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CEMENTITIOUS ARTICLE AND METHOD FOR PREPARING THE SAME
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This patent application claims the benefit of U.S. Non-Provisional Patent
Application No. 12/415,931, filed March 31, 2009, which is incorporated by reference.
BACKGROUND OF THE INVENTION

[0002] In many types of cementitious articles, set gypsum (calcium sulfate dihydrate)
is often a major constituent. For example, set gypsum is a major component of end
products created by use of traditional plasters (e.g., plaster-surfaced internal building
walls), and also in faced gypsum board employed in typical drywall construction of
interior walls and ceilings of buildings. In addition, set gypsum is the major component
of gypsum/cellulose fiber composite boards and products, as described in U.S. Pat. No.
5,320,677. Set gypsum is also included in products that fill and smooth the joints
between edges of gypsum board (see, e.g., U.S. Pat. No. 3,297,601). Also, many
specialty materials, such as materials useful for modeling and mold-making that are
precisely machined, produce products that contain major amounts of set gypsum.
Typically, such gypsum-containing cementitious products are made by preparing a
mixture of calcined gypsum (calcium sulfate alpha or beta hemihydrate and/or calcium
sulfate anhydrite), water, and other components, as appropriate to form a cementitious
slurry. In the manufacture of cementitious articles, the cementitious slurry and desired
additives are often blended in a continuous mixer, as for example described in U.S. Pat.
No. 3,359,146.

[0003] The mixture is cast into a desired shape or onto a surface, and then allowed
to harden to form set (i.e., rehydrated) gypsum by reaction of the calcined gypsum with
water to form a matrix of crystalline hydrated gypsum (calcium sulfate dihydrate). Itis
the desired hydration of the calcined gypsum that enables the formation of an
interlocking matrix of set gypsum crystals, thereby imparting strength to the gypsum
structure in the gypsum containing product. Mild heating is utilized to drive off the
remaining (i.e., unreacted) water to yield a dry product.

[0004] Cementitious products, while generally durable, can nevertheless be

improved by enhancing the strength (e.g., compressive strength) thereof to make them
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more resistant to stresses encountered during use. For example, many cementitious
products can be susceptible to indentations or other damage during wear and tear.
[0005] In the case of cementitious board, they are manufactured such that a layer of
mixed cementitious slurry is continuously deposited on a sheet of facer material moving
beneath the mixer. A second sheet of facer material is usually applied to the top of the
slurry. The cementitious slurry sandwiched between the two facer materials is allowed
to at least partially set prior to being subjected to further processing, such as cutting the
board to desired length, and heating to evaporate residual excess water.

[0006] The facer materials include paper in some applications, such as in the case of
conventional wallboard. While paper adheres to the cementitious component of the
wallboard with relative ease, one drawback with paper is that it is less resistant to
moisture. Thus, particularly in applications where water resistance is desirable, other
facer materials, such as fibrous mats (including meshes), can be used. While such
facer materials provide better moisture resistance properties, they may not be fully
satisfactory because they may lack interfacial adhesive strength between the
cementitious component and the facer material that may otherwise be achieved when a
paper facer material is used. A cementitious component formulation that enables
enhanced interfacial adhesion to facer materials is desirable to thereby improve the
performance of the finished product.

[0007] Thus, there is a need for cementitious articles with improved strength (e.g.,
compressive strength) particularly in the cementitious component. There is also a need
for cementitious board panels having improved interfacial binding between the facer

material and the cementitious component.

BRIEF SUMMARY OF THE INVENTION

[0008] In one aspect, the present invention provides a method of preparing a
cementitious article comprising: (a) preparing a cementitious slurry, the cementitious
slurry comprising cementitious material, a polyvinyl acetate type polymer, a monobasic
phosphate, optionally boric acid, and water; and (b) allowing the slurry to set. In some

embodiments where the article is board, the method further comprises depositing the
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cementitious slurry onto an advancing sheet of facer material. The cementitious slurry
can form the core of the article or a dense layer as described below. In some
embodiments, the facer material comprises glass fiber, polymer fiber, paper fiber,
mineral fiber, organic fiber, or a combination thereof.

[0009] In another aspect, the present invention provides a cementitious article
comprising: (a) a cementitious component comprising cementitious material, a polyvinyl
acetate type polymer, a monobasic phosphate, and optionally boric acid; and (b) a first
surface of the component, a second surface of the component, and a central region of
the component, overlapping a central axis, halfway between the first surface and the
second surface; wherein the total concentration of the polyvinyl acetate type polymer,
monobasic phosphate, and boric acid, in each of one or both regions in the component
adjacent the first and second surfaces, respectively, is greater than the total
concentration of the polyvinyl acetate type polymer, monobasic phosphate, and boric
acid in the central region of the component.

[0010] In yet another aspect, the present invention provides a cementitious article
comprising a cementitious component comprising cementitious material, a polyvinyl
acetate type polymer, a monobasic phosphate, and optionally boric acid. The article
can be in the form of various board products, with or without lining, or other articles.
[0011] These and other advantages of the present invention, as well as additional

inventive features, will be apparent from the description of the invention provided herein.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING(S)

[0012] FIGS. 1A and 1B schematically illustrate the cross section of cementitious
board in accordance with some embodiments of the invention.

[0013] FIGS. 2A and 2B schematically illustrate the cross section of cementitious
board in accordance with some embodiments of the invention.

[0014] FIG. 3 is a graph illustrating the relative amount of the polyvinyl acetate type
polymer, monobasic phosphate, and optionally boric acid in various portions of the

cementitious board in accordance with some embodiments of the invention.
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[0015] FIG. 4 is a bar graph illustrating the relative amount of the polyvinyl acetate
type polymer, monobasic phosphate, and optionally boric acid in various portions of the

cementitious board in accordance with some embodiments of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0016] The present invention is predicated, at least in part, on the surprising and
unexpected discovery of a cementitious article, and method of manufacture thereof,
comprising a unique combination of additives that enhance strength (e.g., compressive
strength), and in board applications, interfacial binding. The inventive additives are a
polyvinyl acetate type polymer, a monobasic phosphate, and optionally boric acid.
While not wishing to be bound by any particular theory, surprisingly, the additives
according to the invention are believed to synergistically enhance crosslinking of the
polyvinyl acetate type polymer and coat on, bind to, or otherwise interact with gypsum
crystals to provide the enhanced strength and interfacial binding. In some
embodiments, all three ingredients, including the boric acid, are included to further
enhance the synergistic crosslinking effect. The article can be in the form of various
cementitious board products, lined or unlined, as well as other cementitious articles
such as plaster, joint compound, statuary, figurines, molds, flooring products such as
underlayment, ceiling material, wall material, or the like.

[0017] As used herein, the term “component” refers to the portion or the entirety of
the cementitious board or other cementitious article that comprises a cementitious
material, polyvinyl acetate type polymer, a monobasic phosphate, and optionally boric
acid. Thus, when referring to board, the term “component” can refer to one or more
dense layers, the board core, or both. With reference to non-board articles, the term
“‘component” can refer to the entirety of the article if made of a cementitious material, or
to any portion(s) of the cementitious article that comprises a cementitious material,
polyvinyl acetate type polymer, a monobasic phosphate, and optionally boric acid. For
example, the “component” can be a cementitious outer layer of the article, the core of

the article or both.
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[0018] As used herein “core” refers to a portion of a cementitious article that
comprises a cementitious material, polyvinyl acetate type polymer, a monobasic
phosphate, and optionally boric acid. The portion may be partially or entirely enclosed,
bounded, or bordered by one or more outer layers that may or may not be cementitious.
For example, with respect to a board, the term “core” refers to the cementitious portion
of the board that is disposed between the facer materials, as is well understood in the
art.

[0019] In one aspect of the invention, in the manufacture of board, the inventive
additives are included in a cementitious slurry that also comprises a cementitious
material and water. Board in accordance with the invention can be prepared in any
suitable manner. For example, cementitious slurry is applied to a first advancing facer
material as is well understood in the art. As one of ordinary skill in the art will
appreciate, board products are typically formed “face down” such that the first facer
material serves as the “face” of the board after it is installed. In some embodiments, a
second facer material, which can be the same or different from the first facer material,
can be applied on top of the cementitious slurry so that the slurry is sandwiched
between the facer materials as is known. The second facer material generally
corresponds with the back of the board when installed. The cementitious slurry is
allowed to set or harden into a set cementitious core while supported by the first facer
material, cut to length in one or more steps, inverted as desired, and heated (e.g., in a
kiln) to remove excess water, as is well within the skill of the ordinary artisan. In
accordance with an aspect of the present invention, additives according to the invention
also surprisingly impart enhanced interfacial binding between the set cementitious core
and the facer material(s) after the setting process and in the final product. Without
wishing to be bound by any particular theory, it is believed that enhanced strength (e.g.,
compressive strength) in the core allows for the enhanced interfacial binding to the facer
material(s).

[0020] As shown in FIGS. 1A and 1B, which are not drawn to scale, exemplary
cementitious board 10, according to an aspect of the present invention, includes a
cementitious core 12 that is formed from a cementitious slurry that includes
cementitious material, water, and commonly known optional additives including, without
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limitation, foaming agents, accelerators, retarders, etc., and combinations thereof. If
desired, the cementitious board can include a first dense layer 14 as is commonly
known, between the cementitious core 12 and a first facer material 16. The dense layer
14 is formed from a dense cementitious slurry as is known in the art. If desired, a
second dense layer 18 formed from a second dense cementitious slurry can be
optionally applied between the core 12 and the second facer material 20 if present, as
shown in FIG. 1A. The first and second dense layers 14 and 18 can be formed from
dense cementitious slurries of the same or different composition, although having the
same composition for both dense layers adds efficiency to the manufacturing process.
In some embodiments, as shown in FIG. 1A, the polyvinyl acetate type polymer,
monobasic phosphate, and optionally boric acid, are included in the dense layers 14
and 18 and thus are included into the dense cementitious slurries used in forming the
dense layers 14 and 18. FIG. 1B shows board 10 without the second dense layer in
accordance with some embodiments of the invention. The board 10 can be made with
hard edges 22 and 24 if desired. As is known in the art, hard edges 22 and 24 can be
formed from the same dense slurry as forms the dense layer 14, such as by directing
portions of the dense slurry around the ends of a roller used to apply the dense layer
14.
[0021] In embodiments of the invention without any dense layer, the inventive
additives, namely, the polyvinyl acetate type polymer, monobasic phosphate, and
optionally boric acid, are included in the cementitious core formed from the cementitious
core slurry. In embodiments including one or both of the dense layers, the polyvinyl
acetate type polymer, monobasic phosphate, and optionally boric acid, can be included
in either or both of the dense layers and/or in the cementitious core. Desirably, the
inventive additives are particularly present at or near the facer materials. The presence
of the inventive additives at the interface between the core and the facer material(s) is
desirable for enhancing interfacial binding between the core and the facer material(s).
The presence of additives according to the invention at or near the facer materials is
also beneficial (particularly at or near the first facer material) to enhance withstanding
external surface stresses such as nailing, denting, or deformation. Thus, in some
embodiments that include one or both dense layers, it is desirable to include the
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inventive additives in one or both of the dense layer slurries. It is also possible in some
embodiments that include one or more dense layers to include additives according to
the invention solely in the core, and not in the dense layer(s). In some of such
embodiments, the additives may migrate in the core toward the dense layers.
[0022] In some embodiments, the inventive additives are included in the core. As
seen in FIGS. 2-4, in some such embodiments a concentration differential is formed.
For example, as seen in the exemplary board 28 of FIGS. 2A and 2B, which are not
drawn to scale, the total amount of the polyvinyl acetate type polymer, monobasic
phosphate, and optionally boric acid is of higher concentration in each of peripheral
regions B and C, respectively, as compared with in central region A. It is to be noted
that peripheral regions B and C represent the areas of the cementitious core that are
closest to the facer materials 20 and 16, while central region A overlaps a central axis 1
wherein the concentration of the inventive additives is lowest. Central region A, and
peripheral regions B and C form cross-sectional bands across the core in a thickness of
about 1/8 inch. The bands A, B, and C are recited herein to illustrate the concentration
differential in accordance with some embodiments of the invention.
[0023] FIG. 2A illustrates embodiments of the invention where the inventive additives
are included in the core 30 but not in the dense layers 14 and 18. FIG. 2B illustrates
embodiments of the invention where the inventive additives are included in the core 30
and also in the dense layers 14 and 18. It is possible also to include the inventive
additives in the core 30 as well as in only one of the dense layers 14 or 18.
[0024] In some embodiments, the concentration of the polyvinyl acetate type
polymer, monobasic phosphate, and optionally boric acid can generally gradually
increase from central region A to each of peripheral regions B and C, respectively. By
way of illustrative example only, and not any limitation, FIG. 3 shows one embodiment
where there is a gradual increase in concentration of the inventive additives from the
central region A to each of peripheral regions B and C, respectively, of the cementitious
core. However, it will be understood that the general gradual increase in concentration
can deviate from the curve shown in FIG. 3, and in some embodiments can be
discontinuous, while still generally gradually increasing from central region A to
peripheral regions B and C, respectively. The concentration differential can be, for
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example, a linear, quadratic, exponential, discontinuous or other type of distribution.
FIG. 4 illustrates the higher total amount of the polyvinyl acetate type polymer,
monobasic phosphate, and boric acid if present, in peripheral regions B and C, as
compared within central region A, regardless of the type of distribution from central
region A to peripheral regions B and C.
[0025] In some embodiments, the polyvinyl acetate type polymer, monobasic
phosphate, and optionally, boric acid, are present in each of peripheral regions B and C
in a concentration that is at least about 1.5X (referred to herein as a “concentration
factor”) the amount in central region A. It is to be noted that the concentration factor of
the polyvinyl acetate type polymer, monobasic phosphate, and optionally boric acid, in
peripheral region B can be the same or different from the concentration factor of the
polyvinyl acetate type polymer, monobasic phosphate, and optionally boric acid in
peripheral region C. In one aspect, the concentration factor in each of regions B and C
is at least about 2X that of central region A.
[0026] In some embodiments, the article can be prepared such that one or more of
the polyvinyl acetate type polymer, monobasic phosphate, and optionally boric acid
migrate towards peripheral regions B and/or C, e.g., as a result of the drying process
when excess water in the cementitious core leaves the core through regions B and/or C
through evaporation. Further, it is believed that the density of different regions of the
core and/or cementitious article, as well as the structure and interactions of the gypsum
crystals, may also impact the migration characteristics of the inventive additives. For
example, the inventive additives may migrate more readily through portions of the core
that have a relatively low density, thereby resulting in a higher concentration of the
inventive additives at one or more peripheries of a region with lower density than other
peripheries or regions. Thus, as one of ordinary skill in the art will appreciate, it is
possible to engineer to what degree, and in which region(s) of the core the inventive
additives may have a relatively high concentration as compared with other regions of
the core having a relatively low concentration of the inventive additives. In some
embodiments, the additives also migrate toward edges 22 and 24. In some
embodiments, the cementitious core 30 comprises a polyvinyl acetate type polymer, a
monobasic phosphate, and optionally boric acid, that is spread throughout the
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cementitious core. The presence of the additives in regions B and C is advantageous to
enhance interfacial binding between the cementitious core and facer layers, and also to
enhance durability of the product to withstand physical stresses.
[0027] Cementitious products according to the invention can be used in any suitable
application, such as a board used as indoor or outdoor building material. For example,
board according to the invention include acoustical panels (such as ceiling tiles),
wallboard, cubicle partitions, flooring panels, floor underlayment, roofing panels, outdoor
sheathing panels, molding material, tile backers, and mold resistant products. Because
of the higher compressive strength imparted by the unique combination of inventive
additives, board according to the invention have particular utility in environments where
the product is exposed to external stresses (such as in the case of, for example, walls;
ceilings; and/or floor underlayment such as used in areas of high traffic such as
shopping centers, hospitals, office areas, dormitories, and the like), as well as
applications in which the enhanced interfacial binding of the board core to facer layer(s)
is beneficial such as in mat-faced board, e.g., as used in environments subject to
moisture such as outdoor sheathing, bathroom walls, and the like.
[0028] In accordance with the present invention, any suitable facer material can be
used. For example, paper facer sheet, such as manila paper or kraft paper, can be
used as the facer material in some embodiments as is typical with certain products,
such as with ceiling panels, wallboard, and cubicle partitions. In some embodiments
where the board may be exposed to a substantial amount of moisture, suitable facer
material includes a mat, such as a fibrous mat. As used herein, the term “mat” includes
mesh materials. Fibrous mats can include any suitable fibrous mat material. For
example, in some embodiments, the facer material can be a mat made from glass fiber,
polymer fiber, mineral fiber, organic fiber, or the like or combinations thereof. Polymer
fibers include, but are not limited to, polyamide fibers, polyaramide fibers, polypropylene
fibers, polyester fibers (e.g., polyethylene teraphthalate (PET)), polyvinyl alcohol
(PVOH), and polyvinyl acetate (PVAc). Examples of organic fibers include cotton,
rayon, and the like. In some embodiments, the facer material is a fibrous glass mat.
[0029] Fibrous mats for use with cementitious board are commercially available in
many forms, such as woven or non-woven mats. Non-woven mats, which typically

9



WO 2010/117563 PCT/US2010/027401

comprise fibers bound together by a binder, are preferred. The binder can be any
binder typically used in the mat industry, such as urea formaldehyde, melamine
formaldehyde, stearated melamine formaldehyde, polyester, acrylics, polyvinyl acetate,
urea or melamine formaldehyde modified or blended with polyvinyl acetate or acrylic,
styrene acrylic polymers, and the like, or combinations thereof.
[0030] The fibers of the mat can be hydrophobic or hydrophilic. They can also be
coated or uncoated. Selecting a suitable type of fibrous mat will depend, in part, on the
type of application in which the cementitious board is to be used. For example, when
the cementitious board is used for applications that require water resistance,
hydrophobic fibers should be used in the fibrous mat. In some embodiments, the fibers
of the mat are not substantially embedded in the cementitious core. In other
embodiments, less than about 50 % of the thickness of the mat is embedded in the
cementitious core. More or less than 50 % of the mat may be embedded in the
cementitious core, as desired.
[0031] In embodiments where there are two facer materials, the second facer
material can be the same as the first facer material, both in material and orientation
relative to the cementitious core, or has sufficiently similar expansion and contraction
properties, and/or bond characteristics as the first facer material, such that warping of
the cementitious article is reduced or eliminated. In embodiments where the second
facer material is the same as the first facer material, it should be understood that the
first and second facer materials can be provided, for example, in separate rolls or by a
single continuous piece of material, for example, by folding a single piece of facer
material such that it wraps around the cementitious core.
[0032] In some embodiments, the cementitious board is absent any facer material,
such as, for example, DUROCK® cement board commercially available from USG
Corporation. The cementitious board comprises a cementitious core, a cementitious
material, a polyvinyl acetate type polymer, a monobasic phosphate, and optionally boric
acid. The cementitious board can further optionally comprise at least one dense layer
disposed in contact with the cementitious core.
[0033] The cementitious core can comprise any material, substance, or composition
containing or derived from hydraulic cement, along with any suitable additives. In some
10
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embodiments, the unique combination of a polyvinyl acetate type polymer, monobasic
phosphate, and optionally boric acid, are included in the cementitious core in
accordance with an aspect of the present invention.

[0034] Non-limiting examples of cementitious materials include Portland cement,
sorrel cement, slag cement, fly ash cement, calcium alumina cement, water-soluble
calcium sulfate anhydrite, calcium sulfate a-hemihydrate, calcium sulfate f-hemihydrate,
natural, synthetic or chemically modified calcium sulfate hemihydrate, calcium sulfate

dihydrate (“gypsum,” “set gypsum,” or “hydrated gypsum”), and mixtures thereof. In one
aspect, the cementitious material desirably comprises calcined gypsum, such as in the
form of calcium sulfate alpha hemihydrate, calcium sulfate beta hemihydrate, and/or
calcium sulfate anhydrite. The calcined gypsum can be fibrous in some embodiments
and nonfibrous in others. The calcined gypsum can include at least about 50% beta
calcium sulfate hemihydrate. In other embodiments, the calcined gypsum can include
at least about 86% beta calcium sulfate hemihydrate. The weight ratio of water to
calcined gypsum can be any suitable ratio, although, as one of ordinary skill in the art
will appreciate, lower ratios are more efficient so that less excess water must be driven
off during manufacture, thereby conserving energy. In some embodiments, the
cementitious slurry is usually prepared by combining water and calcined gypsum in
about a 1:6 ratio by weight respectively to about 1:1 ratio, such as about 2:3 as is typical
in board production depending on products. Alternatively, the range can be from about
1:6 to about 1:1 ratio by weight respectively, or even about a 2:3 ratio respectively.
[0035] It has been discovered that the addition of a polyvinyl acetate polymer, a
monobasic phosphate, and optionally boric acid, to a cementitious slurry imparts
enhanced strength (e.g., compressive strength) to the cementitious article particularly in
the cementitious core.

[0036] Any suitable polyvinyl acetate type polymer can be used in accordance with
the present invention. In particular, the polyvinyl acetate type polymer can be any such
polymer that crosslinks, for example, in the presence of a monobasic phosphate or boric
acid. In such embodiments, the polyvinyl acetate type polymer can be, for example,
polyvinyl acetate, polyvinyl alcohol, polyvinyl acetate copolymer, or a polyvinyl alcohol
copolymer because of this cross-linking capability with the other inventive additives.
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Thus, as defined herein, “polyvinyl acetate type polymer” encompasses, without
limitation, polyvinyl alcohols. In this respect, the polymerization of polyvinyl acetate and
the subsequent hydrolysis to replace some or all of the acetate substituents on the
polymer chain with hydroxyl groups forms polyvinyl alcohol. In some embodiments,
mixtures of more than one polyvinyl acetate type polymer can be used.
[0037] It has been found that commercially available polyvinyl alcohol materials
perform satisfactorily in the present invention, and that different grades of polyvinyl
alcohol are suitable materials for this invention. The different grades of polyvinyl alcohol
products are formed by hydrolyzing polyvinyl acetate to various degrees of hydrolysis.
The polyvinyl alcohol used in some embodiments of the present invention preferably is
at least about 85 % hydrolyzed. If a greater degree of hydrolysis is desired, the
polyvinyl alcohol can be at least about 87 % or at least about 90 % hydrolyzed. In some
embodiments, the degree of hydrolysis of the polyvinyl alcohol can be at about 87 % to
about 90 %. By way of example and not any limitation, a particularly suitable material is
the polyvinyl alcohol manufactured by Celanese Corporation and marketed under the
trademark CELVOL®, e.g., CELVOL® 523S Polyvinyl Alcohol (Celanese Corporation,
Dallas, Texas).
[0038] In some embodiments, the polyvinyl acetate type polymer is present in an
amount of from about 0.1 % to about 2 % by weight of the mixture of the cementitious
slurry. If desired, the polyvinyl acetate type polymer can be present in an amount of
about 0.15 % to about 1.5 % by weight of the mixture of the cementitious slurry. In
other embodiments, the polyvinyl acetate type polymer can be present in an amount of
about 0.2 % to about 1.0 %, about 0.3 % to about 0.9 %, about 0.4 % to about 0.7 % or
about 0.5 % to about 0.6 %.
[0039] The addition of boric acid to the cementitious slurry imparts further
advantages such as enhancing the strength, water resistance, fire retardancy, and
adhesion of the facer material to the board, as well as reducing the setting time. In
some embodiments, the boric acid is present in an amount of from about 0.1 % to about
1.0 % by weight of the cementitious slurry. However, if desired, the boric acid can be
present in an amount of about 0.1 % to about 0.5 %, or even about 0.1 % to about 0.3
%, by weight of the cementitious slurry. Boric acid, when present, interacts
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synergistically with the polyvinyl acetate type polymer and monobasic phosphate by
enhancing the cross-linking of the polyvinyl acetate type polymer. Food- or industrial-
grade boric acid commonly sold by suppliers such as U.S. Borax Inc. or Sigma-Aldrich
Corporation can be used in the invention. By way of example only, without limitation,
the boric acid can be ReagentPlus B0252-1KG (Sigma-Aldrich, St. Louis, Missouri).
[0040] While not wishing to be bound to any particular theory, it is believed that the
monobasic phosphate is a salt that acts to impart desirable characteristics to
cementitious articles. It is believed that the monobasic phosphate enhances the dry
compressive strength, wet or dry surface hardness, and abrasion resistance. In
addition, the monobasic phosphate salt exhibits synergistic effects in combination with
the polyvinyl acetate type polymer and optionally boric acid to provide increased
compressive strength and interfacial adhesion. In some embodiments, the monobasic
phosphate is present in an amount of from about 0.1 % to about 1.0 % by weight of the
cementitious slurry. If desired, the monobasic phosphate can be present in an amount
of about 0.2 % to about 0.8 %, about 0.2 % to 0.7 %, or even 0.2 % to 0.5 %, by weight
of the cementitious slurry. Any suitable monobasic phosphate can be included, such
as, for example, monoammonium phosphate, monopotassium phosphate, monosodium
phosphate, monolithium phosphate, and combinations thereof. For example,
monoammonium phosphate can be used to synergistically enhance the strength of the
cementitious article as described herein. Commercially available, food- or industrial-
grade monoammonium phosphate from, e.g., Astaris LLC and Sigma-Aldrich
Corporation can be used in this invention. By way of example only, without limitation,
the monoammonium phosphate can be ReagentPlus A1645-500G (Sigma-Aldrich, St.
Louis, Missouri).

[0041] In one aspect, boric acid and the monobasic phosphate are present in
combination in an amount of from about 0.2 % to about 2 % total by weight of the
cementitious slurry. In an embodiment of the invention, the boric acid and the
monobasic phosphate are present in combination in an amount of about 0.3 % to about
1.3 % or about 0.4 % to about 1.0 %, or even about 0.5 % to about 0.8 %, total by
weight of the cementitious slurry.

13
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[0042] In another aspect, the cementitious slurry comprises: (a) cementitious
material present in an amount of from at least about 50 % by weight of the cementitious
slurry; (b) a polyvinyl acetate type polymer present in an amount of from about 0.1 % to
about 2 % by weight of the cementitious slurry; (c) boric acid present in an amount of
from about 0.1 % to about 1 % by weight of the cementitious slurry; and (d) a
monobasic phosphate present in an amount of from about 0.1 % to about 1 % by weight
of the cementitious slurry. The amount of cementitious material present in the
cementitious slurry may vary depending on the amounts of other additives that may be
desired. However, in some embodiments of the invention, the amount of cementitious
material may be about 50 % to about 95 %, about 50 % to about 90 %, or even about
50 % to about 86%, by weight of the cementitious slurry. In yet another aspect, the
cementitious slurry comprising cementitious material in an amount of at least about 50
% by weight of the cementitious slurry, a polyvinyl acetate type polymer present in an
amount of from about 0.1% to about 2% by weight of the cementitious slurry, boric acid
present in an amount of from about 0.1% to about 1% by weight of the cementitious
slurry, and a monobasic phosphate present in an amount of from about 0.1% to about
1% by weight of the cementitious slurry, is deposited on an advancing sheet of facer
material comprising glass fiber, polymer fiber, mineral fiber, organic fiber, or a
combination thereof. As described above, the amount of cementitious material in the
cementitious slurry may vary depending on the amount of other additives that may be
desired.

[0043] Other suitable additives included in the cementitious core can be any
additives commonly used to produce cementitious board. Such additives include,
without limitation, structural additives such as mineral wool, continuous or chopped
glass fibers (also referred to as fiberglass), perlite, clay, vermiculite, calcium carbonate,
polyester, and paper fiber, as well as chemical additives such as foaming agents, fillers,
accelerators, sugar, enhancing agents such as phosphates, phosphonates, borates and
the like, retarders, binders (e.g., starch and latex), colorants, fungicides, biocides, and
the like. Examples of the use of some of these and other additives are described, for
instance, in U.S. Pat. Nos. 6,342,284, 6,632,550; 6,800,131, 5,643,510; 5,714,001; and
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6,774,146; and U.S. Pat. Appl. Pub. Nos. 2004/0231916 A1; 2002/0045074 A1 and
2005/0019618 A1.
[0044] Advantageously, in some embodiments, the cementitious core also comprises
a hydrophobic agent, such as a silicone-based material (e.g., a silane, siloxane, or
silicone-resin matrix), in a suitable amount to further improve the water resistance of the
core material. It is also preferred that the set gypsum core comprise a siloxane catalyst,
such as magnesium oxide (e.g., dead burned magnesium oxide), fly ash (e.g., Class C
fly ash), or a mixture thereof. The siloxane and siloxane catalyst can be added in any
suitable amount, and by any suitable method as described herein with respect the
method of preparing a water-resistant set gypsum board of the invention, or as
described, for example, in U.S. Pat. Appl. Pub. Nos. 2006/0035112 A1 and
2007/0022913 A1.
[0045] The siloxane can be added to the cementitious slurry in an aqueous siloxane
dispersion comprising about 4 wt. % to about 8 wt. % siloxane in water. See, e.g., co-
pending, commonly assigned U.S. Pat. App. No. 11/738,316. The siloxane can be a
cyclic hydrogen-modified siloxane, or a linear hydrogen-modified siloxane. In an
embodiment of the invention, the siloxane is a liquid (e.g., a siloxane oil) that may be
put into an aqueous dispersion. The siloxane dispersion can be stabilized, such that the
siloxane droplets remain dispersed in the water (i.e., the siloxane phase does not
substantially separate from the water phase) for a period of time sufficient to allow the
dispersion to be combined with other components of the cementitious core.
[0046] Desirably, in some embodiments, the cementitious core also comprises
strength-improving additives, such as phosphates (e.g., polyphosphates as described in
U.S. Pat. Nos. 6,342,284; 6,632,550; and 6,800,131 and U.S. Pat. Appl. Pub. Nos.
2002/0045074 A1; 2005/0019618 A1, and 2007/0022913 A1) and/or blended unstable
and stable soaps (e.g., as described in U.S. Pat. Nos. 5,683,635 and 5,643,510). The
set gypsum core can further comprise paper or glass fibers. In some embodiments, it
may be desired that the core be substantially free of paper and/or glass fibers.
[0047] Whereas various additives to cementitious slurries have been discussed
above with reference to the cementitious core, some or all of the same additives may
also be found in one or more dense layers in the board. For example, if the dense layer
15
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cementitious slurry or slurries and the core cementitious slurry is formed in a single
mixer, the slurries will largely have the same additives, with the exception of a foam
component, and/or other additives added to the core slurry after it has been extracted
from the mixer, or any additives that are added to the dense layer cementitious slurry
after it has been extracted from the mixer. Alternatively, the dense layer cementitious
slurry may be formed in a different mixer from the core cementitious slurry. If separate
mixers are used, the additives present in the core cementitious slurry and the dense
layer cementitious slurry may be different or the same, as desired.
[0048] Cementitious board in accordance with the present invention can be
manufactured according to known board production processes that are well known in
the art. For example, U.S. Pat. No. 7,364,676 discloses a process which includes a
continuously moving layer of facer material for receiving the continuous deposition of
slurry from a mixer, a mixer for preparing cementitious slurry, and a forming station. It
has been found that typical manufacturing process of making cementitious board easily
accommodates including polyvinyl acetate type polymer, monobasic phosphate, and
optionally boric acid, in the cementitious slurry composition, since the inventive
additives do not have adverse effects on board making, and are generally water-
soluble, water-miscible, or in an aqueous dispersion. Manufacture of mat-faced board
is described, for example, in co-pending, commonly assigned U.S. Patent Applications
Nos. 11/738,316, filed April 20, 2007; 12/176,200, filed July 18, 2008; and 61/109,886,
filed October 30, 2008.
[0049] Briefly, the process typically involves discharging a facer material onto a
conveyor, or onto a forming table that rests on a conveyer, which is then positioned
under the discharge conduit (e.g., a gate-canister-boot arrangement as known in the art,
or an arrangement as described in U.S. Pat. Nos. 6,494,609 and 6,874,930) of a mixer.
The components of the cementitious slurry are fed to the mixer comprising the
discharge conduit, where they are agitated to form the cementitious slurry. Foam can
be added in the discharge conduit (e.g., in the gate as described, for example, in U.S.
Pat. Nos. 5,683,635 and 6,494,609). The cementitious slurry is discharged onto the
facer material. The slurry is spread, as necessary, over the facer material and
optionally covered with a second facer material. See, e.g., U.S. Pat. No. 7,364,676.
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The wet gypsum slurry assembly thereby provided is conveyed to a forming station
where the gypsum is sized to a desired thickness, and to one or more knife sections
where it is cut to a desired length to provide a cementitious board. The cementitious
board is allowed to set (harden), and, optionally, excess water is removed using a
drying process (e.g., by air-drying or transporting the cementitious board through a kiln).
It will be appreciated by those skilled in the art that several methods of preparing and
depositing cementitious slurry are available.

[0050] Without limitation to any method of introducing the additives to a cementitious
article, the inventive additives may be introduced during manufacture in any suitable
manner, in any suitable location, and in any suitable order. For example, one, two, or
all three of the types of inventive additives may be pre-mixed, alone or in combination
with other types of the inventive additives or other raw ingredients. Alternatively, each
type of additive may be introduced individually during manufacture. In preferred
embodiments, the additives are added in dry form so as not to add excess water into
the system. However, if desired, any combination of the inventive additives may be
delivered in a fluid medium, such as an aqueous medium (e.g., solution, dispersion,
slurry, etc.) such as in embodiments where the additives are added during or after
setting, e.g., by spraying, dipping, spin coating, brushing, or rolling (or combinations
thereof).

[0051] In accordance with the present invention, the location where the inventive
additives are introduced may depend on whether the additives are included in the core
and/or in one or both dense layer(s) of the article, and/or in an outer layer of the article.
In some embodiments, the inventive additives are introduced into the pin mixer
commonly known in the art for mixing cementitious material, water, and possibly other
raw materials used in forming the core of the article. Such an arrangement provides the
inventive additives in cementitious slurry for forming the core, and is a particularly useful
mode of introduction in embodiments without any dense layer, or in embodiments where
the inventive additives are included in the core and in dense layer(s). In this respect, in
some embodiments, one or more slurries for forming the dense layer(s) are extracted
from the same pin mixer for mixing the cementitious slurry for forming the core, such
that inclusion of the inventive additives in the pin mixer provides the inventive additives
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in the core and in the dense layer(s). Itis to be noted that the slurry for forming the
dense layer includes less foam than what is in the slurry for forming the core, or the
foam is “beaten out” such as by way of one or more secondary mixers.
[0052] In some embodiments, the inventive additives are introduced into the
discharge conduit of the mixer (such as a gate-canister-boot or including volume
restrictor and pressure reducer as in U.S. Pat. No. 6,494,609, etc.). Such arrangements
are useful where the additives are desired in the core, and there are no dense layers
present. This arrangement also has utility in embodiments where one or both dense
layers are present but inclusion of the inventive additives is not desired in the dense
layers. In this respect, the dense layer(s) will be extracted from the pin mixer before the
inventive additives are introduced downstream of the pin mixer in the discharge
conduit. It will be appreciated that it is also possible to tailor the distribution of the
inventive additives in one or both dense layers by separately introducing the inventive
additives into one or both dense layers in this mode of introduction.
[0053] In some embodiments, where the inventive additives are not desired in the
core, the inventive additives can be introduced into slurry stream(s) for forming the
dense layer(s) after they are extracted from the pin mixer for mixing the cementitious
slurry for forming the core, such as in conduits conveying dense slurry such as “edge
hoses,” or in secondary mixer, such as is employed to beat out foam. In one aspect,
the inventive additives can be introduced in multiple mixer arrangements known in the
art. See, e.g., U.S. Pat. No. 5,714,032 and U.S. Pat. Appl. Pub. No. 2004/0134585 A1.
[0054] The dense layer(s) adds some physical properties to the composite board,
such as strength, as well as enhancing adherence of the core to the facer material. The
equipment and process for forming the dense layer(s) is generally known in the field of
drywall manufacture. The cementitious material in the dense layer is more dense
relative to the core cementitious slurry. Thus, foam in the cementitious slurry can be
mechanically beaten out as with one or more secondary mixers, and/or can be
chemically treated with a defoamer, in some embodiments as is known in the art. In
other embodiments, the cementitious slurry is separated into a slurry for the dense
layer, and core slurry, with foam being inserted into the core slurry, or the slurry for the
dense layer is otherwise formed in the absence of foam, e.g., by inserting foam into the
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core slurry outside the mixer in a discharge conduit or through a multiple mixer
arrangement. In some embodiments, some foam is added to the dense layer slurry,
albeit less foam than is added to the core slurry, particularly where edges are formed
from the dense layer slurry to avoid having edges that are too hard, as is known in the
art. See, e.g., U.S. Pat. Nos. 5,198,052; 5,714,032; 5,718,797; 5,879,498, 5,908,521;
6,494,609; 6,747,922; and U.S. Pat. Appl. Pub. No. 2004/0134585 A1. The dense layer
can be of any suitable thickness. For example, in some embodiments, the thickness
can vary from about 1/16 inch to about 1/8 inch. Also, hard edges, as known in the art,
are sometimes used in a manner well known to one of ordinary skill in the art.
[0055] In some embodiments, the production of cementitious board optionally can
include vibration of the cementitious article prior to hardening to facilitate reduction or
elimination of voids in the cementitious slurry, if desired. Any suitable vibration
technique or device known in the art, such as, for example, variable frequency tables or
platform sections can be used. Any suitable vibration technique known in the art can
be used. For example, vibration bars, variable frequency tables, and/or platform
sections can be used. Vibration optionally may be turned off, if desired, to further
facilitate reducing or preventing bleed-through in some embodiments in glass-mat
embodiments which may occur in certain situations such as with the use of a glass mat
facer material.
[0056] The cementitious slurry comprises any of the materials and additives
previously described as suitable or preferred with respect to the cementitious core of the
cementitious board, along with sufficient water to provide a suitable viscosity. When
measured by the slump test, the gypsum slurry will typically produce a patty with a
diameter of about 5 inches to about 8 inches (or about 10 cm to about 20 cm), such as
about 6 inches to about 7 inches (or about 15 cm to about 18 cm). Procedures for
measuring the viscosity of slurry using the slump test are known in the art. Briefly, a 2
inch (or 5 cm) diameter tube is filled with slurry to a height of 4 inches (10 cm). Within 5
seconds from sampling the slurry from the manufacturing line, the slurry is released
from the tube onto a flat, level surface and allowed to spread into a patty. When the
slurry has stopped spreading, the widest diameter of the slurry patty is measured (in the
case of non-circular (e.g., elliptical) slurry patty, the widest diameter of the slurry patty is
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averaged with the diameter of the slurry patty in the direction perpendicular to the
widest diameter).
[0057] Those aspects of the method of preparing a faced cementitious board not
specifically described herein can be supplied by the techniques known and used in the
manufacture of conventional cementitious board.
[0058] In addition to faced cementitious board, in another embodiment of the present
invention, the inventive additives can be used in unfaced cementitious board. In one
embodiment, unfaced cementitious board of the present invention can be prepared in a
manner as described above with respect to faced cementitious board, with the
exception that a temporary facer material known in the art as release paper is contacted
with the cementitious slurry or slurries instead of paper or a mat. Once the cementitious
article has at least partially set, the release paper is removed. Alternatively, unfaced
cementitious board of the present invention can be also be prepared by molding or
casting processes, or by felting processes as known in the art (e.g., as described in
U.S. Pat. No. 7,056,582). In one example of a casting process, a cementitious mixture
is deposited in a suitable tray or mold. The water is absorbed by one or more of the
ingredients of the cementitious mixture or it can be absorbed by the mold. Once a
sufficient amount of water is absorbed or evaporated, the cementitious article is
removed from the tray or mold and further dried in an oven. In one example of a felting
process, the cementitious slurry is transferred to a continuous porous belt having sides
to form the thickness of the panel. Excess water is removed by dewatering, drawing
water though the porous material by gravity, by suction, or by application of a press to
the wet basemat. Panels are then cut and further dried in an oven. Each of the above
steps, as well as processes and equipment for performing such steps, are known in the
art.
[0059] The cementitious slurry in the manufacture of unfaced cementitious board can
be a cementitious component comprising a cementitious material, water, polyvinyl
acetate type polymer, monobasic phosphate, and optionally boric acid, and any other
ingredient that imparts a desired characteristic to the component and/or cementitious
board. Alternatively, a cementitious component comprising a cementitious material,
water, polyvinyl acetate type polymer, monobasic phosphate, and optionally boric acid,
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can be applied to an unfaced cementitious board using any known method, such as,
without limitation, spraying, dipping, spin coating, brushing, or rolling (or combinations
thereof). In another embodiment, the polyvinyl acetate type polymer, monobasic
phosphate, and optional boric acid may be applied to the unfaced cementitious board
during setting or in a post-set treatment. The application can be to one or more sides of
the unfaced cementitious board. One of skill in the art will appreciate that the
description of the manufacture and components of the core of a faced board above has
substantial application to the manufacture of the cementitious component of an unfaced
cementitious board.

[0060] While the present invention has been described above as applied to the
manufacture of cementitious board, it also may be used in the manufacture of other
non-board cementitious articles. Cementitious articles of the present invention include,
for example, interior/exterior statuary, plaster, plaster molds for casting, veneer plaster,
and gypsum-cellulosic fiber products. These articles can be manufactured according to
production processes that are well known in the art. See, e.g., U.S. Pat. No. 6,822,033.
Cementitious articles such as interior/exterior statuary are typically prepared from a
cementitious slurry. The cementitious slurry can comprise a cementitious material (as
described herein), water, inventive additives, and one or more other optional additives
that impart differing properties to the cementitious material. The cementitious slurry is
then typically cast into a pre-determined shape or onto the surface of a substrate. For
example, the article can be in the form of a mold made of plaster or the like used in
casting pottery figurines and the like, using pressure casting or slip casting techniques
known in the art. In some embodiments, these articles can be made to be hollow, or
have an interior core that is of a different material or composition than an outer layer of
the article.

[0061] Thus, the cementitious article can have a cementitious component that
comprises a cementitious material, water, a polyvinyl acetate type polymer, a
monobasic phosphate, and optionally boric acid. The article, when made entirely of a
cementitious material, may consist of the cementitious component. Alternatively, if the

articles comprise a core of a different material, the outer layer may comprise the
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cementitious component. In some embodiments, the core may comprise the
cementitious component, with an outer layer of the same or a different material.

[0062] It is not necessary that the cementitious slurry from which the article is cast
contain the polyvinyl acetate type polymer, the monobasic phosphate, and optionally
boric acid. For example, the polyvinyl acetate type polymer, the monobasic phosphate,
and optionally boric acid may be applied to one or more surfaces of the article by,
without limitation, spraying, dipping, spin coating, brushing, or rolling (or combinations
thereof) while it sets or in a post-set treatment. In yet another embodiment, the
polyvinyl acetate type polymer, the monobasic phosphate, and optionally boric acid may
be first applied to the surfaces of the mold or substrate that comes into contact with the
cementitious slurry.

[0063] The following examples further illustrate the present invention, but should not

be construed as in any way limiting its scope.

EXAMPLE 1

Cementitious Articles According to the Present Invention

[0064] The following examples 1A and 1B illustrate the preparation of an exemplary
glass fiber mat-faced cementitious article, and an exemplary paper faced cementitious
article, with an exemplary cementitious core sandwiched between two dense layers in
accordance with the invention. Both the cementitious core and the dense layers contain
the inventive additives.

EXAMPLE 1A

Glass Fiber Mat-Faced Cementitious Article

[0065] A cementitious slurry is prepared in a mixer using the formulation provided in
Table 1, having a water-stucco ratio of 75.20 %. It is well known in the art that the term

“‘Ibs./MSF” means pounds per 1000 square feet of the cementitious article.
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TABLE 1

SECUROCK® — Exemplary Formulation

Component

Average

Stucco

2212 Ibs./MSF (10838.8 g/m?)

Gauging water

765 Ibs./MSF (3748.5 g/m2)

Foam water

228 Ibs/MSF (1117.2 g/m?)

Foam air

19.1 cfm

Foaming Agent

0.17 Ibs./MSF (0.833 g/m?)

Accelerator 5.50 Ibs./MSF (26.95 g/m?)

Dispersant 10.00 Ibs./MSF (49 g/m?)
Retarder 0.13 Ibs./MSF (0.637 g/m?)

Total water 1662 Ibs./MSF (8143.8 g/m?)

Sodium trimetaphosphate (11
% solids in water solution)

6.20 Ibs./MSF (30.38 g/m?)

Siloxane 8.01 Ibs./MSF (39.249 g/m?)
Fly ash 11.00 Ibs./MSF (53.9 g/m?)
Biocide 1.00 Ibs./MSF (4.9 g/m?)
Starch 1 0.00 Ibs./MSF (0 g/m?)
Starch 2 0.00 Ibs./MSF (0 g/m?)

Glass fiber 0.00 Ibs./MSF (0 g/m?)

20 Ibs./MSF (98 g/m?)
Monoammonium Phosphate 15 Ibs./MSF (73.5 g/m?)
Boric acid 10 Ibs./MSF (49 g/m?)

Polyvinyl Alcohol

[0066] The mixer discharges cementitious slurry for both the dense layers and the
core layer. Cementitious slurry for the core layer includes the same components as the
dense layer, as well as a foaming agent so that the core layer is less dense than the
dense layer. In this example, the foam component is incorporated into the slurry stream
outside of the mixer. Before it is incorporated in the slurry stream, the foam component
is generated separately using conventional foam generation equipment, including high
shear mixing of air and soap solution.

[0067] Both sides (face and back) of the cementitious article comprise a fibrous

glass mat. The face and back fibrous mats are made of the same material. The fibrous
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glass mat is non-woven and comprises a 28 wt. % melamine formaldehyde/acrylic
binder. The fibrous glass mat is passed through a tensioned alignment system. The
face mat is also creased along its side edges to facilitate the proper formation of the 5/8
inch desired thickness and edge profile. The creases are also positioned such that the
finished product will have a width of 48 inches. The face fibrous glass mat is positioned
on a moving conveyor for deposition of the cementitious slurry onto the mat.
[0068] A first portion of the unfoamed, relatively dense cementitious slurry is
extracted from the mixer. This first portion of dense cementitious slurry is deposited
onto the face mat. A slurry spreader (in this example, a roller) is used to spread the
dense layer slurry over the facer material to a thickness of about 1/16 inch, thereby
forming a dense layer across the width of the face of the board.
[0069] A second portion of slurry for forming the less dense core layer is also
extracted from the same mixer. The second portion of slurry is combined with the foam
component outside of the mixer in a discharge apparatus thereof. The resulting less-
dense cementitious core slurry is also deposited onto the fibrous glass mat, to which the
dense layer was applied.
[0070] To complete a glass mat envelope filled with cementitious slurry, a back mat
is applied over the face mat, on which the cementitious slurry comprising the foam
component has been applied. The back glass mat is made of the same material as the
face mat. A dense layer optionally can be applied to the back fibrous glass mat as
described above relative to the face mat, if desired.
[0071] As the face mat with the deposited cementitious slurry approaches the
forming plate, the creased edges of the face mat are folded around the deposited
cementitious slurries to form the edges of the glass mat envelope. The back mat with a
dense layer is placed in contact with the edges of the face mat. A glue line is used to
bond the face glass mat to the back glass mat at the point where the mats contact.
Slurry does not contact the face and back mats where the mats contact.
[0072] The completed glass mat envelope, filled with the cementitious slurries, exits
the forming plate and is transferred to a conveyer belt. The conveyor has a means for
keeping the edges in proper configuration and position until the slurry hydrates (sets)
and the board is self supporting. Once the slurry sets, the glass mat envelope
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comprising set cementitious slurry is cut into panels slightly longer than the desired
length of the finished product (e.g., 8 feet, 9 feet, 10 feet, 12 feet, or other desired
length) with a board knife. The panels are inverted such that the back mat comes into
contact with the moving conveyor, and the face mat is no longer in contact with the
conveyor. To remove excess water, the panels are dried in a kiln. Once dried, the
panels are finished into a final product by trimming the panels to their final lengths, and
packaging the finished product.

[0073] The resulting product is a glass mat-faced cementitious product with
improved compressive strength and interfacial binding strength, such as that sold by
USG Corporation under the trademark SECUROCK®.

EXAMPLE 1B

Paper-Faced Cementitious Article

[0074] The following example illustrates the preparation of an exemplary paper faced
cementitious article with an exemplary cementitious core sandwiched between two
dense layers in accordance with the invention. Both the cementitious core and the
dense layers contain the inventive additives.

[0075] A cementitious slurry is prepared in accordance with the formulation provided

in Table 2, having a water-stucco ratio of 85.20 %.
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TABLE 2
MOLD TOUGH® — Exemplary Formulation
Component Average
Stucco

1869 Ibs./MSF (9158.1 g/m?)

Gauging water

773 Ibs./MSF (3787.7 gim2)

Foam water

129 Ibs/MSF (632.1 g/m?)

Foam air

16.3 cfm

Foaming Agent

0.14 Ibs./MSF (0.686 g/m?)

Accelerator 5.52 Ibs./MSF (27.048 g/m?)

Dispersant 10.00 Ibs./MSF (49 g/m?)
Retarder 0.20 Ibs./MSF (0.98 g/m?)

Total water 1591 Ibs./MSF (7795.9 g/mz)

Sodium trimetaphosphate (11

2
% solids in water solution) 6.20 Ibs./MSF (30.38 g/m”)

Siloxane 13.00 Ibs./MSF (63.7 g/m?)
Flyash 11.00 Ibs./MSF (53.9g/m?)
Biocide 3.35 Ibs./MSF (16.415 g/m?)

Starch 1 3.00 Ibs./MSF (14.7 g/m?)

Starch 2 4.00 Ibs./MSF (19.6 g/m?)

Glass fiber 7.5 Ibs./MSF (36.75 g/mz)

Polyvinyl Alcohol 20 Ibs./MSF (989/m2)

15 Ibs./MSF (73.5g/m?)
10 Ibs./MSF (49g/m?)

Monoammonium Phosphate

Boric acid

[0076] The paper faced cementitious article with two different types of paper facer

material on either side is prepared according to the method described in Example 1A.
The paper-faced cementitious product is made to a thickness of 5/8 inch as was the
product of Example 1A.

[0077] The resulting product is a paper faced cementitious product, with improved

compressive strength, such as that sold by USG Corporation under the trademark
MOLD TOUGH®.
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EXAMPLE 2

Laboratory Cube Compressive Strength

[0078] This example illustrates the enhanced strength of cementitious cubes that
contain the inventive additives. Samples of the gypsum-containing products were
prepared in accordance with the invention and compared, in regard to strength, with
samples prepared without the inventive additives. The test procedure employed was in
accordance with ASTM C472-99, which is one way of measuring the strength of
cementitious cubes. This procedure has been selected to illustrate the enhancement of
the strength of cementitious cubes made according to the invention. However, any test
known in the art can be used to determine the relative strength of the cementitious
cubes.

[0079] Samples were prepared according to the formulations set forth in Table 3.
Formulas 1 and 4 do not contain the inventive additives (Control Samples). The
polyvinyl alcohol used in this example (and following examples) was Celvol 523S
(Celanese Corporation, Dallas, Texas). Boric acid powder was obtained from Sigma-
Aldrich Corporation with the designation ReagentPlus B0252-1KG. Monoammonium
phosphate powder was obtained from Sigma-Aldrich Corporation with the designation
A1645-500G. The calcium sulfate hemihydrate (stucco) was provided by USG’s
Southard, Oklahoma facility. The accelerator of this example is finely ground gypsum.
In this example, the finely ground gypsum is protected by sugar so as to be heat-
stabilized as is well within the skill of the ordinary artisan. The amount of accelerator, 4
g, in each of the controls was selected to allow for a proper hydration rate of the stucco
in the slurry, that are comparable to the hydration rates that are common in the
manufacture of fiber mat-faced or paper-faced cementitious products, as described in
Example 1. The addition of inventive additives requires 6 g of accelerator to maintain a
consistent hydration rate as that of a cementitious core without the inventive additives.
[0080] The slurries of each formula were made by combining and mixing together all
of the ingredients. Slurries of each formula were cast into cubes (2 inches per side).

After the calcium sulfate hemihydrate set to form gypsum, the cubes were removed

27



WO 2010/117563

PCT/US2010/027401

from the molds and dried in an oven at 116 °F for at least 24 hours, or until they reached

a constant weight. The cubes were cooled down to room temperature prior to testing.

[0081]

Compressive strength for each cube was measured according to the

procedures set forth in ASTM C472-99, on a SATEC 120 HVL testing machine. Results
are as shown in Table 4.

Table 3
Cube Formulation for Compressive Strength Testing
Ingredients Formula1 | Formula2 | Formula 3 Formula4 | Formula5 | Formula6
Stucco 1000 g 1000 g 1000 g 1000 g 1000 g 1000 g
Accelerator 49 649 649 49 649 6g
Dispersant 2ml 2ml 2ml 2ml 2ml 2ml
Water 1100 ml 1100 ml 1100 ml 1100 m| 1100 ml 1100 ml
Flyash 0 0 0 6 6 6
Siloxane 20 ml 20 ml 20 ml 20 ml 20 ml 20 ml
Polyvinyl Alcohol Og 59 59 Og 59 59
Mogf]z?pmhgt”e'“m 0g 25g 25g 0g 25g 25g
Boric Acid Og Og 25¢9 Og Og 25¢g
Table 4
Compressive Strength
Formula Compres(s;\écla) Strength
Formula 1 91247
Formula 2 1061.58
Formula 3 1066.75
Formula 4 947 .81
Formula 5 958.22
Formula 6 1015.81
[0082] The results in Table 4 show that the addition of inventive additives into the

cementitious slurry increases the compressive strength of the cementitious article.
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EXAMPLE 3

Compressive Strength

[0083] This example further illustrates the enhanced strength of cementitious cubes
that contain the inventive additives. Samples of the gypsum-containing products were
prepared in accordance with the invention and compared, in regard to strength, with
samples prepared without the inventive additives. No siloxane or fly ash was present in
the sample cubes for this experiment. The test procedure employed was in accordance
with ASTM C472-99, and as described above in Example 2.

[0084] Formulations for the sample cubes are shown in Table 5, and compressive

strength test results are shown in Table 6.

Table 5
Cube Formulation for Compressive Strength Testing
Ingredients Formula1 | Formula 2 Formula 3
Stucco 1000 g 1000 g 1000 g
Accelerator 49 49 49
Dispersant 2ml 2ml 2ml
Water 1100 ml 1100 ml 1100 ml
Polyvinyl Alcohol Og 59 59
Monoammonium
Phosphate 0g 259 259
Boric Acid Og Og 25¢9
Table 6
Compressive Strength
Compressive Strength
Formula (PS)
Formula 1 1208.39
Formula 2 1276.50
Formula 3 1275.04

[0085] The results in Table 6 show that the addition of inventive additives into the

cementitious slurry increases the compressive strength of the cementitious article.
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EXAMPLE 4
Adhesive Strength

[0086] This example illustrates the enhanced interfacial bonding strength (“adhesive
strength”) between the cementitious core and a glass fiber mat facer material as a result
of adding polyvinyl alcohol and monoammonium phosphate into the cementitious slurry.
Samples of the glass fiber mat faced gypsum boards were prepared in accordance with
the invention and compared, in regard to interfacial adhesion strength between the
cementitious core and the glass fiber mat facer material (manufactured at USG’s
Empire, Nevada facility), with samples prepared without the inventive additives. The
method by which glass fiber mat faced gypsum board can be prepared was previously
described in Example 1A and, generally, above in the specification.

[0087] Adhesion tests according to TAPPI Test Method T-541 were conducted.
While TAPPI Test Method T-541 provides one method for measuring the adhesive
strength of a material to a cementitious core, any method known in the art can be used
to measure the adhesive strength of the inventive cementitious material.

[0088] To conduct TAPPI Test Method T-541, glass mat faced samples were
prepared according to the formulations in Table 5. Formula 2 and Formula 3 have

varying amounts of polyvinyl alcohol and monoammonium phosphate.
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Table 7
Formulation for Gypsum Board With Glass-Mat Facer Material
Ingredients Formula1 | Formula 2 Formula 3
Stucco 3000 g 3000 g 3000 g
Accelerator 8.0g¢ 8.0g¢ 8.0g¢
Dispersant 59 59 59
Water 3300 ml 3300 ml 3300 ml
Deformer 05g 05g 05g
Nalco 60096
Polyvinyl Alcohol 0 159 30g
Noganmonur | o | sg | s0g

[0089] The samples were dried at 350 °F for 20 minutes then transferred to a 110 °F
oven for 24 hours, after which samples (3 inches x 6 inches) were cut for testing using a
z-direction tensile-compression tester. A 1 inch x 1 inch square cut was made onto the
surface of the cementitious article such that the mat was scored. The 1 inch x 1 inch
area of the mat was then subjected to tests for interfacial bonding strength.

[0090] According to TAPPI Test Method T-541, after a two hour fresh water soak,
samples were removed and allowed to dry. Adhesion test results averaged from three

samples for each formulation are presented in Table 6.

Table 8
Adhesive Strength
Formulation A o Remove Facer ()
Formula 1 0.823
Formula 2 11.572
Formula 3 20.227

[0091] These results show that the addition of inventive additives polyvinyl alcohol

and monoammonium phosphate into the cementitious slurry increases interfacial
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binding strength between the cementitious core and the facer material after a two hour

soak in water.

EXAMPLE 5
Adhesive Strength
This example illustrates the enhanced interfacial bonding strength between

[0092]
the cementitious core and a glass-mat facer material as a result of adding polyvinyl
alcohol, monoammonium phosphate, and boric acid into the cementitious slurry.
Samples were tested for interfacial bonding strength according to TAPPI Test Method
T-541 as noted above in Example 4. Glass mat faced (manufactured at USG’s Empire,

Nevada facility) samples were prepared according to the formulations in Table 7.

Table 9
Formulation for Gypsum Board With Glass-Mat Facer Material
Ingredients Formula1 |Formula2 Formula 3
Stucco 1000 g 1000 g 1000 g
Accelerator 4049 4049 4049
Dispersant 2ml 2ml 2ml
Water 1100 ml 1100 ml 1100 ml
Polyvinyl Alcohol 0 59 59
Nogammonen | o | 259 | 259
Boric Acid 0 0 25¢9

[0093]
z-direction tensile-compression tester as described in Example 4, above. Results are

The samples were cut into 2 inch x 2 inch sizes appropriate for testing using a

shown in Table 8.
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Table 10
Adhesive Strength
Formulation A o Remove Facer ()
Formula 1 2.82
Formula 2 8.41
Formula 3 9.06

[0094] These results show that the addition of polyvinyl alcohol and monoammonium
phosphate enhances the interfacial bonding strength between a cementitious core and
a facer material. The addition of boric acid further enhances the interfacial bonding
strength of the cementitious article.

[0095] All references, including publications, patent applications, and patents, cited
herein are hereby incorporated by reference to the same extent as if each reference
were individually and specifically indicated to be incorporated by reference and were set
forth in its entirety herein.

[0096] The use of the terms “a” and “an” and “the” and similar referents in the
context of describing the invention (especially in the context of the following claims) are
to be construed to cover both the singular and the plural, unless otherwise indicated
herein or clearly contradicted by context. For example, it will be understood that “a
polyvinyl acetate type polymer” or “a monobasic phosphate” could include more than

one of each of these ingredients. The terms “comprising,” “having,” “including,” and
“containing” are to be construed as open-ended terms (i.e., meaning “including, but not
limited to,”) unless otherwise noted. Recitation of ranges of values herein are merely
intended to serve as a shorthand method of referring individually to each separate value
falling within the range, unless otherwise indicated herein, and each separate value is
incorporated into the specification as if it were individually recited herein. All methods
described herein can be performed in any suitable order unless otherwise indicated
herein or otherwise clearly contradicted by context. The use of any and all examples, or
exemplary language (e.g., “such as”) provided herein, is intended merely to better

iluminate the invention and does not pose a limitation on the scope of the invention
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unless otherwise claimed. No language in the specification should be construed as
indicating any non-claimed element as essential to the practice of the invention.
[0097] Preferred embodiments of this invention are described herein, including the
best mode known to the inventors for carrying out the invention. Variations of those
preferred embodiments may become apparent to those of ordinary skill in the art upon
reading the foregoing description. The inventors expect skilled artisans to employ such
variations as appropriate, and the inventors intend for the invention to be practiced
otherwise than as specifically described herein. Accordingly, this invention includes all
modifications and equivalents of the subject matter recited in the claims appended
hereto as permitted by applicable law. Moreover, any combination of the above-
described elements in all possible variations thereof is encompassed by the invention
unless otherwise indicated herein or otherwise clearly contradicted by context.
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CLAIM(S):

1. A method of preparing a cementitious article comprising:
(a) preparing a cementitious slurry, the cementitious slurry comprising
cementitious material, a polyvinyl acetate type polymer, a monobasic phosphate, water,

optionally boric acid, optionally, silicone based material, and optionally, polyphosphate;

(b) optionally, depositing the cementitious slurry onto an advancing sheet of

facer material; and
(c) allowing the slurry to set.

2. The method of claim 1, wherein the cementitious material comprises
calcined gypsum, wherein the polyvinyl acetate type polymer is selected from the group
consisting of polyvinyl acetate, polyvinyl alcohol, polyvinyl alcohol copolymer, polyvinyl
acetate copolymer, or a combination thereof, and wherein the monobasic phosphate is
selected from the group consisting of monoammonium phosphate, monopotassium

phosphate, monosodium phosphate, monolithium phosphate, or a combination thereof.

3. The method of claim 1 or 2, wherein the cementitious slurry forms a core
of the article.
4, The method of claim 1 or 2, wherein the cementitious slurry forms at least

one outer layer of the article.

5. The method of claim 1 or 2, wherein the cementitious slurry forms a dense

layer of the article.

6. The method of claim 5, wherein the method further comprises depositing a
cementitious slurry layer over the dense layer, wherein the cementitious slurry layer
over the dense layer forms a core of the article, and wherein the cementitious slurry
layer optionally comprises one or more of a polyvinyl acetate type polymer, boric acid,

and a monobasic phosphate.

7. A cementitious article comprising:
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(a) acementitious component comprising a cementitious material, a polyvinyl
acetate type polymer, a monobasic phosphate, and optionally boric acid, wherein the
polyvinyl acetate type polymer, monobasic phosphate and optional boric acid are added
to the component during setting of the cementitious material or in a post-set treatment;
and

(b) optionally, further comprising at least one facer layer for supporting the
component, the facer layer comprising glass fiber, polymer fiber, mineral fiber, organic
fiber, or a combination thereof.

8. The cementitious article of claim 7, wherein the cementitious article further
comprises a first surface of the component, a second surface of the component, and a
central region of the component, overlapping a central axis, halfway between the first
surface and the second surface; wherein the total concentration of the polyvinyl acetate
type polymer, monobasic phosphate, and optionally boric acid, in one or both regions in
the component adjacent the first and second surfaces, respectively, is greater than the
total concentration of the polyvinyl acetate type polymer, monobasic phosphate, and
boric acid in the central region of the component.

9. The cementitious article of claim 7 or 8, further comprising at least one
dense layer optionally comprising one or more of a polyvinyl acetate type polymer, a
monobasic phosphate, and boric acid, wherein the dense layer(s) is disposed between
the component and at least one facer layer.

10.  The cementitious article of claim 7 or 8, wherein the cementitious material
comprises calcined gypsum, wherein the polyvinyl acetate type polymer is selected from
the group consisting of polyvinyl acetate, polyvinyl alcohol, polyvinyl alcohol copolymer,
polyvinyl acetate copolymer, and combinations thereof, and wherein the monobasic
phosphate is selected from the group consisting of monoammonium phosphate,
monopotassium phosphate, monosodium phosphate, monolithium phosphate, and
combinations thereof.
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