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METHOD FOR INHIBITING FORMATION OF GYPSUM SEEDS IN A
READY-MIXED SETTING TYPE JOINT COMPOUND

TECHNICAL FIELD

This invention relates to joint compounds and methods for preventing a
gypsum seed setting. This invention also relates to blends of a fast-acting set
activator and a slow-acting set activator for setting and hardening setting type joint

compounds, and methods for controlling a setting reaction with the blends.

BACKGROUND

Joint compounds are commonly used in building construction. One of
the applications is to patch a seam between two gypsum panels. Typically, interior
walls are made by attaching gypsum panels (also referred to as wallboard) to studs.
A joint compound is then used to fill and coat seams (also referred to as joints)
between the gypsum panels.

Two types of joint compounds are known: a setting-type joint
compound and a drying-type joint compound. A setting-type joint compound
comprises calcium sulfate hemihydrate which may be referred to in this disclosure as
calcined gypsum. Setting-type joint compounds set via a setting reaction in which
calcium sulfate hemihydrate (calcined gypsum) hydrates into calcium sulfate
dihydrate (gypsum).

A setting-type joint compound can be formulated as a dry powder
which is mixed with water prior to an application. Adding water to the dry powder
initiates conversion of calcined gypsum into gypsum, which triggers setting and
hardening of the joint compound.

A setting-type joint compound can be also formulated as a ready-mixed

setting type joint compound which is already mixed with water. Ready-mixed setting

1



10

15

20

25

30

CA 03084498 2020-04-22

WO 2019/094297 PCT/US2018/058939

type joint compounds are already pre-mixed with water, yet these compounds can be
stored on a shelf for a period of time without a setting reaction by which calcined
gypsum is converted into gypsum. In order to inhibit the setting reaction during
storage and transportation, the ready-mixed setting type joint compounds contain at
least one retarder which inhibits the setting reaction in which calcined gypsum is
hydrated into gypsum. Various set retarders are known, including non-calcium
phosphate compounds as provided in US 5,746,822, a combination of a
proteinaceous retarder and a chelating agent as provided in US 4,661,161 and low
molecular weight polyacrylates as provided in US patent 5,779,786.

An activator is then added to a ready-mixed setting type joint
compound in order to initiate a setting reaction. Various activators are known,
including zinc sulfate as provided in US Patent 5,746,822 assigned to the United
States Gypsum Company. However, large amounts of zinc sulfate may be needed
or a setting reaction may proceed very slowly. Many attempts have been also made
to use alum as an activator. However, it is difficult to control a setting reaction with
alum because alum is considered to be incompatible with formulations comprising
calcium carbonate in a gypsum-based compound, yet many setting type joint
compounds contain calcium carbonate.

Further difficulties in controlling a setting reaction may arise if a setting
type joint compound has to be used under a temperature lower than 15°C because a
setting reaction can be significantly slowed under these conditions even if an
activator has been added.

Thus, there remains a need in the art for a set activator which can be
used for controlling a setting reaction in a broad spectrum of setting type joint
compounds.

Ready-mixed setting type joint compounds typically comprise one or
more set retarders which prevent a premature hydration and setting of calcined
gypsum. Suitable set retarders include non-calcium phosphate compounds,
including those disclosed in US 5,746,822, a combination of a proteinaceous
retarder and a chelating agent as provided in US 4,661,161 and low molecular

weight polyacrylates, including those disclosed in US patent 5,779,786.
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A seed setting is a formation of gypsum agglomerates, referred to as
gypsum seeds, in a setting type joint compound mixture which is normally is paste-
like. The seed setting may occur even in a setting type joint compound which
comprises a retarder. The seed setting is undesirable because it interferes with
workability of a setting type joint compound. Thus, there remains a need in the art
for setting type joint compound formulations in which the seed setting is prevented or

minimized.

SUMMARY

In one aspect, this disclosure provides methods for controlling the
setting reaction in a ready-mixed setting type joint compound and inhibiting formation
of gypsum seeds in the ready-mixed setting type joint compound.

The methods comprise mixing at least calcined gypsum, water, at least
one non-calcium phosphate compound, and at least one metal ion control agent
comprising an aminopolycarboxylic acid and/or a salt thereof, and thereby obtaining
a ready mixed setting type joint compound; and thereby obtaining a ready-mixed
setting joint compound in which formation of gypsum seeds is inhibited. In the
method, the metal ion control agent may be used in an amount from about 0.01% to
about 10% by weight, calculated as a percentage of the weight of dry calcined
gypsum; and the at least one non-calcium phosphate compound may be used in an
amount from about 0.01% to about 10% by weight, calculated as a percentage of the
weight of dry calcined gypsum.

The methods may further comprise: blending together a first set
activator comprising a cadmium compound, lead compound and/or zinc compound
and a second set activator comprising a ferrous compound, aluminum compound
and/or manganese compound, and thereby obtaining a set activator blend; and
mixing the set activator blend with the ready-mixed setting type joint compound and
thereby initiating the setting reaction of the ready-mixed setting type joint compound.

The first set activator may be zinc oxide, zinc hydroxide and/or zinc
salt. The second set activator may be aluminum oxide, aluminum hydroxide and/or

aluminum salt. In some preferred embodiments, the first set activator is zinc sulfate
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and the second set activator is alum. In some preferred embodiments, the first set
activator is zinc sulfate and the second set activator is alum, and zinc sulfate and
alum are used in a ratio in the range from 3:1 to 1:1 by dry weight of zinc sulfate to
alum.

In some preferred embodiments, the first set activator is zinc sulfate
and the second set activator is alum, and zinc sulfate and alum are used in a ratio in
the range from 3:1 to 1:1 by dry weight of zinc sulfate to alum and further, the set
activator blend is mixed with the ready-mixed setting joint compound in an amount in
the range from 0.5% to 5% by weight of dry ingredients in the ready-mixed setting
type joint compound.

In the present methods, the non-calcium phosphate compound may
comprise zinc hexametaphosphate, potassium tripolyphosphate, tetra sodium
pyrophosphate, tetra potassium pyrophosphate, sodium tripolyphosphate, mono-
ammonium phosphate, monobasic potassium phosphate, or any combination
thereof.

In the present methods, the metal ion control agent may comprise
diethylenetriamine pentaacetic acid (DTPA), pentasodium diethylenetriamine
pentaacetate, calcium trisodium diethylenetriamine pentaacetate, ethylenediamine
tetraacetic acid (EDTA), sodium calcium edetate, hydroxy-ethyl-ethylene-
diaminetriacetic acid (HEDTA), trisodium N-(hydroxyethyl)-
ethylenediaminetriacetate, or any combination thereof.

In the present methods, from about 0.01% to about 10% by weight of
the metal ion control agent may be used, calculated as a percentage of the weight of
dry calcined gypsum. In the present methods, from about 0.01% to about 10% by
weight of the non-calcium phosphate compound may be used, calculated as a
percentage of the weight of dry calcined gypsum.

In the present methods, the metal ion control agent may comprise
pentasodium diethylenetriamine pentaacetate in an amount from about 0.01% to
about 10% by weight, based on the weight of dry calcined gypsum and the non-
calcium phosphate compound may comprise tetra-potassium pyrophosphate (TKPP)

in an amount from about 0.01% to about 10% by weight, tetra-sodium
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pyrophosphate (TSPP) in an amount from about 0.01% to about 10% by weight, or a
combination of TKPP and TSPP in an amount from about 0.01% to about 10% by
weight, based on the weight of dry calcined gypsum.

In the present methods, at least one of the following may be further
mixed with the ready-mixed setting type joint compound: a binder, calcium
carbonate, mica, talc, clay, a low molecular weight polymer, or any combination
thereof.

The mixing of the set activator blend with the ready-mixed setting type
joint compound may be performed at a temperature in the range from 40 °F to 95 °F.
The first activator may be zinc sulfate and the second activator may be alum, the
setting type joint compound comprises calcium carbonate and the mixing is
performed at a temperature in the range from 40°F to 75°F. In some embodiments,
the first activator is zinc sulfate and the second activator is alum, the ratio of zinc
sulfate to alum is from 3:1 to 1:1 by dry weight, the setting type joint compound
comprises calcium carbonate and the mixing is performed at a temperature in the
range from 40°F to 65°F, and wherein the set activator blend is added in an amount
from 0.5% to 5% by weight to the setting type joint compound, excluding water.

Further aspects of this disclosure are directed to a ready-mixed setting
type joint compound obtained by the present methods and which comprises between
0.01% to 10% of a metal ion control agent comprising an aminopolycarboxylic acid
and/or a salt thereof by weight, based on the weight of calcined gypsum and the
setting joint compound further comprising between 0.01% to 10% of non-calcium
phosphate compound by weight, based on the weight of calcined gypsum.

The ready-mixed setting type joint compounds include those
compounds in which the metal ion control agent comprises diethylenetriamine
pentaacetic acid (DTPA), pentasodium diethylenetriamine pentaacetate, calcium
trisodium diethylenetriamine pentaacetate, ethylenediamine tetraacetic acid (EDTA),
sodium calcium edetate, hydroxy-ethyl-ethylene-diaminetriacetic acid (HEDTA),
trisodium N-(hydroxyethyl)-ethylenediaminetriacetate, or any combination thereof.
The ready-mixed setting type joint compounds include those compounds in which

the non-calcium phosphate compound comprises zinc hexametaphosphate,
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potassium tripolyphosphate, tetra sodium pyrophosphate, tetra potassium
pyrophosphate, sodium tripolyphosphate, mono-ammonium phosphate, monobasic
potassium phosphate, or any combination thereof. The metal ion control agent may
comprise pentasodium diethylenetriamine pentaacetate, and the non-calcium
phosphate compound may comprise tetra potassium pyrophosphate, tetra sodium

pyrophosphate or any combination thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a plot of a set time as a function of an amount of activator added.

Fig. 2 is a plot of a set time as a function of temperature and an amount of alum
activator added.

Fig. 3 is a plot of a set time as a function of temperature and an amount of zinc
sulfate added.

Fig. 4 is a plot of a set time as a function of temperature and an amount of a blend of
alum and zinc sulfate added.

Fig. 5A is a picture of a ready-mixed setting type joint compound which does not
comprise pentasodium DTPA.

Fig. 5B is a picture of a MIC ready-mixed setting type joint compound which
comprises pentasodium DTPA.

Fig. 6A is a picture showing application to a substrate of a ready-mixed setting type
joint compound which does not comprise pentasodium DTPA.

Fig. 6B is a picture showing application to a substrate of a MIC ready-mixed setting

type joint compound which comprises pentasodium DTPA.

DETAILED DESCRIPTION

In one aspect, this disclosure provides blends of two set activators.
The blends are suitable for controlling the setting reaction of ready mixed setting

type joint compounds in a great range of temperatures.



10

15

20

25

30

CA 03084498 2020-04-22

WO 2019/094297 PCT/US2018/058939

The term “set activator” refers to a compound which can activate,
accelerate or otherwise speed up the setting reaction of calcium sulfate hemihydrate
in a joint compound comprising a calcium ion chelating agent. Set activators are
compounds comprising cations which have a log K value higher than calcium,
wherein “K” is the equilibrium constant of a chelating reaction. Compounds that may
act as a set activator may comprise any of the following cations: ferric, mercury,
cupric, nickel, cobalt, cadmium, lead, zinc, ferrous, aluminum, and manganese.

A blend of two set activators provided in this disclosure comprises a
first set activator and a second set activator. The first set activator may be selected
from a compound comprising any of the following cations: cadmium, lead and/or
zinc. Suitable first activator compounds may be in the form of salts, oxides and/or
hydroxides. Particularly preferred as the first set activator is a compound comprising
zinc cations. Such zinc compounds include, but are not limited to, zinc oxide, zinc
hydroxide and zinc salts. Suitable salts include, but are not limited to, zinc nitrate,
zinc chloride, zinc chlorate, zinc sulfate, zinc sulfide, zinc phosphate, zinc molybdate,
zinc chromate, and zinc acetate. A particularly preferred as the first activator is zinc
sulfate. The general chemical formula for zinc sulfate is ZnSO4. However, it will be
understood that the term “zinc sulfate” in this disclosure also includes any of the
three zinc sulfate hydrates, including zinc sulfate heptahydrate.

The second activator in the blend can be selected from a compound
comprising any of the following cations: ferrous, aluminum and/or manganese.
Suitable second activator compounds may be in the form of salts, oxides and/or
hydroxides. Particularly preferred as the second activator is a compound comprising
aluminum. Such aluminum compounds include, but are not limited to, aluminum
oxide, aluminum hydroxide and aluminum salts. Suitable salts include, but are not
limited to, aluminum chloride, aluminum sulfate, aluminum ammonium sulfate, and
aluminum potassium sulfate. A particularly preferred as the second activator is
aluminum sulfate. In this disclosure, the term “aluminum sulfate” is used
interchangeably with the term “alum.” The chemical formula for aluminum sulfate

which is also referred to as alum is Al2(SOa)s. It will be understood that the term
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“aluminum sulfate or alum” also includes anhydrous aluminum sulfate and aluminum
sulfate hydrates, including 18-hydrate aluminum sulfate.

A blend of the first activator and the second activator may comprise: 1)
at least one compound selected from a cadmium compound, lead compound and/or
zinc compound; and 2) at least one compound selected from a ferrous compound,
aluminum compound and/or manganese compound. In the blend, the ratio of the
first activator to the second activator may vary and it may be in the range from 99:1
to 1:99 by weight of the first activator to the second activator.

A set activator blend of the present disclosure can be used in any
amount sufficient to activate the setting reaction in a setting type joint compound.
Typically, these blends can be used in an amount from 0.5% to 5% of a setting type
joint compound by weight of dry ingredients, water excluded.

Some blends of this disclosure may comprise zinc oxide, zinc
hydroxide and/or zinc salt and a ferrous compound, aluminum compound and/or
manganese compound.

At least some blends of this disclosure may comprise as the first
activator zinc oxide, zinc hydroxide and/or zinc salt and also aluminum oxide,
aluminum hydroxide and/or aluminum salt as the second activator.

Some blends of this disclosure may comprise a cadmium compound,
lead compound and/or zinc compound and at least one of aluminum oxide,
aluminum hydroxide and/or aluminum salt.

Some blends of this disclosure may comprise a zinc salt and aluminum
oxide, aluminum hydroxide and/or aluminum salt.

A preferred set activator blend of this disclosure may comprise,
contain, consist essentially of or consist of zinc sulfate as the first activator and
aluminum sulfate as the second activator. In the blend, the ratio of the first activator
to the second activator may vary and it may be in the range from 99:1 to 1:99 by dry
weight of the first activator to the second activator. Most preferred ranges of zinc
sulfate to aluminum sulfate are in the range from 3:1 to 1:1 by dry weight of zinc

sulfate to aluminum sulfate. These preferred set activator blends can be used in an



10

15

20

25

30

CA 03084498 2020-04-22

WO 2019/094297 PCT/US2018/058939

amount from 0.5% to 5% of a setting type joint compound by weight of dry
ingredients, water excluded.

A set activator blend of the present disclosure can be used to control
the setting reaction of any setting type joint compound formulated with or without a
set retarder. A set activator blend of the present disclosure can be used to control
the setting reaction of a ready-mixed setting type joint compound which is formulated
with a retarder. A set activator blend of the present disclosure can be also used to
control the setting reaction of a setting type joint compound formulated as a dry
powder and mixed with water during the use. These dry-powder setting type joint
compounds may or may not comprises a retarder. If a set activator blend of the
present disclosure is used to control the setting reaction of a setting type joint
compound which does not comprise a retarder, the activator blend is used as an
accelerator to prevent foaming and accelerate the setting reaction.

The set activator blends of the present disclosure are particularly useful
for controlling the setting reaction of a ready-mixed setting type joint compound
which comprises at least one set retarder. Such set retarders may include calcium-
chelating agents. The set retarder can be any of non-calcium bearing phosphates,
including zinc hexametaphosphate, potassium tripolyphosphate, tetra-sodium
pyrophosphate, tetra-potassium pyrophosphate, sodium tripolyphosphate, mono-
ammonium phosphate and/or monobasic potassium phosphate. Other set retarders
may include a proteinaceous retarder, such as SUMA set retarder. Set retarders
may also include any of low molecular weight polymers, such as a low molecular
weight polyacrylate, including a co-polymer composition containing acrylic acid and
acrylamide monomer units or a blend of an acrylic acid homo-polymer and an
acrylamide homo-polymer.

The set activator blends of the present disclosure can be used to
control the setting reaction in a setting type joint compound with any of the set
retarders (non-calcium bearing phosphates, proteinaceous retarders, low molecular
weight polymers) which can be used individually or in combination with one another

in any useful amount.
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The set activator blends of the present disclosure can be used to
control the setting reaction of a setting type joint compound comprising any calcium
sulfate hemihydrate, including compounds which comprise calcium sulfate in the
alpha-hemihydrate form, calcium sulfate in the beta-heminhydrate form, synthetic
calcium sulfate hemihydrate, and any combinations thereof.

The set activator blends of the present disclosure can be used to
control the setting reaction of either ready mixed or dry powder light or conventional
weight setting type joint compounds. Suitable compounds include those which
comprise calcium carbonate, mica, talc and/or clays.

The present set activator blends provide a choice of setting times
which can be customized on demand at a construction site, depending on a time
which is needed to complete a particular project and on a temperature at which a
setting type joint compound is to be used in the particular project.

The setting time of a setting type joint compound depends on a
temperature at which the setting type joint compound is hardening. Typically, the
setting reaction proceeds more slowly at a lower temperature. Thus, there may be a
fluctuation in the setting time for wallboard installation projects completed during cold
months when a temperature is below 60°F and similar installation projects which are
completed during summer months when a temperature is above 60°F. Under some
circumstances, the setting reaction in a setting type joint compound cannot be
completed satisfactory with prior art activators at a temperature lower than 50°F.

One of the technical advantages provided by the present set activator
blends is these blends can speed up a rate of the setting reaction at a lower
temperature in the range from 40 °F to 60 °F. Accordingly, an installation project can
proceed under the same schedule despite a seasonal fluctuation in temperatures.
Thus, the set activator blends provide important labor and material cost savings.

Referring to Fig. 1, it reports the set time for ready-mixed setting type
joint compounds as a function of the amount of a set activator added. The ready-
mixed setting type compounds comprise a set retarder. The set time is measured in
minutes. The amounts of activators added are by mass % from the mass of dry

ingredients in a joint compound, water excluded. As a control, zinc sulfate is tested

10



10

15

20

25

30

CA 03084498 2020-04-22

WO 2019/094297 PCT/US2018/058939

for initiating the setting reaction of the setting type joint compound that comprises
talc (curve 1) and also for initiating the setting reaction of the setting type joint
compound that comprises calcium carbonate (curve 2). As another control, alum is
tested for initiating the setting reaction of the setting type joint compound that
comprises talc (curve 6). The setting reaction with alum proceeds much quicker than
a reaction with zinc sulfate (compare curve 2 versus curve 6). Unexpectedly, a
synergistic kinetics is uncovered in various setting reactions with a blend of zinc
sulfate and alum. This synergistic effect is observed for both a setting type
compound comprising talc (see curve 3) and also a setting type compound
comprising calcium carbonate (see curve 4). The rate of the setting reaction can be
tightly controlled by varying a ratio between zinc sulfate and alum (compare curve 3
of a setting reaction with the 3:1 ratio of zinc sulfate to alum to curve 5 of a setting
reaction with the 2:1 ratio of zinc sulfate to alum).

Referring to Fig. 2, it reports a set time as a function of temperature for
ready-mixed setting type joint compounds comprising talc and a set retarder. In
these compounds, the setting reaction was initiated with various amounts of alum at
40 °F (curve 1), 75°F (curve 2) or 95°F (curve 3). While there is not much difference
in the setting reaction performed at either 75°F or 95°F (curves 2 and 3,
respectively), the setting reaction is significantly inhibited at 40 °F (curve 1). Yet, a
set time of 60 minutes can be still achieved by increasing the amount of alum used.

Referring to Fig. 3, it reports a set time as a function of temperature for
ready-mixed setting type joint compounds comprising talc and a set retarder. In
these compounds, the setting reaction was initiated with various amounts of zinc at
40 °F (curve 1), 75°F (curve 2) or 95°F (curve 3). Unlike alum, zinc sulfate does not
initiate setting reactions efficiently at 40 °F (curve 1). A significant difference in also
observed in a rate of the setting reaction performed at 75°F (curve 2) versus 95 °F
(curve 3) if zinc sulfate is used in amounts of less than 2% by weight of dry
components in a setting type joint compound.

Referring to Fig. 4, it reports a set time as a function of temperature for
ready-mixed setting type joint compounds comprising calcium carbonate and a set

retarder. In these compounds, the setting reaction was initiated with a blend of zinc
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sulfate and alum in 3:1 ratio respectively at 40 °F (curve 1), 75°F (curve 2) or 95°F
(curve 3). Unlike alum, zinc sulfate does not initiate setting reactions efficiently at 40
°F (curve 1). Unlike zinc sulfate alone, a blend of zinc sulfate and alum activates a
setting reaction at 40 °F very efficiently (curve 1). The blend also works very
efficiently in amounts lower than zinc sulfate alone. Importantly, no significant
adverse reaction was observed when calcium carbonate was present in the setting
type formula even as one of the activators in the blend was alum. This is also a
significant improvement over reactions performed with alum alone.

In connection with Figs. 1-4, Vicat set time is a period of time needed
for a setting type joint compound to solidify or harden from the moment when an
activator (or activator blend) is added to a ready-mixed setting type joint compound.
The set time is measured with a Vicat needle which is held vertically at the surface of
a setting type joint compound mixture and allowed to sink of its own weight into the
mixture if the mixture has not solidified or hardened yet.

A set activator blend of the present disclosure may be sold as a kit
comprising two activators, a first activator selected from a cadmium compound, lead
compound and/or zinc compound in a first package and a second activator selected
from a ferrous compound, aluminum compound and/or manganese compound in a
second package. The kit may further comprise an instruction manual. The
instruction manual can be in electronic format. The instruction manual may comprise
charts providing the amount of the first activator and the second activator to be used
in a blend depending on at least one of the following parameters: 1) a temperature at
a construction site at the time of use; and/or 2) a set time needed.

In one aspect, the present disclosure provides a kit comprising zinc
sulfate in a first package and alum in a second package. The kit may further
comprise an instruction manual which lists ratios in which zinc sulfate and alum may
be blended in order to achieve a needed set time at various temperatures.

In another aspect, the present disclosure provides a method for
controlling the setting reaction of a setting type joint compound at a broad range of
temperatures. In the method, the setting reaction is controlled with any of the set

activator blends of the present disclosure. Suitable joint compounds include ready-
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mixed type setting joint compounds comprising at least one retarder. The retarder
may comprise a calcium-free phosphate compound.

In further aspect, the present disclosure provides a method for
controlling the setting reaction of a setting type joint compound, including a ready-
mixed setting type joint compound, at a broad range of temperatures with a blend of
zinc sulfate and alum. In the method, zinc sulfate and alum are blended together in
a ratio in the range from 3:1 to 2:1 by dry weight of zinc sulfate to alum. The blend is
then used in an amount from 0.5% to 3% by weight of a setting type joint compound,
excluding water. The method can be performed at a temperature in the range from
about 40°F to about 95°F. The method can be performed with various setting type
joint compounds, including ready-mixed setting type joint compounds comprising at
least one retarder. The retarder may be a calcium-free phosphate compound, a low
molecular weight polymer or any combination thereof. The method can be
performed with either a ready mixed or dry powder conventional or light-weight
setting type joint compound comprising perlite, expanded perlite, vermiculate, or any
combination thereof.

A “seed setting” is a formation of gypsum agglomerates, hereafter
referred to as gypsum seeds, in an otherwise homogenous ready-mixed setting type
joint compound paste during storage and transportation and/or at the time when the
dry components are mixed with water. It will be appreciated that the “setting type
joint compound” means a compound which comprises calcined gypsum. It will be
further appreciated that “the ready-mixed setting type joint compound or the ready-
mixed setting type compound” means a joint compound which comprises calcined
gypsum, water and at least one retarder of the setting reaction which hydrates
calcined gypsum into gypsum. Such set retarders may include calcium-chelating
agents. The set retarder may include any of non-calcium bearing phosphates,
including zinc hexametaphosphate, potassium tripolyphosphate, tetra-sodium
pyrophosphate, tetra-potassium pyrophosphate, sodium tripolyphosphate, mono-
ammonium phosphate and/or monobasic potassium phosphate. Other set retarders
include a proteinaceous retarder, such as SUMA set retarder. Set retarders may

also include any of low molecular weight polymers, such as a low molecular weight
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polyacrylate, including a co-polymer composition containing acrylic acid and
acrylamide monomer units or a blend of an acrylic acid homo-polymer and an
acrylamide homo-polymer.

Referring to Fig. 5A, this is a picture of a ready-mixed setting type joint
compound after being stored on a shelf for a period of time. Gypsum seeds (10) are
visible in the compound. Two gypsum seeds (10) isolated from the ready-mixed
setting type joint compound are also shown in the right upper corner of Fig. 5A. The
size of a gypsum seed may vary, typically gypsum seeds may be of about 2mm to
about 1cm in a diameter.

Once gypsum seeds have been formed in a setting type joint
compound, the gypsum seeds cannot be easily dissolved. The gypsum seeds must
be then removed from the ready mixed setting type joint compound mixture, for
example by filtering or sifting before the compound can be applied to a substrate.
This point is illustrated in Fig. 6A which shows that applying a ready-mixed setting
type joint compound comprising gypsum seeds results in an uneven surface with
voids (20) which are caused by gypsum seeds (10). Thus, the seed setting is
undesirable because it may contribute to disintegration and premature hardening of
a ready-mixed setting type joint compound during storage and transportation. It is
also difficult to apply the compound which comprises gypsum seeds to a substrate
as the application produces an even surface. The seed setting should be also
avoided at a job site during mixing of a dry powder setting type joint compound with
water as the gypsum seeds may clog a mixer.

Without wishing to be bound by any theory, it is believed that the seed
setting may be triggered by metal ions, including iron, aluminum, zinc and some
others. Such metal ions often present as contaminants in water used for making a
joint compound and/or in other components used for making a joint compound, such
as for example, as calcium carbonate and/or calcined gypsum.

In further aspect, the present disclosure provides a joint compound
formulation, in particular a ready-mixed setting type joint compound, in which
formation of gypsum seeds is minimized during storage and/or while mixing a dry

powder setting type joint compound with water.
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The present ready-mixed setting type joint compounds comprise at
least one metal ion control agent comprising an aminopolycarboxylic acid and/or a
salt thereof. These agents are referred to in this disclosure as a MIC agent. A
ready-mixed setting type joint compound which comprises at least one MIC agent
comprising an aminopolycarboxylic acid and/or a salt thereof is referred in this
disclosure as a MIC joint compound. The MIC compounds according to this
disclosure comprise calcined gypsum, water, at least one set retarder and at least
one MIC agent. It has been unexpectedly found that formation of gypsum seeds is
minimized, delayed or completed prevented in the MIC joint compounds.

One preferred metal ion control (MIC) agent used in the MIC joint
compounds according to this disclosure comprises diethylenetriamine pentaacetic
acid (DTPA) and/or its salts, such as for example, pentasodium diethylenetriamine
pentaacetate or calcium trisodium diethylenetriamine pentaacetate. Other suitable
MIC aminopolycarboxylic acid agents include ethylenediamine tetraacetic acid
(EDTA) and/or its salts, such as for example, sodium calcium edetate; and also
hydroxy-ethyl-ethylene-diaminetriacetic acid (HEDTA) and its salts, such as for
example, trisodium N-(hydroxyethyl)-ethylenediaminetriacetate.

Some of these aminopolycarboxylic acid compounds are available as
aqueous solutions from the Dow Chemical Company under trade names
VERSENEX™ 80 chelating agent which comprises an aqueous solution of
pentasodium diethylenetriamine pentaacetate; VERSENE™ 100 chelating agent
which comprises an aqueous solution of tetrasodium ethylenediamine tetraacetate
and VERSENOL™ 120 chelating agent which comprises an aqueous solution of
trisodium N-(hydroxyethyl)-ethylenediaminetriacetate.

It has been unexpectedly discovered that formulating a ready mixed
setting type joint compound with a metal ion control agent comprising an
aminopolycarboxylic acid and/or a salt thereof, may prevent, diminish or inhibit a
seed setting reaction typically observed in a ready mixed setting type joint compound
formulated with other ion chelators, such as for example, non-calcium phosphate

compounds.
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Referring to Fig. 5B, this is a picture of a MIC ready-mixed setting type
joint compound comprising MIC agent pentasodium diethylenetriamine pentaacetate.
No formation of gypsum seeds is detected in comparison to a ready-mixed setting
type joint compound of Fig. 5A which was formulated without DTPA or any other MIC
agent, and in which gypsum seeds (10) are noticeable.

Fig. 6B is a picture showing that when the MIC ready-mixed setting
type joint compound comprising MIC agent pentasodium diethylenetriamine
pentaacetate is applied to a substrate, it produces a smooth monolete surface which
provides a technical advantage over application of a ready-mixed setting type joint
compound shown in Fig. 6A, where gypsum seeds cause voids (20) and an uneven
surface.

Preferred MIC agents in this disclosure include, but are not limited to,
diethylenetriamine pentaacetic acid (DTPA) and/or its salts, such as for example,
pentasodium diethylenetriamine pentaacetate or calcium trisodium
diethylenetriamine pentaacetate. Other suitable MIC agents include
ethylenediamine tetraacetic acid (EDTA) and/or its salts, such as for example,
sodium calcium edetate; and also hydroxy-ethyl-ethylene-diaminetriacetic acid
(HEDTA) and its salts, such as for example, trisodium N-(hydroxyethyl)-
ethylenediaminetriacetate.

A total amount of the MIC agent in the MIC ready mixed setting type
joint compound mixture may be adjusted depending on a source of gypsum, water
and/or other components. For formulations in which a metal contamination,
especially with iron, is high, the MIC agent(s) should be used in higher amounts.

Typically, from about 0.01% to about 10% by weight of the MIC agent
may be used, calculated as a percentage of dry calcined gypsum weight. For
example, from about 0.01g to about 10g of the MIC agent may be used per 100g of
dry calcined gypsum. Preferably, from about 0.1% to about 5% by weight of the MIC
agent may be used, calculated as a percentage of dry calcined gypsum weight.

The term “about” in this disclosure means plus/minus 10% of the value,
and preferably, plus/minus 1% of the value. For example, about 100 means 100+10,

and preferably, 100+1.
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Preferably, the MIC ready-mixed setting type joint compound
comprises DTPA and/or any salt thereof as the MIC agent. More preferably, the MIC
ready-mixed setting type joint compound comprises pentasodium diethylenetriamine
pentaacetate.

Preferably, the MIC ready-mixed setting type joint compound
comprises from about 0.01% to about 10% by weight of DTPA and/or any salt
thereof, such as for example, pentasodium diethylenetriamine pentaacetate (which
may be abbreviated in this disclosure as pentasodium DTPA), as a percentage from
the weight of dry calcined gypsum. In some embodiments, from about 0.01% to
about 1% by weight of DTPA and/or pentasodium diethylenetriamine pentaacetate
may be used, calculated as a percentage from the weight of dry calcined gypsum.

The MIC ready-mixed setting type joint compounds are prepared with
calcium sulfate hemihydrate, also referred to as calcined gypsum or stucco. These
MIC joint compounds are setting type joint compounds. Preferred MIC joint
compounds include ready-mixed joint compounds which comprise calcined gypsum,
water and retarders of gypsum setting.

Typically, the MIC joint compounds comprise 30% to 90% of calcined
gypsum by weight based on the joint compound composition total weight, including
water. Preferably, the MIC joint compounds comprise from 40% to 85% of calcined
gypsum by weight based on the total weight the joint compound composition,
including water. More preferably, the MIC joint compounds comprise from 45% to
80% of calcined gypsum by weight of the joint compound composition total weight,
including water.

When mixed with water, the MIC joint compound may comprise from
about 20% to about 50% by weight of water, based on the total weight of the MIC
joint compound.

The MIC joint compounds may also comprise one or more of the
following: calcium carbonate, limestone, perlite, expanded perlite, talc and/or mica.
If present, these components may be used in an amount from about 1% to about

40% by weight, based on the weight of dry calcined gypsum. Clay, such as
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attapulgite clay, may be used in an amount from about 1% to about 10% by weight,
based on the weight of dry calcined gypsum.

The MIC joint compound comprises one or more binders, such as a
latex binder and/or starch. Typically, from about 1% to about 20% of the binder may
be used by weight, based on the dry weight of calcined gypsum. For example, if
100g of dry calcined gypsum is used, an amount of the binder may be in the range
from about 1g to about 20gs.

Other components in the MIC joint compound mixture may include one
or more of the following: a thickener, pH stabilizer, biocide, defoamer, preservative
and/or wetting agent. Typically, each of these components may comprise from
about 0.01% to about 10% by weight of the joint compound, excluding water.

The MIC joint compounds may comprise at least one low molecular
weight polymer comprising a polyacrylate polymer, polyacrylamide polymer,
polyacrylate/polyacrylamide co-polymer or any mixture thereof. The molecular
weight of the low molecular weight polymer is in the range from about 1,500 to about
7,000 and more preferably from about 1,700 to about 6,500. Typically, the low
molecular weight polymer is used in an amount from about 0.5% to about 20% by
weight of the low molecular weight polymer, based on the dry weight of calcined
gypsum. More preferably, from about 0.5% to about 10% by weight of the low
molecular weight polymer, based on the dry weight of calcined gypsum.

Preferably, the MIC joint compounds comprise at least one non-
calcium phosphate compound which may comprise zinc hexametaphosphate,
potassium tripolyphosphate, tetra-sodium pyrophosphate, tetra-potassium
pyrophosphate, sodium tripolyphosphate, mono-ammonium phosphate, monobasic
potassium phosphate or any combination thereof. Typically, from about 0.01% to
about 10% by weight of the non-calcium phosphate compound may be used, based
on the weight of dry calcined gypsum.

In the MIC joint compounds of this disclosure, preferred non-calcium
phosphate compounds include tetra potassium pyrophosphate (TKPP), tetra sodium
pyrophosphate (TSPP) or any combination thereof. TKPP and/or TSPP may be

used in any amount required to prevent a setting reaction, typically, from about
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0.01% to about 10% by weight, based on the weight of dry calcined gypsum. TKPP
can be purchased as a 60% solution from Innophos, Inc., New Jersey.

The MIC setting type joint compounds of this disclosure can be made
as ready-mixed. It has been discovered that the MIC agent works synergistically
with a non-calcium phosphate compound in preventing the gypsum seed setting
reaction. The MIC agent inhibits or diminishes formation of gypsum seeds during
storage of a ready-mixed setting type joint compound and/or while a dry powder
setting type joint compound is mixed with water.

One preferred formulation of the MIC ready-mixed setting type joint
compound according to this disclosure comprises DTPA and/or its salt, such as for
example, pentasodium DTPA, and a set retarder comprising TKPP. In these joint
compounds, DTPA or its salt may be used in an amount from about 0.01% to about
10% by weight, based on the weight of dry calcined gypsum. TKPP may be used in
an amount from about 0.01% to about 10% by weight, based on the weight of dry
calcined gypsum.

Another preferred formulation of the MIC ready-mixed setting type joint
compound according to this disclosure comprises DTPA and/or its salt, such as for
example, pentasodium DTPA, and a set retarder comprising TSPP. In these joint
compounds, DTPA or its salt may be used in an amount from about 0.01% to about
10% by weight, based on the weight of dry calcined gypsum. TSPP may be used in
an amount from about 0.01% to about 10% by weight, based on the weight of dry
calcined gypsum.

Yet another preferred formulation of the MIC ready-mixed setting type
joint compound according to this disclosure comprises DTPA and/or its salt, such as
for example, pentasodium DTPA, and a set retarder comprising a combination of
TKPP and TSPP. Inthese compounds, DTPA or its salt may be used in an amount
from about 0.01% to about 10% by weight, based on the weight of dry calcined
gypsum. The total of TKPP and TSPP may be in an amount from about 0.01% to
about 10% by weight, based on the weight of dry calcined gypsum. TKPP and TSPP

may be used in equal proportions or one of the two may be used an amount larger
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than the other one. The ratios between TKPP and TSPP may be in a range from
1:100 to 100:1, respectively.

In other aspect, at least one MIC agent comprising
aminopolycarboxylic acid and/or a salt thereof may be added to a mixer during
mixing of a dry powder conventional or light-weight setting type joint compound with
water. This prevents a gypsum seed setting reaction in a mixer. Such seed setting
reactions may be triggered by contaminating metal ions, especially iron ions. A
source of metal ions may be water, contaminants in calcined gypsum, calcium
carbonate, other components and/or oxidation of the metal mixer itself.

The total amount of the MIC agent added to the setting type joint
compound mixture may be adjusted, depending on a source of calcined gypsum,
water and/or other components. Typically, from about 0.01% to about 10% by
weight of the MIC agent may be used, calculated as a percentage of the weight of
dry calcined gypsum in a mixer.

The MIC ready-mixed setting type joint compound of this disclosure
may comprise the following components as shown in Table 1. General ranges for

the components are also listed in Table 1.

Table 1.
Component Percent by weight (wt%),
calculated as a percentage from
the weight of dry calcined
gypsum
Calcined Gypsum 100
Talc 0-40
Calcium Carbonate 0-40
Perlite 0-40
Attapulgite Clay 1-10
Thickener 0.01-1
Binder 0.5-20
MIC agent (i.e. Pentasodium DTPA) 0.01-10
Non-calcium phosphate compound (i.e. 0.01-10
TKPP)
Preservative 0.1-1
Water 25-100
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As shown in Table 1, the MIC ready-mixed setting type joint compound
may comprise from 0.01g to 10g of a non-calcium phosphate compound, i.e. TKPP,
and from 0.01g to 10g of a MIC agent, i.e. DTPA, per every 100g of dry calcined
gypsum. This compound can be formulated with 25g to 100g of water, per every
100g of dry calcined gypsum.

A ready-mixed setting type joint compound typically has pH in the
range from about 7.5 to about 10. The MIC agents provided in this disclosure are
metal ion chelators, whose function depends on pH. The MIC agents provided in
this disclosure, in particular DTPA and its salts, are capable of preventing gypsum
seed formation in a MIC ready-mixed setting type joint compound in a broad range of
pH, including pH in the range from about 7.5 to about 10, as measured at room
temperature (21°C).

In further embodiments, the present disclosure provides methods for
preventing formation of gypsum seeds in a ready-mixed setting type joint compound
mixture. In one embodiment, the method comprises adding one or more of the MIC
agents provided in this disclosure during manufacturing of a ready-mixed setting type
joint compound. Typically, between 0.01% to 10% of the MIC agent may be added
by weight, calculated as a percentage of the weight of dry calcined gypsum. It has
been discovered that these ready-mixed setting type joint compounds which
comprise one or more the MIC agents have a longer shelf life and form fewer
gypsum seeds than ready-mixed setting type joint compounds which do not
comprise the MIC agent.

This technical advantage is illustrated by comparing Fig. 5A (ready-
mixed setting type joint compound without a MIC agent) to Fig. 5B (MIC ready-mixed
setting type joint compound which comprises a MIC agent such as pentasodium
DTPA), and also by comparing application of a ready-mixed setting type joint
compound without a MIC agent to a substrate (Fig. 6A) with application of a MIC joint
compound which comprises a MIC agent (pentasodium DTPA) to the same substrate
(Fig. 6B).

Other methods include adding one or more of the MIC agents into a

mixer when a dry powder setting type joint compound is mixed with water and other
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ingredients. Typically, between 0.01% to 10% by weight of the MIC agent may be
added, based on the weight of dry calcined gypsum.

Other methods include adding one or more of the MIC agents to a
ready-mixed setting type joint compound. This method increases the open time
during which a joint compound is workable. Typically, between 0.01% to 10% of the
MIC agent may be added by weight, based on the weight of dry calcined gypsum.

Further embodiments provide a method for controlling a setting
reaction in a setting type joint compound, which may be a ready-mixed setting type
joint compound, the method comprises mixing the joint compound with 1) one or
more of the MIC agents in the amount from 0.01% to 10% by weight, based on the
weight of dry calcined gypsum; and 2) one or more of non-calcium phosphate
compounds in the amount from 0.01% to 10% by weight, based on the weight of dry
calcined gypsum.

The set activator blend of zinc sulfate and alum described in this
disclosure may be then mixed with the setting type joint compound when the
compound is to be applied to a substrate. Zinc sulfate and alum may be blended
together in a ratio in the range from 3:1 to 2:1 by dry weight of zinc sulfate to alum.
The blend is then used in an amount from 0.5% to 3% by weight of a setting type
joint compound, excluding water. The method can be performed at a temperature in
the range from about 40°F to about 95°F.

Example 1.

Two ready-mixed setting type joint compounds were prepared. A first
ready-mixed joint compound comprised calcined gypsum, water, a latex binder,
calcium carbonate, a set retarder and TKPP. A second ready-mixed setting type
joint compound was prepared with the same components as the first ready-mixed
setting type joint compound, but pentasodium DTPA (VERSENEX™ 80 chelating

agent purchased from the Dow Chemical Company) was added to the formulation.
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Both ready-mixed setting type joint compounds were allowed to stay on
a shelf and both compounds were periodically examined for formation of gypsum
seeds during a period of several months. The first ready-mixed setting type joint
compound started developing gypsum seeds at about one week after the
compounds were prepared. No gypsum seeds were detected in the second ready-
mixed setting type joint compound comprising pentasodium DTPA.

More than 6 months after the two ready-mixed setting type joint
compounds were prepared, both compounds were examined, and pictures were
taken. As can be seen in Fig. 5B, no gypsum seeds were detected in the second
ready-mixed setting type joint compound comprising pentasodium DTPA. At the
same time, the first ready-mixed setting type joint compound which did not comprise
pentasodium DTPA or any other MIC agent, developed gypsum seeds, as shown in
Fig. 5A.

As can be seen from Fig. 6B, applying the second ready-mixed setting
type joint compound comprising pentasodium DTPA to a substrate, produced a
smooth surface. In contrast, application of the first ready-mixed setting type joint
compound which did not comprise pentasodium DTPA to a substrate produced a

defective surface with voids, as shown in Fig. 6A.
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CLAIMS:

What is claimed is:

1. A method for controlling a setting reaction and inhibiting
formation of gypsum seeds in a ready-mixed setting type joint compound, the
method comprising:

mixing at least calcined gypsum, water, at least one non-calcium
phosphate compound and at least one metal ion control agent comprising an
aminopolycarboxylic acid and/or a salt thereof, and thereby obtaining a ready-mixed
setting joint compound in which formation of gypsum seeds is inhibited,;

wherein the metal ion control agent is used in an amount from about
0.01% to about 10% by weight, calculated as a percentage of the weight of dry
calcined gypsum; and

wherein the at least one non-calcium phosphate compound is used in
an amount from about 0.01% to about 10% by weight, calculated as a percentage of

the weight of dry calcined gypsum.

2. The method of claim 1, wherein the method further comprises:

blending together a first set activator comprising a cadmium
compound, lead compound and/or zinc compound and a second set activator
comprising a ferrous compound, aluminum compound and/or manganese
compound, and thereby obtaining a set activator blend; and

mixing the set activator blend with the ready-mixed setting type joint
compound, and thereby initiating the setting reaction of the ready-mixed setting type

joint compound.
3. The method of claim 2, wherein the first set activator is zinc

oxide, zinc hydroxide and/or zinc salt and wherein the second set activator is

aluminum oxide, aluminum hydroxide and/or aluminum salt.
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4. The method of claim 2, wherein the first set activator is zinc
sulfate and wherein the second set activator is alum, and wherein the zinc sulfate
and alum are used in a ratio in the range from 3:1 to 1:1 by dry weight of zinc sulfate
to alum and wherein the set activator blend is mixed with the ready-mixed setting
type joint compound in an amount in the range from 0.5% to 5% by weight of dry

ingredients in the ready-mixed setting type joint compound.

. The method of any one of claims 1-4, wherein the non-calcium
phosphate compound comprises zinc hexametaphosphate, potassium
tripolyphosphate, tetra sodium pyrophosphate, tetra potassium pyrophosphate,
sodium tripolyphosphate, mono-ammonium phosphate, monobasic potassium

phosphate, or any combination thereof.

6. The method of any one of claims 1-5, wherein the metal ion
control agent comprises diethylenetriamine pentaacetic acid (DTPA), pentasodium
diethylenetriamine pentaacetate, calcium trisodium diethylenetriamine pentaacetate,
ethylenediamine tetraacetic acid (EDTA), sodium calcium edetate, hydroxy-ethyl-
ethylene-diaminetriacetic acid (HEDTA), trisodium N-(hydroxyethyl)-

ethylenediaminetriacetate, or any combination thereof.

7. The method of any one of claims 1-6, wherein the metal ion
control agent comprises pentasodium diethylenetriamine pentaacetate and wherein
the non-calcium phosphate compound comprises tetra-potassium pyrophosphate
(TKPP) and/or tetra-sodium pyrophosphate (TKPP).

8. The method of any one of claims 1-7, wherein at least one of the
following is further mixed with the setting type joint compound: a binder, calcium
carbonate, mica, talc, clay, a low molecular weight polymer, or any combination

thereof.
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9. The method of claim 2, wherein the first activator is zinc sulfate
and the second activator is alum, the ratio of zinc sulfate to alum is from 3:1 to 1:1 by
dry weight, the joint compound comprises calcium carbonate and the mixing is
performed at a temperature in the range from 40°F to 65°F, and wherein the set
activator blend is added in an amount from 0.5% to 5% by weight to the ready-mixed

setting joint compound, excluding water.

10.  Aready-mixed setting type joint compound prepared by the

method according to any one of claims 1-9.
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