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MODIFIED BENTONITES FOR ADVANCED FOUNDRY APPLICATIONS

BACKGROUND

[0001] The present invention relates to compositions for producing foundry molds,
and more specifically to foundry mold compositions incorporating a modifier for improved foundry
molds.

[0002] In the casting of molten metals and alloys for various foundry applications, it
is customary to employ foundry molds having a configuration conforming to the shape of the
desired casting. Foundry molds made of sand may be used to form the outside of castings or may
be cores, positioned inside the mold to shape the inside of the casting. Foundry molds may be
constructed from compositions that include foundry sand as the major component in combination
with a mineral clay and water. Supplemental additives may include ground bituminous coal,
lignite, leonardite, pregelatinized starches, cellulose and other conventional additives may also be
present in minor amounts. The foundry mold composition may be produced by introducing foundry -
sand, water, any supplemental additions, and the mineral clay into a mixing apparatus, such as a
muller. The mixing of these constituents may be performed to an extent that the particles of the
foundry sand are coated by the mineral clay component. The supplemental additives and the
mineral clay may be added as a single mixture to the foundry sand and water in a mixing apparatus
so that the s-and particles may be coated with the mineral clay. Thereafter, the composition from the
muller may be introduced to a flask or confining structure incorporating a pattern configured to
correspond to the desired configuration of the metal or alloy casting. The composition may be
consolidated within the pattern to obtain the required integrify, and then the pattern may be
removed to render the foundry mold ready for use in producing a metal or alloy casting. '

[0003] A significant property or characteristic of foundry mold compositions may be
“durability” or the resistance of the mold and specifically the mineral clay component to thermal
degradation at the elevated temperatures encountered during conventional hot metal and alloy
casting. Specifically, it may be advantageous for the mold composition to be resistant to thermal
degradation at temperatures ranging from 400° F (204° C) to 1200° F (649° C). Mineral clays may

burn-out or lose their desired properties progressively as temperatures increase within this range.
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Sodium bentonite may exhibit greater durability compared to calcium bentonite in mold
compositions. A second significant property may be the “dry strength” or the energy required to
remove the solidified casting from the mold. In conventional foundry mold compositions
containing blends of sodium bentonite and calcium bentonite, the dry strength property of the mold
may be enhanced by increased amounts of calcium bentonite, which serves to reduce dry strength
and facilitates easier removal of the casting from the sand mold. The calcium bentonite, however,
may result in degradation of the durability of the mold. A third significant property may be
“moldability” or the measurement of apparent cohesion between sand grains of the mold
composition. Mold compositions deficient in this property may stick in hoppers and transfer
equipment, which may be detrimental to the entire casting process. Mold compositions containing
calcium bentonite as all or part of the mineral clay content may exhibit improved moldability,
particularly when the water content of the mold composition increases. A fourth significant
property may be “hot strength” or the ability of the mold composition to maintain its integrity at the
mold composition/molten metal interface during and following pouring of the metal, usually at
temperatures of 1500° F (816 ° C) and above. All of the additional, desired foundry mold properties
may be attributed to equally by sodium bentonite or calcium bentonite or enhanced by sodium
bentonite in the mold composition.

[0004] The additional properties include “green strength” or the strength or integrity
of the mold prior to pouring of the molten metal into the mold. “Wet tensile strength” is the
resistance of the mold to degradation due to transient shocks or jolts. “Hot deformation” is the
ability of the mold to maintain dimensional stability during hot metal casting so that required
dimensional tolerances are achieved with respect to the solidified casting. “Permeability” is defined
as that property of a sand mold which allows gas to pass through it. The venting qualities of molds
and cores depend upon this property. Permeability is influenced by the size, shape and distributing
of the grains of the sand, the type and quantity of bonding material, the density to which the sand is
rammed and the moisture content. “Friability” is a measure of the abrasion resistance of a sand
mold. A friable sand is a sand that is not able to withstand the erosive flow of the molten metal. It
will lose sand grains to the moving stream, and will be subject to producing erosion and inclusion
defects. Generally, friability is inversely related to compactibility; the lower the compactibility, the
higher the friability.
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SUMMARY

[0005] The present invention relates to compositions for producing foundry molds,
and more specifically to foundry mold compositions incorporating a modifier for improved foundry
molds.

[0006] According to a first aspect of the present invention, there is provided a
composition for use in producing a foundry mold comprising: a binder, wherein the binder
comprises a smectite clay; a modifier, wherein the modifier comprises a metal carbonate; and a
foundry sand.

[0007] The metal carbonate may be provided by a naturally occurring mineral
comprising the metal carbonate.

[0008] The modifier may change the rheological properties of the composition.

[0009] The metal of the metal carbonate may comprise at least one metal selected
from the group consisting of: aluminum, calcium, iron, potassium, magnesium, boron, zinc, lead,
copper, and a derivative thereof. |

[0010] In an embodiment, the smectite clay comprises at least one substance
selected from the group consisting of: a bentonite clay, a hectorite clay, a saponite clay, a nontronite
clay, a beidellite clay, a sauconite clay, and a derivative thereof.

[0011] In an embodiment, the metal carbonate is present in the composition in an
amount greater than or equal to about 0.1 % and less than or equal to about 20 % by weight of the
foundry mold composition. |

[0012] Suitably, the modifier has a particle size of less than about 2 millimeters.

[0013] In an embodiment, the foﬁndry sand comprises at least one sand selected
from the group consisting of: a silica sand, an olivine sand, a chromite sand, a zircon sand, a carbon
sand, a ceramic sand, and a derivative thereof.

[0014] In an embodiment, the composition further comprises at least one substance
selected from the group consisting of: a starch, a sugar, a sodium silicate, a thermoplastic, a
thermosetting resin, a vapor -curing binder, a chemically-curing binder, a heat-curing binder, a

pitch, a resin, a cement, a cellulose, a cereal, a carbonaceous material, and a derivative thereof.
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[0015] The present invention also provides a foundry mold produced from the
composition described above. The foundry mold may be prepared by: mixing and coating the sand
with the binder, water, and the modifier to form a foundry mold composition; introducing the
foundry mold composition into a pattern defining a foundry mold; consolidating the foundry mold
composition within the pattern to form the foundry mold; and removing the foundry mold from the
pattern.

[0016] According to another aspect of the present invention, there is provided a
foundry mold comprising:a foundry mold composition comprising a binder comprising a smectite
clay; a modifier comprising a metal carbonate; and a foundry sand.

[0017] The metal carbonate may be provided by a naturally occurring mineral
comprising the metal carbonate.

[0018] The modifier may change the rheological properties of the composition.

[0019] The metal of the metal carbonate may comprise at least one metal selected
from the group consisting of: aluminum, calcium, iron, potassium, magnesium, boron, zinc, lead,
copper, and a derivative thereof.

[0020] In an embodiment, the smectite clay comprises at least one substance
selected from the group consisting of: a bentonite clay, a hectorite clay, a saponite clay, a nontronite
clay, a beidellite clay, a sauconite clay, and a derivative thereof.

[0021] In an embodiment, the metal carbonate is present in the composition in an
amount greater than or equal to about 0.1 % and less than or equal to about 20 % by weight of the
foundry mold composition.

[0022] Suitably, the modifier has a particle size of less than about 2 millimeters.

[0023] In an embodiment, the foundry sand comprises at least one sand selected
from the group consisting of: a silica sand, an olivine sand, a chromite sand, a zircon sand, a carbon
sand, a ceramic sand, and a derivative thereof.

[0024] In an embodiment, the composition further comprises at least one substance
selected from the group consisting of: a starch, a sugar, a sodium silicate, a thermoplastic, a
thermosetting resin, a vapor -curing binder, a chemically-curing binder, a heat-curing binder, a
pitch, a resin, a cement, a cellulose, a cereal, a carbonaceoué material, and a derivative thereof.

[0025] In an embodiment, the composition further comprises water.
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[0026] According to another aspect of the present invention, there is provided a
method for producing a foundry mold comprising: mixing and coating foundry sand with a binder,
water, and a modifier to form a foundry mold composition, wherein the binder comprises a smectite
clay and the modifier comprises a metal carbonate; introducing the foundry mold composition into
a pattern defining a foundry mold; consolidating the foundry mold composition within the pattern to
form the foundry mold; and removing the foundry mold from the pattern. The foundry mold may
be as described above.

[0027] According to another aspect of the present invention, there is provided a
method for viscosifying a fluid comprising: providing a fluid composition, wherein the fluid
composition comprises a clay and a liquid; providing a modifier, wherein the modifier comprises a
metal carbonate; and combining the fluid composition with the modifier to form a viscosified fluid.
The composition may be as described above.

[0028] According to another aspect of the present invention, there is provided a
method of producing a foundry mold composition, the method comprising: obtaining a metal
carbonate by mining a naturally occurring mineral comprising the metal carbonate; processing the
naturally occurring mineral into a particle; mixing and coating a foundry sand with a binder, water,
and the particle to form a foundry mold composition, wherein the binder comprises a smectite clay.
The foundry mold composition may be as described above.

[0029] The features and advantages of the present invention will be apparent to
those skilled in the art. While numerous changes may be made by those skilled in the art, such

changes are within the scope of the invention.

DETAILED DESCRIPTION
[0030] The present invention relates to compositions for producing foundry molds,
and more specifically to foundry mold compositions incorporating a modifier for improved foundry
molds.
[0031] There are many advantages present in various embodiments, only some of
which will be discussed herein. Some embodiments are directed to an additive for providing a

desired cation exchange to modify smectite clay binders in foundry mold compositions. Metal



10

15

20

25

30

WO 2010/086623 PCT/GB2010/000161

6

carbonates may be useful in providing a source of metal cations for carrying out the exchange. For
example, magnesium carbonates or magnesium calcium carbonates may be useful for providing a
source of magnesium useful in carrying out a cation exchange of sodium or calcium in smectite
clays. The metal carbonates may be naturally occurring and may be used without any substantial
chemical processing. For example, magnesium carbonate may form a mineral commonly referred
to as magnesite and magnesium calcium carbonate may form a mineral commonly referred to as
dolomite. These minerals may be mined and processed into a reactive powder. Further, the use of
naturally occurring minerals may allow for the desired cation exchange while also presenting an
economically attractive alternative to more costly manufactured additives.

[0032] Foundry molds may be produced using a foundry mold composition, which
may include the modifier disclosed herein. The foundry mold composition may include a foundry
sand combined with a binder (e.g., a clay), a modifier, and water. The binder may act to
consolidate the foundry sand during use, allowing the mold to hold its shape during production of
the metal component. The modifier may react with the binder to alter the foundry properties of the
foundry mold. Other additives may be present in some embodiments and may help to compensate
for such effects as the thermal expansion of the sand during use. Each of these components will be
described in more detail below.

[0033] In one embodiment, one or more binders may be used to consolidate the
foundry mold composition to form a foundry mold. As used herein, the term “consolidate” is
intended to refer to any process capable of forming a substantially conglomerated material in a
desired shape. Any binder ordinarily used to consolidate foundry sands can be used with the
foundry sands disclosed herein to enable the sand to retain a predetermined or desired shape as a
mold or core material. For example, the binder may include a clay, such as smectite clay. In an
embodiment, a smectite clay may be sodium bentonite, which may contain sodium in addition to the
components magnesium, aluminum and silica. Additional species of smectite clay are hectorite and
saponite; all of these species naturally occur in quantities sufficient to render them economically
practical for use in the production of foundry mold compositions. The additional species
nontronite, beidellite, or sauconite may be suitable for achieving a desired combination of foundry
mold properties. Other species of clay such as kaolinite or illite may be used as binders in

combination with the smectite clays. Sodium bentonite may consist of about 70 to 95%
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montmorillonite, with the balance being various residual constituents, such as quartz, opal,
cristobalite, feldspar, biotite, clinoptilite, calcite, gypsum and the like. Any smectite clay species,
such as bentonite, may be employed with the normal residual constituents or in the case of bentonite
with the constituents substantially removed with only montmorillonite being present.
Consequently, the terms “sodium-containing smectite clay” and “sodium bentonite” include these
clays with the normal residual constituents either being present or removed.

[0034] The crystal structure of smectite clay species, including bentonite, may
constitute a three-layer sheet structure. The upper and lower layers of the sheet structure may be
silica with the middle plate being a metal layer of at least two of the metals aluminum, iron, lithium,
manganese and magnesium. The interlayer space may contain sodium or calcium. The
morphology of any species of smectite clay may constitute a stacked plate structure of the three-
layer sheets.

[0035] This three-layer sheet structure may permit delamination and dispersion of
the smectite clay during mixing and reaction thereof with water and foundry sand to permit
substantially complete reaction of the smectite clay with the modifier to achieve a desired
combination of foundry mold properties. As used herein, the reaction of the binder with the
modifier refers to a cation exchange between one or more metals in the binder with one or more
metals in the modifier to create a foundry mold composition with improved foundry properties.
Specifically, the presence of the modifier and the reaction thereof with the binder may be used to
achieve the desired combination of optimum durability and dry strength, along with other properties
attributable to the presence of sodium containing smectite clay. For example, upon combining a
binder comprising calcium and sodium bentonite with a modifier comprising magnesium carbonate
or calcium magnesium carbonate, the magnesium cations generated in the solution may be
exchanged with the calcium and sodium cations to impart improved foundry properties to the
resulting foundry mold composition. This reaction may improve the dry strength of the
composition as is conventionally achieved with the presence of calcium-containing smectite clay
without degrading the durability achieved by the presence of sodium-containing smectite clay. The
reaction may also improve the desirable foundry properties attributed to the presence of sodium-

containing smectite clay.
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[0036] The amount of the binder used in the foundry mold composition generally
depends upon the particular type of sand used in the mixture and the temperature of firing. Silica
sand grains expand upon heating. When the grains are too close, the molding sand may move and
expand causing the castings to show defects such as “buckles” or deformity in the casting resulting
from excessive sand expansion, “rat tails” or rough, irregular depressions that appear on the surface
of a casting or a minor buckle, and “scabs” or breaking away of a portion of the molding sand when
hot metal enters the mold. To overcome this harmful expansion, more binder may be added to the
sand mixture, which may compensate for the expansion of the silica sand grains through contraction
of the clay upon firing.

[0037] In green sand molding, the reproducibility of the dimensions obtained in the
casting may be the result of such factors as shrinkage, changes in dimensions of the mold cavity, the
hardness of the mold, the stability of the molding sand, the mechanical alignment of the flask, and
the stability of the temperature in the mold. Sodium bentonite bonded molding sands may have a
more gummy feel than calcium bentonite bonded sand mixtures when the temper water is added and
mulled into sand mixtures. Sodium bentonite sand mixtures are said to be tougher and not as brittle
as calcium bentonite or Fuller’s Earth bonded molding sands prepared in the same manner. In one
embodiment, the binder may generally be present in amounts of about 1% to about 15% based on
the total dry weight of the foundry mold composition and may be adjusted to any amount that will
produce the desired strength, hardness, or other desirable physical property. In another
embodiment, the binder may be used in an amount of about 2% to about 12% by weight based on
the dry weight of the total sand content. It is understood in the foundry industry that by adding
more clay binder to a foundry sand mixture, more water is generally required. Therefore, it is often
the casé that by using less clay binder in a foundry sand mixture and reducing the amount of temper
water added, the foundry sand mixture may be just as strong as it was with higher percentages of
clay binder and water. |

[0038] In an embodiment, a modifier may be used to chemically alter the binder in
order to create a foundry mold with desired foundry properties. In an embodiment, the modifier
may be a metal carbonate capable of reacting with the smectite clay to promote a favorable cation
exchange of a metal ion for the sodium or calcium ions in the smectite clays. The use of specific

metal carbonates may be useful in promoting selective ion exchanges of a specific metal cation with
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the sodium or calcium cations in the smectite clay. The metal component in the metal carbonates
may include, but are not limited to, aluminum, calcium, iron, potassium, magnesium, boron, zinc,
lead, copper or a combination thereof. For example, magnesium carbonate may be used to modify a
smectite clay (e.g., sodium or calcium bentonite) to promote a favorable cation exchange of
magnesium for the sodium or calcium in the clay. Similarly, calcium magnesium carbonate may be
used to promote a cation exchange of magnesium cations for the sodium or calcium cations in the
smectite clay. The metal carbonates may come from any source, including any naturally occurring
source such as a naturally occurring mineral. Magnesium carbonate may form the mineral
commonly referred to as magnesite and calcium magnesium carbonate may form the mineral
commonly referred to as dolomite. These naturally occurring minerals may be used with the
foundry mold compositions by physical processing to form a desired particle size. In addition,
these minerals may be used without being substantially chemically altered from their natural
occurring state. The metal carbonates disclosed herein may be used in either an anhydrous or
hydrated form. For example, dolomite (i.e., calcium magnesium carbonate) may be described as a
hydrate of calcium magnesium carbonate. In an embodiment, the metal carbonates may be obtained
by mining a naturally occurring mineral containing at least some metal carbonate and processing
the naturally occurring mineral into a desired particle size before incorporating the particle into the
foundry mold compositions disclosed herein. 7

[0039] The metal carbonates may generally be processed such that they are
powderized and added to the foundry mold composition in a sufficient amount to react with a
binder. In general, the metal carbonates may be a solid processed to a size approximately equal to
that of the binder with which they are combined. The metal carbonates may be processed using any
well known technique to produce a powder from a starting material. For example, the metal
carbonate may be crushed or milled to form a powder that may react with the binder. In an
embodiment, the metal carbonate may have a particle size of less than about 2 millimeters. In
another embodiment, the metal carbonate may have a particle size ranging from about 40
micrometers to about 75 micrometers. The metal carbonate may be added in an amount sufficient
to create a desired cation exchange, which may in turn create desired foundry properties in the
foundry mold. In an embodiment, the processed metal carbonates may be added to the foundry

mold composition in an amount ranging from about 0.1% to about 20% by weight of the foundry
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mold composition. In another embodiment, the processed metal carbonates may be added to the
foundry mold mixture in an amount ranging from about 0.5% to about 5% by weight of the foundry
mold composition.

[0040] In an embodiment, the foundry mold may comprise a sand. The sand may be
any sand capable of forming a foundry mold and retaining its shape when exposed to the high
temperatures associated with hot metal and alloy casting. In an embodiment, the sand may be a
silica sand, olivine sand, chromite sane, zircon sand, carbon sand, ceramic sand, or any combination
thereof.

[0041] Silica sand may be relatively inexpensive and may be used in a variety of
foundry mold compositions for various purposes. Olivine sand may be more expensive than silica
sand but may have better thermal stability, providing higher quality castings. As such, olivine sand
may be useful with non-ferrous metal compositions. .

[0042] Spherical or ovoid grain, carbon or coke particles, known to the trade as
petroleum fluid coke, may also be used as foundry sands alone, in combination with, or in place of
silica and olivine sands, which may not have the physical properties entirely satisfactory for casting
metals such as aluminum, copper, bronze, brass, iron and other metals and alloys. Each of these
spherical or ovoid grain fluid coke carbon sand may also be useful, alone or in combination, with‘
other types of foundry sands and the foundry sand additives disclosed herein.

[0043] Other sands may also be useful. Roasted carbon sand is a low-cost carbon
sand designed primarily for low melting temperature metals, such as aluminum and magnesium.
Roasting at 1300° - 1400° F (704 - 760° C), may remove substantially all of the volatile matter
which would otherwise be evolved if raw fluid coke were exposed to aluminum poured at 1400° F
(760° C). Chromite and zircon are oxide minerals that may be processed to an appropriate size to
be used as sands in foundry molds. A ceramic sand may also be used alone or in combination with
other sands.

[0044] In an embodiment, the sand may be present in the foundry mold mixture in
an amount sufficient to create a foundry mold that may maintain its shape during the pouring of
molten metal compositions. In general, the sand may be present in an amount ranging from about
40% to about 99% by weight of the total foundry mold composition. This amount may vary

depending on the total amount of other additives included in the foundry mixture.
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[0045] In an embodiment, the foundry mold composition may comprise other
additives. For example, additional binders may be used with the smectite clay. Some of the
optional binders which may be used in the foundry sand include starches, sugars, core oils, sodium
silicates, thermoplastic and thermosetting resins, vapor-curing binders, chemically-curing binders,
heat-curing binders, pitches, resins, cements and various others known in the art. Other optional
additives may include additional clays (e.g., china clay), and oils (e.g., linseed oil and the like). In
an embodiment, the additives may be included in an amount of about 0% to about 10% by dry
weight of the sand. In another embodiment, these additional additives may be included in-amounts
of less than about 1.0% by dry weight of the sand.

[0046] Other additives may also be useful in the foundry mold composition and may
optionally be included to achieve various properties. Common additives for the foundry sand
compositions may include cellulose, cereal, or other fibrous additives included for the purpose of
overcoming sand expansion defects, particularly those defects occurring on flat casting surfaces, in
an amount of about 0.5% to about 5% by weight of the dry sand composition. Typical cellulose
additives may include, but are not limited to, wood flour and cereals such as dry flour, wheat flour,
com flour, oat hulls, rice hulls, alfalfa fines, grain chaff, flax seed pressings, com cob flour,
pulverized nut hulls, ground cotton-seed pulp after oil extraction, and the like. Cements (e.g.,
Portland cement), natural cements (e.g., heated, ground limestone), resins, and the like in amounts
of about 3% to about 6% by weight of the dry sand also may be added to foundry sand binders of
the present invention.

[0047] Various other additives may be included in the foundry sand compositions,
such as various blackings or other carbonaceous materials (e.g., graphite), pitch; charcoal;
bituminous coal; soft coal (e.g., seacoal); hard coal; and coke which can be used with, or as a partial
clay substitute for wet coating to prevent metal penetration or burn-on.

[0048] In an embodiment, the method of preparing the foundry mold composition
may be performed by any method known to one skilled in the art. For example, a muller may be
used to prepare the foundry mold composition. The muller may combine water, sand, a binder, and
a modifier to form the foundry mold composition. The muller may generally have an opposed pair
of stone mixing wheels mounted on opposite ends of a shaft connected to and rotated by a drive

shaft, which may be connected in driving engagement with a motor. The constituents introduced to
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the muller may be mixed by the action of the stone wheels in a manner well known in the art so that
the binder and modifier may react, and the sand particles may be coated with the reaction product,
the water, and any supplemental additives when desired.

[0049] Once the mixture has reacted and been combined, the resulting foundry mold
composition may be discharged from the muller and poured into a flask having a pattern. In an
embodiment, the pattern may be configured to define a cavity desired in the foundry mold. The
mold cavity may conform to the configuration desired in the metal casting. This process may be
used to prepare a two part mold, sometimes called a split pattern mold. A split pattern may have a
top or upper section, called a cope, and a bottom or lower section called a drag. The method of
producing the mold may also be used to form a core to be inserted to complete the final part shape.

[0050] A ram may be used to compress and consolidate the composition within the
pattern to form a foundry mold. The pattern may intentionally be made larger than the cast part to
allow for shrinkage during cooling. Thereafter, the pattern may be removed to expose the foundry
mold, which may or may not have a mold cavity. In another embodiment, the foundry mold may be
removed while the pattern remains stationary. If a split pattern is used, the cope and drag may be
engaged and any cores can then be inserted in the mold to create holes and improve the casting's net
shape. Molten metal may either be poured into an open mold or into an opening called a gate for a
split pattern mold. If necessary, vent holes may allow hot gases to escape during the pour. The
pouring temperature of the metal may be above the melting point to assure good fluidity, thereby
avoiding prematurely cooling, which will cause voids and porosity. When the metal cools, the sand
mold is removed to expose the metal casting.

[0051] In an embodiment, the modifiers disclosed herein may also be used to
improve the rheological properties of a clay mixture. The rheological properties useful in describing
the present invention include, but are not limited to, yield point (“YP), low-shear viscosity, plastic
viscosity (“PV”), and gel strength. The YP is the yield stress extrapolated to a shear rate of zero.
Similarly, yield stress is the stress that must be applied to a material to make it begin to flow (or
yield), and is commonly measured using a rheometer rotating at a rate of 3 to 6 revolutions per
minute (“rpm”). PV represents the viscosity of a fluid when extrapolated to infinite shear rate and
is usually determined as the difference between the shear reading at 600 rpm and the shear reading

at 300 rpm using a viscometer.
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[0052] The modifiers of the present invention may be added to a clay mixture and
combined with a liquid, such as water, to viscosify the resulting fluid. In an embodiment, the
modifiers disclosed herein may be used to improve, among other properties, the plastic viscosity
and the yield point of a fluid to which the modifier is added. In an embodiment, a modifier may act
as a viscosifier in a fluid to which it is added such that the yield point may be above about 150
1b/100 ft* (71.8 kPa). In an embodiment, a modifier may act as a viscosifier to a fluid to which it is
added such that the plastic viscosity of a fluid to which it is added is above about 10 centipoise.

[0053] In an embodiment, the modifiers disclosed herein may be added to a
composition in an amount ranging from about 0.1% to about 20% by weight of the composition in
order to impart improved rheological properties. In another embodiment, the modifiers may be
added to a composition in an amount ranging from about 0.5% to about 5% by weight of the
composition.

[0054] To facilitate a better understanding of the present invention, the following
examples of certain aspects of some embodiments are given. In no way should the following

examples be read to limit, or define, the scope of the invention.

EXAMPLES

[0055] The following examples are submitted for the purpos.e of demonstrating the
characteristics of the foundry mold compositions as disclosed herein. These tests were conducted
substantially .in accordance with the procedures described in the American Foundrymen’s Society
Mold and Core Handbook, 3d. ed., copyright 2001. Specific test methods include the use of AFS
2220-00-S to measure the compactability of the samples, AFS 5222-00-S to measure the specimen
weight, AFS 2219-00-S to measure the moisture content of the sample, AFS 5202-00-S to measure
the green and dry compressi\-le strength of the sample, AFS 5224-00-S to measure the permeability
of the éample, and AFS 2248-00-S to measure the friability of the sample, which method was
modified to measure the moldability of the sample.

[0056] As used in these examples, National® Standard (“N.S. 200”) is a sodium
bentonite green sand binder available from Bentonite Performance Minerals, L.L.C. of Houston,
Texas.

[0057] Baramix® is a mixed, single-package foundry binder consisting of National®

Standard bentonite, sea coal, and, depending on customer requirements, dextrin, gilsonite, wood
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flour, and other additives that may be required. Baramix® is available from Bentonite Performance
Minerals, L.L.C. of Houston, Texas.
EXAMPLE 1

[0058] Seven foundry mold compositions were prepared according to the methods
disclosed herein and labeled Samples 1 through 7.. The seven samples were prepared by combining
a sodium bentonite (National® Standard) binder with water, foundry sand, and a modifier in the
amounts indicated in Tables 1 through 3. In this example, a naturally occurring hydrate of a
calcium magnesium carbonate (i.e., a dolomite hydrate) was used as the modifier. Each sample was
tested at three different compactability values to measure various foundry properties. In addition,
another portion of the sample was tested to determine its rheological properties. The rheological
properties were measured using a Fann® viscometer model 35A, available from Fann Instrument
Company, Houston U.S.A. The resulting desirable foundry properties are 'shown in Tables 1
through 4.

TABLE 1

Foundry Properties of Foundry Mold Compositions Including a Calcium Magnesium
Carbonate Modifier With a 35% Compactability Target

Sample ID 1 2 3 4 5 6 7 AVG
N.S. N.S. N.S. N.S. N.S. N.S. N.S.
base clay 200 200 200 200 200 200 200 \S-200
Binder in Sand (%) 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0
Water in Sand (%) 2.03 2.03 2.10 2.07 2.10 2.10 2.10 2.08
Dolomite Hydrate in Binder (%) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Compactability (%) 358 350 358 342 350 342 350 35.0
Specimen Weight (grams) 159.00 157.00 158.00 15825 159.00 159.00 159.00  158.46
Moisture (%) 249 2.54 2.60 2.57 2.45 2.58 2.61 2.55
Average Green Comp Str. (psi) 23.0 249 23.5 239 23.5 23.6 24.1 23.8
(KPa in parentheses) (1586) (171.7) (162.0) (164.8) (162.0) (162.7) (1662)  (164.1)
Total Dry Comp Str. (psi) 65.5 75.7 65.7 59.0 65.0 62.4 62.7 65.14
(KPa in parentheses) (4516) (5219) (453.0) (406.8) (4482) (4302) (432.3)  (449.1)
Permeability (psi) 130 123 102 91 140 203 201 141.43
(KPa in parentheses) (8963) (848.1) (7033) (627.4) (9653) (1400) (1386)  (975.1)
Friability (%) - 15.84 13.80 15.05 13.92 14.39 13.78 14.46
Moldability (%) - 73.56 85.28 91.27 96.59 92.15 89.60 88.08
TABLE 2

Foundry Properties of Foundry Mold Compositions Including a Calcium Magnesium
Carbonate Modifier With a 40% Compactability Target

Sample ID 1 2 3 4 5 6 7 AVG
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NS. NS. NS, NS. NS. NS NS
base clay 200 200 200 200 200 200 200  \-S-200
Binder in Sand (%) 8.0 8.0 8.0 80 - 80 8.0 8.0 8.0
Water in Sand (%) 220 220 227 227 227 221 227 2.25
Dolomite Hydrate in Binder (%) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Compactability (%) 417 417 392 400 392 400 400 402
Specimen Weight (grams) 159.00 15800 15825 159.00 15900 159.00 159.00  158.75
Moisture (%) 267 261 274 266 268 270 274 2.69
Average Green Comp Str. (psi) 219 220 224 223 22.8 23.1 23.2 22.5
(kPa in parentheses) (151.0) (151.7) (1544) (1538) (1572) (159.3) (160.0) (155.1)
Total Dry Comp Str. (psi) 762 791 687 618 T30 106 617 71.87
(KPa in parenthescs) (5254) (5454) (473.7) (467.5) (503.3) (4868) (466.8)  (495.5)
Permeability (psi) 122 180 104 104 101 201 204 14514
(KPa in parentheses) 8412) (1241) (7171) (717.1) (6964) (1386) (1407)  (1001)
Friability (%) . 1280 1101 972 1223 1063  9.72 11.02
Moldability (%) ] 7799 8335 7505 8194 8992 8476 8217
TABLE 3

Foundry Properties of Foundry Mold Compositions Including a Calcium Magnesium
Carbonate Modifier With a 45% Compactability Target

Sample ID 1 2 3 4 5 6 7 AVG
N.S. N.S. N.S. N.S. N.S. N.S. N.S.
base clay 200 200 200 200 200 200 200  NS.200
Binder in Sand (%) 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0
Water in Sand (%) 233 233 2.43 243 2.40 2.40 2.40 2.39
Dolomite Hydrate in Binder (%) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Compactability (%) 46.7 45.8 442 475 45.8 45.0 45.8 45.8
Specimen Weight (grams) 159.00 15800 15825 159.00 159.00 159.00 159.00  158.75
Moisture (%) 2.74 2.58 2.83 2.84 2.81 2.88 2.77 2.78
Average Green Comp Str. (psi) 20.8 21.1 21.2 21.1 21.9 22.0 21.8 214
(kPa in parentheses) (1434) (145.5) (1462) (1455) (151.0) (151.7) (1503)  (147.5)
Total Dry Comp Str. (psi) 75.8 63.4 80.0 772 78.0 772 74.5 75.16
(kPa in parentheses) (522.6) (437.1) (551.6) (532.3) (537.8) (5323) (513.7) (5182)
Permeability (psi) 105 200 83 105 100 207 205 143.57
(kPa in parentheses) (7239) (1379) (5723) (723.9) (689.5) (1427) (1413)  (989.9)
Friability (%) 9.81 9.96 7.85 7.92 9.82 8.76 9.52 9.09
Moldability (%) 7556  72.17 7421 7001 7801 8035  77.06 75.34
TABLE 4

Rheological Properties of Foundry Mold Composition With 2 % by weight Calcium

Magnesium Carbonaté Modifier

base cla N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S.
clay 200 200 200 200 200 200 200 200
Sample ID 1 2 3 4 5 6 7 AVG

D.1. water, bbl 1 1 1 1 1 1 1 1
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(litres in parentheses) (119) (1190 (1190  (119)  (119) (1190 (119  (119)

}i{;‘r’;fﬁy ::ztheses) 25 225 25 225 25 25 225 225
P (642) (642) (642) (642) (642) (642) (642)  (642)

wt % dolomite hydrate 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Fann 35A readings: .
600 rpm 210.0 230.0 190.0 205.0 195.0 180.0 187.0 202
300 rpm 199.0 223.0 175.0 194.0 187.0 175.0 172.0 192
200 rpm 196.0 210.0 168.0 187.0 180.0 167.0 164.0 185
100 rpm 182.0 203.0 157.0 179.0 167.0 153.0 149.0 174
6 rpm 114.0 132.0 100.0 110.0 105.0 98.0 93.0 110
3 rpm 95.0 100.0 85.0 68.0 70.0 65.0 59.0 81
Plastic viscosity, cP 11.0 7.0 15.0 11.0 8.0 5.0 15.0 10
Yield point, 1b/100 f? 188.0 216.0 160.0 183.0 179.0 170.0 157.0 183
(kPa in parentheses) (90.0) (1034) (76.6) (87.6) (85.7) (81.4) (75.2) (87.6)
Apparent Viscosity, cP 105.0 115.0 95.0 102.5 97.5 90.0 93.5 101
TP/PV ratio 17.1 30.9 10.7 16.6 224 34.0 10.5 22
EXAMPLE 2

[0059] Five foundry mold compositions were prepared according to the methods
disclosed herein and labeled Samples 8 through 12. The first sample, labeled sample 8, contained
only sand, a clay binder, and water in order to demonstrate an unmodified foundry mold
composition. The next three samples, labeled samples 9, 10, and 11, contained a similar
formulation with the addition of varying amounts of a calcium magnesium carbonate modifier in
order to demonstrate the effects of the modifier in different concentrations. The last sample, labeled
sample 12, contained the same formulation as sample 8 with the addition of a magnesium oxide
modifier for comparison to the carbonate modifier. The formulations of each sample are shown in
Tables 5 through 7. Each sample was tested at three different compactability values to measure
various foundry properties. The resulting desirable foundry properties are shown in Tables 5
through 7.

TABLE §

Foundry Properties of Foundry Mold Compositions With a 35% Compactability Target

Sample ID 8 9 10 11 12
Base Clay N.S. 200 - N.S. 200 N.S. 200 N.S. 200 N.S. 200
Binder in Sand (%) 8.0 8.0 8.0 8.0 8.0
Water in Sand (5) 1.83 2.03 2.03 2.07 2.03
MgO in Binder (%) : - - - - 2.6
Dolomite Hydrate in Binder (%) - 1.8 2.0 2.3 -
Compactability (%) 333 35.00 32.50 33.33 333

Specimen Weight (grams) 158.00 158.00 158.00 158.00 158.00
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Moisture (%) 2.30 2.32 2.40 2.52 2.45
Average Green Comp Str. (psi) 25.2 24.2 233 244 249
(kPa in parentheses) 173.7) (166.9) (160.6) (168.2) (171.7)
(Tk‘;f:'.Dry Comp Str)' (psi) 66.5 68.0 59.1 58.1 53.0

1n parentieses (458.5) (468.8) (407.5) (400.6) (365.4)
Permeability (psi) 170 170.00 178.00 175.00 175
(kPa in parentheses) (1172) (1172) (1227) (1207) (1207)
Friability (%) 18.77 13.93 13.75 15.01 16.99
Moldability (%) 91.24 92.29 92.16 92.76 89.68

TABLE 6

Foundry Properties of Foundry Mold Compositions With a 40% Compactability Target .

Sample ID 8 9 10 11 12
Base Clay N.S. 200 N.S. 200 N.S. 200 N.S. 200 N.S. 200
Binder in Sand (%) 8.0 8.0 8.0 8.0 8.0
Water in Sand (5) 1.97 2.17 2.20 227 2.17
MgO in Binder (%) - - - - 2.6
Dolomite Hydrate in Binder (%) - 1.8 2.0 23 . -
Compactability (%) 39.2 40.00 39.17 40.00 40.8
Specimen Weight (grams) 158.00 158.00 158.00 158.00 158.00
Moisture (%) 2.33 2.59 2.65 2.64 2.55
Average Green Comp Str. (psi) 23.5 23.0 22.7 22.7 24.0
(kPa in parentheses) (162.0) (158.6) . (156.5) (156.5) (165.5)
Total Dry Comp Str. (psi) 76.5 71.5 67.6 66.0 52.7
(kPa in parentheses) (527.4) (493.0) (466.1) (455.1) (363.4)
Permeability (psi) 175 175.00 180.00 175.00 175
(kPa in parentheses) (1207) (1207) (1241) (1207) (1207)
Friability (%) 12.36 13.38 9.99 10.27 11.41
Moldability (%) 85.76 86.11 83.25 84.04 86.89
TABLE 7

Foundry Properties of Foundry Mold Compositions With a 45% Compactability Target

Sample ID 8 9 10 11 12
Base Clay N.S. 200 N.S. 200 N.S. 200 N.S. 200 N.S. 200
Binder in Sand (%) 8.0 8.0 8.0 8.0 8.0
Water in Sand (5) 2.10 2.30 2.33 240 2.30
MgO in Binder (%) - - - - 2.6
Dolomite Hydrate in Binder (%) - 1.8 2.0 2.3 -
Compactability (%) 47.5 45.00 44.17 45.00 45.0
Specimen Weight (grams) 158.00 158.00 158.00 158.00 158.00
Moisture (%) 2.55 2.64 2.73 2.76. 2.68
Average Green Comp Str. (psi) 21.3 21.7 225 22.6 23.2
(kPa in parentheses) ' (146.9) (149.6) (155.1) (155.8) (160.0)
Total Dry Comp Str. (psi) 75.5 74.5 72.7 67.8 45.5

(kPa in parentheses) (520.6) (513.7) (501.2) (467.5) (313.7)
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Permeability (psi) 180 190.00 190.00 182.00 185
(kPa in parentheses) (1241) (1310) (1310) (1255) (1276)
Friability (%) 10.21 8.82 8.58 8.68 9.66
Moldability (%) 70.10 78.91 73.45 85.03 78.16

[0060] The results demonstrate the improved foundry properties of the foundry mold
compositions using a modifier disclosed herein. Samples 9, 10, and 11 demonstrate improved
friability, permeability, and moldability relative to Sample 8, which has no modifier present, in all
cases except for the 40% compactability target. Samples 9, 10, and 11 also demonstrate improved
permeability and friability relative to Sample 12 which utilizes magnesium oxide as a modifier.
The results also demonstrate that the amount of modifier in the foundry mold composition may be

varied in order to obtain a desired set of foundry properties.

EXAMPLE 3

[0061] Four foundry mold compositions were prepared according to the methods
disclosed herein and labeled Samples 13 through 16. The samples contained additional components
to demonstrate the foundry properties of the compositions with common foundry composition
additives and was based on the Baramix® foundry binder mixture available from Bentonite
Performance Minerals, L.L.C. of Houston, Texas. The samples contained sand, a clay binder,
water, gilsonite, and coal in addition to either a carbonate modifier or a magnesium oxide for
comparison. Samples 15 and 16 each contained wood flour as an additional additive. The
formulations of each sample are shown in Tables 8 through 10. Each sample was tested at three
different compactability values to measure various foundry properties. The samples were prepared
according to the methods disclosed herein. The resulting desirable foundry properties are shown in
Tables 5 through 7.

TABLE 8

Foundry Properties of Foundry Mold Compositions With a 35% Compactability Target
and Additional Additives

Sample ID 13 14 15 16
base clay N.S. 200 N.S. 200 N.S. 200 N.S. 200
Binder in Sand (%) 8.0 8.0 8.0 8.0
Water in Sand (%) 1.87 2.17 2.03 2.20
MgO in Binder (%) 2.0 - 2.0 -
Dolomite Hydrate in Binder (%) - 2.0 - 2.0

Gilsonite in Binder (%) 2.0 2.0 1.5 1.5
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Coal in Binder (%) 25.0 25.0 21.5 21.5
Wood Flour in Binder (%) - - 1.0 1.0
Compactability(%) 35.0 333 355 333
Specimen Weight (grams) 155.00 156.00 156.00 157.00
Moisture (%) 2.95 2.90 2.73 291
Average Green Comp Str. (psi) 239 24.0 245 242
(kPa in parentheses) (164.8) (165.5) (168.9) (166.9)
Total Dry Comp Str. (psi) 55.8 55.9 573 524
(kPa in parentheses) (384.7) (3854) (395.1) (361.3)
Permeability (psi) 148 138 144 139
(kPa in parentheses) (1020) (951.5) (992.8) (958.4)
Friability (%) 14.35 17.86 15.51 1535
Moldability (%) 93.67 95.57 94.71 93.71
TABLE 9

Foundry Properties of Foundry Mold Compositions With a 40% Compactability Target

and Additional Additives
Sample ID 13 14 15 16
base clay N.S. 200 N.S. 200 N.S. 200 N.S. 200
Binder in Sand (%) 8.0 8.0 8.0 8.0
Water in Sand- (%) 2.17 2.33 2.20 2.40
MgO in Binder (%) 2.0 - 2.0 -
Dolomite Hydrate in Binder (%) - 20 - 2.0
Gilsonite in Binder (%) 2.0 2.0 1.5 1.5
Coal in Binder (%) 25.0 25.0 21.5 21.5
Wood Flour in Binder (%) - - 1.0 1.0
Compactability(%) 425 375 40.8 40.8
Specimen Weight (grams) _ 155.00 156.00 157.00 157.00
Moisture (%) 2.86 3.13 292 3.23
Average Green Comp Str. (psi) 233 242 24.0 242
(kPa in parentheses) (160.6) (166.9) (165.5) (166.9)
Total Dry Comp Str. (psi) 59.7 65.0 58.1 63.1
(kPa in parentheses) (411.6) (448.2) (400.6) (435.1)
Permeability (psi) 158 140 148 141
(kPa in parentheses) © (1089) (965.3) (1020) (972.2)
Friability (%) 9.29 15.07 11.79 10.49
Moldability (%) 87.49 88.61 93.45 90.26
TABLE 10
Foundry Properties of Foundry Mold Compositions With a 45% Compactability Target
and Additional Additives

Sample ID 13 14 15 16
base clay N.S. 200 N.S. 200 N.S. 200 N.S. 200
Binder in Sand (%) 8.0 8.0 8.0 8.0
Water in Sand (%) 2.27 2.50 2.37 2.57
MgO in Binder (%) 2.0 - 2.0 -

Dolomite Hydrate in Binder (%) - 2.0 - 2.0
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Gilsonite in Binder (%) 2.0 2.0 1.5 1.5
Coal in Binder (%) 25.0 25.0 215 215
Wood Flour in Binder (%) - - 1.0 1.0
Compactability(%) 46.7 45.0 46.7 45.0
Specimen Weight (grams) 156.00 156.00 157.00 157.00
Moisture (%) 2.98 3.17 298 3.28
Average Green Comp Str. (psi) 219 23.0 225 232
(kPa in parentheses) (151.0) (158.6) (155.1) (160.0)
Total Dry Comp Str. (psi) 64.9 68.8 60.2 71.0
(kPa in parentheses) (447.5) (474.4) (415.1) (489.5)
Permeability (psi) ' 158 140 150 140
(kPa in parentheses) (1089) (965.3) (1034) (965.3)
Friability (%) 7.93 9.49 9.13 8.13
Moldability (%) 86.17 85.55 78.57 73.87

[0062] The results demonstrate the improved foundry properties that may be
obtained through the use of the foundry mold compositions, including the modifiers, disclosed
herein.

EXAMPLE 4

[0063] In order to demonstrate the rheological effects obtained by adding the
modifiers disclosed herein to a composition, the five foundry mold compositions referred to in
Example 2 were tested to determine their rheological properties. The first sample, labeled sample
8, contained only sand, a clay binder, and water in order to demonstrate an unmodified foundry
mold composition. The next three samples, labeled samples 9, 10, and 11, contained a similar
formulation with the addition of varying amounts of a calcium magnesium carbonate modifier in
order to demonstrate the effects of the modifier in different concentrations. The last sample, labeled
sample 12, contained the same formulation as sample 8 with the addition of a magnesium oxide
modifier for comparison to the carbonate modifier. The rheological properties were measured using
a Fann® viscometer model 35A, available from Fann Instrument Company, Houston U.S.A. The

resulting rheological properties are shown in Table 11.

TABLE 11

Rheological Properties of Clay Mixtures Containing Metal Carbonate Modifiers

Sample ID 8 9 10 11 12
Base Clay N.S.200 N.S.200 N.S.200 NS.200  N.S.200
D.I water, bbl 1 1 1 1 1
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(litres in parentheses) (119) 119) (119) (119) (119)
1b/bbl clay blend 22.5 225 225 225 22.5
(kg/m® in parentheses) (64.2) (64.2) (64.2) (64.2) (64.2)
wt % dolomite hydrate - -- 1.75 2.00 2.25
wt % MgO - 2.65 - -- -
Fann 35A readings:
600 rpm 11.5 106.0 294.0 260.0 229.5
300 rpm 7.0 106.0 275.0 245.0 211.0
200 rpm 55 123.0 262.5 236.0 199.5
100 rpm 3.5 99.0 242.0 216.5 182.0
6 rpm 1.5 85.5 163.5 79.0 98.0
3 rpm 1.0 91.0 106.0 80.0 63.5
Plastic viscosity, cP 4.5 0.0 19.0 15.0 18.5

. . ) 2.5 106.0 256.0 230.0 192.5
Yield point, Ib/100 ft (1.20) (075)  (1226)  (110.1)  (92.17)
Apparent Viscosity, cP 5.8 53.0 147.0 130.0 114.8
TP/PV ratio 0.6 -- 13.5 15.3 10.4

[0064] Upon review of the above data, one of ordinary skill in the art should

understand that the clay compositions formulated using the modifiers disclosed herein demonstrate

improved rheological properties. In particular, the compositions formulated using the modifiers

disclosed herein demonstrate enhanced rheological properties, including an increased plastic
viscosity, yield point, and apparent viscosity relative to the base clay and the base clay with
magnesium oxide.

[0065] Therefore, the present invention is well adapted to attain the ends and
advantages mentioned as well as those that are inherent therein. The particular embodiments
disclosed above are illustrative only, as the present invention may be modified and practiced in
different but equivalent manners apparent to those skilled in the art having the benefit of the
teachings herein. Furthermore, no limitations are intended to the details of construction or design
herein shown, other than as described in the claims below. It is therefore evident that the particular
illustrative embodiments disclosed above may be altered or modified and all such variations are
considered within the scope of the present invention. All numbers and ranges disclosed above may
vary by some amount. Whenever a numerical range with a lower limit and an upper limit is
disclosed, any number and any included range falling within the range is specifically disclosed. In
particular, every range of values (of the form, “from about a to about b,” or, equivalently, “from

approximately a to b,” or, equivalently, “from approximately a-b”) disclosed herein is to be
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understood to set forth every number and range encompassed within the broader range of values.
Moreover, the indefinite articles “a” or “an,” as used in the claims, are defined herein to mean one
or more than one of the element that it introduces. Also, the terms in the claims have their plain,

ordinary meaning unless otherwise explicitly and clearly defined by the patentee.
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CLAIMS

1. A composition for use in producing a foundry mold comprising: a binder, wherein the
binder comprises a smectite clay; a modifier, wherein the modifier comprises a metal carbonate;

and a foundry sand.

2. A composition according to claim 1, wherein the metal carbonate is provided by a naturally

occurring mineral comprising the metal carbonate.

3. A composition according to claim 1 or 2, wherein the modifier changes the rheological

properties of the composition.

4. A composition according to claim 1, 2 or 3, wherein the smectite clay comprises at least one
substance selected from the group consisting of: a bentonite clay, a hectorite clay, a saponite clay, a

nontronite clay, a beidellite clay, a sauconite clay, and a derivative thereof.

5. A composition according to any preceding claim, wherein the metal of the metal carbonate
comprises at least one metal selected from the group consisting of: aluminum, calcium, iron,

potassium, magnesium, boron, zinc, lead, copper, and a derivative thereof.

6. A composition according to any preceding claim, wherein the metal carbonate is present in
the composition in an amount greater than or equal to about 0.1 % and less than or equal to about 20

% by weight of the foundry mold composition.

7. A composition according to any preceding claim, further comprising at least one substance
~ selected from the group consisting of: a starch, a sugar, a sodium silicate, a thermoplastic, a
thermosetting resin, a vapor -curing binder, a chemically-curing binder, a heat-curing binder, a

pitch, a resin, a cement, a cellulose, a cereal, a carbonaceous material, and a derivative thereof.
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8. A foundry mold comprising: a foundry mold composition comprising: a binder comprising a

smectite clay; a modifier comprising a metal carbonate; and a foundry sand.

9. A foundry mold according to claim 8, wherein the metal of the metal carbonate comprises at
least one metal selected from the group consisting of: aluminum, calcium, iron, potassium,

magnesium, boron, zinc, lead, copper, and a derivative thereof.

10. A foundry mold according to claim 8 or 9, wherein the modifier has a particle size of less

than about 2 millimeters.

11. A foundry mold according to claim 8, 9 or 10, wherein the foundry sand comprises at least
one sand selected from the group consisting of: a silica sand, an olivine sand, a chromite sand, a

zircon sand, a carbon sand, a ceramic sand, and a derivative thereof.

12. A method for producing a foundry mold comprising: mixing and coating foundry sand with
a binder, water, and a modifier to form a foundry mold composition, wherein the binder comprises a
smectite clay and the modifier comprises a metal carbonate; introducing the foundry mold
composition into a pattern defining a foundry mold; consolidating the foundry mold composition

within the pattern to form the foundry mold; and removing the foundry mold from the pattern.

13. A method according to claim 12, wherein the metal of the metal carbonate comprises at least
one metal selected from the group consisting of: aluminum, calcium, iron, potassium, magnesium,
boron, zinc, lead, copper, and a derivative thereof.

|
14. A method according to claim 12 or 13, wherein the metal carbonate is present in the foundry
mold composition in an amount greater than or equal to about 0.1 % and less than or equal to about

20 % by weight of the foundry mold composition.

15. A method according to claim 12, 13 or 14, wherein the mixing is performed using a muller.
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16. A method according to any one of claims 12 to 15, further comprising: introducing molten

metal into the foundry mold; and allowing the molten metal to solidify to form a metal casting.

17. A method according to any one of claims 12 to 16, wherein the foundry mold comprises at
least one mold selected from the group consisting of: a cope, a drag, a core, and a derivative

thereof.

18. A method for viscosifying a fluid comprising: providing a fluid composition, wherein the
fluid composition comprises a clay and a liquid; providing a modifier, wherein the modifier
comprises a metal carbonate; and combining the fluid composition with the modifier to form a

viscosified fluid.

19. A method according to claim 18, wherein the clay comprises a smectite clay, wherein the
smectite clay comprises at least one substance selected from the group consisting of: a bentonite
clay, a hectorite clay, a saponite clay, a nontronite clay, a beidellite clay, a sauconite clay, and a

derivative thereof.

20. A method according to claim 18 or 19, wherein the metal of the metal carbonate comprises
at least one metal selected from the group consisting of: aluminum, calcium, iron, potassium,

magnesium, boron, zinc, lead, copper, and a derivative thereof.

21. A method according to claim 18, 19 or 20, wherein the metal carbonate is present in the
viscosified fluid in an amount greater than or equal to about 0.1 % and less than or equal to about

20 % by weight of the viscosified fluid.

22. A method according to any one of claims 18 to 21, wherein the viscosified fluid has a yield

point greater than about 150 pounds per 100 square feet.

23. A method according to any one of claims 18 to 22, wherein the viscosified fluid has a plastic

viscosity of greater than about 10 centipoise.
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24. A method of producing a foundry mold composition, the method comprising: obtaining a
metal carbonate by mining a naturally occurring mineral comprising the metal carbonate;
processing the naturally occurring mineral into a particle; mixing and coating a foundry sand with a
binder, water, and the particle to form a foundry mold composition, wherein the binder comprises a

smectite clay.
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