from the pattern.

20. The use of a sleeve according to any one of claims 1 to 18 in a process for casting a metal part which comprises:

(1) inserting the sleeve into a casting assembly having a mold assembly;

(2) pouring metal, while in the liquid state, into said casting assembly;

(3) allowing said metal to cool and solidify; and

(4) then separating the cast metal part from the casting assembly.

21. A sleeve mix comprising:

(1) a sleeve composition capable of making a sleeve wherein the sleeve composition comprises:

(a) an oxidizable metal and an oxidizing agent capable of generating an exothermic reaction, or
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(b) an insulating refractory material, or

(c) mixtures of (a) and (b); and

(2) an effective binding amount of a chemically reactive cold-box binder selected from a phenolic resin, a
phenolic urethane binder a furan binder; an alkaline phenolic resole binder and an epoxy-acrylic binder, which
will cure in presence of a cold-box curing catalyst.

Patentansprüche

1. Speiser mit exothermen Eigenschaften, isolierenden Eigenschaften oder beiden, erhältlich durch ein Cold-Box-
Verfahren umfassend

(A) Einbringen eines Speisergemisches in eine Speisergußform zur Herstellung eines ungehärteten Speisers,
wobei das Speisergemisch umfaßt:

(1) eine Speiserzusammensetzung, die einen Speiser erzeugen kann, wobei die Speiserzusammenset-
zung umfaßt:

(a) ein oxidierbares Metall und ein Oxidationsmittel, das eine exotherme Reaktion erzeugen kann;
oder
(b) ein isolierendes feuerfestes Material; oder
(c) Gemische von (a) und (b);

(2) eine wirksame Bindermenge eines chemisch reaktiven Cold-Box-Binders, ausgewählt aus Phenolhar-
zen, phenolischen Urethanbindern, Furanbindern, alkalischen Phenolresolbindern und epoxyacrylischen
Bindern;

(B) Inkontaktbringen des ungehärteten Speisers, der nach (A) hergestellt wurde, mit einem dampfförmigen
Härtungskatalysator;
(C) Härtenlassen des durch (B) erhaltenen Speisers, bis der Speiser gehandhabt werden kann; und
(D) Entfernen des Speisers aus der Gußform.

2. Speiser nach Anspruch 1, wobei das oxidierbare Metall und das isolierende feuerfeste Material Aluminium enthal-
tende Materialien sind.

3. Speiser nach Anspruch 2, wobei das Aluminium enthaltende oxidierbare Metall metallisches Aluminium ist und
das Aluminium enthaltende isolierende feuerfeste Material aus Aluminiumoxid und Aluminiumsilikat ausgewählt ist.

4. Speiser nach Anspruch 3, wobei das metallische Aluminium in Form von Aluminiumpulver, Aluminiumgranulaten
oder beiden vorliegt.

5. Speiser nach Anspruch 3, wobei das Aluminium enthaltende isolierende feuerfeste Material Aluminiumsilikat ist,
das in Form von hohlen Aluminiumsilikatmikrokugeln vorliegt.

6. Speiser nach einem der Ansprüche 1 bis 5, wobei die Menge des Binders etwa 4 Gew.-% bis etwa 12 Gew.-%,
bezogen auf das Gewicht der Speiserzusammensetzung, beträgt.

7. Speiser nach einem der Ansprüche 2 bis 6, wobei die Menge des Aluminiums in der Speiserzusammensetzung 0
Gew.-% bis 40 Gew.-%, bezogen auf das Gewicht der Speiserzusammensetzung, beträgt.

8. Speiser nach einem der Ansprüche 2 bis 7, wobei ein Oxidationsmittel in einer wirksamen Menge vorliegt, um das
metallische Aluminium zu oxidieren.

9. Speiser nach Anspruch 5, wobei die Menge der hohlen Aluminiumsilikatmikrokugeln in der Speiserzusammenset-
zung 30 Gew.-% bis 100 Gew.-%, vorzugsweise 40 Gew.-% bis 80 Gew.-%, bezogen auf das Gewicht der Spei-
serzusammensetzung, beträgt.
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10. Speiser nach einem der Ansprüche 2 bis 9, wobei die Menge,des Aluminiums in der Speiserzusammensetzung 5
Gew.-% bis 30 Gew.-%, bezogen auf das Gewicht der Speiserzusammensetzung, beträgt.

11. Speiser nach Anspruch 1, wobei der chemische Binder ein phenolischer Urethanbinder ist und der Härtungska-
talysator ein dampfförmiges tertiäres Amin ist.

12. Speiser nach Anspruch 1, wobei der chemische Binder ein epoxyacrylischer Binder ist und der Härtungskatalysator
Schwefeldioxid ist.

13. Speiser nach Anspruch 1, wobei der chemische Binder ein alkalisches Phenolresolharz ist und der Härtungska-
talysator Kohlendioxid ist.

14. Speiser nach Anspruch 1, wobei der chemische Binder ein alkalisches Phenolharz ist und der Härtungskatalysator
ein Methylester ist.

15. Speiser nach einem der Ansprüche 5 bis 14, wobei das Gewichtsverhältnis des metallischen Aluminiums zu Alu-
miniumsilikat in Form der hohlen Aluminiumsilikatmikrokugeln in der Speiserzusammensetzung etwa 1:5 bis etwa
1:1 beträgt.

16. Speiser nach einem der Ansprüche 1 bis 15, wobei die Speiserzusammensetzung ein feuerfestes Material enthält.

17. Speiser nach Anspruch 16, wobei die Menge des feuerfesten Stoffes in der Speiserzusammensetzung 10 Gew.-
% bis 50 Gew.-%, bezogen auf das Gewicht der Speiserzusammensetzung, beträgt.

18. Speiser nach einem der Ansprüche 15 bis 17, wobei das feuerfeste Material Siliciumdioxid ist.

19. Cold-Box-Verfahren zur Herstellung von Speisern mit exothermen Eigenschaften, isolierenden Eigenschaften oder
beiden, umfassend:

(A) Einbringen eines Speisergemisches nach einem der Ansprüche 1 bis 18 in eine Speisergußform zur Her-
stellung eines ungehärteten Speisers,
(B) Inkontaktbringen des ungehärteten Speisers, der nach (A) hergestellt wurde, mit einem dampfförmigen
Härtungskatalysator;
(C) Härtenlassen des durch (B) erhaltenen Speisers, bis der Speiser gehandhabt werden kann; und
(D) Entfernen des Speisers aus der Gußform.

20. Verwendung eines Speisers nach einem der Ansprüche 1 bis 18 in einem Verfahren zum Gießen eines Metallteils,
welches umfaßt:

(1) Einbringen des Speisers in eine Gießanordnung mit einer Formanordnung,
(2) Gießen des Metalls, während es im flüssigen Zustand ist, in die Gießanordnung;
(3) Abkühlenlassen des Metalls zum Festwerden; und
(4) dann Abtrennen des Metallgußteils aus der Gießanordnung.

21. Speisergemisch, umfassend:

(1) eine Speiserzusammensetzung, die einen Speiser erzeugen kann, wobei die Speiserzusammensetzung
umfaßt:

(a) ein oxidierbares Metall und ein Oxidationsmittel, das eine exotherme Reaktion erzeugen kann, oder
(b) ein isolierendes feuerfestes Material, oder
(c) Gemische von (a) und (b); und

(2) eine wirksame Bindermenge eines chemisch reaktiven Cold-Box-Binders, ausgewählt aus einem Phenol-
harz, einem phenolischen Urethanbinder, einem Furanbinder, einem alkalischen Phenolresolbinder und einem
epoxyacrylischen Binder, der in Gegenwart eines Cold-Box-Härtungskatalysators gehärtet wird.
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Revendications

1. Manchon ayant des propriétés exothermiques, des propriétés isolantes ou les deux, qui peuvent être obtenues
par un procédé en boîte froide, comprenant :

(A) l'introduction d'un mélange pour manchon dans un modèle de manchon pour la préparation d'un manchon
non durci, le mélange pour manchon comprenant :

(1) une composition pour manchon capable de former un manchon et telle que la composition pour man-
chon comprend :

(a) un métal oxydable et un agent oxydant capables de créer une réaction exothermique, ou
(b) un matériau réfractaire isolant, ou
(c) des mélanges de (a) et (b),

(2) une quantité efficace pour la liaison d'un liant chimiquement réactif pour boîte froide sélectionné parmi
les résines phénoliques, les résines phénoliques et d'uréthanne, les liants de furanne, les liants alcalins
de résols phénoliques et les liants acryliques et époxydes,

(B) la mise en contact du manchon non durci préparé en (A) avec un catalyseur de durcissement en phase
vapeur,
(C) le durcissement naturel du manchon résultant de (B) jusqu'à ce que le manchon puisse être manié, et
(D) l'extraction du manchon du modèle.

2. Manchon selon la revendication 1, dans lequel le métal oxydable et le réfractaire isolant sont des matériaux con-
tenant de l'aluminium.

3. Manchon selon la revendication 2, dans lequel le métal oxydable contenant de l'aluminium est de l'aluminium
métallique et le réfractaire isolant contenant de l'aluminium est sélectionné parmi l'alumine et un aluminosilicate.

4. Manchon selon la revendication 3, dans lequel l'aluminium métallique est sous forme de poudre d'aluminium, de
granulés d'aluminium ou des deux.

5. Manchon selon la revendication 3, dans lequel le réfractaire isolant contenant de l'aluminium est un aluminosilicate
qui est sous forme de microsphères creuses d'aluminosilicate.

6. Manchon selon l'une quelconque des revendications 1 à 5, dans lequel la concentration de liant est comprise entre
environ 4 et environ 12 % en poids par rapport au poids de la composition du manchon.

7. Manchon selon l'une quelconque des revendications 2 à 6, dans lequel la quantité d'aluminium de la composition
du manchon est comprise entre 0 et 40% en poids par rapport au poids de la composition du manchon.

8. Manchon selon l'une quelconque des revendications 2 à 7, dans lequel un agent oxydant est présent en quantité
efficace pour l'oxydation de l'aluminium métallique.

9. Manchon selon la revendication 5, dans lequel la quantité de microsphères creuses d'aluminosilicate dans la
composition du manchon est comprise entre 30 et 100 % en poids et de préférence entre 40 et 80 % en poids par
rapport au poids de la composition du manchon.

10. Manchon selon l'une quelconque des revendications 2 à 9, dans lequel la quantité d'aluminium contenue dans la
composition du manchon est comprise entre 5 et 30 % en poids par rapport au poids de la composition du manchon.

11. Manchon selon la revendication 1, dans lequel le liant chimique est un liant phénolique et d'uréthanne et le cata-
lyseur de durcissement est une amine tertiaire en phase vapeur.

12. Manchon selon la revendication 1, dans lequel le liant chimique est un liant acrylique et époxyde, et le catalyseur
de durcissement est l'anhydride sulfureux.
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13. Manchon selon la revendication 1, dans lequel le liant chimique est une résine résol phénolique alcaline et le
catalyseur de durcissement est l'anhydride carbonique.

14. Manchon selon la revendication 1, dans lequel le liant chimique est une résine phénolique alcaline et le catalyseur
de durcissement est un ester de méthyle.

15. Manchon selon l'une quelconque des revendications 5 à 14, dont le rapport pondéral de l'aluminium métallique à
l'aluminosilicate sous forme de microsphères creuses d'aluminosilicate dans la composition du manchon est com-
pris entre 1/5 et 1/1 environ.

16. Manchon selon l'une quelconque des revendications 1 à 15, dans lequel la composition du manchon contient un
réfractaire.

17. Manchon selon la revendication 16, dans lequel la quantité de réfractaire de la composition du manchon est com-
prise entre 10 et 50 % en poids par rapport au poids de la composition du manchon.

18. Manchon selon l'une quelconque des revendications 15 à 17, dans lequel le réfractaire est la silice.

19. Procédé en boîte froide pour la préparation de manchons qui possèdent des propriétés exothermiques, des pro-
priétés isolantes ou les deux, comprenant :

(A) l'introduction d'un mélange pour manchon tel que défini dans l'une quelconque des revendications 1 à 18
dans un modèle de manchon pour la préparation d'un manchon non durci,
(B) la mise en contact du manchon non durci préparé en (A) avec un catalyseur de durcissement en phase
vapeur,
(C) le durcissement naturel du manchon résultant de (B) jusqu'à ce que le manchon puisse être manié, et
(D) l'extraction du manchon du modèle.

20. Application d'un manchon selon l'une quelconque des revendications 1 à 18 à un procédé de coulée d'une pièce
métallique, qui comprend :

(1) l'insertion du manchon dans un ensemble de coulée ayant un ensemble de moule
(2) la coulée du métal, lorsqu'il est à l'état liquide, dans l'ensemble de coulée,
(3) le refroidissement et la solidification naturelle du métal, et
(4) la séparation ultérieure de la pièce métallique coulée de l'ensemble de coulée.

21. Mélange pour manchon, comprenant :

(1) une composition pour manchon capable de former un manchon, la composition pour manchon
comprenant :

(a) un métal oxydable et un agent oxydant capable de provoquer une réaction exothermique, ou
(b) un matériau réfractaire isolant, ou
(c) des mélanges de (a) et (b), et

(2) une quantité efficace pour la liaison d'un liant chimiquement réactif pour boîte froide sélectionné parmi une
résine phénolique, un liant phénolique et d'uréthanne, un liant de furanne, un liant de résine résol phénolique
alcaline et un liant acrylique et époxyde, qui durcit en présence d'un catalyseur de durcissement en boîte froide.
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