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(57) Abstract: Disclosed is a gypsum board comprising a set gypsum core disposed between two cover sheets. The set gypsum core is
formed from a slurry comprising stucco, water, and at least one pregelatinized starch having a viscosity of from about 20 cP to about
300 cP as measured according to the VMA method described herein. The starch is present in an amount of greater than 10% by weight
of the stucco. In preferred embodiments, the board has good strength properties even at lower densities, such as about 31 pct or less.
Also disclosed are a related method of making a gypsum wallboard and a slurry.
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CYPSUM WALLBOARD AND RELATED METHODS AND SLURRIES

CROSS-REFERENCE TO RELATED APPLICATIONS

(061} This patent application claims the benefit of 1.5, Patent Application No.
pp p

15/186,147, filed Fone 17, 2016, which is incorporated by reference.

BACKGROUND
(80071 Starches generally contain two types of polysaccharides {amylose and

amyvlopectin} and are classified as carbohydrates. Some starches are pregelatinized, typically
through thermal means. Generally, pregelatinized starches can form dispersions, pastes, or
gels with cold water,

{6003] Oue use for pregelatinized starches 18 in the preparation of gypsum waliboard,
BDuring manufacture of the beard, stuceo (f.e., calcined gypsum in the form of calciom sulfste
hemihydrate and/or caleiurn sulfate anhydrite}, water, starch, and other ingredients as
appropriate are mixed, typically in a pin mixer as the term is nsed in the art. A slurry is
formed and discharged from the mixer onto a meving convevor carrying a cover sheet with
one of the skim coats (if present) already applied {often upstream of the mixer). The slorry is
spread over the paper {with skim coat optionally included on the paper). Another cover
sheet, with or without akim coat, is applied onto the shurry to form the sandwich sirocture of
desired thickness with the aid of, e.z., a forming plate or the like.

13004} The mixtore 1s cast and alfowed to harden to form set (3.e, rehydrated) gypsuim by
regetion of the calcined gypsum with water to form a matrix of crystalline bydrated gypsum
(1.2, calcium sulfate dibydrate), It is the desired hydration of the caleined gypsum that
enables the formation of the interlocking matrix of set gypswm cryvatals, thereby imparting
strength to the gypsum structure in the product. Heat 1s required {2.g., in a kiin} to drive off
the remaining free (1.e., unreacted) water to vield a dry product,

LIRS Often, pregelatinized starches add water demand to the process. To compensate
for the water demand and allow for sufficient fluidity during manufacture, water content must
be added mto the stucco shury. This excess water creates ingfficiencies in the manufacture,
meinding increased drying time, slower manufacturing line speeds, and higher energy costs.

Reducing the amount of water in the system has proven to be very difficult withow
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compronnsing other critical aspects of commercial product, incheding board weight and
strengih, |

[B066] Aunother challenge is reducing the weight of gypsum board while maintaining
strength, One measure of the strength of hoard 18 “nail pull resistance,” sometimes simply
referred to as “natl pull” To reduce the weight of the board, foaming agent can be
introduced into the shury o forrn aiv voids in the finsl product. Replacing mass with air in
the gypsum board envelope reduces weight, but that loss of mass also results in less strength.
Compensating for that loss in strength is a signuficant obstacle in weight reduction efforts in
the art,

107 It will be appreciated that this background description has been created by the
mventors to aid the reader, and 13 not o be taken as a reference o prior art nor as an
indication that any of the indicated problems were themselves appreciated in the art, While
the described principles can, in some regards and ermbodiments, alleviate the problems
tnherent i other systerss, it will be appreciated that the scope of the protected innovation is
defined by the attached claims, and not by the ability of the claimed invention to solve any

specific problem noted herein,

BRIEF SUMMARY

[B0G8] inn one aspect, the disclosure provides a board {e.g., gypsum wallboard)
comprising a set gypsum core disposed between two cover sheets, The set gypsiim core 18
formed from a shurry comyprising stuceo, water, and at least one pregelatinized starch having a
viscosity of from about 20 ¢F to about 300 oP a5 measured according to the VMA method
deseribed herein. The starch is present in an amount of greater than 10% by weight of the
stucco. In preforred embodiments, the board has good strength properties even at lower
denaities, such as about 31 pet or less. For example, at a thickness of one-hall inch {about 1.3
cin}, the board preferably meets at least one of the fbliowing: a compressive strength of a
feast about 170 pai, a nasl pull resisiance of af teast about 65 Ih {about 29 kg}, an average core
hardness of at least about 11 1b {about § kg}, an average flexural strength of at feast about 36
th {about 16 kg} in a machine direction and/or about 107 1b {about 48.5 kg} in a cross-
machine direction, or other sivength property descnibed herein. The nail pull resistance, core
hardness, and flexural strength are determined in accordance with ASTM standard C473-10,

method B,
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[B009] In another aspect, the disclosure provides a method of making a gypsum
wallboard, The method comprises mixing at least water, stucco, and at legst one
pregelatimzed starch having a viscosity of from about 20 ¢P o about 300 P as measured
gccording to the VMA method. The starch is present in an amount of greater than 10% by
weight of the shucco, The methed also comprises disposing the starry between a fivst cover
sheet and a second cover sheet to form a wet assembly; cutting the wet assembly into a board;
and drving the board. In preferred embodiments, the board has good strength propertics even
at lower densities. For example, at a thickness of one-half inch {about 1.3 cm), the board
preferably meots at least one ot the following: a compressive strength of at least about 170
pst, a nail pull resistance of at least about 65 b (about 29 kg}, an average core hardness of at
least about 11 1b {about 5 kg), an average flexural strength of at least about 36 1b {about 16
kg) i a machine divection and/or about 107 b {about 48.5 kg in a cross-machine direction,
or other strength property described herein. The nail pull resistance, core hardness, and
flexural strength are determined i accordance with ASTM standard C473-10, method B,
16010} in another aspect, the disclosure provides a shurvy comprising water, stucco, and
pregetatinized starch having a viscosity of from about 20 P to about 300 ¢P as measured
according to the YMA method. The starch is present in an anount of greater than 10% by
weight of the stucco. When the slurry 15 cast and dried as board comprising 3 set gvpaum
composition, the set gypsum composition comprises a continuous crystailine matrix
substaniially of calciom sulfate dihvdrate. The hoard can be made at low densities, .8, a
density of about 31 pef or less, while maintaining good strength properties. In preferred
embodiments, and at a thickuess of one-halt inch {about 1.3 om), the board meets af least one
of the following: a compressive sirength of at least abont 170 psi, a nail pull resistance of at
teast about 65 1b {about 29 kg, an average core hardness of at least about 11 b {shout 5 Kg),
an average fexural strength of at feast abont 36 1b (about 16 kg) in a machine direction
and/or about 107 I (about 485 kg in a cross-machine direction, or other strength property
described herein. The nail pull resistance, core hardness, and flexural strength arve defermined

in accordance with ARTM standard C473-10, method B,

BRIEF DESCRIFTION OF THE SEVERAL VIEWS OF THE DRAWINGS

8011} FIG. 1 s an amylogram plotting viscosity {left v-axis) and temperature i Celsius

{right v-axis} versus time {x-axis} that shows pasting profiles of starches extruded at a
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moisture content of 16 wi% with the solid content of testing slurry being 10 wt.%% as set forth
tn Examplc 2.

(012 FIG, 2 is an amylogram plotting viscosity (left v-axis) and temperature in Celsing
{right y-axis) versus time {x-axis} that shows pasting profiles of starches extruded at 2
moisture content of 13 wi% with the solid content of testing slurry being 10 wt.%% as set forth
in Exampie 2.

HHIEY) FIG. 3 1s g graph plotting temperatare versus Hime showing the temperature {in
Fahrenheit) rise set {TRE) hydration rate of two shurries containing pregelatinized, partially
fydrolyzed starches treatod with alom in an amount of 3 wt.% and retarder in amounts of
(.05 wt.% and 0.0625 wt.%, respectively, and a third slorry containing a conventional
pregelatinized commn starch having a viscosity of 773 centipsise and retarder in an amount of
(.05 wi.% as set forth in Example 3. |

014} FI(3. 4 is a bar graph of board compressive strength shown at various weight

percentages of starch, as set forth 1o Example 5.

DETAILED DESCRIPTION

[B015] Embodiments of the disclosure provide gypsinn board {(e.g., gypsum wallboard),
methods of preparing gypsum board, and shuries. The gypsum board comprises a set
gypsuin core disposed between two cover sheets, The core is formed from g shary
cormprising stucco, water, and at least one pregelatinized starch having a particular type of
mid-range viscosity starch, having a viscosity of from about 20 ¢P o about 300 ¢P as
measured aceording to the VMA methed. In preferred embodiments, the starch i present in
an amount of greater than 10% by weight of the stucco {e.g., from about 10 wt.% to ghout 25
wt. %), Advantageously, the board can be an ultra Hght weight board, while having sufficient
sirength propertics,

{8016} To achieve the desired mid-range viscosity, particularly a viscosity range of from
ahout 20 ¢P to about 300 oP, the starch is typically in the form of pregelatinized, partially
hydrolyzed starches, Surprisingly and anexpectedly, with such viscosity range, typically with
partial hydrolysis, the starch can be added to a slurry at elevated levels for forming the board
o achisve increasing board strength {e.g., in an amount of at least 10% by weight of the
stucen ). The inventors have also found that the pregelatinized and partially hydrolyzed starch

demands less waier, In some embodiments, the starch s extruded,
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{6017} In some embodiments, the starch preferably 1s prepared by pregelatinizing and
acid-modifyving starch in a single step in ap extruder. See, e.g., US Z015/0010767, which
method is incorporated by reference, Pregelatinizing and acid-modifving starch in a single
step in an extruder has considerable advantages in comparison to pregelatinizing and acid-
modifying starch in separate steps. For example, the method of making pregelatinized,
partially hydrolyzed starch allows for a higher board outpnt, faster production, and lower
energy costs without sacrificing desired properties {e.g., viscosity, tluidity, cold water
sohubility, et¢.) as described herein,

[ EB] In addition, it has been found that the extrusion conditions {e.g., high temperature
and high pressure) can significantly increase the acid hydrolysis rate of starch. Surprisingly
and unexpectedly, this single step process makes posstble using a weak acid, such as alum,
and/or smaller amounts of strong acid, for starch acid-modification. Either acid form
provides a mechanism where protons from acids catalyze the hydrolysis of starch.
Conventional scid-modificstion processes include purification and neutralization steps. The
use of a wesk acid (e.g., alum) and/or a small amount of a strong acid avoids the need for any
neutralization step and the subsequent purification siep typically reguived in conventional
aystems 1o purily the starch of salts resulling from the neutralization step, in accordance with
some embodiments of the disclosure,

(86191 The exirusion process, in accordance with embodiments of the disclosure can
pregelatinize the starch, and can partially hydrolyze starch molecules in a single step. The
hydrolyzation may occur due to hydrolyzation from the extruder and/or may occur due to
addition of acid {1.2., acid-modification), as described below. Thus, the exirusion process in
one step provides both phyeical modification {pregelatinization) and chemical modification
{(acid-modification, partially acid hyvdrolysis). The pregelatinization provides the ability for
the starch to mmpart strength (e.g., on a fival product such as gypsum board). Acud-
moditfication beneficially partially hydrolyzes the starch te low water demand, e.g., in
gypsum board manufacturing processes, Thus, the product of methods of prepanng starch in
sccordance with embodiments of the disclosore can be pregelannized and partially
hydrolyzed starch.

196261 The extrusion desirably can provide 3 highly efficient acid-modification reaction.
The pregelatinization and acid-modification in the extruder eocurs at elevated temperatures
and/or pressures as described herein and can result th an acid hydrolysis rate that can be, e.g.,

approximately 30,000 times or greater faster than conventional acid hvdrolvsis rates at lower
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temperatures {e.g., 50°C) and/or pressures. The rate of acid hydrolysis is further increased

through the use of tow motsture {ahout 3 wi.% to about 25 wi.96) levels in the starch
precurser and hence through an increased concentration of reactants. Because of this high
efficiency of acid-modification, the inventors have found that, surprisingly and unexpectedly,
a weak acid or a very low levsl of strong acid can be used in the starch precuraor to achieve
aptimal acid-modification and avoid the need for neutralization and purification which are
costly, tune consuming, and inefficient requirements of conventional systems.

(B0 In accordance with some embodiments, the hydrolysis is designed to convert the
starch into smaller molecules within an optimum size range, which is defined herein by the
desired viscosity of the pregelatinized, partially hydrolyzed starch. Ifthe starch is over
hydrolyzed, it can be converted info unduly swall molecules (e.g., oligosaccharides or
sugars}, which can result in less board strength than that provided by the pregelatinized,
partially hydrolyzed starch of desived viscosity,

(022} The pregelatinized, partially hydrolyzed starch can be prepared by (i} mixing at
least water, non-pregelatinized starch, and an acid to form a wel starch precursor having a
moisture content of from about 8 wi% to about 25 wt.%,. The acid can be: {1} a weak acid
that substantially avoids chelating calcihwm tons, (2) a stropg acid in an amount of about

0.05 wt.% or less by weight of the starch, or {3} any combination thereof, The wet starch
precursor 18 pregelatituzed and acd-modified in one step 1n an extruder at an elevated die
temperature and/or pressure as described herein. The starch s hydrolyzed to a degres that
results in a desired viscosity, e.g., as described herein.

23] Thus, in some embodiments, a pregelatinized, partially hydrolyzed starch can be
mwade by mixing gt least water, non-pregelatinized starch, and a weak acid that substantially
avoids chelating calcium tons 1o make a wet starch precursor having a woisture content of
frorn about 8§ wt.% to about 25 wit.%. The wet starch is then fed into an extruder. While in
the extruder at a die temperature of about 150°C {about 300°F) to about 210°C (shout 419°F),
the wet starch is pregelatinized and acid-madified, such that it is at least partially hydrolyzed.
(0024} In further ambodiments, a pregelatimized, partially hydrolyzed starch can be made
by mixing at least water, non-pregelatinized starch, and a strong acid 1o make a8 wet starch
precursor having g motsture content of from about 8 wi.% 1o about 23 wit %, whercin the
strong acid 15 in an amount of about 0.05 wi.% or less by weight of the starch. The wet starch

13 then fed inlo an extruder, While in the extruder at a die temperature of about 150°C {about
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300°F) to about 210°C {about 410°F), the wet starch i3 pregelatinized and acid-modified, such
that it i3 at least partially hvdrolyzed.

[B025] Desirably, the resulting pregelatinized, partially hydrolyzed stareh has low water
demand when included in a stuceo slurry and can be useful in the maoufacture of board {e.g.,
zypsuin board) with good strength, n preferred emabodiments. Thus, 1y another aspect, the
disclosure provides a method of making gypsum board using starch prepared with the method
of pregelatinizing and acid-modifying in a single step in an extruder. Tu soroe embodiments,
the pregelatinized, partially hydrolyzed starches have low water demand relative to other
pregelatinized starches known in the art.

G026} As g result, pregelatinized, partially hydrolvzed starches prepared in accordance
with embodiruents of the disclosure can be included in a stucco shury (2.2, by a feed line
into a pin mixer) with good fluidity, In some embodiments, higher amounta of the
pregelatindzed, partially hvdrolvzed starches prepared in accordance with embodiments of the
disclosure can be included since excess water is not needed {o be added 1o the syatem, such
that even higher strengthe and lowser board densities can be achieved, The resulting board
exhibits good strength properties {e.g., having good core hardness, nail pull resistance,
compressive sirength, ete., or any relationship therebetween, based on any combination of
values for each provided herein). Advantageousiy, jnclusion of starch prepared according to
the method of the disclosure during the manufacture of gypsum beard enables the production
of ultra low density product because of the strength enhancements. The gypsam board can be
i the form of, e.g., gypsumn wallboard {often referred to as drywall}, which can encompass
such board used not enly for walls but also for ceilings and other locations as ui‘aderstoa‘yd in

the art,

Pregelatinization and Acid-Modification

18627} Starches are classified as carbohydrates and contain two tvpes of polysaccharides,
namely linear amylose, and branched amylopectin, Starch granules are serui-orystailing, e.g.,
as seen under polanized light, and are insoluble in water at room temperatures. Gelatinization
1z the process by which the starch is placed in water and heated (“cooked”), such that the
crystailine sirocture of the starch granules 18 melted, and the starch molecules are dissolved in
water, resulting in good dispersion. It has been found that, when transforming a starch
granule to gelatinized form, initially, the starch granule provides hitle viscosity in water

because starch granules are water insoluble. As the temperature increases, the starch grarale
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swells and the crystalline structure melis at the gelatinization tomperature. Peak viscosity is
achicved when the starch grannle has maximum swelling, Further heating will break the
starch granules and dissolve the starch molecules in water, with a precipitous drop-off in
viscosity. After cocoling, the starch molecnle will re-asaociate to form a 3-I¥ gel structore,
with the viscosity increasing due to the gel structure. Some commercial starches are sold in a
pregelatinized form, while others are sold in the granular form. In accordance with some
embodiments, the granular form undergoes at least some degree of gelatinization, To
usirate, the starch is pregelatinized prior to its addition to gypsum shurry, also referred to
herein as stucco shurry {typically in a mixer, ¢.g., 8 pin mixer}.

{06281 Thas, as used heretn, “pregelatinized” means that the starch has any degree of
gelatinization, e.g., before it is included 1n the gypsom slurry. In some embodiments, the
pregelatinized starch can be partially gelatinized when included in the slurry, but becomes
fully gelatinized when exposed to glevated temperature, e.g., in the kiln during the drving
step to reypove exeess water, In some embodiments, the pregelatinized starch 18 not fully
gelatinized, even upon exiting the kiln a0 long as the starch meets the mid-range viscosily
characteristic of some embodiments when under the conditions sceording o the Viscosity
Modifving Admixture (VMA) method.

{80291 When viscosity 1@ referred to herein, it 18 in accordance with the VMA method,
uniess otherwise indicated. According to this method, viscosity is measured using a
scovery HR-2 Hybrid Rheometer {TA Instroments Lid) with a concentric cylinder, a
standard cup (diameter of 38 ) with vane geometry {diameter of 28 mm and tength of
42.05 mm}.

168034 When the starch is obtained, differential scanming calorimetry (DSC) technigues
can be used to determine whether the starch s fully gelatinized, The DSC step can be
utiiized o observe whether starch e fully gelatimzed, e.g., 1o confivm that no retrogradation
has occurred. One of two procedures can be adopted, depending on the temperature required
to fully gelatinize the starch, which can also be determined by DSC as one of ordinary skill in
the art will appreciate.

(8931 Procedure | is uiilized where the DSC reveals that the starch 1s fully gelatinized or
has a gelatinization temperature at or below 90°C. Procedure 2 is utilized where the
gelatinization temperature 15 above 90°C. Since the viscosity is measured while the starch is
ty water, procedure 2 uses pressure cooking in a sealed veasel to sllow for superheating to

tepaperatures above 100°C without causing the water to appreciably evaporate. Procedure |
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i reserved {or starches already fully gelatinized or for starches having gelatinization
temperature up to 90°C, because, as discussed below, the gelatinization takes place in the
theometer which 15 an open system and cannot oreate pressurized conditions for
gelatimization. Thus procedure 2 1s followed for starches having higher gelatinization
temnperatures. Either way, starch (7.5 g, dry basis) is added into water for a total weight of 50
g when the viscosity is measured,
[80G32) irs procedure 1, the starch is dispersed in the water {15% starch of the total wetght
of starch and water) and the sample is immediately transferred 1o a oviinder cell. The cell is
covered with aluminum foil. The sample is heated from 25°C to 90°C at 5¥C/min and a shear
rate of 200 s, The sample is held at 90°C for 10 min at a shear rate of 200 577, The sample
1 conled from 90°C to 80°C at 53°C/min and a shear rate of 200 &7, The sample is held at
80°C for 10 min at a shear rate of 0 57, The viscosity of the sample is measured at B0°C and a
shear rate of 100 87 for 2 min, The viscosity is the average of the measurements taken
between 30 seconds to 60 seconds.
06331 Procedure 2 is used for starches having pelatinization temperature greater than
S0G°C. The starch is gelatinized according to the methods well-known in the starch industry
{e.g., by pressure cooking). The gelatinized starch water solution (15% of total weight} is
nornediately transferred into the rheoometer measuring cup and equilibrated at 80°C for 10
minutes. The viscosity of the sample is measured at 80°C and 3 shear rate of 100 57 for 2
minutes, The viscosity 1s the average of the measurement from 30 seconds to 60 seconds.
3341 Viscograph and DSC are two ditferent methods to describe starch gelatinization.
DPegree of starch gelatiruzation can he determuined by, for example, thermogram from DS,
e.g., using peak area (meling of erystal} for caleulation, & viscogram (from viscograph) is
tess desirable to determine degree of partial gelatinization but i3 a good tool to obtain data
such as the viscosity change of starch, gelatinization maximurm, gelalinization temperature,
retrogradation, viscosity during holding, viscosity at the end of cooling, ete. For degree of
gelaliuzation, the DSC measurements are done in the presence of excess water, particularly
at or above 67% by weight. I water content of starch/water mixture is less than 67%,
gelatintzation temperature will increase as water content decreases. {4 is difficnlt to melt
arch crysials when avatlable water s Hmited. When waler content of starch/water mixture
reaches 67%, gelatinization temperature is kept constant no matier how much more water is

added into the starch/water mixture. Gelatindzation ouset ternperature indicates the starting



WO 2017/218019 PCT/US2016/038714

to

temperature of gelatinization. {3elatinization end temperaturs indicates the end temperature
of gelatinization. Enthalpy of gelatinization represents the amount of crystalline structure
melted during gelatinization. By using the enthalpy from a starch DS thermogram, the
degree of gelatinization can be determined,
{6035} [hfferent starches have different gelatinization onset temperatures, end
temperatures, and gelatinization enthalpies, Therefore, different starches may become fully
zelatinized at different temperatures, It will be understood that a starch s fully gelatinzed
when the starch is healed bevond the end temperature of gelatinization in excess water, In
addition, for any particular starch, i the starch is heated below the end temperature of
gelatinization, the starch will be partially gelatinized. Thus, partial and not full gelatinization
will ocour when starch in the presence of excess water is heated below gelatinization end
tetnperature, e.g., as determined by DSC. Full gelatinization will cccur when starch in the
presence of excess water 13 heatéd above gelatinization end temperature, e.g., as d f—:tf:rmined
by DSC. The degree of gelatinization can be adjusted in different ways, such as, for exampls,
by heating the starch below the gelatinization end lemperature to form partisl gelatinization.
For example, if the enthalpy for tully gelatinizing a starch is 4 J/g, when the DSC shows the
gelatinization enthalpy of the starch as being only 2 ¥g, this means 50% of the starch has
been gelatinized. Fully gelatinized starch would not have the DSC thermogram gelatinization
peak (enthalpy = 0 Ve when it is measured by DSC.
16836} As noted, the degree of gelatinization can be any suitable amount, such as about
70% or wore, ete. However, smaller degrees of gelatinization will more closely approximate
granular starch and may not take full advantage of the strength enhancement, better ruore
complete} dispersion, and/oy water demand reduction oi some ernbodiments of the disclosure.
Thus, 1n some embodiments, it is preferred that there is a higher degree of gelatinization, e.g.,
at least about 75%, at least about 80%, at least about 85%, at least about 90%, at least about
85%, at least about 97%, at least about 99%, or full (100%) gelatinization. Starch with lower
degree of gelatinization can be added to shurry with additional pelatinization {e.g., to 100%)
taking place in the kiln in the case of gyvpsum board. For purposes of addition to shary, by
“fully gelatinized,” it will be understood that the starch is sufficiently cooked at or above its
gelatinization temperature or to otherwise achiove full gelatinization as can be seen from
BS8C techniques. Although some small degree of retrogradation upon cooling may be
expected, the siarch will still be understood ag “fully gelatinized” for addition to gypsum

sturry, 1n some embodiments as one of ordinary akill in the art will recopnize. I conlrast, for
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purposes of the VMA method discussed herein, such retrogradation 1s not accepted in making
the viscosity measurement.

143371 The starch molecule can be actd-modified, ¢.g., 1o hvdrolyze glycosidic bonds
between glucose units to achieve desived molecular weight. One benefit of acid-modifying

" starch such that a reduction in molecular weight is achieved i that the water demand will
decrease. Conventional pregelatinized starches that were not also acid-moditied had s very
high water demand, which is associated with higher energy costs. It has been conventionally
believed that it is generally preferred thal the modification take place before gelatinization
because 1t tends 10 be more efficient and less cost intensive. Surprisingly and unexpectedly,
however, the inventors have found that pregelatinization and acid-modification can be

incorporated into g single step, such that they can occur simultanecusly rather than in series,

Method of Preparing Starch

{H038] fu accordance with some embodiments, prior to entry info the extruder, a wel
starch precursor is prepared. The wet starch precursor can be prepared by any suitable
method. For example, in some embodiments, the wet starch precurser is prepared by adding
to a starch raw material water and an acid that is {a} 2 weak acid that substantially aveids
chelating calchum lons, and/or () a strong acid in & small amount.

193391 Any suitable starch raw material can be selected to prepars the wet starch
precursor so long as it cém be used to make pregelatinized, partially hydrolyzed starch, such
as one meeting the mid-range viscosity charvacteristic of some emboduments of the disclosure.
As used herein, "starch” refers (o a composition that includes a starch component. As such,
the starch can be 10056 pure starch or may have other coroponents such as those commonly
found in flours such as protein and fiber, so long as the starch component makes up at least
aboui 75% by weight of the starch composition. The starch can be in the form of a flowr
{e.z., com flour) containing starch, such as flour having at lzast abount 75% starch by weight
of the flour, e.g., at least about 80%, at least about €5%, at least about 90%, at least about
85%, etc.). Any suitable unmodified starch or flowr can be used o prepare the precursor of
the pregelatinized, partially hydrolyzed starches of the disclosure. For example, the starch
can be COM260 vellow com meal, CCFA00 vellow corn flour (Bunge Morth America),
Clinton 106 (ADM), and/or Midsel 50 (MGP Ingredients).

[3048] The wer starch precursor can be prepared to have any suitable moisture content,

such that desived levels of pregelatinization and acid-modification are achieved in an
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extruder. In some embodiments, for example, it is desirable that the wei starch precursor
have a moisture content of from about 8 wi.% to about 25 wi.% by weight of the total starch
precursor, such as from about & wt.% to about 23 wt.%, e.g., from aboul 8 wt.% to about
21 wi%, from about 8 wi.% to about 20 wt.%, from sbout § wt.% to about 19 wit.%, from
about 8 wi.% 1o about 18 wi.%, from about 8 wi.%% to about 17 wi.%, from about 8 wi.% {o
about 16 wi.%, from about 8 wi.% to about 15 wt.%%, from about 8 wt.% to about 25 wt.%,
from about © wi.% to about 23 wi.%%, from about O wi.% to aboul 21 wi.%, from about
8 wi.% to about 20 wt.S ﬁom about 9@ wt.% to about 19 wi.%, from about 8 wi.% o about
E8 wi %, from about § wi% to about 17 wt.%, from about & wt.% to about 16 wt.%, from
ahout 9 wi.% to about 15 wt.%, from about 10 wt.%% to about 25 wi %, from about 10 wi% io
about 23 wt.%, from about 10 wi.% (o about 21 wt.%, from about 10 wi.% to about 20 wt.%,
from about 10 wt.% to about 19 wi.%, from about 10 wi.% to about 18 wt.%, from about
10wt % to about 17 wt.%, from about 10 wi.% to about 16 wi.%, from about 10 wi.% to
about 15 wi.%, from about 11 wt.% to about 25 wi.%, from about 11 wi.%% to about 23 wi%,
from about 11 wi.% to about 21 wit.%, from about 11 wi.% to about 20 wt.%, from about
11 wi% to about 19 wt.%, from about 11 wi.% fo about 18 wi.%, from about 11 wt.% to
about 17 wt. %, from sbout 11 wi.% to about 16 wi.%, from about 11 wt.% to about 15 wi.%,
from about 12 wi.% to about 25 wit.%, from about 12 wt.% to about 23 wi.%, from about
12 wt.% io about 21 wt.%, from about 12 wi.% o about 20 wi.%, from about 12 wi.% to
about 19 wt.%, from about 12 wi.% to about 18 wt.%, from about 12 wt.% to about 17 wi.%,
from about 12 wi.% {0 about 16 wi.%, from about 12 wi.% to about 15 wi.%, from about
13 wt.% to about 25 wi.%, from about 13 wt.% to about 23 wt.%, frovn about 13 wt.% to
ahout 21 wi. %, from about 13 wi.% to about 20 wt.%, from about 13 wt.9% to about 19 wi%
from about 13 wit.% to about 18 wi %, from about 13 wit.% to about 17 wt.%, from about
13 wi.% to about 16 wt.%, from about 13 wi.% to about 15 wi.%, from about 14 wi.% to
about 25 wi%, from about 14 wi% to about 23 wi%, from about 14 wi.% to about 21 wi.%,
from about 14 wi.% to about 20 wi %, from about 14 wt.%% to abouwt 19 wi.%, frovn about
14 wit.% to aboul 18 wi.%, from about 14 wi.% 1o about 17 wt.%, from about 14 wit.% to
about 16 wt.%, or from about 14 wi.% to about 15 wi.% all based on the total weight of the
wet starch precursor. It will be undersiood that when preparing the wet starch, the moisture
contents described herein include ambient moisture as well as water added.
{8041} While not wishing to be bound by any particular theory, it is believed that a lower

moisture content leads to greater friction in the extrader. In some embodiments, the wet
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starch can he prepared to have a moisture content that allows for sufficient mechanical energy
input when the wet starch is fed through the extruder, such that friction provents the wet
starch from moving through the extruder too easily, The tncressed friction can increase the
disruption of hydrogen bonding in the starch.

10042] Any suitable weak acid that substantislly avoids chelating caleium tons may be
mixed into the wet starch. Without wishing 1o be bound by any particular theory, chelation
includes the weak acid, for example, forming a coordination complex with calehwm or
otherwise jnterfering with the formation of gypsum orystals within the gypsum shury. Such
interference may be the reduction in munber of gyvpsum crystals formed, retardation
{decreased rate) of formation of the crystals, decressing interactions among the gvpsum
crystals, ete. The term “substantially” with respect to not chelating calcium iong generally
means that at feast 90% (e.g., at least 92%, at least 95%, at least 96%, at least 97%, at least
94%, or at least 99%) of the available calcium lons are not chelated to the acid.

(88433 Weak acids in accordance with embodiments of the disclosure can be defined as
those having a pKa value from about 1 1o about 6, e.g., from about 1 0 about 5, from abouot |

i 4, from about 1 to 3, from about 1 to 2, from about 1.2 o about 8, from about 1.2 to about

(¥4

. fromn about 1.2 to about 4, from abowut 1.2 to about 3, from about 1.2 o about 2, from sbout

b

to about 6, from about 2 to about 5, from about 2 io about 4, from about 2 {0 about 3, from
about 3 to about 6, from about 3 to aboul 5, from about 3 to about 4, from about 4 to about 6,
or from shout 4 1o 2bout 5. As is understond in the art, the pKa value is a measure of the
strength of an acid; the lower the pKa value, the stronger the acid

(0844} Weak acids that substantially avoid chelating calcium fous are characterized, for
exaruple, by a lack of multi-binding sites, such as multiple carboxyl functional groups
{(COO-1, which tend to bind calcium ions. In some embodiments, the weak acid has a
minimal amoont of multi-binding sites, such as multd-CO0- groups, or is substantially free of
wraiti-binding sites, such as mult-COO- groups, such that, for example, chelstion 1s minimal
{i.e., substantially avoided) or gypsum crystal formation is not substantially tmpacted relative
to the crystal formation in the absence of the weak acid. In some emboediments, for example,
aluminum sulfate {alurn) is an appropriate weak acid to use in preparing the wet starch since
it substantially avoids chelating calcium ons. Alom does not have multi-binding sites.
0045] In some embodiments, alum is added into the wet starch precursor in any suitable

form, such as in Hguid containing elum of desired solids content. For example, the Hguid
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alum can be included in an aguecus solution where the alum is present in any suiiable
amount, Other weak acids capn be added similarly,

{6846} The wet starch can be mixaed to include any suitable amount of a weak acid that
substantially avoids chelating calcium ions, such that the pregelatinized, pantially hydrolyzed
starch 1s prepared with desired viscosity and low water demand and 18 not over hydrolyzed
into sugar, For example, n some embodimnents, such weak acid is included in an amount of
from about 0.5 wt.% to about § wt.% based on the weight of the starch, such as from about
8.5 wt.% to about 4.5 wt.%, e.g., from about 8.5 wi.% to about 4 wt.%, from about 0.5 wi%
0 about 3.5 wi.%6, from sbowt 0.5 wi.% to about 3 wi.%, from about 1 wit,% to abouwt 5 wi.%,
from about 1 wi.% to about 4.5 wt.%, from about T wit.% to about 4 wi.%, from about 1 wt.%
to about 3.5 wt.%, from about 1 wt.% to about 3 wt.%, from about 1.5 wi.% {o about 5 wi.%,
from about 1.5 wt.% to about 4.5 wt. %, from about 1.5 wt.% to about 4 wi.%, from about
1.5 wi.% to about 3.5 wi.%, from about 1.5 wt.% to about 3 wt.%, from about 2 wt.% to
about 5 wt.%, from about 2 wt.% to about 4.5 wt.%, from about 2 wi.% 1o about 4 wit. %,
from about 2 wi.% io about 3.5 wi.%, from about 2 wi.% to about 3 wi.%, from abowt

2.5 wi.% to about § wi.%, from about 2.5 wt.% to about 4.5 wt. %, from about 2.5 wt.% i
about 4 wi.%, from about 2.5 wt.% to gbout 3.5 wt.%, or from abowt 2.5 wt.% {o aboul

3 wt.%. It will be understood that these amounts encompass the weak acid component, and,
when the weak acid is 1n a solution, excludes the water or other components of the solution.
{6847} The wet starch precursor can be prepared to optionally further comprise secondary
acids that can chelate calcium 1on, such as tartaric acid. Thus, in some embodiments, a
secondary acid, such as tartaric acid, can be combined with any suitable weak acid that does
not chelate caleium ions, Tartarie acid 18 known 1o retard gypsum crystallization. However,
in combination with the non-chelating weak acid, tartaric acid can avoid substantial retarding
of gypsum crystallization, such that the hydrolysis reaction via acid-modification i3
optimized. Besides tartaric acid, other secondary acids, such as succinic acid or malic acid,
may be beneficial so long as they do not surpass the accelerating effect of alum. In some
ernbodiments, the wet starch precursor inchades both alun and tartaric acid,

{6048} If included, secondary acids {e.g., tartaric acid} can be present in any suitable
amount, For example, tartanic acid can be present in an amount of from about 0.1 wi.%
about 0.6 wt.% based on the weight of the starch, e.g., from about §.1 wi.% to about

0.4 wt.%, from about 0.2 wt.% to sbout 0.3 wt.8
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180491 fn some embodiments, oil can optionally be added to the wet starch to improve the
conveyability of starch mside the extruder. Possible otls include canola oil, vegetable o1,
corn oi, soybean otl, or any combination thereof, in some embodiments. For example, in
some embodiments, canola o1l or one of the atorementioned substitutes can optionally he
added in an amwount of from about § wit.% to about (.25 wi.% by weight of the starch, e.g.,
from about §.1 wt.% to about 0.2 wit.%, from about 0.1 wt.% to about 0.15 wt.%, from about
0.15 wi.% to about 0.25 wi.%, from about 8.15 wi.% to about 0.2 wt.%, or from about

(1.2 wt.% to about 0.25 wt.%

EHE In accordance with some embodiments, the wet starch precursor is prepared by
mixing water, non-pregelatinized starch, and a small amount of a strong acid. In some
embodiments, the strong acid has a pKa of about -1.7 or less, Any such strong acid can be
used and, in some embodiments, the strong acid comprises sulfuric acid, nitric acid,
hydrochloric acid, or any combination thereof. Sulfuric acid, alone or in combination with
other acids, is preferred in some embodiments because sulfate ion can accelerate gypsum
crystailization in gypsum board.

{051] The amount of strong acid is relatively small, such as abowt .05 wt.% or less by
weight of the starch, e.g., about 0,045 wi.% or less, about (.04 wi.% or lees, about

0.035 wt.% or less, about 0.03 wi.% or less, about 8.025 wt.% or less, about 8.02 wit.% or
less, about 6.015 wi.% or less, about .01 wt.% or less, about 0.005 wt.% or less, about
.00 wt.% or less, about 0.0005 wi.% or fess, such as from about 0.0001 wi.%% to abowt
(.05 wi.%, from about .0001 wi.% to about 0.045 wit.%, from about 0.0001 wt.% {o about
0.04 wi.%, from about 8.0001 wi.% to about $.035 wt.%, from about §.0001 wt.% to about
0.03 wt.%, from about 0.0001 wt.% to about (.025 wt.%, from about from about §.0001 wt.%
{0 about $,02 wi%, from about 0.0001 wt.% to about $.015 wt.%, fromw about $.0001 wi% to
about 0.01 wt.%, from about 0.0001 wi.% o about 0.005 wt.%, from about (.0001 wt.% to
about 0.001 wt.%, from about G.0001 wi.% to about 0.000S5 wi.% by weight of the starch. It
wiil be understood that these amounts encompass the strong acid component, and, when the
strong acid 18 in a solution, excludes the water or other components of the solution. For
example, conventional strong acid-meodification uses 2% sulfuric acid solution, with starch
solid of ~35% {2 g sulfuric acid for 33 g starch). The percent is based on pure sulfuric acid
components. [t is caleulated as the weight of sulfuric acid component divided by the weight
of the wet starch. For example, if the sulfuric acid 18 50% wi.% based on the water {which

- means that half the weight of the solution is pure sulfuric acid), then the weight of the sulfuric
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acid solution is deubled when caleulating wt.% of acid to starch, To tllustrate, for 100 g
starch, (.1 g pure sulfuric acid is added o achieve 0,1 wi.%. If the concentration of sulfuric
solution is 50%, 0.2 g of the 50% sulfuric acid solution is added to achieve 6.1 wt.%.

[8452] It will be understood that there are different grades of acids (>95%, 48%,
99.96%). These differences are encompassed by the term “about” in relation to the amount
of strong acid in the starch precursor, One of ardinary skill in the art will readity be able to
determine the wt.% deseribed herein to inchide the different prades. The amounts of strong
acid used in accordance with some embodiments of the disclosure are considerably smaller
than what were included in conventional systems which used, e.g., al least about 2 g of
sulforic acid for 35 g of starch. In some embodiments, the strong acid in small amounts as
described above can be used in combination with a weak acid that does not chelate calcium
ions, such as alum, as described hersin,

{5 3] Some embodiments provide for foeding the wet starch precursor through an
extruder, such that the wet starch precursor is pregelatinized and acid-moditied in & single
step in the extruder. Tt will be appreciated that an exiruder ts a machine generally used to
melt and process polymers into g desired shape by melting the polymer and pumping it
through a die. The extruder can alse mix the polymer with other ingredients, such as color
dyes, reinforcing fibers, mineral fillers, ete. The purpose of the extruder is to disperse and
disiribuie all of the ingredients fed into it and o mell the wngredients with a consiant
temperature and pressure, |

{B054] Configorations and arrangements for extruders are known in the art. o general,
an extruder comprises a feed hopper to deliver the feed material, a preconditioner comprising
heat jackels for conditioning polymer with plasticizer {e.g., water}), an extruder modular head
comprising heating zones, and a die assembly. BExtruders generally include a feed auger, a
knife, and screw(s). The feed auger is present to help convey the wet starch precursor to
the extruder. The knife is present to cut the string-like pregelatinized, partialiy hydrolyzed
starch into small pellets, such that they can be ground. The screw(s) help mix the wet starch
precursor, convey the wet starch precursor through the extruder, and provide mechanical
shearing., An extruder can be of the single-screw or twin-screw varieties as will be
anderstood by one of ordinary skill in the art. See, e.g., Leszek Moscicks, Eurusion-Cooking
Technigues, WILEY-VCH Verlag & Co. KGad, 2011

[RERRY! In single-screw exiruders, the screw generally coraprises a feed section with deep

channels for transporting the solids from the throat of the feeder and compressing them, a
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compression section at which point the screw’s channels become progressively less deep and
the polymer is melted, and 2 metering section with shallow channels that conveys the melted
pobvmer to the die. Some screws are designed to include mixing devices {c.g., pins cxignding
from the serew),

[B056] Twin-screw extruders generally have two serews that rotate gither in the same
direction {i.e., co-rofating) or in opposite directions (Le., counter-rofating). The two screws
may rotate with nop-intermeshing or fally intermeshing flights. Whereas in the case of
single-screw extruders, the material being fed fills the entive serew channel, 1o the case of
twin~screw exiraders, only part of the screw channel 1a filled, such that downstream feed
ports or vents can be utilized for the addition of certain ingredients.

1305877 The die assembly generally comprises a plate, spacer, and die head. When
extruding materials, the process can be either continuous, such that the material is extruded in
an indefinite length, or semi-contingous, such that the material is extruded in pieces.
Materials being extruded may be hot or cold.

[B058] The disclosure provides a method of preparing pregelatinized, partially
hydrolyzed starch in an extruder. " Any suitable extruder can be used, sach as a single-screw
extruder {e.g., the Advantage 50 available from American Extrusion International, located in
South Beloit, 1) or a twin-scrow extruder {e.g., the Wenger TX 52 available frorn Wenger
tocated in Sabetha, KS).

359 As described herein, non-pregelatinized starch, an acid in the form ot a weak acid
that subsiantially avoids chelating caleivm fons and/or a sirong acid i a small amount, and
waler are mixed and fed into the extruder. In some embodiments, additional water may be
added to the extruder. While in the extruder, a combination of heating clements and
mechanical shearing melts and pregelatinizes the starch, and the weak acid partially
hydrolyzes the starch to a desired molecular weight indicated by viscosity as desirable as
deseribed hersin, The conditions in the extruder, becanse of the mechanical energy, will also
cause the starch molecules to degrade, which partially produces the same effect of acid-
modification, i s believed that because the conditions in an exiruder {e.g., high reaction
ternperature and high pressure) in accordance with some embediments facilitate this chemical
reaction, a weak acid and/or low gmounts of a strong acid can be used. The method of
preferred embodiments, thus, improves the efficiency of starch acid-maodification.

{8060} The main screw(s) can be operated at any suitable speed, such that desived mixing

and mechanical shearing are achieved. For example, in some embodiments the main screw
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can be operated at a speed of about 350 RPM (= about 100 RPM}. The feed anger can be
operated al any eutable speed to achieve desived feeding rate. For example, th some
embodiments the feed auger can be operated at g speed of gbout 14 RPM (& about 5 RPM).
166611 The kunite can be operated at apy suitable speed. For example, in various
embodiments the knife can be operated at a speed of from about 400 RPM to about 1,000
RPM, e.g., from about 400 RPM to about 800 RPM, from about 400 RPM 1o about 300 RPM,
from about 400 RPM to about 700 RPM, from about 400 RPM 1o about 600 RPM, from
about 400 BPM 1o about 5300 RPM, from gbout 500 RPM to about 1,000 RPM, from about
300 RPM to about 800 RPM, from about 530 RPM to abowt 8G0 RPM, from about 500 RPM
to about 700 RPM, from about 500 RPM to about 600 RPM, from about 600 RPM to about
1,000 RPM, from abowt 600 RPM to about 900 BPM, from about 600 RPM o about 800
REM, from about 600 RPM to about 700 RPM, from about 700 RPM to about 1,000 RPM,
from about 700 RPM io about 900 RPM frovn about 700 RPM o about 800 RPM, from
about SO0 RPN 1o about 1,000 RPN, from about 8030 RPM to about 200 RPM, or from about
900 BPM to about 1,000 RPM,

{60621 The wet starch can be pregelatinized and scid-modified 1o an exirader having a
die at any suitable ternperatare, such that the wet starch becomes sufficiently pregelatinized
without burning the materials. For example, the wet starch can be pregelatimized and aeid-
modified in an extruder having s die at a temperature of from about 130°C {about 300°F) 1o
about 210°C {about 410°F), e g., in various embodiments, from about 150°C to about 205°C
{about 400°F), fromm about 150°C to about 199°C {about 390}, from ﬂabout 1SG°C to about
193°C {about 380°F), from about 150°C to about 188°C {about 370°F}, from about 150°C o
about 182°C (about 360°F), from about 154°C (about 310°F) to about 210°C, from about
154°C 1o about 205°C {about 400°F), from about 154°C o about 199°C, from about 154°C to
about 193°C, from about 154°C to about 188°C, from about 154°C to about 182°C, from about
165°C {ahowut 320°F) 1o about 210°C, from about 160°C to about 205°C {about 400°F), from
about 160°C to about 199°C, from about 160°C to about 193°C, from about 160°C to about
FRECC, fromn about 160°C to about 182°, from about 166°C {about 330°F) to about 218°C,
from about 166°C to about 205°C, from about 166°C to about 199°C, from about 166°C to
zbout 193°C, frorn about 166°C 1o about 188%C, frovn about 166°C 10 about 182°C, from abowt
F71°C {about 340°F) to about 210°C, from about 171°C to about 285°C, from about 171°C to
ahout [99°C, from about 171°C to about 193°C, from about 171°C o about 1RE°C, from about

17100 to about 182°C, from shont 177°C {about 3530°F) to abowt 210°C, from about 177°C to
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about 205°C, from about 177°C to about 199°C, from about 177°C 1o about 193°C, frovn about
F77°C to about 1880, or from about 177°C to about 182°C. While the die of the extruder can
be any sufficient temperature as described herein, the die temperature generally exceeds the
melting temperature of the starch crystals, |

1980631 The degree of gelatinization can be any suitable amount, such as at least about
7% of more, .., at least about 75%, at least about 80%, at least about 85%, at least about
0(1%%, at least about 95%, ai least about 97%, at least about 99%, or full {100%:)
gelatinization. I the case of making waltboard as described below, starch with such lower
deprees of gelatinization can be added o stucco shury, e.g., with additional gelatinization
{for exarnple, to 10096) taking place in the kiln

{(H164] The pressure in the extruder can be af any suitable level, such that appropriate
conditions for pregelatinization and acid-modification are achieved. Pressure inside the
extruder is determined by the raw material being extruded, moiature content, die temperature,
and screw speed, which will be recognized by one of ordinary skill in the art. For example,
the pressure in the extruder can be at loast about 2,000 pai {about 13,300 kPa), such as at east
about 2,250 pst (shout 15,300 kPay, at least about 2,500 psi (about 17,200 kPa), at least about
2,750 psi {about 19,000 kPa), at least sbout 3,000 ps {(about 20,650 kPa), at least about
3,300 psi (about 24,100 kPa}, at least about 4,000 psi (about 27,600 kPa), or at least abowt
4,300 pai {about 31,000 kPa). In some embodiments, the pressure can be from about

2,000 psi to about 5,000 psi (34,500 kPa), e.g., from about 2,000 pst to about 4,300 pst, from
about 2,000 psi to about 4,000 psi, from about 2,000 psi to about 3,500 psi, from about

2,600 psi to about 3,000 pst, from about 2,000 psi to about 2,500 psi, from sbout 2,500 psito
about 5,000 psi, from about 2,500 psi to about 4,500 psi, from about 2,500 psi to about

4,000 psi, from about 2,500 psi o about 3,500 psi, from about 2,500 psi to about 3,000 psi,
frorn ahoot 3,000 pst Lo about 5,000 psi, from about 3,000 psi to about 4,500 psi, from about
3,004 psi to about 4,000 psi, from about 3,000 pai to about 3,500 psi, from about 3,500 pst to
ahout 5,000 pst, from about 4,000 pai to about 5,000 psi, from about 4,000 psi o abowt

4,500 psi, or from about 4,500 psi to about 3,000 psi.

[BG65] 1t has heen found that preparing pregelatinized, partially hydrolyzed starch in a
single step in an extruder is considerably faster than pregelativizing and acid-moditying
starch in two steps in series, Significantly greater amounts of pregelatinized, partially
hydrolyzed siarch can be prepared with the method according to preferred embodiments than

starch prepared with any other method. The higher production amount and faster output rate
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are becanse of high reaction rate at high temperature and/or high pressure. in some
ernbodiments, pregelatinization and acid-modification oceur in less than about 5 minutes,
such as fess than about 4 minntes, e.g., less than about 3 minutes, less than about 2 nunutes,
less than about 90 seconds, less than about 75 seconds, less than about 1 minute, lees than
about 45 seconds, fesa than about 30 seconds, less than about 25 seconds, less than about 20
seconils, less than about 15 seconds, or less than about 10 seconds. In addition, in some
erbodiments, the pregelatinization and acid-modification occur af a rate in the extruder
bound by any two of the foregoing points. For example, the pregelstinization and acid-
modification rate can be between about 10 seconds and 5 minutes, e.g., between about 10
seconds and about 4 minutes, between about 10 seconds and about 3 minutes, between about
10 seconds and about 2 mimstes, between about 10 seconds and about 90 seconds, between
about 11} seconds and about 75 seconds, between about 10 seconds and about | minuie,
betwesn about 10 seconds and about 45 seconds, betwaen about 10 seconds and about 30
seconds, between about 10 seconds and about 25 seconds, between gbant 10 seconds and
ghout 20 seconds, or between about 10 seconds and about 15 seconds.

(66661 The method of preparing pregelatinized, partially hydrolyzed starch can be g
continuous process occurring af any sutficient rate. In some embodiments, starch i3
pregelatinized and acid-modified at a production output rate in an extruder of at least about
100 kg/hr, such as at least about 150 kg/hy, at least about 200 kg/hr, at least about 250 kg/hr,
at least about 300 kp/hr, at least about 350 kg/hr, at least about 400 kg/ty, af least about

450 kgihr, SO0 kg/hr, at least about 550 kg/hy, e, at least about 600 kg/hy, at least about
650 kp/tr, at least about 700 kp/hr, at least about 750 kg/hy, at least about 800 kg/hr, at least
about €50 kg/hr, at least about B00 kgf'hr: at least about 950 kg/br, ai least about 1,000 kg/hr,
at least about 1,050 kg/he, at least about 1,100 ke/hr, at least about 1,150 kg/hr, at least about
1,200 kg/hr, at least about 1,250 kg/hr, at least about 1,300 kg/hr, at least about 1,350 kg/b,
at Jeast about 1,400 kg/hy, at least about 1,450 kgfhe, or at least abowt 1,500 kg/hr, In
addition, in some embodiments, the production outpat rate in an extruder can be bound by
any two of the foregoing points, FPor example, the production outpul rate can be between
about 100 ko/bw and about 1,500 kg/br {e.g., between about 100 kg/hr and about 1,500 kg/hr,
between aboul 100 kg/br and 1,000 kg/br, hebween about 250 kg/hy and about 1,500 kg/hy,
between aboui 250 ke/lr and about 1,004 kg/he, between about 600 kg/hr and about

1,250 kg/hr, between about 630 kg/hr and abowut 1,300 kg/be, between about 700 kp/hr and

about 1,100 kp/br, between about 750 kg/hr and about 1,000 kg/hr, ete).
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18867] 1t has been found by the inventors that in some embodiments the conditions in an
extruder {e.g., high temperature and high pressure) are particularly conducive to efficienty
and sufficiently pregelatinize and acid-modify starch in a single step. When the extruder
mixes the wet starch, it creates very high friction, thereby generating heat. The shear force
created by the screw in the extruder because the space between the screw and chamber in the
extruder is very small. Specific mechanical energy (SME) describes machanical energy of an
chiect per unit of mass. SME will depend on the moisture content. Higher motsture confent
{e.g., for purposes of fluidity) will result in low viscosity and low friction and, thus, a smaller
SME. H more moisture is present, a smaller SME will result because of low viscosity and
fow friction. The moisture contents in the wet starch precursor of the disclosure as described
herein provide effective SME.
[8368] Inn the extruder, because of the conditions provided by some embodiments as
- described herein, the starch is pregelatinized highty efficiently. While not wishing o be
bound by any particular theory, it is belioved that the good mixing in the extruder in
accordance with some embodiments requires less water for reaction In an extroder, Very low
moisture content facilitates a high concentration of reactant, which can accelerate the
chemical reaction rate. The high tempersture of the extrader also significantly accelerates the
reaction raie. When the starch leaves the extruder, the reaction has occwrved, such that it is
pregelatinized and partially hydrolyeed.
{368} in conventional acid-modification, starch is added into a strong acid solution.
This conventional method uses significantty more water and acid than the surprising and
snexpected method of simultanesusty pregelatinizing and acid-medilying starch in one step
in an extruder as described herein rather than ju series. Conventional acid-modification takes
several hours. After the reaction has taken place, the acid needs to be neutralized, purified,
and washed away. The neutralization and purification sieps are time consuming and costly.
10678} It was conventicnally thought to be undesirable 1 use a weak acid that
substantizily avoids chelating calcium ions or a strong acid in a small amount in conventional
acid-modification. This is because, in the conventional method, the weaker the soid 15 o7 the
smalier the arnount of a strong acid is, the longer acid-modification takes. Thus, a strong anid
{c.g., having a pKa of below about -1.7) in high amounts was desired in conventional
acid-roodification. Surprisingly and unexpeciedly, when pregelatinized, partially hydrolyzed
starch is prepared in an extruder according o embodiments of the disclosure using a weak

acid or a strong acid in a small amount as described herein, there is no need for neutralization
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and purification steps, due to the mild acidic condition and less interference with gypsum
crystalization, respectively, In some embodiments, there can stili be acid present in the

pregelatinized, partially hvdrolyzed starch,

Properfies of Starch and Advaniages of Using the Starch in Gypsum Board

{34711 The starch prepared in an extrader, in accordance with some emboditoents, can be
any pregelatimized, partially hydrolyzed starch. In some cmbodiments, the starch can be
prepared to have various properties as desired {e.g., mid-range viscosity, cold water
solubility, cold water viscosity, etc.) as described herein.

{0872} Pregelativized, partially hydrolyied starches prepared in an extruder in sceordance
with some embodiments can be suitable for use in gypsum board. For application in gypsum
board, for instance, pregelatinization and acid-modification are beneficial, e.g., for strength
purpeses by achieving a desired viscosity (and, hence, molecular weight range) i accordance
with emboditoents of the disclosure as described herein. In the method of making wallboard
discussed herein, the starch that is introduced into the stucco slurry can be at least about 70%
gelatinized, e.g., at least about 75% gelatinized, at least about 80Y% gelatinized, at least about
85% gelatinized, at least about 90%; gelatinized, at teast about 95% gelatinized, at least about
97% gelatinized, or 100% gelatinized (e, fully gelatinized).

{6673] Farthermwore, feeding a wet starch comprising a weak actd that substantially
avowds chelating calefum ions as described herein info an extruder, in accordance with
ermbeodiments of the disclosure, hyvdrolyzes the starch, such that a desived viscosity is
achieved, thus wndicating g desired molecular weight range is schieved. Viscosity thereby
indicates the molecular weipht of the pregelatinized, partially hydrolyzed starch, as will be
appreciated by one of ordinary skill in the art,

17 4] In aome embodunents, pregelatinized, partially hydrolyzed starch prepared in
aconrdance with seme embadiments can be prepared to have a “mid-range” viscosity {i.e,,
having a viscosity from about 20 centipoise to about 300 centipoise) when the pregelatinized,
partially hydrolyzed starch is subjecied to conditions according to the VMA method with the
pregelatinized, partially hydrolyzed starch in water 1o an amount of 5% by weight of the
total weight of the pregelatinized, partially hydrolyzed starch and water. Thus, the VMA
method s used 1o determine whether the pregelatinized, partially hvdrolyzad starch exhibits
the mid-range viscosity characteristic when subjected to the conditions of the VMA method.

This does not roean that the pregelatnized, partially hydrolyzed starch must be added to the
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gypsum shary under these conditions. Rather, when adding the pregelaninized, partially

- hydrolyzed starch to slarry, it can be in wel (in various concentrations of starch in the water)
or dry forms, and it need not be folly gelatinized as desoribed herein or otherwise under the
conditions set forth in the VMA method,

1675} In some embodiments, the mid-range viscosity of the pregelatinized starch can be
from about 20 centipoise to about 300 centipoise, such as from about 20 centipoise fo about
250 centipoise, from about 3¢ centipoise to about 200 centipoise, or from about 50 centipoise
1o ghout 300 centipoise. In embodiments of the disclosure, the viscosity of the pregelatinized
starch when tested nnder the VIMA method can be, e.g., as listed in Tables 1A and 1B, Inthe
tables, an “X represents the range “from about [corresponding value 1o top row] to about
{corresponding value in left-most coluron].” The indicated values represent viscosity of the
pregelatinized starch in ceptipoise {cP). For ease of presentation, it will be understond that
each value represents “about” that value. For example, the first X" in Table 1A is the range

“ahout 20 centipoise to about 25 centipoise.”
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{86761 Thus, the viscosity of the pregelatinized, partially hydrolyzed starch prepared in
accordance with embodiments of the disclosure can have a range between and including any
of the aforementioned endpoints set forth 1o Tables 14 or 1B, Allernatively, in some
embodinents, the pregelatinized, partially hvdrolyzed starch has a viscosity (10% solids,
83°C) of from about 5 Brabender Units (BU) to about 33 BU, messured according to the
Brabender method described herein, e.g., from about 10 BU to about 30 BU, from about 12
BU to about 25 BU, or from about 15 B to about 20 BLL

18877 In some embodiments, pregelatinized, partially hvdrolvzed starches prepared in
accordance with embodiments of the disclosure can provide significant benefils to the
strength of the product {e.g., wallboard} to which they are applied. Since starch contains
glucose monomers confaining three hydroxyl groups, starch provides many sites for hydrogen
bonding to gypsum orystals, While not wishing to be bound by any particular theory, it is
believed that the molecular size of pregelatinized, partislly hyvdrolyzed starch prepared
accordance with some embodiments allows for optimal mobility of starch molecules to ahgn
starch molecules with the gypsum crystals o facilitate good binding of starch {0 gypsum
crysials to strengthen the respiting orystalline gypsum mateix, e.g., via hydrogen bonding.
G078} Conventional pregelatinized starches prepared aceording to another method than
that which is described herein, e.g., having higher viscosities, which would have aither longer
chain lengths and higher molecular weight {viscosity that is too high} and shorter chain
fengths and lower molecular weights {viscosity that 18 o0 low), respectively, do not provide

the same combination of henefits. The inventors have found dissolved starch molecules with,
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for example, mid-range viscosity {representing mid range molecular weight of starch} aliows
for optimal mobility of starch molecules to align starch molecules with gypsum crystals o
facilitate good starch and gypsumn hydrogen-bonding and core strength in some emmbodirnents.
{B79] Pregelatinized, partially hydrolyzed siarch prepared in accordance with some
embodirments of the disclosure also provides advantages with reapect to water demand, in
some embodiments. Adding conventional pregelatimzed starch to gypsum slury requires
that additional water be added to the gypsum slurry in order to maintain a desired degree of
shurry fhiidity. This is because conventional pregelatinized starch increases the viscosity and
reduces the fluidity of the gypsum shury, Thus, the use of pregelatinized starch in
conventional systems has resubted in an increase in water demand such that even more excess
water would be required in the gypsur shurry. ,

{B0R0] Pregelatinized, partially hydrolyzed starch prepared in accordance with
embodiments of the disclosure, particularly with the desired mmd-range viscosity, demands
less water so that the effect on water demand in the gypsum slurry is reduced, especially
comparison 1o conventional starches. Furthermore, because of the efficiency of the
pregelatinieed, partially hydrolyzed starch prepared in accordance with embodiments of the
disclosure, such that less starch can be used, the posiive impact on water demand can be
even more significant in accordance with some embodiments of the disclosure. This lower
water demand provides considerable efficiencies during manufacture. For example, excess
water requires energy toput for drying. The speed of the line must be slowed o
accommodate the drying. Thus, by reducing the water foad in the gypsum slorry, less energy
rescurces and oost can be seen, as well as faster production rates. In some embodiments, the
increase o waler demand in a gypsum shurry 1s less than the increase in water demand
reguired by other starches such as pregelatinized starches having viscosity above 300
centipoise {e.g., a comn starch having a viscosity of sbout 773 centipoise), e.g., prepared by a
different method.

{B081] Amny suitable non-pregelatinized starch can be selected in prepaning a
pregelatinized, partially hydrolyzed starch so long as it is sufficient to be pregelatinized and
acid-modified in an exiruder. As used herein, “starch” refers to a composition that includes a
starch component. As such, the starch can be 100% pure starch or way have other
components such as those commaonly found in flours such as protein and fiber, so long as the
starch component makes up at least about 75% by weight of the starch composition. The

starch can be in the form of a flour {e.g., corn flour) containing starch, such as flour having at
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least about 753% starch by weight of the flour, e.g., st least about 80%, at least about 85%, at
least about 90%, at least about 95%, ete.). By way of example, and not in any lmitation, the
starch can be i the form of a comn flour containing starch,

{4821 in some embodiments, the pregelatinized, partially hvdrolyzed starch prepared in
accordance with some evabodinments can be prepared to have desived cold water solubility.
Conventional pregelatinization technigues involve making starch cold water soloble and
generally require cooking starch in an excess amount of water. However, these conventional
techniques are not efficient. Extrusion, in accordance with embodiments of the disclosure,
which allows for a combination of heating and mechanical shesring, 18 surprisingly and
unexpectedly an energy efficient method that can be used to produce pregelatinized, partially
hydrolyzed starch in 2 one step process having a low moisture content with cold water
solubility., Cold water solubility is defined 88 having any arount of solubility in water al
room temperamre {about 25°C). It was discovered that starches exhibiting solubility in cold
water can provide significant benefits to the strength of gypsur products {e.g., wallboard).
Cold water soluble starches of preferred embodiments bave a cold water solubility greater
than about 70% and, when added to a set gypsum core, can increase the sirength of the
gypsum core. Generally, it has been found that a higher cold water solubility yudicates a
Higher degree of gelatinization, and higher strength. The solubility of the pregelatinized
starch in water is defined as the amount of starch that dissolves in room temperature water
divided by the total amount of starch.

(383} in some embodimentis, the cold water solubility of the pregelatinized, partially
hydrolyzed starch prepared in accordance with embodiroents of the disclosure is at least
about 70%, at least about 75%, at least about 80%, at least about 85%, at lesst about 90%, or
at least about 95%, e.g., from about 70%% to about 100%, from about 75% to about 10096,
from about 30%, to about 100%, from about §3% to about 10084, from about 90% 1o about
100%, from about 95% to about 100%, from about 70% to about 99%, ete., from about 75%
i about 99%, from about 80% to about 99%, from about 5% to about 89%, from about 0%
to about 99%, from about 95% to about 99%. In preforred embodiments, the cold water
solubility of the extruded pregelatinized, partially hydrotyzed starch is from about B0% to
about 10(%.

16084] While not wishing to be bound by any particular theory, it is believed that a
combination of mechanical and thermal energy during exirusion is responsible for the cold

water solubility of the pregelatinized, partially hydrolyzed starch prepared in accordance with
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embodiments of the disclosure, 1t s believed that when the starch undergoes extrusion, the
hydrogen bonds between the starch molecales are broken, When the extruded starch is
dissolved in water, the starch forms hydrogen bonds with the water molecules. After the
pregelatinization process, the exiraded pregelatinized, partially hydrolyvied starch molecules
are free to hydrogen-bond with the gypsum crystals, thus umparting higher strength to the
gypsum product, Accordingly, becanse starches exhibiling sehubility 1 cold water improves

the strength of gypsum waltboard, less starch is required compared with conventional

starches.
LRSS In some embodiments, the pregelatinized, partially hvdrolyzed starch has a cold

water viscosity (10% sohids, 25°C) of from about 10 BU to about 100 BU, measured
according o the Brabender method described herein, e.g., from about 20 BU {o about 100
BU, from about 30 BU to gbout 100 BU, from sbout 40 BU to abowt 80 BU, from about 50
BU 1o about 80 BU, or from about 66 B o about 70 BU. In some embodiments, the starch
has g cold water viscosity of a10% slurry of the starch in water when measured at 25 “(C of
from about 60 cP to about 160 ¢P, as measured with a Brookfield viscometer with #2 spindie
and af a rotation speed of 30 rpm. For example, the cold water viscosity of a 10% sharry of
the starch in water when measured at 25 “C can be fromw about 60 ¢F {0 about 150 ¢P, fom
about 60 cF 10 about 120 P, from about 60 ¢P to about 100 oP, from about 70 ¢P 1o about
135G ¢P, from about 70 o to about 120 oP, fromw shout 70 P to about 106 ¢P, from about 86
cP 1o about 150 ¢P from about 80 P to about 120 cf, from about 86 oP o about 100 ¢P, from

about 80 P o about 150 ¢P, from about §0 oF to about 20 ¢P, from about 100 ¢F to about

150 P, or from about 100 P 1o about 120 cP.

Use of Starch in Making Board

{8086] In some embodiments, a board {e.g., gypsum wallboard) can be made by forming
a pregelatinized, partially hydrolyzed starch by) mixing at least water, non-pregelatinized
starch, and an acid to form a wet starch precursor having a moisture content of frow about

R wi.% 1o about 25 wt.%, the acid selected from: a weak acid that substantially avouds
chelating calctum ions, a strong acid in an amount of about 8.01 wi% or less by weight of the
starch, or any combination thereof

[IORTY The wet starch precursor is then fed into an extruder inowhich the temperature of
the die is about 150°C {about 300°F) to about 210°C {about 410°F) where the wet starch is

pregelatinized and acid-modified, such that it is at least partially hydrolyeed. The
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pregelatinized, partially hydrobyzed starch can then be mixed with at least water and stueeo {o
form a shurry, which can then be disposed between g first cover sheet and a second cover
sheet to form a wet assembly, The wet assembly can then be cut into a board, which is then
dried. Preferably, the set gypsum core of the board has g compressive sirength greater than a
set gypsum core made with a starch prepared under a different wethod,
{H8R] Surprisingly and unexpectedly, in accordance with preferred embodiments, i has
been found that elevated amounts of the pregelatinized starch can be used to increase strength
in the resulting board core {e.g., by enhancing the strength of the gvpsum crystal matrix},
Thus, i preterred embodiments, the pregelatinized starch is added to the sharry for formung
the board core in an amoﬁnt of greater than 10% by weight of the stucco.
{089} For example, in some embodiments, the pregelatindzed starch can be provided in
an amount of about 10.1% by weight of the staceo to about 25% by weight of the stucco,
e.g., about 10.1% by weight of the stuceo to about 22% by weight of the stucco, about 10.1%
by weight of the stucco o about 209 by weight of the stucco, about 10.1% by weight of the
stucoe to about 15% by weight of the stucco, about 11% by weight of the stucco {o about
25% by weight of the stuceo, about 11% by weight of the stuceo to about 22% by weight of
the stucceo, about 11% by weight of the stuceo to about 20% by weight of the stucea, ahout

;
11% by weight of the stucco to about 15% by weight of the staces, about 12% by weight of
the stucco to about 25% by waight of the stucco, about 12% by weight of the stucce 1o about
22% by weight of the stucco, about 12% by weight of the stucco 1o about 20% by weight of
the stucco, about 12% by weight of the stucco to about 15% by weight of the stucco, about
13% by weight of the stuceo to about 23% by weight of the staces, about 139 by weight of
the stucco o about 22% by weight of the stucco, about 13% by weight of the stucco 1o about
20% by weight of the stucco, about 13% by weight of the stucco 1o about 15% by weight of
the stucco, about 14% by weight of the stucco to about 25% by weight of the stucco, abont
14% by weight of the stuceo to sbout 22% by weight of the stucco, about 14% by weight of
the stucco to about 209 by weight of the stucco, about 13% by weight of the stuceo to about
25% by weight of the stucco, about 15% by weight of the stucco to about 22% by weight of
the stucen, about 15% by weight of the stucco to about 20% by weight of the stoces, about
15% by weight of the stucco to about 18% by weight of the stuceo, about 18% by weight of

the stucco to about 253% by weight of the stucco, about 18% by weight of the shuceo to about

J

APYG S

22% by weight of the stucco, or about 20% by weight of the stucen fo about 25% by weight

of the stucco.
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160946} Advantageously, because of the increased benefit o board core vesulting from the
use of the elevated amounts of pregelatinized starch (g.g., above 10 wt.% on a starch basis},
gypsum waliboard can be prepared at particularly olira ight densities {and hence weights,
since densily is a function of board weight at particular thickness). In preferred
embodiments, the resulting board can be prepared to have a dry deunsity of about 31 pefor
less, e.z., aboul 30 pof or Jess, about 29 pof or less, about 28 pef or less, about 27 pof or less,
about 26 pet or less, about 25 pet or less, about 24 petor less, about 23 pelor less, about 22
pof or less, about 21 pef, or about 20 pef or less. In some embodiments, the board has s dry
densiiy of from about 15 pefto about 31 pef, e.g., from about 15 pelito about 30 pefl from
about 15 pef to about 28 pef, from about 15 pef to about 28 pef, from about 15 pef to about
27 pef, from abowt 15 pet o about 26 pet, from about 15 pefto about 25 petl from about 13
pef to about 24 pef, from about 15 pef'to about 23 pef, from about 15 petto about 22 pet,
from about 15 pof to about 21 pef], from about 15 pef to about 20 pef] from sbout 15 pelto
about 19 pef, from about 15 pef'to sbout 18 pef] frovs about 19 pefito about 31 pef], from
about 19 pof to aboot 30 pef, from about 19 pofto abont 28 pefl from about 19 pef'to about
28 pef, from about 19 pet'to about 27 pef, frors about 19 pet'to abowt 26 pef] from about 19
pef to about 25 pet, from about 19 pef to abont 24 pef), from about 19 pet'to about 23 pet,
from about 19 pof to abowt 22 pef, or from about 19 pefito about 21 pefl

{6091} Pregelatinized, partially hydrolyzed starch propared in accordance with
embodiments of the disclosure can be added to the shurry in combination with othey starches,
in some embodiments for various applications. For example, in the case of gypsum
waltboard as described below, pregelatinized, partially hydrolyzed starch prepared in
aceordance with embodiments of the disclosare can be combined with other starches to
enhance both core strength and paper-core bond, particularly if some increase in water
demand is acceped.

190821 Thus, in some embodiments of the disclosure, gypsum slurry may nclude oue or
more pregelatinized, partially hydrolveed starch prepared in accordance with embodiments of
the disclosure, as well as one or more other types of starches. Other starches can include, for
example, pregelatinized starches having viscosity below 20 centipoise and/or above 300
centipoise. One example is pregelatinized corn starch {2.g., having a viscosity over 300
centipoise, such as about 773 centipoise}. The other starches may also be ju the forn of, eg,,
non-pregelatinized starches, such as acid-modified starches, as well as alloylated starches,

e.g., ethylated starches, which are net gelatinized, etc. The combination of starches may be
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pre-muixed {e.g., in a dry mix, optionally with other components such as stucco, ete, orina
wet mix with other wet ingredienis) before addition to the gypsum shurry, or they can be
inchaded in the gvpsum sharry one at a time, or any vanation thereofl. Any sutisble proportion
of pregelatinized, pariially hydrolysed starch prepared in accordance with embodiments of
the disclosure and other starch may be included.

13093 For example, the starch content of pregelatimzed, partially hydeolyzed starch
prepared in accordance with embodiments of the disclosure as a percentage of total starch
content to be added to gypsum slurry can be, e.g., at least about 10% by weight, such as at
least gbout 20%, at least about 30%, at least about 40%, at least about 50%, at least about
5(%, at least about 70%, at least about 80%, at least about 90%, ai least about 95%, at least
about 99%, at least about 100%, or any range in between). In some embodiments, the ratie of
pregelatinized, partially hydrolyzed starch prepared in accordance with embodiments of the
disclosure to other starch can be about 25:75, about 30:740, about 35:65, about 50:50, about
65335, gbout 7030, ahout 75:253, eto.

{094} In addition to the starch cornponent, the slurry is formulated to inchude water,
stucco, foaming agent {sometimes referred to simply as “toam”}, and other additives as
desired, in some embodiments, Surprisingly and soexpectedly, in accordance with some
embodiments, particularty those exhibiting a mid-range viscosity, it has been found that the
amournt of water needed to be added to maintain the shury flaidity at the same level it would
be without the pregelatinized, partially hvdrolvzed starch prepared in ap extruder in
accordance with embodiments of the disclosure, is less than the increase in the amount of
water needed when using a starch prepared according to a different method. The stucce can
be in the form of calcium sulfate alpha hemvhydrate, calonwn sulfate beta hemibydrate, and/or
calchumn sulfate anbydrite. The stucce can be fibrous or non-fibrous. Foaming agent can be
inchuded to form an air void distribution within the confinuous erystaliine matrix of set
gypsum. In some embodiments, the foaming agent comprises a major weight portion of
unstable component, and a minor weight portion of stable component {e.g., where unstable
and blend of stable/unstable are combined). The weight ratio of unstabic component {o stable
comaponent is effective to form an air void distiibution within the set gypsum core. See, ..,
1.5, Patents 5,643519; 6,342,284 and 6,632,530,

18095} It has been found that seitable void distribnation and wall thickness
(independently) can be effective to enhance strength, especially in lower density board {e.2.,

below about 35 pef). See, e.g., US 20070048480 and US 2008/0090068. Evaporative water
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voids, generally having voids of abowt S pum or less 1o diameter, also contribute to the total
vord distribution along with the aforementioned air {foam) voids, In some embodiments, the
volume ratio of voids with a pore size greater than about 5 microns to the voids with a pore
size of about 5 microns or less, is frorn about 0.5:1 1o about 911, such as, for exarnple, from
about 0.7:1 to about 911, from gbout 8,81 to about 911, from about 1.4:1 o sbout 911, from
about 1.8:1 to about 9:1, from about 2.3:1 to about 9:1, from about 8.7:1 to about 611, from
about 1.4:1 1o about &1, from about 1.8:1 io about 611, from abouot (.7:1 to about 4:1, from
about 1.4:1 to about 4:1, from about 1.8:1 to about 4.1, from about 8.5:1 o about 2.3:1, from
about 4.7:1 to about 2.3:1, from sbout 0.8:1 to about 2.3:1, from about 1.4:1 to sbout 2.3:1,
from about 1.8:1 to abount 2.3:1, cic. In some embodiments, the foaming agent 1s present in
the shurry, ©.g., in an amount of less than about 0.5% by weight of the stucco such as about
3.01% to about 0.5%, about 0.01% io about 0.4%;, sbout 0.01% to about 0.3%, about 0.01%
to about 0.2%, shout (.01% to about 8.1%, about 8.02% to about 8.4%, about 3.02% io about
0.3%, about 0.02% fo about (.2%, etc., all by weight ot the stucoo.

[9096] Additives such as accelerator {e.g., wet gypsom accelerator, heat resistang
accelerator, and climate stabilized accelerator) and retarder are well known and can be
included, in some embodiments, See, e.g., U5, Patenis 3,573,947 and 6,409,825, Insome
embodiments where accelerator and/or refarder are inchuded, the accelerator and/or retarder
gach can be in the gypsum shurry in an amount on a solid basis of, ¢.g., from about 0% o
about 10% by weight of the stuccoe (e.g., about 0.1% to about 1054}, such as, for example,
from about 0% 1o about 5% by weight of the stucco {(e.g., about 8.1% to about 5%). Other
additives as desived may be included, e g, to impart strength o enable lower weight product
with sufficient strength, to avoid permanent deformation, to promote green strength, for
examplie, as the product i setiing on the conveyor traveling down a manufacturing line, fo
promote fire resistance, (0 promoie water resistance, eto.

10697} For example, the slurry can optionally include al least one dispersant 1o enhance
fluidity in some embodiments, Like the pregelatinized, partially hydrolyred starch prepared
i accordance with embodiments of the disclosure and other ingredients, the dispersants may
be included in a dry form with other dry ingredients and/or in a liquid form with other Hguid
ingredients in the core slurry, Examples of dispersants include naphthalenesulfonates, such
as polynaphthalenseulfonic acid and s salts {polynaphihalenssulfonates) and derivatives,
which are condensation products of naphthalenesulfonic acids and formaldebyde; as wel a3

polyvearboxylate dispersants, sach as polyearboxylic gthers, for example, PCE2TL, PCETT,
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1041, 1641F, or PCE 2641-Type DHspersants, e.g., MELFLUX 2641F, MELFLUX 2651F,
MELFLUX 1641F, MELFLUX 25001 dispersants {BASE), and COATEX Ethacryl M,
avatlable from Coatex, Inc.; and/or lignosnlfonates or suifonated lignin, Lignosulfonates are
water-soluble anionic polyelectrolyte polyroers, byproducts from the production of wood
pulp using sulfite pulping. One example of 2 Hgoio useful in the practice of principles of
embodiments of the present disclosure is Marasperse C-21 available from Reed Lignin Ine.
IS Lower molecular weight dispersants are generally preferred. Lower molecular
weight naphthalenesulfonate dispersants are favored because they trend to a lower water
demand than the higher viscosity, higher molecular weight dispersants. Thus, molecular
weights from about 3,000 1o about 18,000 {e.g., about 8,000 to about 10,000} are preferred.
As another Glustration, for PCE211 type dispersants, in some embodiments, the molecular
weight can be from about 20,000 to about 60,000, which exhibit less retardation than
dispersants having molecular weight above 66,000,

{50991 {me example of a naphthalenesulfonate is DILOFLO, available from GEQG
specialty Chemicals. DILOFLO is 2 45% naphthalenesulionate sohution in water, alihough
other agqueous schutions, for example, in the range of about 35% to about 55% by weight
solide content, are also readily available. Maphthalenesulfonates can be used in dry solid or
powder form, such as LOMAR D, avaiiable from GEQ Specialty Chemicals, for example.
Another exemplary naphthalenesulionate ie DAXAD, available from Hampshire Chemical
Corp.

80189 HWincluded, the dispersant can be inclnded m any snitable {solids/solids) amount,
such as, for example, from about 8.1% to about 5% by weight based on the weight of the
sfucco, e.g., from about 8.1% to about 4%, from about 8.1% to about 3%, from about 0.2% o
about 3%, from about 3.5% to about 39, from about 0.5% to about 2.5%, from aboui .35 1o
about 2%, from about 0.5% to about 1.5%, etc.

[6100] in some embodiments, one or more phosphate-containing compounds can also be
optionally included in the shurry, if desired. For example, phosphate-containing components
uzeful in some embodiments include water-soluble components and can be in the form of ap
iof, a salt, or an acid, namely, condensed phosphoric acids, gach of which comprises two or
more phosphoric acid umits; salis or ions of condensed phosphates, each of which comprises
two or more phosphate units; and monobasic salts or wonovalent tons of orthophosphates as
well as water-soluble acyelic polyphosphate sall. See, g, U8, Patents 6,342,284

6,032,55{3; 6,815,04%; and 6,822,033,
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(0161} Phosphate compostiions it added in some embodiments can erthance groen
strength, resisiance to permanent deformation {e.g., 3ag), dimensional stability, etc.
Trimetgphosphate compounds can be used, including, for example, sodium trnimetaphosphate,
poiassium trimetaphosphate, lthiom trimetaphosphate, and ammonium irimetaphosphate.
Sodivm trimetaphosphate (STMP)Y is preferved, although other phosphates may be suitabie,
incloding for example sodium tetrametaphosphate, sodium hexamelaphosphate having from
about & to about 27 repeating phosphate units and having the molecular formula Nag o PaOsey
wherein n=0-27, telrapotassium pyrophosphate having the molecular formoula KyPa(Oy,
trisodivm dipotassinm tripolyphosphate having the molecular formula NasKoPy O, sodium
tripolyphosphate having the rmolecnlar forroula NadPs Oy, tetrasediom pyrophosphate having
the molecular formula NagP Oy, aluminum trimetaphosphate having the molecular formula
ANPO);, sodivm acid pyrophosphate having the molecular formuda NaoH,Po Oy, srnmontom
polyphosphate having 1,000-3,000 repeating phosphate units and having the molecular
formula (NH 0P pOse wherein 5=1,000-3,000, or polvphosphoric acid having two or more
repeating phosphorie acid units and having the molecular forvmala Hyp Pl whereinnis
WO Or more.

(8162} The phosphate can be inchuded in some embodiments in a dry form or ina formy in
water {¢.g., & phosphate solution frorn abount 3% to about 20%, such as about a 10% solution).
it inchuded, the phosphate can be 1n any suitable amount {solide/solids basis}, such as from
ghout 0.01% to about 8.5% by weight hased on the weight of stucee, ¢.g., from about §.03%
to about 0.4%, from abont .19 to about §.3%, or from about 0.12% to about $.4%6 by weight
based on the weight of stucce.

81031 Suitable additives for five-resistant {e.g., fire-rated) and/or water resistant product
can also optionally be included, including, ez, siloxanes for water resistance, Examples of
suttahle fire resintant additives inchude high expansion particulates, high efficiency heat sink
additives, fibers, or the Hke, or any combination thereof, as described in 115, Patent
8,323,785, which description of such additives 1s hereby incorporaied by reference.
Vermiculite, aluminum trihydrate, glass fibers, and a combination thereot can be used in
some ermbodiments.

{81041 For example, the high expansion particulates useful in accordance with some
embodiments can exhibit a volume expansion after heating for one hour at about 1560 °F
{about 8530 °C) of about 300% or wore of their original volume. In some embodiments, high

expansion vermiculites can be used that have a volume expansion of about 300% to about
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3%0% of their original volume after being placed for one hour in a chamber having a
temperature of about 15360 °F (about 850 °C),  If included, high expansion particulate, such
as vermiculite, can be present in any suitable amount. In some embodiments, it is present in
an amount from about 1% to sbout 10%, e.g., about 3% to about 6%, by weight of stucco.
{1185} Aluminum teihydrate {ATH), also known as alumina trihydrate and hydrated
aluming, can increase fire resistance due fo its crystallized or coropound water content. ATH
is a suitable example of & heat sink additive. Such high efficiency heat sink (HEHSE}
additives have a heat sink capacity that exceeds the heat sink capacity of comparable amounts
of gypsum dihydrate in the temperature range causing the debydration and release of water
vapor from the gypsum dihydrate component of the panel core. Such additives typically are
selected from compositions, such as aluminurn rihydrate or other metal hydroxides that
decompose, releasing waler vapor in the same or similar temperatore ranges as doss gypsum
diliydrate. While other HEHS additives {or combinations of HEHS additives) with increased
heat sink efficiency relative to comparable amounts of gypsum dibydrate can be used,
preferred HEHS additives provide a sufficiently-increased heat sink efficiency relative to
gypsum dihydrate o offset any increase in weight or other undesired properties of the HEHS
additives when used in a gypsum panel intended for five rated or other high temperature
applications. Ifincluded, heat sink additive, such as ATH, is present in any suitable amount.
In some embodiments, it is included in an amouni from about 1% to about 8%, e.g., from
about 2% to about 4% by weight of shucco.

19106} The fibers may include mineral fibers, carbon and/or glass fibers and mixtures of
such fibers, as well a5 other comparable fibers providing comparable benefits to the panel. In
some embodiments, glass fibers are incorporated in the gypsurn core shurry and resulting
crystafline core structure. The glass fibers in some of such embodiments can have an average
length of about 0.5 to about (.75 inches and a diameter of about 11 to about 17 microps. In
other embodiments, such glass fibers may have an average length of about 0.5 to about 8.675
inches and a diameter of about 13 to about 16 microns. Ifincluded, fibers, such as glass
fibers, is present in any suitable ameunt, such as, from about 8.1% to about 3%, e.g., from
ahout 1.5% to about 1% by weight of stucco.

191671 n some embodiments, the gypsum board product exhibiis fire resistance beyond
what is found in conventional waliboard. To achieve fire resistance, the board can optionally

he formed from certain additives that eshance fire resistance ju the final board product, as
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described herein, Some fire resistant board is considered “fire rated” when the board passes
coriain tests while in an assembly.

{8108} In accordance with some embodiments, gypsurn board i3 contigured to meet or
exceed a fire rating pursuant to the fire containment and structural integrity requirements of
1L U308, U418, U423, and/or equivalent five test procedures and standards, e.g., where the
Board contains fire resistant additives discussed berein. The present disclosure thus provides
gypsurn board {e.g., reduced weight and density at thickness of 1/2 inch or 3/ ineh), and
methods for making the same, that are capable of satisfving fire ratings {e.g., 17 mun., 20
min., 30 min., 3/4 hour, one-hour, two-hour, ete.) pursuant to the fire contatmment and
structural infegrity procedures and standards of various UL standards such as those discussed
heretn, in some embodiments,

(6169 The gypsuin board can be tested, ¢.g., in an assembly according to Underwriters
Lahoratories UL U305, U419, and 1423 specifications and any other fire test procedure that
is equivalent to any one of those fire test procedures. It should be understood that reference
made herein to a particular fire test procedure of Underwriters Laboratories, such as, UL
11305, U418, and U423, for example, also includes a fire test procedure, such as one
promuulgated by any other entity, that is equivalent to the particular UL stendard i queshion
{8110} For example, the gypsum board in some embodiments ia effective to inhibit the
iransmission of heat through an assembly constructed in accordance with any one of UL
Design MNumbers U305, U419 or U423, the assembly haviog a first side with a single layer of
gypsumn panels and a second aide with a single layer of gypsum panels. Surfaces of gypsum
boards on the first side of the assembly are heated in accordance with the time-temperature
curve of ASTM T1189-09a, while surfaces of gypsum panels on the second side of the
asaembly are provided with temperature sensors pursuant to ASTM E119-0%a. 1o some
embodiments of fire resistant board, when heated, the maximum single value of the
temperature sensors is less than about 325 °F plus ambient temperature after about 50
minates, and/or or the avera ge value of the teroperature sensors is jess than about 250 °F plus
ambient teroperature after about 50 minutes, In some arobodiments, the board has a density of
about 40 pounds per cubic foot or less. Desirably, the board has good atrength as described
herein, such as a core hardness of at least about 11 pounds {5 kg, e.g., at least about 13
pounds {5.9 kg), or at feast about 15 pounds (6.8 kg).

HINRE In some embodiments, when the surfaces on the first side of the assembly of fire |

resistant gypsum board with five resistant additive in the concentrated layer are heated, the
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maximum single value of the temperature sensors is less than about 325 °F plus ambient
ternperature affer about 55 rwinutes, and/or the average value of the temperature sensors 18
fess than about 250 °F plus ambient temperature after about 55 minutes. In other
embodiments, when the surfaces of gypsum board on the first side of the assembly are heated
the maximum single vahie of the temperature sensors is less than abount 325 °F plus ambient
temperature after about 60 minutes and/or the average value of the temperature sepsors is less
than about 250 °F plus ambient termperature after about 60 mimutes. In other embodiments,
when the surfaces of gypsum panels on the first side of the assembly are heated, the
maximum single value of the temperaiore sensors is less than about 325 °F plus ambient
temperature after about 30 minutes, and/or the average value of the temperature sensors 18
less than about 250 °F plus ambient temperature after about 50 minutes. In other
embodiments, when the surfaces of gypsum panels on the first side of the assembly are
heated, the maximun single value of the temperature sensors is Jess than about 325 °F plus
ambient temperaturs after about 35 minutes, and/or the average value of the temperature
sensors is Jess than about 230 °F plus ambient temperature afier abowt 55 minutes. In other
embodiments, when the surfaces of gypsum panels on the first side of the assembly are
heated, the maximum single vahue of the temperature sensors is less than sbout 325 °F plus
armbient temperature afier about 60 minutes, and the average value of the temperature sensors
15 less than about 250 °F plus ambient termperature after about 60 munutes,

151321 In some embodiments, fire resistant gypsum board with fire resistant additive in
the concentrated layer is effective to inhibit the transrmssion of heat through the assembly
when constructed in accordance with UL Design Mumber U305 so as to achieve a one hour
fire rating under ASTM F119-0%a. In some embodiments, the board is effective to inhibit the
transtaission of heat through the assembly when constructed in accordance with UL Design
Mumber U419 so as to achieve a one hour fire rating snder ASTM E119-0%9a. Insome
embodiments, the gypsum board is effective to inhibit the transmission of heat through the
assembly when constructed in accordance with UL Design Nurnber U423 so as to achieve a
one hour fire rating under ASTM E119-0%9a. In some embodinents, the board has a Thermal
Insulation Index {773 of about 20 minutes or greater and/or a High Teamperature Shrinkage {(5)
of about 10%. In some embodiments, the board has a ratio of High Temperature Thickness
Expansion (78} o S{TFE/S) of about 8.2 or more.

4113} Furthermore, in some embodiments, the gypsum board can be in the form of

reduced weight and density, five resistant gypsum board with High Temperature Shrinkage of
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fasa than about 10% in the x-y divections {widih-length) and High Temperature Thickness
Expansion in the z-direction {thickness) ot greater than abowt 2096 when heated to about 1560
CF (850 °C). In yet other embodiments, when used in wall or other assemblies, such
assernblics have fire testing performance comparable fo assembliss made with heavier, denser
comnercial fire rated panels. In some embodiments, the High Temperature Shrinkage of the
panels typically is less than about 10% in the x-y directions {(width-length), In some
embodiroents, the ratio of z-direction High Temperature Thickness Expansion to x-y High
Temperature Shrinkage is at least about 2 {0 over showt 17 af 1570 °F {835 °(),

114} in sorne emboediments, a fire resistant gypsum board formed according to
principles of the present disclosure, and the methods for making same, can provide & panel
that exhibite an average shrink resistance of about 85% or greater when heated at about 1800
“F {980 °C) for one hour. In other embodiments, the gypsum board exhibits an average
shrink resistance of about 75% or greater when heated at about 1300 “F {980 °C) for one
howr.

[6115] The board of some fire-related product according fo the disclosure can have g
Thermal Insulation Index {TT) of about 17 minutes or greater, .g., about 20 minutes or
greater, about 30 minutes or greater, about 45 minutes or greater, about 60 minutes or greater,
ete.; and/or a High Temperature Shrinkage (al temperatures of about 1360°F (850 °CY} of less
than about 10% in the x~v directions and expansion ju the z-direction of greater than about
20%. Fire-resistant embodiments can have a relatively higher density, e.z., the gvpsum
board can have a density (I3} of about 40 pounds per cubic foot or fess {e.g., 37 pefor less, 35
pefor less, 33 pot or fess, or the other densities listed herein). The gypsum layers betwesn
the cover sheets can be effective to provide the gypsum board with a ratio of 7%/D of about
0.4 minutes/pounds per cubic foot {0,038 minutes/(kg/m’ ¥ or more. V

{6116} The fire or water resistance additives can be included in any suitable amount as
desived and effective. For example, if inchuded, the fire or water resistance additives can be
1 an amount from about 0.5% to abont 10% by weight of the stucco, such as fom about 1%
to about 1%, about 1% 1o about 8%, about 2% to about 10%, about 2% to about 8% by
weight of the stueco, ete,

{8117} Hincluded, tn some embodiments, the siloxane preferably is added in the form of
an emulsion. The siurry is then shaped and dried under conditions which promote the
polymenzation of the siloxane o form a highly cross-linked silicone resin, A catalyst which

promaies the polvmerization of the siloxane to form a highly cross-linked siticone resin can
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be added o the gypsurn sturry. 1n some embodiments, solventless methy] hydrogen stloxane
fluid sold under the name SILRES B8 94 by Wacker-Chemie GmbH (Munich, Germany) can
be used as the silonane, This product is a siloxane fluld containing no waler or soivepts. [t is
conternplated that about 0.3% to about 1.0% of the BS 94 siloxane may be used in some
embodiments, based on the weight of the dry ingredients. For example, in some
embodiments, it is preferred to use frorn about .4% to about 0.8% of the siloxane based on
the dry stacco weight.

(6118} The sharry formulation can be made with any suitable water/stucco ratio, e.g.,
from about 0.4 to about 1.3. However, because the pregelatinized, partially hydrolyzed
starches prepared in accordance with embodiments of the disclosure reduce the amount of
water required to be added to the slurey (o accommodate them, as compared with other
starches (e.g., conventional pregelatinized starch prepared aceording to a different method},
the shirry can be formulated with a water/stucco ratio input that is lower i some
eroboditnents than what is conventional for other starch-containing gypsum shurries,
especially at low weight/density. For example, in some embodiments, the water/stuccs ratio
can be from about (.4 to about 1.1, from about 8.4 to about 0.9, from about 0.4 to sbout 8.85,
from about 0.45 to about 0.85, from about 0.535 to abowt 0,85, from about 0.55 o about 0.8,
from about 0.6 to shout 0.9, from about 0.5 to about §.83, from about 0.6 to about .8, sic.
(6119 The cover sheets can be formed of any suitable material and basis weight
Advaniageously, board core formed from slurry comprising pregelatinized, partially
hydrolyzed starch prepared in accordance with embodiments of the disclosure provides
sufficient strength in board even with Eowcr hasis weight cover sheets such as, for example,
fess than 45 {be/MEF {2.g., about 33 ibS/’MSF 1o 45 Ibe/MEF Y even for lower waight board
{e.2., having a densily of about 35 pof or below) in some embodiments. However, if desired,
in some embodiments, heavier basis weights can be used, e.g., 1o further enhance natl puli
resisiance or to enhance handling, e.g., to facilitate desirable “feel” characteristics for end-
USCES.

201 in some emboditnents, to enhance strength {e.g., natl pull strength), especially for
lower density board, one or both of the cover sheets can be formed {rom paper and have a
hasis weight of, for example, af least about 45 the/MEF (e g., from about 45 [bs/MEF 1o about
65 the/MSF, from about 45 The/MSE to about 64 Ibs/MSF, from sbout 45 Ibs/MSF 1o about
55 tha/MSF, from about 50 1bs/MSF 1o about 63 [hae/MSF, from about 50 Ibs/MSF to about

60 1vs/MAF, ete.). I desired, in some embodiments, one cover sheet {e.g., the “face” paper
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side when installed) can have atorementioned higher basie weight, ¢.g., o enhance pail pull
resistance and handling, while the other cover sheet {e.g., the “back” sheet when the board is
instailed} can have somewhat lower weight basis if desived {e.g., weight basis of less than
about 43 1hs/M3F, e.g., from about 33 Ibs/MSF to about 45 1bs/MSF or from about

33 Ths/MBF to about 40 {be/MSF}.

{121} Board weight is a function of thickness. Since boards are commonly made at
varying thicknesses, board density is used berein as a measure of board weight, As noted
herein, preferred embodiments of the disclosure have particular utility al lower densities
where the enbanced strength provided by the pregelatinized, partially hydrolyzed starch
prepared in aceordance with embodiments of the disclosure advantageousty enables the use
of lower weight board with good strength and lower water demand than board made from
other starches. For example, the elevated amounis of pregelatinized siarch in accordance
with preferred embodiments can be used to prepare ultra light weight board {e.g., at a density
of 31 petor less) with good strength properties. However, advantages of the pregelatinized,
partially hydrolyzed starch prepared in accordance with embodiments of the disclosure can be
seen across various board densities, e.g., about 40 pef or tesg, such as from about 20 pef'to
about 40 pot, from about 24 pof to about 37 pef, ete.

108122} in other embodiments, board density can be from about 20 pot'to about 35 pef]
e.g., from about 20 pof to gbount 34 pef, from abow 20 pef o about 33 pof) from about 20 pef
to about 32 pef, from about 20 pefto abowt 31 pef, from about 28 pef o about 30 pef, from
about 20 pef to about 29 pef, from about 20 pef to about 28 pef] from about 20 pef o about
27 pet, from about 20 pef to about 26 pef, from about 20 pef 1o about 25 pef, from about

20 pet'to about 24 pef, from about 20 pef'to about 23 pef, from about 20 pef to about 22 pef,
from about 21 pef to about 35 pef, from about 21 pef to about 34 pef, from about 21 pefto
about 33 pel, from about 21 pefto about 32 pef, from about 21 pefio about 31 pef, from
about 21 pef to about 30 pef, from about 21 poef o abouwt 29 pef, from about 21 pef to about
28 pet, from ahout 21 pef to about 27 pef, from about 21 pefio abowt 26 pof, from about

21 pefito about 25 pef, from about 21 pef to about 24 pef] from abouwt 21 pof to about 23 pef,
from about 24 pef to about 35 pef] from about 24 pef'to sbout 34 pef, from about 24 pefto
about 33 pef, frorn about 24 pefto about 32 pef] from about 24 pefto about 31 pef, from
about 24 pef ta about 30 pefl from about 24 pefio about 29 pef, from about 24 pef to about

28 pef, from about 24 pet to about 27 pef, or from about 24 pefto about 26 pef,
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{1123} The pregelatinized, partially hydrolyzed starches prepared in accordance with
emnbodiments of the disclosure can be added to slurry to provide strength enbancement to
product according to the disclosure, which can be especially beneticial at lower
weight/density, For example, in some embodiments, the board made according to
embodiments of the disclosure has a compressive strength of at least about 400 psi

{2,750 kPa} at a density of 29 pef as tested according to the method set forth in Example 4.
Advantageously, inn varioos embodiments at varicus board densities as described herein, the
board produced by the method according to some cmbodiments can be prepared to have a
compressive strength of at least about 170 pai {1,170 kPa), e.g., from about 170 psi to about
1,000 psi (6,900 kPa), from about 170 pst to about 900 psi (6,200 kPa), from about 170 psito
about 800 pai (5,500 kPa), from ahout 170 psi to about 700 psi {4,806 k¥a}, from about 170
pei to about 600 psi (4,100 kPa), from about 170 psi to about 300 pei (3,450 kPa), from about
170 psi to about 450 pei (3,100 kPa), from about 170 psi to about 400 pai {2,760 kPa}, from
about 170 psi to about 350 psi (2,410 kPa), from about 170 psi to about 300 ps (2,070 kPa),
or from about 170 psi 1o about 250 psi (1,720 kPa}. In some embodiments, the board has a
compressive strength of at least about 450 psi (3,100 kPa), at least about 300 pst (3,450 kPa),
at least about 550 psi (3,800 kPa), at least about 600 pei {4,100 kPa}, at least about 650 pst
(4,500 kPa), at least about 700 psi (4,800 kPa), at least about 750 psi {5,200 kPa), at least
ahout 800 psi (3,500 kPa), at least about 850 psi (5,850 kPa), at least abour 900 psi

{6,200 kPa), at least about 9530 psi {6,550 kPa), or at least about 1,000 psi (6,900 kPa). In
addition, in some embodiments, the cotopressive sirength can be boond by any two of the
foregoing points, For example, the compressive strength can be between about 450 pst and
about 1,000 psi {e.g., between about 300 psi and about 900 psi, between about 600 pai and
about 800 psi, efc.).

[i3124] in some embodiments, board made according to the disclosure mests test
profocols according to ASTM Btandard C473-10. For example, in some embodiments, when
the board is cast at a thickness of ¥ inch, the board has g nail pull resistance of af feast about
63 Thy {pounds foree} as determnined according to ASTM C473-140, Method B, e.g., at least
about 68 1by, at least about 70 1by, at least about 72 ihy, at least about 75 iby, af least ghout

77 by ete. In various embodiments, the nail pull resisiance can be from about 68 by to about
100 by, e.g., from about 68 Ibyto about 95 Iy, from about 68 by to about 90 by, from about
8% by to about 85 iby, from about 68 by to about 80 by, from about 68 by to about 77 lby, from

about 68 Ibrto about 75 by, from about 88 tbrto about 72 1by, from about 68 Thy to about
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7G toy, from about 70 Iby to about 100 thy, from about 70 by to about 95 Thy, from about 70 1y
3 about 90 by, from about 70 Hse to about 85 Iby, from about 70 Ibs to about 80 1by, from about
70 by to about 77 thy, from about 70 Ty to about 75 1by, from about 70 bhy to about 72 tby, from
about 72 [by to about 100 by, from about 72 by io about 95 by, from about 72 by to about

Q0 thy, from about 72 by to about 83 1by, from about 72 1hyto about 89 Iby, from about 72 Ibeto
abont 77 by, from about 72 by to about 75 by, from about 75 by to about 100 Ihy, from about
75 Ibr to about 95 Iby, from about 75 Iy to about 90 by, from sbout 75 1bs to about 85 by, from
about 75 fby to abowut RO Iby, from about 75 Theto about 77 1by, from about 77 Ihe to about

100 Iy, from about 77 by to about 95 Iby, from about 77 by o about 90 iby, from about 77 by
to about 85 Ihy or from about 77 tbrto about 80 1be

181251 With respect to flexural strength, 1o sorne emnbodiments, when cast in a board of ¥4
inch thickness, the board has a flexural strength of at least about 36 by in a machine direction
{e.g., at least about 38 Ihy, at least about 40 Thy ete) andfor at least about 107 Iby {e.g., at least
about 110 Iy, at least about 112 Iby etc.} in & cross-machine direction as determined
according to the ASTM standard C473, method B, In various embodiments, the board can
have a flexural sirength in a machine direction of from about 36 Ibr to sbout 60 1by, e.g., from
about 36 ibyto about 55 by, from about 36 Ibs 1o about 50 thy, from about 36 Iby to about

45 ihy, from about 36 br to about 40 by, from about 36 1bs to aboui 38 thy, from ahout 38 hein
about 60 tby, from about 38 by to abowt 55 Ty, from about 38 Ibe to about 50 by, from about
38 Hhrto about 45 thy, from about 38 by to about 46 by, from about 40 Thy to about 60 by, from
about 40 Iby 1o about 55 by, from about 40 Ib: to about 50 by, or from about 40 by to about

45 tbye. In various embodiments, the board can have a flexural strength in 2 oross-machine
direction of from about 107 Ihy to about 130 by, e.g., from about 107 Hhy o about 125 by, from
about 107 Ihy to about 120 Tby, from sbout 107 Ibeto about 115 by from about 107 Tbrto shout
112 [y, from about 107 Ibsto about 110 Iby, from about 110 Ibyto about 130 1by, from abowt
110 Fay to about 125 tby, from about 110 Iy to about 120 by, from about 110 Iy to about

115 Iy, from about 110 ibr to abowt 112 Ihy, from about 112 by to about 130 Iby, from about
i12 tbyto about 125 iy, from about 112 Ibeio about 120 Iy, or from about 112 by to about
P15 the

(3126} In addition, in some embodiments, board can have an average core hardness of at
least about 11 iby oz, at least about 12 Iby, at least about 13 Iby, at least about 14 Ihy, at least
about 15 iby at least about 16 1by, at least about 17 Iy at least about 18 1by, at least about 19

thy, at feast about 20 by, at least about 21 by, or at least about 22 hy, as determined according
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0 ASTM C473-10, method B, In some embodiments, board can have a core hardness of
from about 11 ibto about 25 thy, c.g., from about 11 Ibeto about 22 1by, from about 11 by to
about 21 Iby, from about 11 Ibeto abouwt 20 by, from about 11 Iby to about 19 Ihy, from ghout
1 ibrto about 18 lby, from about 11 Ibsto about 17 thy, from about 11 by to about 16 by, from
ahout 11 by io about 15 Iy, frow about 11 by to about 14 1by, from about 11 tbyeto about

13 Ihy, from about 11 {be to about 12 Iby, from about 12 Ibrto sbout 25 Iby, from about 12 Iy to
about 22 by, from about 12 by to about 21 Iy, from about 12 by to about 20 Iy, from about
12 tbpto about 19 Iby, from about 12 e to about 18 by, from about 12 ibyto about 17 Iby from
about 12 1brto about 16 Iby, from about 12 lbeto about 15 Ihy, from about 12 Ibyto about

14 1by, from about 12 Ibeto about 13 Iby, from about 13 Iby to about 25 thy, from about 13 Ibeie
“about 22 1be, from about 13 Ibrto about 21 by, from about 13 thy to about 20 by, from about
13 b to about 19 by, from about 13 {byto about 18 by, from about 13 The to about 17 by, from
about 13 by to about 16 Iby, from about 13 ibyto about 15 Thy, from about 13 tby to about

14 1by, from about 14 by to about 25 1bg, from about 14 by to about 22 by, from about 14 by
to about 21 by, from about 14 lbrto about 20 Iby, from about 14 Ihy to about 19 Ihy, from about
14 Ihe to about 1R Ibg, from about 14 by to about 17 Iy from about 14 Ibeto about 16 T, from
about 14 {be to about 15 Iby, from about 15 Ibsto about 25 thy, from about 15 by to about

22 1y, from about 15 Ibrto about 21 Ihy from about 15 Ibyto about 20 Tbg from about 15 thrto
about 19 Iby, from about 15 Ibsto about 18 Ihy, from about 15 1byto about 17 by from about
15 b to about 18 Ibg, from about 16 b to about 25 1by, from about 16 tby to about 22 Iby, from
about 16 theto about 21 Iby, from about 16 Ibyrto about 20 Tby, from about 16 by to about

19 1by, from about 16 Iheto about 1R by, from about 16 tbyto about 17 Ty, from abont 17 lhrio
about 25 by, from about 17 ibeto about 22 by, from asbout 17 s to about 21 by, from about
17 Iby to about 20 1by, from about 17 thpto about 19 Iby, from about 17 Ibyto about 18 Iy, from
about 18 ibyto about 25 thy, from about 18 ibyio about 22 by, from about 18 Ibyto about

21 by, from about 18 1by to about 20 Iby, from about 18 lbpto about 19 Iby, from about 19 lbrto
ghout 25 Iby, from about 19 by to about 22 Iy, from about 19 by to about 21 by, from about
19 Ibs to about 20 i, from about 21 Ibrio about 23 1by, frow about 21 by to about 22 Ty, or
from about 22 Ibyto aboui 25 the

{1271 Due at least in part to the mid-range viscosity characteristic that results in some
embodiments of the disclosure, these standards (e.g., nail pull resistance, flexural strength,
and core hardness) can be met even with respect (o ulira hight density board {e.g., about

31 pef or less) as described herein.
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1B12E] It has also been found by the inventors that pregelatinized, partially hydrolyzed
starches prepared in accordance with embodiments of the disclosure dersonstrate temperature
rise set (TRS) hydration rates that are comparable to or surpass those of conventional
pregelatinized starches prepared according to a different method, The desived setting time
may depend on the formudation, and the desived setting time can be determiined by one of
ordinary skill in the art depending on plant conditions and available raw matenals,

{61291 Produet according fo embodiments of the disclosure can be made on typical
manufacturing lines. Por example, board manufacturing techniques are descrihed in, for
example, U.S. Patent 7,364,676 and ULS. Patent Apphication Publication 2010/0247937.
Brigfly, in the case of gvpsum board, the process typically involves discharging a cover sheet
onto a moving convevor. Since gypsam board s normally formed “face down,” this cover
sheet is the “face” cover sheet in such embodiments.

{6136] Dry and/or wet components of the gypsum shury are fed o a mixer {e.g, pin
mixer), where they are agitated to form the gypsum slurry. The mixer comprises a main body
anid a discharge conduit {e.g, a gaté~a‘.z;nist€:r-b0<;‘t arrangement 3 known in the art, or an
arrangement as described in U8, Patents 6,494,609 and 6,874,930}, In some embodiments,
the discharge conduit can include a shurry distributor with cither a single feed inlet or
multiple feed inlets, such as those described in UK. Patent Application Publication
2012/0168527 Al {Apphication No. 13/341,016) and U.3. Patent Application Publicalion
ZO12/0170403 AT {Application No. 13/341,209), for example. In those embodiments, using
a shurry distributor with multiple feed inlets, the discharge conduit can include g suitable How
spditter, such as those described in US. Patent Application Fublication 2012/0170403 AL
Foaming agent can be added in the discharge conduit of the mixer (e.g., in the gate as
described, for example, tn ULS, Patents 5,083,035 and 6,494,609} or in the main body if
desired. Shury discharged from the discharge condoit after all ingredients have been added,
mcluding foaming agent, is the primary gypsum slurry and will form the board core. This
board core slurry is discharged onto the moving face cover sheet.

18131} The face cover shest may bear a thin skim coat in the form of a relatively dense
iaver of shurry. Also, hard edges, as knowsn in the ari, can be formed, e.g., from the same
slurry stream torming the face skim coat, In emnbodiments where foam is inserted info the
discharge condwit, a stream of secondary gypsw starry can be removed from the mixer body
0 form the dense skim coat siurry, which can then be used {o form the face slam coat and

hard edges as known in the art. I included, normally the face skim coal and hard edges are
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deposited onte the moving face cover sheet before the core shurry s deposited, usually
upstream of the mixer, After being discharged from the discharge conduit, the core shurry is
apread, as necessary, over the face cover sheet {(optionally bearing skivn coat) and covered
with a second cover sheet (typically the “back” cover sheet} to form a wet assembly in the
form of a sandwich sivuciure that i a board precursor to the final prodoct. The second cover
sheet may optionally bear a second skim coat, which can be formed from the same or
different secondary {dense} gypsum slurry as for the face skim coat, if present. The cover
sheets may be formed from paper, fibrous mat or other type of material {e.g., foil, plastic,
glass mat, non-woven material such as Bend of cellulosic and inorganic filler, et}

{6132) The wet assembly therehy provided is conveyed o a forming station where the
wroduct is sized to s desived thickuess {e.g., via forming plate}, and to one or more knife
sections where it is cut fo a desired lengih. The wet assembly is allowed o harden to form
the interfocking orystailine matrix of set gypsum, and excess water is removed using a drying
process {e.g., by transporting the asserably throngh a kiln). Swprisingly and unexpectedly, it
has been found that board prepared according to the disclosure with pregelatinized, partially
hydrolyvzed starch prepared in accordance with embodimnents of the disclosure reguives
significantly less titne in 2 drving process because of the low water demand characteristic of
the starch. This is advantageous because it reduce energy costs,

191334 It also 1s comnon in the manufacture of gypsum beard to use vibration in order to
eliminate Jarge voids or air pockets from the deposited shurry. Each of the above steps, as
well as processes and equipment for performing such ateps, are known in the art,

15134} The pregelatinized, partially hyvdrolyzed starch prepared in accordance with
embodiments of the disclosure can be used in formulating various products, such as, for
exauple, gypsum wallboard, acoustical {e.g., ceiling) tile, joint compoeund, gypsurn-cellulosic
fiber products, such as gypsum-wood fiber wallboard, and the bike. in some embodiments,
such product can be formed from sturry according to embodiments of the disclosure,

13135] As such, pregelatinized, partially hvdrolyzed starch prepared in an extruder in
accordance with embodiments of the disclosure can have beneficial effect, as described
herein, in product besides paper-faced pypsum board in embodiments of the disclosure, For
example, pregelatinized, partially hydrolyeed starch prepared in accordance with
ernbodirnents of the disclosure can be used in mat-faced products {e.g., woven) where board
cover sheets are in the form of fibrous mais. The mats can optionally bear a finish to reduce

water perneability. Other ingredients that can be included in making such mat-fzced
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prodoct, as well as materials for the fibrous mats and methods of wamitacture, are discussed
in, o.g., U.S. Patent 8,070,695, as well as ULS. Patent Application Publication 2009/0247937,
{11361 In addition, gypsum-~cellulosic product can be in the form of cellulosic host
particles {e.g., wond fibers}, gyvpsum, pregelatinized, partially hydrolyzed starch prepared in
accordance with embodiments of the disclosure, and other ingredients {e.g., waler resistant
additives such as siloxanes) as desired. Other ingredionts and methods of manufacture are
discussed i, e.g., US, Patents 4,328,178; 4,239,716; 4,392 596; 4,645,548, 5,320,677,
5.817,262; and 7,413,603,

Hiustrative Examples of Embodiments

{31371 In one embodiment, gypsum board comprises a set gypsum core disposed between
two cover sheets, the core formaed from a slurey comprising staceo, water, and af least ong
pregelatinized starch having a viscosity of from about 28 cP to about 300 ¢F as measured
according to the VMA method, wherein the starch 13 present in an amnount of greater than
14% by weight of the stuceo. The board has a density of about 31 peforlessand at a
thickness of one-half inch {about 1.3 om), the board meets at feast one of the following: a
compressive strength of at least about 1780 psi, 2 nail pull resistance of at least about 65 Ib;
{about 29 kg, an average core hardness of af teast about 11 Thy {about 5 kg), an average
flexural strength of at least about 36 by {(about 16 kg) in a machine direction and/or about 147
ih {about 48.5 kg} 1 g cross-machine direction, or other sirength property described herein.
The nail pull resistance, core hardness, and flexural strength are determined in accordance
with ASTM standard C473-10, method B.

{0138} In another embodimnent, the progelatinized starch has a viscosity of from about 20
cP to about 200 ¢P.

{1139 in another embodiment, the pregelatinized starch has a viscosity from about 30 ¢P
to about 150 cP.

{3140} In another ernbodiment, the pregelatingzed siarch is present n an amount of from
about 1L1% to about 25% by weight of the stucco.

{0id1] In another embodiment, the pregelatinized starch 18 present in an amount of from

about 12% to about 25% by weight of the stucco.

{31421 In ancther embodiment, the board has a density of about 15 pet'to about 31 pekl
10143} In another embodiment, the board has a density of about 15 pef'to about 27 pefl

{3144} In another embodiment, the board has a density of about 19 pof to about 24 pefl
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181454 In another embodiment, the board bag a compressive sirength of from about 170
pet to about 250 psi.
{8146} in another embodiment, the starch has a cold water solubility of at least about

0% {e.g., at least about 75%, at least about 80%, at least about 85%, at least about 90%, a
least about 95%, gic.} when measured at 25 °C.
14147} In another embodiment, the starch has a cold water viscosity of 2 1096 slurry of
the starch in water when measured at 25 °C of from about 40 ¢F to gbout 160 ¢P,
{31458} In another embodiment, 2 method of waking a gypsum wallboard comprises
mixing at least water, stucce, and at least one pregelatinized starch haxfmo viscosity of from
about 20 ¢ to about 300 oP as measured according to the VMA method, wherein the starch
is present in an amount of greater than 10% by weight of the stucco. The shury is disposed
hetween a first cover sheet and a second cover sheet to form a wet assembly. The wet
assembly ig cuf into a board and the board is dried. The board has a density of about 31 pefor
fess and at a thickness of one-half inch {about 1.3 cm), the board meets at teast one of the
following: a compressive strength of at least about 170 pei, a nail pull resistance of at least
about 65 Ihy (about 29 kg), an average core hardness of at least gsbout 11 iby (sbout 3 kg), an
average flexural sirength of at least about 36 Iby (about 16 kg} in a machine direction and/or
about 107 1b {about 48.5 kg) in a cross-machine direction, or other strength property
described herein. The natl pull resistance, core hardness, and flexural strongth are determined
i accordance with ASTM standard C473-10, method B
[0149] In another embodiment, the pregelatinized starch has a viscosity from abount 30 ¢
to about 200 P,
191561 Irt another embodiment, the pregelatinized starch is present in an amount of from
abonat 10.1% 1o about 25% by weight of the stucco.
151 In another embodiment, the pregelatinized starch is present in an amount of from

about 12% to about 25% by weight of the stucco.

[B152] in another embodiment, the bosrd has a density of from about 15 pefto about 27
pet

181534 in another embodiment, a slurry comprises water, stucco, and pregelabimized
starch having a viscosity of fromw aboul 20 ¢P to about 300 ¢F as measured according to the

YMA method, wherein the starch is present in an amount of greater than 10% by weaight of
the stucco; whereln when the shirry s cast and dried as board comprising a set gypsum

cornposition, the set gypsum composiion Comprises g continuons orystalline mairix
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supstantialty of calonwn sulfate dibydrate, wherein said board has a density of about 31 petor
fess, and at a thickness of one-halt'inch {gbout 1.3 om), the board meets at least one of the
following: a nail pull resistance of af least abowt 65 by (about 29 kg), an average core
hardness of at least about 11 by (about 5 kg}, and an average Hexural strongth of at least
about 36 Ihy (sbout 16 kg) in a machine divection and/or about 107 b (sbont 485 kg v a
cross-machine direction, the nail pull resistance, the core hardness and the flexural strength
determined in accordance with ASTM standard £473-14, wethod B

19154} in another embodiment, the pregelatinized starch has a viscosity from about 30 P
o about 200 ¢F.

IR} Iy another embodiment, the pregelatinized starch is present in an amount of from

about 10.1% to about 25% by weight of the stuceo.

{3156} fu another embodiment, the board has a density of from abowt 15 pef to about 27
pet.
{11571 it shall be noted that the preceding are merely examples of embodiments. Other

exemplary embodiments are apparent from the entirety of the description herein, It will also
be understood by one of ordinary akill in the art that each of these embodiments may be used
in various combinations with the other embodiments provided herein.

{H138] The following examples further ilustrate the invention but, of course, shonld not

be construed as in any way limiting s scope.

EXAMPLE 1

{1159} This Example tilustrates the preparation of pregelatinized, partially hydrolyzed
starches.
31601 Nine pregelatinized, partially hydrolyzed starches prepared in accordance with

embodiments of the disclosure were prepared for various tests of specihic properties {e.g.,
viecoaity, fhutdity, strength). These nine starches (in Compositions 13-10L} were tested
alongside three commercially available starches (in Compositions 1A-1C}

6161l Wet starch precursors were prepared by mixing a degerminated corn flowr
commarcially available as COM 260 Yellow Corn Mesl from Bunge North America (31,
Louts, MO in an amoont of 100 kg, varving amounts of alwminwm sulfate {ahan}, a weak
acid that substantially aveids chelating with calcium ions, and/or tartaric acid {less than
20wt % of the total of weak acids), and varying amounts of water. The wet starch precursors

were fed nto a single sorew extruder commercially available as Advantage 50 from
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American Extrusion International (South Beloit, 1), In the extruder, the wet starch
precursors were pregelatinized and acid-modified in a single step, such that they noowred
simultanecusly.

8163} Table 2 deseribes the parameters of the extrusion of the comn flour in the presence
of acid. The residence time of extrusion {i.e., the time for pregelatinization and acid-
madification} was less than 30 seconds. Al percents are based on the total weight of the
starch, except moisture, which is based on the total wet weight, expressed as the sum of
water, starch, and other additives.

1B8163] The resulting pregelatinized, partially hydrolyzed starches were evaluated against
a conventional pregelatinized corn starch having g viscosity of 773 centipoise designated
Composition 1A {comparative}, as well as two low water-demand starches prepared by
extrusion of acid-modified corn starches, commercially available as Chinton 277 (ADM,
Chicage, IL)Y and Caliber 159 {Cargill, Wayzata, MN), designated Composition 1B

(comparative and Composition 1O (comparative), respeciively,

Table 2
| Subsgtrate Corn Floar
- Canola ofl (.25 wi%
- Liguid alum Pwt % - 4 wi%
Tartaric actd  Owt - 0.3 wt%

Moisture of starch during extrusion 10wt - 20 wi%

bMain serew {RPM) 358
Feed anger speed"{_ﬁ}?f‘v’{} T
B i PRy CRLT
R e TRBR e
161641 Table 3 details the various moisture contents for extrusion and acid contents

during extrusion for Compositions 1011, Compositions 1D-1H and 1L were prepared with
a moisture content of 16 wt.%, while Compositions 1-1K were prepared with a moisture
content of 13 wt.%,. Compositions 1D-1G and Compositions H-1L were prepared with hqud
alum in an amount of ranging from 1 wi.% to 4 wt %, while Compostiion 1H included liguid

alumn and farfaric acid,
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Table 3
Composition Muoisture
A 16 wi%
B 19wt 8%
i 19 wi.% NA
1D 16 wt.% PwtPalan
_______________________ T % el
iF 16 wt.% 3 wi.% ahom
iG 16 wt.% 4 wt.% alum
. ' 2 wi% alum;
iH 16 wi% - . N
o 03 W19 tartaric scid
....................... o 13 0% e LIS alom
1 13 wt.% f 2 wi. % alurn
iK _ 13 wi%% ' 3wt % alum
1L g 16wt 3wtY%alom
(9165 Examples 2-4 below test the Compositions described in Table 3 for various

properties. In Example 2, Compositions 1B-1L were evaluated with regards o viscosity in
amvylograph tests. Example 3 tested slurries prepared with one of Cornpositions 14, 1D-11
and 1K~1L for fhuidity, which was evaluated by means of a slump test. Compositions 1F and
{1 were prepared using the same moisiore content and aroount of seid, but 1 Example 3 had
ditferent amounts of retarder becanse fhutdity was evaluated at the same setting rate as control
1A,

{8166} This data was then further corvoborated by measuring the time to 50% hydration
for the slurries. This illustrated how much time U took for the slurries to set, Exarapic 4
tested slurries prepared with Compositions 14, 1D-11, and 1K for strength, which was

evaluated by means of a compressive strength test described herein,

EXAMPLE 2

181671 This example iHlustrates the viscosity of pregelatinized, partially hydrolyzed
starches prepared in an exirader in accordance with embodiments of the disclosure.
Compositicns 12-1K were tested in comparison to extruded commercially available acid-
modified starches {Compositions 1B-1C), specrfically with regards {0 how viscosity changes
based on the amount of acid {e.g., ahum} and moisture content, defined by the level of

moisiure of the wet starch that 18 fed through the exirader.
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{3168} In preparation for testing, the Compositions were mixed with water into a starch

sturry, such that the starch shurries contained the Compositions in an amount of 10 wt.%. It
will be noted that the terim “solution™ i3 used when the starch is fully geiatinized and
completely dissolved and the term “shury” 19 used when the starch is not completely
dissoived. Each Composition was then tested for viscosity at different temperatures by the
Amylograph technigue described herein, The results of the tests were plotied in FIGE. 1 and
2, which are amylograms evaluating the viscosity of pregelatinized, partially hvdrolyzed
starches at different temperatures by plotting viscosity (left y-axis) and temperature (right v-
axis} versus time {x-axis). The lemperature curve is overlaid against each sample. The same
temperature profile was used for each sample. The other curves show the viscosity of the
starches,

169 The initial viscosity at 25°C was an indicator of the fluidity of a slurry system
coptaining any one of Compositions 1B-1K. 25°C is the temperature at which the starch will
be mixed with stucco and other ingredients to make board. At this temperature, furthermore,
the viscosity of the starch is negatively correlated with the fhudity of the stucco shurry.
176 The viscosity at trough (93°C) was an indicator of the molecunlar weight ol any
one of Cornpositions 1B-1K. Al a temperature of 93°C, the starch molecules are completely
dissolved in water. The viscosity of the starch sclutions at 93°C 1s positively correlated with
the molecular weight of the starch, which vesults from partial hydrolysia,

171 Fis 1is an amylogram plotting viscosity (Ieft v-axis) and temperature {right
y-axis} over a fifty minute period (x-axis}), Comparative Compositions 18 and 1C and
Compositions 1D-1H, as deseribed berein, were mixed into starch solutions in an amount of
1084 by weight based on the weight of the sehution. To svoid forming havaps, starch was
added into the water in a mixing cup of & Waring blender while mixed at low speed for 2€
seconds. The starch solutions were then evaluated using a Viscograph-E {C.W. Brabender®
Instrumnents, Inc., South Hackensack, NI} According to the Brabender viscosity
measurement procedurs as referred to herain, viscosity 18 measured using a C.W. Brabender
Yiscograph, e.g., 8 Viscograph-E that uses reaction tovgue for dynamic measurement. tisto
be noted that, as defined herein, the Brabender units are measured using g sample cup size of
16 1. oz {about 500 co), with a 700 amg cartridge at an RPM of 75, Cue of ordinary skill in
the art also witl readily recognize that the Brabender units can be converted 9 other viscosity
measurements, such as centipoises {e.g., P = BU X .1, when the measuring cartridge 15 700

crog) or Krebs units, as described therein, The pasting profiles of Compositions 1D-1H
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extruded at 16 wi.% moisture content are shown in FIG. 1 along with comparative
Compositions 18 and 1C.

(63721 Considering Compositions 11-1H, as alum increased from 1 wi% to 4 wt%, the
witial viscosity decreased from 70 Brabender Unit (BU} to 10 BU, while the molecular
weight detreased as well, The inmitial viscosities and viscostties at 93°C of Compositions 18-
1H were reduced as low as those of Compositions 1B and 10, Compositions 1B and 1C
represent conventional viscosity himits of fow water demand starches,

{9173} The results of Compositions 10-1H shown in FIG. 1 demonstrate that optimal
acid-modification can be achioved during extrusion. These resulis forther suggest that the
method of preparing pregelatinized, partially hydrobvzed starch successfully reduced the
viscosity (rmolecular weight) of the starch. No viscosity peak was observed between 76°C 1o
807, indicating that Compositions 102-1H were fully gelatinized. Had Compositions 1D3-1H
uot beerr fully gelatinized, there would have heen an increase in viscosity. The full
gelatinization of the starch ('Iﬁmpositiﬁns were confirmed by differential scanning calovimetry
{(D35C).

19174} FIG. 2 is a second amylogram plotting viscosity (lefl y-axis} and temperature
{right y-axis} over a fifty minute period (x-axis). Comparative Compositions 18 and 1C and
Compositions 11-1K, all as described herein, were mixed into starch solutions in an amount
of 10% by weight based on the weight of the sehution. To avoid forming lumps, starch was
added into the water in a mixing cup of a Waring blender while mixed at tow speed for 20
seconds. The starch solutions were then evaluated using a Viscograph-£. The pasting
profiles of Compositions 1{-1E extraded at 13 wit.% moetshre content are shown in FIG. 2
atong with comparative Corapositions 18 and 1C.

{B175] Sumnilar trends observed with Compositions 1D-TH were observed with
Compositions H-1K. In particular, the method of preparing pregelatinized, partially
hvdrolyzed starch in an exirader as desortbed herein successfully reduced the viscosity of
Compositions TR

{3176} As alum inoreased from [ wt.% 16 3 wi.%, the initial viscosity decreased from 75
BU o 14 BU, while the molecular weight also decreased. The initial viscosities and the
viscosity at 93°C of Compositions 11~ 1K were reduced a3 low as those of Compositions 18

and 10,
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181771 In addition, the results of Compositions 11-1K shown in FIG. 2 demonsirate that

optimal scid-modification can he achieved during exirusion. No viscosity peak was observed
hetween 70°C to 90°C, indicating that Compositions 111K were fully gelatinized.

{3178] Furthermore, these resulits show that at a lower moisture condent, more starch
hydrolysia can be achieved at a given acid level than at a higher moisture content because at a
low moisture content there 18 more mechanical encrgy and, thus, more starch degradation,

such that the starch will become sinaller using the same acid level,

EXAMPLE 3
{6179} This Example illustrates the fluidity of gypsurn shurnes containing Compositions

1A {comparative}, 13-11, and IK-1L, The Compositions were evaluated with regards to
fluidity using a slump test that will be appreciated by one of ordinary skill o the art.
G184 in preparation for testing, slurries were prepared with each of Compositions 1A
{comparative), 1D-11, and TE-1L 1o an amount of 2 wi.% and the formulation outlined n

Table 4, using a water stucco ratio (WSR3 of 1.0,

Table 4
Ingredient Weight {g)
Stuceo 446
Heal resistance 4
accelerator
Starch Composttion 3
"""""""""""""""" Sodium
trimetaphosphate 8
A0 sOlULOT
Dispersant i
Retarder 1% solution
Ganging water 357
PEM-33 foam {(0.5% ) )5 """
solution) -
181} The starch was weighed into a dry mix compnsing stuccoe having over 95% panity

and heat resistance accelerator. Water, sodium trimetaphosphate (10 wt.% solution),
dispersant, and retarder were weighed into the mixing bowl of a Hobart Mixer. The dry mix

was poured into the mixing bowl of a mixer available as N30 5-Cuart Mixer from Hobart
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{Troy, OH), soaked for 10 scconds, and mixed at speed 1] for 30 seconds. For foam
preparation, a 0.5% solution of Hyomic® PFM-33 scap (available from GEO® Specialty
Chemicals, dunbler, PAY was formed, and then mixed with air to make the air foamn. The air
foam was added to the slurry veing 2 foam generator,

[ ER2H Each slurry was then put into a cylinder, having a duameter of 4.92 om (1.95 10
and a height of 10 om (3.94 in.}. The cylinder was then lifted, alowing the slurry to freely
fiow. The diameters of the slumps that formed were then measured to tilusirate Huidity of the
shurries and are recorded in Table 5. Table 5 also includes the resuits of a time to 50%
hyvdration test explained in further detail below. The retarder of Composition 1L was
increased from 0.05 wi% to 0.0625 wit% so that Corposition 1L had the same setting rate as

reference Composition 1A,

Table 5
-------------------------- Time to 30%
Compaosition Retarder  Blump {om) Hydration
| (minutes)
14 .05 wi.% é 13,7 e 5 378 1} 4
15 ‘‘‘‘‘‘‘‘‘‘ 0.05 wi.%% 16.5 cm (6121{1) ------------------ 18
VVVVVV 1B 0.05 wt.% 15.2 cm {6 1n) 36
VVVVVVVVVV EE . (.05 wt.% 16.2 am{n 378 in} 3.7
18! $.058 wéu% 162 cm (f) 3/8 in} 3y
AAAAAAAAAAAAAAAAAAAA EH S o {;m} e >
VVVVVVVV 1 06,05 wt“/n i5.9 cm {6 /4 in) ”6
"""""""""""" K| e0swi% | BGem(idim | 24
""" L (3.0625 wt% ]841:;;;1 {7 1/4 in} 1
{H183] As can be observed from Table 5, slurries prepared with Compositions 1D-11and

1K showed larger slump sizes than the slurry prepared with Composition 1A {comparative}.
They also set faster than Composition 1A {comparative}, indicating shurries contairung

Compositions 10-11 and 1K had better fhudity than the slurry containing Composition 1A,
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6184} In addition, the time to 50% hydration was measured for the sturries for purposes
of comparing the slump size when the sharries set at the same rate. The temperature profiles
of the slurries were measured using software as one of ordinary skill in the art will appreciate.
13185] This additional test was conducted to confirmn that the shimp tests were correct,
specifically to illustrate that the large slumps observed with shurries including pregelatinized,
partialty hydrolyzed starches prepared in accordance with embodiments of the disclosure
resulied from fmproved fluidity in comparison to Composition 1A {cornparative}, not stow
hydration. ‘

(186} Composition 1H, prepared with 2 wt.% alum and 0.3 wt.% tartaric acid,
effectively hydrolyzed starch to a low viscosity and had less bupact on the hydration rate,
because tartaric acid and alum had opposite effect on hydration rate.

{0187] FIG, 3 is a graph plotting temperature versus time, showing the temperature rise
set {TRS) hvdration rate. Compositions 1F and 1L with $.05% and 0.0625% of retarder,
respectively, hydrate faster or at the same rate as Composition 1A {coraparative}.

10188 As seen in FIG. 3, Composition 1L, with 0.0623 wi.% of retarder, had the same
hydration rate as Compostiion 1A (comparative). The slump size of Composition 1L with
{.065 wt.% retarder was 18.415 om (7 1/477), was significantly larger than Composition 1A.
1018%] This result suggests that the larger slump sizes observed with sturries including
pregelatinized, partially hydrolyzed starches prepared in accordance with embodiments of the
disclosure were due to high fhaidity and not to slower setting. Furthermore, pregelatinized,
partially hydrolvzed starches prepared in sccordance with embodiments of the disclosure will

allow for wallboards using less water without sacrificing fluidity,

EXAMPLE 4

j31946] This Example iHustrates the strength of pypsum disks prepared with sturries
containing Coropositions 1A {comparative), 1D-1], and K. Strength was evaluated using a
compressive strength test desoribed herein

81911 To prepare for testing, sturries were prepared with each of Compoesiions 1A
{comparative), 1011, and 1K-1L in an amount of 2 wt.% and the parameters suthined in
Table 4 ghove,

191821 A water stucco ratio (WSRY of 1.0 and air foam were used to make gypsum disks
with a final density of 29 pef. The starch was weighed into a dry mix comprising stucco and

heat resistance accelerator. Water, sodiom trimetaphoaphate 1056 solution, dispersant, and
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retarder were weighed into the mixing bowl of a Hobart Mixer. The dry mix was poured into
the mixing bowl of a mixer available as N50 5-Cuart Mixer from Hobart (Troy, OH), scaked
for 10 seconds, and mixed at speed 11 for 30 seconds. For foam preparation, g U.5% solution
of Hyonie® PEM-33 soap {available from GEQ® Specialty Chemtcals, Ambler, PAj was
formed, and then mixed with air to make the air foarn. The aly foam was added o the slurry
asing a foam generator. The foam generator was run at a rate sufficient to obtain the desired
hoard density of 29 pef. After foam addition, the slurry was immediately poured to a point
slightly above the tops of the molds, The excess was scraped as soon as the plaster set. The
mulds had been sprayed with mold release (WD-40™). The disks bad a diameter of 10,16
cm {4 in.) and a thickoess of 1.27 am (8.5 ).

(193] After the disks had hardened, the disks were removed from the meold, and then
dried at 119°F (43°C) for 48 hours. After removing from the oven, the disks were allowed to
cool at roorn temperature for 1 hour, The compressive strongth was measured using a
materials testing svstem commercially available ags SATEC™ E/M Systenns from MTS
Systems Corporation {Pden Praivie, Minnesota), The load was applied continuousty and
without a shook ar speed of 0.04 inch/min (with a constant rate between 15 10 40 psi/s). The

results are shown in Table 6.

Table 6
{Composition (Ul?ggz\’;: g ;3 Zf?bﬂj
TR . SgE
""""" 1D 439
EE ......... 388
EF ........ 476 .........
I iG 419 ]
H 47
oo 455
K i 426
{11941 As seen in Tabie 6, the foam disks containing Compositions 113-11 and 1K had

compressive sirengths comparable to, or betier than that which contained Composition 1A
{comparative}, indicating pregelatinized, partially hydrolyeed starches could reduce water

demanid without sacrificing their strength enhancing propernty.
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EXAMPLE 5

{3195} This example demonsirates the effect on sirength by changing the amount of
starch on gypsum disks prepared from shurries of compositions SA-5G. Particuiarly,
composifion 3A was a cormparative composition inasmuch as it included no starch,
Compositions 58-3Q included pregelatinized, partially hydrolyezed starch i.ﬁ the form of a
pregelatinurzed starch having g viscosity of 88 ¢P, as measured according to the VMA
Method, as set forth herein (see alse US 2014/0112124 A1) The starch was a corn starch,
MNone of the samples included retardey solution. The compositions are set forth in Table 7.
The weight percentages are provided on a stucco basis,

Tahle 7

STMP
X . 5 0% Dispersant | Water
Composition | Stucco (g} HEA (g} Starch (g} | ., . Perse
‘ Solution {g} ey
{2
5A 250 2.5 { 3 125 sz(
‘ ; N 1y ; ; ‘e ; RS ~ N LTS
{control} {160 wia) {1 wt.%) wtby | (0.2 wit%) | (0.5 wt.9%) i; 94
L. /0
o - . : 744
55 Z50 25 3 Y 1.23 297
(100 wt, %) {1 wi 9%} 2wty | {02 w9 | (0.8 wi%) ;;t o z
,,,,,, : e o
s 250 2.5 15 5 1.25 (101 6
It (100 wh%) {1 wt.%) (Ewioe) | 2w | oS w0
‘ e o
<D 250 2.5 23 3 125 ,30;, “
-5 A N = P [
(100wt %) {1 wi. %) (10 w96y | {0.2 wi%) {0.5 wt.%%) J‘W %)
Wi.ve
o . ' B R 782
- 250 13 37.8 5 H2S 4158
‘ (100 w5} (1 w5} (5 wioe) | (02wt | (05wt | O o0
' ) wi.9%)
AAAAAAAAAAAA -
SF 230 2.5 54 S 1.25 “'1‘7 6
7 {100 w1.%) (1 wi%) 0wty | 0.2 wi%) | (05 wi% o
o
- 250 25 62.5 5 125 (f;; E
1] e o n o e | DLl
{100 wit.%%) {1 wi.%} (25 wiPy | {02 w8y | (0.5 wi%) RN
{6196] The disks were prepared from the separate slurry compositions 5A-5G, Each
composition was prepared from dry and wet mixes that were combined. Each wet iy was

prepared by weighing the water, dispersant, retarder 1% solution, dispersant, and sodium

frimetaphosphate 10% solution in a mixing bowl of a Waring blender (model CBISY,
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cormmercialiy available from Conair Corp. {(East Windsor, New Jersey). The sodium
trimetaphosphate 10% solution was prepared by dissolving 10 parts {weight) of sodium
trumetaphosghate in 90 parts {weight) of water. The remaining ingredients, particularly, the
atucco, heat resistant accelerator, and starch (i present), were weighed and prepared in a dry
mix. The heat resisiant accelerator was composed of ground up land plaster and dextrose.
The dry mix was poured inio the blender with the wet ingredients, and soaked for 10 seconds
and then mixed at high apeed for 10 seconds.

(81971 The shurry was imimediately poured into g ring (47 diameter and 0.5 thick) type
of mold which was suited for forming a disk sample. The surface of the molds had
previcusly heen sprayed with mold release in the form of WD4O™, conynercially availabie
from WD-40 Company, San Diego, CA. The shurry was poured to a point slightly above the
top of the ring of the molds. The excess shurry was scraped as soon as the plaster was set.
After the disks hardensd in the mold, the disks were removed from the mold, then driad at
T10°F (43°C) for 48 hours, Following removal from the oven, the disks were allowed to cool
at room temperature for one hour, Upon completion of dryving, the final disks had dimensions
of a diameter of 4 inches (10,16 am), and a thickness of 0.5 inches (1.27 omi).

{8198} Strength was tested by measuring board compressive sirength (BCS). The
compressive strength was measured using the materials testing systom commerciaily
available as ATS Systerns from Applied Test Systems, Inc. The load was apphed
continuously and without a shock at speed of 1.0 inclvmin {with a constant rate between 15 to
40 pai/s). The results are shown i FIG, 4.

181591 FIG3. 4 shows the results from tests conducted with compositions 3D-5F, fe., with
pregelatinized starch at 10 wi.%, 15 wi.%, 20 w.%, and 25 wit %, FIG. 4 shows the results
for the composttions of Table 7. As segen in FIG. 4, the results show that board compressive
strength increased as the pregelatinized and acid-moditied starch content inereased from 0%
to 25% by weight of stucce. In contrast lo pregelatinized and acid-modified starch, other
pregelatinized starches, generally having a viscosity above 300 o according to the VMA
method, appear to have divsinished influences on compressive strength at higher starch

concentrations.

EXAMPLE 6
{92081 This example demonstrates the Howability of a stuceo slarry containing an

elevated amount {i.e., 20 wi.%, stucco basis) of pregeiatinized starch having a viscosity of &8
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cP, as measured according to the VMA Method, The starch was a corn starch, i.e., the same
starch at that viscosity set forth in Example S. The corposition of the slurry is set forth in

Table 8. The composition was prepared and using ingredisnis as described in Example 5.

ingradient Amount {g) Amount (wi, %) A:::itzié\ﬁ;ﬁ
Stucco 400 U aray
AT — S 1
Starch &G §.48% 20

"""""" Dispersant | 2 024% g5

Solution s o v
R — _ or
Total: 844 0% L 2l

82611 The flowabilily was evaloated by & shurop test. The slurry, having s water to

stucen ratio {WSR) of .90, was poured inte a 2 inch {5.08 om) diameter cylinder thai was 4
inch (10,16 am) tall. The eviinder was open on each end and placed on one end on a flat
smooth surface, with excessive slurry scraped off. Then the cylinder was tnunediately Hifted
to allow the slurry to rush out and form a stump. The dameter of the resulting patty was
measured. A larger diameter indicated a higher flowabilify,

(2021 The stuceo shurry, which contained 20 wi.% (stucco basis) of the 88 ¢
pregelatinized starch had a shump size of 6.75 ineh (17 cm), indicating the slurry confaining
20 wi.% {stucco basis) of the starch was processable. Such a slump size indicated fowability
because sturry with an approximate & inch slump fypically is able {0 compleiely spread to the
tull width of a production table. This demonstrated that the slurry was suitable for useful in
wallboard manafacturing processing despite the elovated amount of starch, This
processability is useful becanse waliboard manufacture typically requires a certain amount of

flowabilty in forming the waliboard sandwich precursor structure,

EXAMPLE 7
{6283} This example demonstrates the effect on various properties of very lght boards
{having a board weight of 800 IW/MSF) for one-half inch thick board having a board core

o~

prepared from the shurry of composttion 7 set forth iy Table 9,
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102044 The beards had either paper cover sheets or uncoated glass mats in the form of
Duraglass 8924G/Duraglass8924, commercially available from Johns Manville, Denver, CO,
2 & b o K 2
The Duragiass 924G was used on the face side of the board, while the Duraglass 8924 was

used on the back side of the board.

Table 9 — Corpposition 7

tnoredient | Amount () Amount | Arpount {wt.%%,
N ) L fwt %% | stucceo basis)
Stucen 300 378 : .
VHRA L ¢ [BENEN 3
Starch 48 605 16
Diispersant 3 0.38 1
STMP 10% 0.2
) .76
______ Solution 6 76
Water 427 53.85 i42
Total; 793 100 =
I205] The composition was prepared from dry and wet mixes that were combined. The

wet mix was prepared by weighing the water, dispersant, and sodium trimetaphosphate 10%
solytion in a mixing bowi of a Hobart Mixer (model NS0}, commercially available from
Hobart {Troy, Ghio). The sodium trimetaphosphate 10% sohuition was prepared by dissolving
10 parts {weight} of sodium trimetaphosphate in 90 parts (weight} of water. The starch had &
viscosity of 88 oF, as measured according to the VMA Method. The starch was a corn starch
and the same starch at that viscosily as in Examples 5-6. [t was added into the solution and
mixed in a Waring Blender {model B 15} for 30 seconds. The remaining ingredients,
particuiarly the stucco and heat resistant accelerator, were weighed and prepared in a dry mix,
The heat resistant accelerator was composed of ground up land plaster and dextrose. The dry
mix was poured into the blender with the wet ingredients, and soaked for 10 seconds and then
mixed at speed 2 for 25 seconds.

{3206 Foam was added in order to reduce disk density {and hence weight). For fbam
preparation, 2 0.5% solution of Hyonic™ PFM-33 soap (available from GEO Specialty
Chemicals, Ambler, FA) was formed and then muxed with air to make the aiy foam. The air
foam was added to the shurry using a foam generator. The foam generator was operated at a
rate sufficient to obiain a core density o1 18.4 pet

(82671 Afeer foam addition, the shurry was immediately poured intoa 127 x 127 x 1/27

envelop made from face paper on the face side of the board and back paper on the back side
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of the board, or uncoated glass mat Duraglass 8924G/ Duraglass 8924, After the gypsum had
hardened, the envelop sample was removed from the meld, and then dried at 110°F (43°C)
for 48 hours.

[62G8] Three boards were prepared, wdentified as Boards 1-3, Boards 1 and 3 were
prepared with cover sheels inthe form of 48 [b/MSF face (Maniia) paper.  Board 2 was
prepared with Duraglass 2924G/ Duraglass 8924 cover sheets which had g bagis weight of 24
ihs/MAF. Board 3 was a commercial lightweight control board, and was prepared from a
sturry which did not include the mid-range viscosity pregelatinized starch but instead
inchuded a higher viscosity starch at 773 ¢P. Table 10A provides the board weight and
density of each board, with two boards prepared for cach of Boards 1-3. The caliper was

determined by a digital thickness messuring device and refers {o the thickness of the dry

board,
Table 10A
) P Board .
Board 1D 20 ng“ Weight | D f?g .
| e Yo lgmMsey| W
(.467 820 211
Board 1 Paper
0,466 g15 218
(1.459 428 21.6
Board 2 { Glass Mat
{464 83 20.8
$.496 1351 327
Board 3 S
{control} P
0.496 1319 319
182041 As seen in Table 108, a 3 inch (7.6 am} by 10 inch {25.4 cm} sample was cut from

12 inck (20,5 om) by 12 inch (38,3 cm} laboratory board {Boards 1 and 2} and plant
pradtuction board {Board 3, controly, and tested for Sexural strength properties by using an
Instron Universal Testing Machine model no. 3345 {Instron Corp, Morwood, MA)Y, The

flexural strength is refated to the maxiwu load the sample supported before fatlure.
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Flexural propertios of the tested boards were evaluated by supporting the specimen near ti}e
ends and applying & transverse load midway between the supports of the device. The tong
stde of the board was in the machine direction or the cross machine direction of the face
niaterial. The supports were either parallel {i.e,, in the machine direction of the face material)
or perpendicular {1.e., in the cross maching divection of the face materialy, o the long side of
the test sarnple. A wechanical property of interest is the Modubus of Rupture (MOR),

calculated based on the following equation (1)

3xPxlL
2xbxd?

{Egusation 1}

wherein:

M = Modulus of Rupture;

P = Breaking Load;

L. = Distance between Kuite Edges on which the Sample is Supported;

b = Average Specimen Breadih; and

d = Average Specimen Depth.
1216 From a stress-strain curve of the flexural test, the Instron Unidversal Testing
machine determines the Modulus of Elasticity (MOE). The linear portion of the stress-strain
curve indicates the MOE or Young’s modulus and a non-linear portion indicates non-linear
detormation of material. Each board was tested twice in the perpendicular direction and twice
i the paraliel direction.  Each test was conducted using the “face down” side of the face
material fo test its effects on mechanical properties contributed by the face material.

Table 10B

37 % 147 Sampie

Boeard Type

Board ID | 4nd Face Fest Flexwrall op | o
Material Load | {pai) | (psi}
. {hgy | Y7 .
Lab board |, A Face 48.6 842 1165805
r ao  1Perpendicular]
Board § | Wwithdb N Down :
Ibs/MBF cealler | FacE L2341 468 104813
Face Paper |  Loraile Down
Roard 2 | Lab board vioian] FaCE 44 4 R43 173242
with 24 Perpem,wuiaxﬂé”DOWH
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bs/MSE | o | Face | 330 | 709 | S8R48
lass Mat ' Down

_ . | Ulralight |, o Face | 70.7 {1151 {253038
Board 3  board with Popendiculary o0 | L 1
{control} {4% Ibs/MSF| - Face | 314 | 512 196675

L Paraliel | ) ‘

Face Paper | | Down s

102114 The flexural load information in Table 10B was adjusted nsing Equation 1 in

order to account for the change of laboratory size fo the sample size required by ASTM 473-
10, In particular, the flexural load data was extrapolated to a board sarmple size of 12 inch
{30.5 cm) by 16 inch (40.6 cmy) at a thickness of one-half inch. The eguivalent flexural load
is set forth m Table 108,

[0212] in addition, for each sample, a factor of safety for a three foot overhang was
evaluated. A factor of safety of three feet or greater is typically necessary to maintain

integrity when the product is subjected to dynamic loads in transit or handling,

Table 10C

T 27 % 167 x 7 Sample
Board Bca{r{d}f@ | T Factor of Safety
D | N “ ASTM C473 - Equivalent| for 37 Overhang
Materia Flexural Load (Ibp
Lab board Perpendicular Face 127 9.4
Board | with 48 Down | .
¢ #/MSF Manila : Face
e Paraliel , 67 MIA
Paper ) Dowony{ 7
La? bg:ard Perpendicular _Eace 120 8.6
. . with 24 Down
Hoard 2 #/MSF Glas 1 Face o
F VIS E LFIASS - ale 1 y
Mat ” Parallel Nown 101 | N/A
. . Face .
Nrali withi Perpendiciud ' 7.
Board 3 i,lijralgg,}lt :,mh Parpendicular Down 164 2
{control) 48 #IMSE Face | L.y
WCOBHYY! Manila Paper|{ Parallel ace 73 N/A
AN N n—
112131 As seen in Tables 10A-10C, the equivalent flexural load was provided for each

laboratory beard in both perpendicular and parailel tests. The factor of safety is determuned
by the momentam capacity for the board divided by the momentuin for a three foot overhang,
Thus, this data showed that the reduced weight board pains a greater factor of safety

subjected to dynamics load in transit and handling. For three foot overhang, the board
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expenenced a bending moment by self imposed load from s own weight with unsupported
end of three feet.

16214} Assecn in Tables HOA-10C, the equvalent Sexursl load was provided for gach
iaboratory board in both perpendicuiar and parallet tests, Moment capacity is determined

by the flexural test and relates io the breaking load from the bending force on specimen
niltiplisd by the length between two supports for the full width of the specimen. The factor
of safety, defined by the ratio of the moment capacity to the moment from 3 overhang, is
greater than 3 so a8 1o ensure the board having safficient resistance 1o the load without
breaking, As seen in Table 11 the values for Boards 1 and 2 at 9.4 and ¥.6 were higher than
that of the conirol Board 3 at 7.8, Thus, this data showed that the reduced weight board gaing
a greater factor of safety subjected to dynamics load in transit and héndiing. Although the
flexural load for the lower weight 300 I/MSF board of Board 1 bad 4 lower Bexurs] load
than that of the commercial control board, #f was swrprized fo find out that the lower weight
Board 1 had wuch lower moment from 37 overhang as compared with conirol Board 3,
resulting higher safety of factor.

18215} Furthermore, three additional boards were tested and identified as boards 4-6. The
Iaboratory boards were pwepared as discussed above. The density information is shown
below in Table 11, The boards were tested for thermal resistance using the Fox 314 Test
Svystem {commercially available from TA Instroments, Wood Dale, 1L}, and in accordance
with ASTM CS1R8-18 standard test method for steady-staie thermal frapsimission properiies by
means of heat flow meter apparatis,

Table 11

. . , Board Density R-Value
ab Board 1D “aee Materis - o e fra e
Lab Board I Face Material (nct) (A F )
.................................................. ; i‘ti-a}igm e — .
Hoard 4 with 48 #/MSF 30.0 0.5

Face Paper

. Lab board with 24
ard 5 . . . .
Board HIMISE Glass Mat 19.5 i1
Lab board with 24
#0MSE Glass Mat
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1B216] The R-Value parameter is expressed as the thickness of the material normalized to

the thermal conductivity, R-value is a measure of thermal resistance of the building
materials. The higher the value of R, the better the thermal insulation.  As seen in Table 11,
Boards 5 and 6 exhibited an R-value of twice the normal production board, which was
surprising and unexpected because of the density change. These boards were formed from
shurry containing pregelatinized starch with a viscosity of 88 ¢ and have a much higher
insulation property {(e.g., two times the R-valne} of board formed from shurries containing
pregelatinized starches with much higher viscosities {e.g., above about 300 o), where all
viscosities are measured according to the VMA method. In some embodiments, a board
according to the present disclosure has an R-Value of at least about 1.0 h.ft* °F/Biu {e.2.,
from about 0.5 b5 °F/Biu to about 5 hf*.°F/Btu), as measured according to the ASTM
C518-10 standard test method for steady-state thermal transmission properties by means of
heat flow meter apparatus.

EXAMPLE S
(8217} This example illusirates the strength generated by board prepared from
pregelativized starches of mid-range viscosity.
1218} In particular, three gypsom disks were prepared with slusries containing
Compositions 8A-8C. Shurries, disks, and strength were prepared and evaluated as described
in Example 4. Bach of Compositions 8A-RC contained the formulation set forth in Table 12,

Table 12

Ingredient | Amount (g} Amoglnt | Amannt (wi‘f’{i},
> {wt, %) stuceo basis)
Stucco | 300 3145 ;L
HRA ........... 5 e 2 g
""" PG Starch | 60 | 629 e
Dhispersant kN 031 1 |
S e = : 5
. . & (1.63
............... solution
Water 63.38 192
Total: 108
192191 The wetght of the pregelatinized (PG) starch in each case on a stucco basis was 20

wt.%. The difference between Compositions 8A-8C was in the viscosity of the
pregelatinized starch that was included. The starches of Compositions 84, 8B, and 8C were
corn starches.  In Composition 8A, the pregelatinized starch had a viscosity of 59 of

according to the VMA method. Composition 8B included the pregelatingzed starch with a
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viscosity of 88 P according to the VMA method, while Composition 8C included the

pregelatinized starch with a viscosity of 195 P according to the VMA method. The results

are reported in Table 13,

Tabie 13

Composition for Viscosity {cb') (omprcv,sz‘e Strength (P8I} at
PreparingDisk ¢+ 20 pet

A 59 285

8H 95 293

% T S hE

10220} This example illustraies the benetit to strength with using elevated amounnts of
pregelatinized starch (20 wt.%, stuceo basis) gt g range of representative mid-range
viscosities. As seenin Table 13, all three disks exthibited good compressive strength. These
values are below 400 P8I as in Example 4, but represent good compressive strength at the
low board density of 20 pell

{1221 The use of the terms “a” and “an” and “the” and “at least one” and simular
referents in the context of describing the invention {especially in the context of the following

claims) {e.g., in relation to acids, raw materigl starches, or other compounents or items) are 1o

£
be construed to cover both the singular and the plural, unless otherwise indicated herein or
clearly contradicted by context. The use of the term “at least one” tollowed by a st of one or
maore items {for example, “at least one of A and B”7Y is (o be construed to mean one item
selected from the listed items {A or B) or any combination of two or more of the histed items
{A and B), unless otherwise indicated herein or clearly contradicted by context. The terms
“comprising,” “having,” “including,” and “containing” are to be construed as open-ended
terms {i.e., meaning “including, but not lmited 10,7} unless otherwise noted. Recilation of
rantges of values herein are merely intended 1o serve as a shorthand method of referring
individually to cach separate value falling within the range, unless otherwise indicated herein,
and each separaie value is incorporated inio the specification as if it were individually recited
herein. All methods described herein can be performed in any suttable order unless otherwise
indicated herein or otherwise clearly contradicted by context. The nse of any and all
exammples, o exemplary fanguage {(e.g., “such as”} provided herein, is intended merely o

better tlluminate the invention and does not pose a lunitation on the acope of the invention
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unless otherwise claimed. No language in the specification should be construed as indicating
any non-claimed clerent as cssential to the practice of the nvention,

{82231 Preferred emnbodiments of this invention are described herein, including the best
mode known to the inventors for carrying out the invention. Variations of those preferred
embodimenis may become apparent o 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 1o be practiced otherwise than as
specifically described hercin. Accordingly, this invention includes all modifications snd
eguivalents of the subject matter recited in the claims appended hereto as permitted by
applicable law, Morsover, any combination of the above-described elements 1o all possible
variations thereot is encompassed by the invention unless otherwise indicated herein or

otherwise clearly contradicted by context.
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CLAIME:
1. A gypsumt board compnising:

a sef gypsuim core dispesed between two cover sheets, the core formed from a slurry
comprising stucco, water, and at least one pregelatinized starch having a viscosity of from
about 26 o 1o about 300 cP as measured according to the VMA method, wherein the starch
1s present in an amoeunt of greater than 10% by weight of the stucco;

the board having a density of about 31 pef or less and a core hardness of at lzast about
11 Ibs, as determined sccording to ASTM £473-10, method B,

2. The gypsum board of claim 1, wherein the pregelatinized starch has a

viscosily of fromw about 20 P to about 200 ¢P,

3. The gvpaom board of claim 2, wherein the pregelatinized starch has 4

viscosity from about 34 cP to about 150 P,

4. The gypsum board of any one of ¢claims 1-3, wherein the pregelatinized starch

is present in an amount of from abouot 10.1% to about 2356 by weight of the shuceo,

5. The gypsum board of any one of clatms 1-4, whersin the pregelatinized starch

18 present in an amount of from about 12% to about 25% by weight of the stucen.

6, The gypsom board of any one of claims 1-3, wherein the board has s density

ot about 15 pefto about 31 pet

7. The gvpsum board of any one of claims 1-6, wherein the board has a density

of about 15 pefto ghout 27 pell

8. The gypsurn board of any one of elaims 1.7, wherein the board has a density

of about 19 pef'to about 24 pefl

4. The gyvpsum board of any one of claims 1-8, wherein the board has a

compressive strength of from about 170 psi to about 250 psi.

[ The gypsom board of any one of claims 1-9, wherein the starch has a cold

water selubility of at least about 70% when measured at 25 °C.
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11, The gypowmn board of any one of claims 1-10, wherein the pregelatinized
starch, in a 10% sharry 1o water when measured at 25 °C has a cold water viscosity of from

about 60 ¢P 1o ahout 160 ¢P,

12, A method of making a gypsum board comprising:

a} mixing at least water, stuceo, and at least one pregelatinized starch having &
viscosity of from about 20 ¢P 1o about 300 ¢ as measured according o the VMA methad,
whersin the starch is present in an amount of greater than 10% by weight of the stueco;

b} disposing the slurry between a first cover sheet and a second cover shest to
form a wet assembly;

<} cuiting the wet asserably info a board; and

d} drying the board,

the dried board having a density of about 31 pef or less and a core havdness of at least

about 11 1bs, as determined according to ASTM 247310, method B.

i3, The method of claim 12, wherein the pregelatinized starch has a viscosity

from about 30 ¢ 1o about 200 P,

14 The method of claim 12 or 13, wherein the pregelatimzed starch is present in

an amount of from shout 10.1% to about 25% by weight of the stucco.

15. The method of claum 14, wherein the pregelatinized starch is present in an
amourtt ot from about 12% to about 23% by weight of the shucco.
i6. The method of any one of clairos 12-15, wherein the board has a density of

from about 15 pefto abont 27 pell

17, A slurry comprising:

water, stucco, and pregelatinized starch having a viscosity of from about 20 ¢P {o
about 300 oP 85 measured according to the VMA method, wherein the starch is present inan
amount of greater than 10% by weight of the stucen; wherein

when the shurry 1s cast and dnied as board comprising a set gypsum composition, the
set gypsum composilion comprises a continuous crystaliine matnx substantially of calcium

sulfate dihydrate, wherein said board has a density of about 31 pefor less, and at a thickness
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of one-haif inch {about 1.3 cm), the board meets at least one of the following: (1) a nail pull
resistance of at least about 65 I {about 29 kg), (31} an average core hardness of at least about
b dabout 3 kg), and (1) an average flexural strength of at least sbout 36 b {about 16 kg
in a machine direction and/or about 167 Ib {about 48.5 kg in a cross-machine direction, the
nati pull resistance, the core hardness and the flexural strength determined in accordance with

ASTM standard C473-14, method B.

18. The shury of claim 17, wherein the pregelatinized starch has a viscosity from

ghout 30 ¢P 1o about 200 <P,

ig, The slurry of claim 17 or 1¥, wherein the pregelatinized starch is present in an

amnount of from about 10.1% to about 25% by weaight of the stucco.

28, The sharry of any one of claims 17-19, wherein the board has a density of from

about 15 pef'to about 27 pef
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Form PCTASA/237 (January 2015)



WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCTAUS2016/038714

Box No.V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or
industrial applicability; citations and explanations supporting such statement

1. Statement

Novelty (N) Yes: Claims 5.9,.15

No: Claims 1-4, 6-8, 10-14, 16-20
Inventive step (1S) Yes: Claims

No: Claims 1-20
Industrial applicability (1A) Yes: Claims 1-20

No: Claims

2. Citations and explanations

see separate sheet

Box No. VIl Certain observations on the international application

The following observations on the clarity of the claims, description, and drawings or on the question whether the
claims are fully supported by the description, are made:

see separate sheet
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Re ltem VIl

Certain observations on the international application

1 Article 6 PCT

1.1 The "viscosity" of a product is a parameter for which the provisions of the
PCT Guidelines, Part I, Chapter 5.36 apply (further reference is made to the
EPC-Guidelines, Part F, Chapter IV, 4.11, 4,18, Chapter I, 2 and 11; Part G,
Chapter VI, 6).

Parameters are characteristic values, which may be values of directly
measurable properties (e.g. the melting point of a substance, the flexural
strength of a steel, the resistance of an electrical conductor). This
fundamental condition is provided by linking the "viscosity" parameter of the
present application to the so-called "VMA-method".

However, the "VMA method" is not a well-known and commonly applied
method in the technical field of building materials to determine the viscosity of
starch, but is a method developed and used exclusively by the applicant in
the present application.

Consequently, the present application contains the deficiency that a well-
known parameter ("viscosity") is used to define the subject-matter for which
protection is sought, whereby this parameter itself is defined by an unusual
method (VMA-method) of determining this parameter.

The feature "viscosity" determined by the "VMA method" renders the scope of
claims 1-20 unclear (Article 6 PCT).

A fair comparison with the prior art is limited by the use of this parameter.
However, since the applicant has chosen to define the invention by
aforementioned parameter own hos volition, the burden of proof rests with the
applicant, that prior art pregelatinized starches are not falling under the
parametric definition.

1.2 Claim 17 defines the amount of pregelatinized starch by an open range
(greater than 10%). This allows the scope of claim 17 protection for slurries
containing 98% pregelatinized starch and 1% stucco and 1% water. This is
technically not plausible and therefore unclear (Article 6 PCT). Claim 17
further defines a further utilization of the slurry, by casting and drying as
board. This cannot define the slurry further.

Form PCT/ISA/237 (Separate Sheet) (Sheet 1) (EPO-April 2005)
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1.3 Claim 1 defines the parameters "density" and "core hardness" by open
ranges. Neither has it been shown that a board with an infinite hardness has
been manufactured or how it can be manufactured, nor is this technically
plausible. The same applies for the "density". The parameters "density" and
"core hardness" defined by the open ranges render the scope of claim 1
unclear (Article 6 PCT). It is a basic requirement that it must be possible for
the skilled person to perform an invention over the whole range claimed,
otherwise the requirements of Article 5 PCT are not sufficiently satisfied. It
therefore appears that the open parameters "density" and "core hardness”
cannot be achieved over the whole range and claims 1-20 do not fulfill the
requirements of Article 5 PCT.

1.4 The defined board density is a function of the amount of foaming agent used
(see also experimental section). Without the use of foaming agents the
claimed board density cannot be obtained. Claims 1-20 are lacking an
essential feature (Article 6 PCT taken in combination with Rule 6.3(b) PCT).

1.5 The term "about" used in claims 1-20 renders the features associated
therewith unclear (Article 6 PCT).

1.6 The expression "incorporated herein by reference" used in the description is
unclear (Article 5 PCT and PCT Guidelines, Part Il, 4.26) and should be
deleted (see [0001], [0017], [0103]).

1.7 The units used throughout the application are not systematically S| units and
are not additionally expressed in terms of the units stipulated by Rule 10.1(a)
and (b) PCT (e.g. [0125]).

1.8 The explanations and interpretations stipulated in [0221] are not recognized
by the PCT and the PCT Guidelines.

Form PCT/ISA/237 (Separate Sheet) (Sheet 2) (EPO-April 2005)
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Re ltem V

Reasoned statement with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

Reference is made to the following documents:
D1 WO 2015/050804 A1 (UNITED STATES GYPSUM CO [US]) 9 April 2015

D2 WO 2012/122102 A2 (GEORGIA PACIFIC GYPSUM LLC [US]; FRANCIS
HUBERT C [US]) 13 September 2012

D3 US 2008/070026 A1 (YU QIANG [US] ET AL) 20 March 2008

1 Preliminary remarks

1.1 Claim 1 defines an end product (a gypsum board) by components and
properties of the slurry used to manufacture the end product.

Neither can the finished end product contain "stucco" (calcium sulfate
hemihydrate is hydrated to gypsum) or water, nor can it retroactively be
determined which viscosity the "pregelatinized starch" had, before it was used
to manufacture the end product. As explained in [0028] of the application
upon drying the green board at elevated temperatures the pregelatinized
starch becomes fully gelatinized. It is impossible to determine the degree of
pregelatinization and viscosity after that process step.

The product of claim 1 can only be compared with the prior art in terms of the
technical features of the end product (gypsum board). Thus, the scope of
claim 1 can only embrace a gypsum board comprising: a set gypsum core
between 2 cover sheets, the board having a density of about 31 pcf or less
and a core hardness of at least about 11 Ibs, as determined according to
ASTM C473-10, method B.

1.2 The working examples disclosed in the experimental section of the present
application cannot be used to substantiate a technical effect and an inventive
step over the prior art. Example 5 shows in table 7 a suit of comparative and
"inventive" examples. The ISA observes that samples 5B-5D although being
considered as "inventive" are not falling under scope of claim 1, because they
are not containing the pregelatinized starch in an amount greater than 10 wt.-

Form PCT/ISA/237 (Separate Sheet) (Sheet 3) (EPO-April 2005)
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% (this definition explicitly excludes the value 10 and only includes every
value greater than 10). The ISA noticed to its surprise that the "not inventive"
examples 5B-5D are not shown anything special over the "inventive samples
(5E-5QG). Likewise, example 3 contains only 2 wt.-% pregelatinized starch by
weight of stucco (table 6). The same applies for example 4.

The features of claims 1, 12 and 17 can only be considered as juxtaposition
of arbitrarily selected features for which no inventive step can be
acknowledged.

2 Article 33(1) PCT, Article 33(2) PCT & Article 33(3) PCT

2.1 The present application does not meet the criteria of Article 33(1) PCT,
because the subject-matter of independent claims 1, 12 and 17 is not new
(Article 33(2) PCT).

2.1.1 Document D1 discloses ([0005]-]0160], examples 1-4; fig. 1-3; claims 1-10):

(1) a gypsum board having a core hardness measured according to ASTM
C473-10 of >11 Ibs ([0113]; [0155]) and a board density of 29 pcf. ([0154]);

(2) a method of making a gypsum board comprising:

a) mixing at least water, stucco, and at least one pregelatinized starch having
a viscosity of from about 20 cP to about 300 cP as measured according to the
VMA method ([0072]-[0073]; table 1A-1C), wherein the starch is present in an
amount of greater than about 10% by weight of the stucco ([0086]-[0087];
[0091]-[0092));

b) disposing the slurry between a first cover sheet and a second cover sheet
to form a wet assembly;

C) cutting the wet assembly into a board; and
d) drying the board;

the dried board having a density of 29 pcf and a core hardness of at least
about 11 Ibs, as determined according to ASTM C473-10 (claim 8; ([0113];
[0155]; [0154]);

Form PCT/ISA/237 (Separate Sheet) (Sheet 4) (EPO-April 2005)
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(3) a slurry comprising: water stucco, and at least one pregelatinized starch
having a viscosity of from about 20 cP to about 300 cP as measured
according to the VMA method, wherein the starch is present in an amount of
greater than 10% by weight of the stucco (claim 8; ([0072]-[0073]; table
1A-1C; ([0086]-[0087]).

Remarks:

(1) D1 discloses that the pregelatinized starch can be present in an amount of
about 10% by weight of the stucco. It can therefore be present in an amount
greater 10% by weight;

(2) D2 further explicitly discloses that increasing amounts of pregelatinized
starch beyond the range of 0.1-10 % by weight of stucco does not improve
strength, but higher amounts can be tolerated ([0087]; [0092]). This teaching
will be become highly relevant, once Article 33(3) PCT will be examined in a
further prosecution of the present application.

The subject-matter of independent claims 1, 12 and 17 is not new over
document D1 (Article 33(1) PCT).

2.1.2 Document D2 discloses ([01]; [09]-[52], examples 1-2; claims 1-21; fig. 1-2):
(1) a method of making a gypsum board comprising:

a) mixing at least water, stucco, and at least one pregelatinized starch,
wherein the starch is present in an amount of greater than 4% ([11]; [31]) by
weight of calcined gypsum;

b) disposing the slurry between a first cover sheet and a second cover sheet
to form a wet assembly ([12]);

C) cutting the wet assembly into a board; and
d) drying the board ([41]-[48]; fig. 1);

(2) a slurry comprising: water stucco, and at least one pregelatinized starch,
wherein the starch is present in an amount of greater than 4% by weight of
calcined gypsum ([11]; [31]). The hardened slurry obtains a density of 28-31

pcf. ([51]).

Remarks:
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(1) the range of "more than 4%" includes "greater 10%";

(2) D2 is silent on the viscosity of the pregelatinized starch. Burden of proof is
resting with the applicant to show that the starch of D2 does not have a
viscosity of 20-300 cP if measured according to the applicants "VMA method";

(3) D2 is silent on "core hardness". The "core hardness" must be a function of
the ingredients of the slurry used to make the board. Otherwise, the claims
would lack essential features of how this parameter can be obtained. Since
the slurry of D2 contains identical features as the slurry and the board of the
present application, the slurry and the board of D2 must have identical
properties.

The subject-matter of independent claims 12 and 17 is not new over
document D2 (Article 33(2) PCT).

2.1.3 Document D3 discloses ([0001]-]0049], examples 1, 2, 6, 7; claims 1-9):

(1) a gypsum board having a core hardness measured according to ASTM
C473-10 of >11 Ibs (boards 3 and 4 in table 6 of example 6 prepared by using
formulation B of example 2; [0053]) and a board density of 10-34 pcf.
(samples 6-13 in table 7 of example 7, prepared by using formulation B of
example 2).

The subject-matter of independent claim 1 is not new over document D3
(Article 33(2) PCT).

2.2 Dependent claims

Since it is impossible to retroactively determine the viscosity of pregelatinized
starch before it was used to manufacture a gypsum board in the gypsum
board per se, claims 2 and 3 are not clear and thus not new over the prior art
(Article 33(1) PCT).

|dentical objections apply for claims 10 and 11. These claims are not clear
and thus not new over the prior art (Article 33(2) PCT).
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The board of D1 can have a density of 29 pcf. Claim 6 is therefore not new
over D1 (Article 33(2) PCT).

29 pcf. is about 27 pcf. Claims 7, 16 and 20 are therefore not new over D1
(Article 33(2) PCT).

The starch can have a viscosity of 30-200 cP ([0073]). Claims 11, 13 and 18
are therefore not new over D1 (Article 33(2) PCT).

10% by weight of stucco is about 10.1 wt.-% by weight of stucco. Claims 4, 14
and 19 are not new over D1 (Article 33(2) PCT).

The board of D2 can have a density of 21 or 24 pcf. Claims 8 and 16 are
therefore not new over D2 (Article 33(2) PCT).

The slurry of claim 17 cannot be further defined by the density of another
manufactured from this slurry as in claim 20. Claim 20 cannot be new over
the prior art (Article 33(2) PCT).

Dependent claims 5, 9 and 15 do not appear to contain any additional
features which, in combination with the features of any claim to which they
refer, meet the requirements of the PCT with respect to Article 33(3) PCT,
because neither are surprising technical effects derivable from their
characterising features, nor do these claims solve a technical problem in a
non-obvious manner..
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Box No.| Basis of the opinion

1. With regard to the language, this opinion has been established on the basis of:

X
(]

4. O

the international application in the language in which it was filed.

a translation of the international application into , which is the language of a translation furnished for the
purposes of international search (Rules 12.3(a) and 23.1 (b)).

This opinion has been established taking into account the rectification of an obvious mistake authorized
by or notified to this Authority under Rule 91 (Rule 43bis.1(a))

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this
opinion has been established on the basis of a sequence listing:

a. [ forming part of the international application as filed:
O in the form of an Annex C/ST.25 text file.

L1 on paper or in the form of an image file.

b. O furnished together with the international application under PCT Rule 13ter.1(a) for the purposes of
international search only in the form of an Annex C/ST.25 text file.

c. U furnished subsequent to the international filing date for the purposes of international search only:
O in the form of an Annex C/ST.25 text file (Rule 13ter.1(a)).

O on paper or in the form of an image file (Rule 13ter.1(b) and Administrative Instructions, Section
713).

In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished,
the required statements that the information in the subsequent or additional copies is identical to that
forming part of the application as filed or does not go beyond the application as filed, as appropriate, were
furnished.

5. Additional comments:
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Box No.V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or
industrial applicability; citations and explanations supporting such statement

1. Statement

Novelty (N) Yes: Claims 5.9,.15

No: Claims 1-4, 6-8, 10-14, 16-20
Inventive step (1S) Yes: Claims

No: Claims 1-20
Industrial applicability (1A) Yes: Claims 1-20

No: Claims

2. Citations and explanations

see separate sheet

Box No. VIl Certain observations on the international application

The following observations on the clarity of the claims, description, and drawings or on the question whether the
claims are fully supported by the description, are made:

see separate sheet
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Re ltem VIl

Certain observations on the international application

1 Article 6 PCT

1.1 The "viscosity" of a product is a parameter for which the provisions of the
PCT Guidelines, Part I, Chapter 5.36 apply (further reference is made to the
EPC-Guidelines, Part F, Chapter IV, 4.11, 4,18, Chapter I, 2 and 11; Part G,
Chapter VI, 6).

Parameters are characteristic values, which may be values of directly
measurable properties (e.g. the melting point of a substance, the flexural
strength of a steel, the resistance of an electrical conductor). This
fundamental condition is provided by linking the "viscosity" parameter of the
present application to the so-called "VMA-method".

However, the "VMA method" is not a well-known and commonly applied
method in the technical field of building materials to determine the viscosity of
starch, but is a method developed and used exclusively by the applicant in
the present application.

Consequently, the present application contains the deficiency that a well-
known parameter ("viscosity") is used to define the subject-matter for which
protection is sought, whereby this parameter itself is defined by an unusual
method (VMA-method) of determining this parameter.

The feature "viscosity" determined by the "VMA method" renders the scope of
claims 1-20 unclear (Article 6 PCT).

A fair comparison with the prior art is limited by the use of this parameter.
However, since the applicant has chosen to define the invention by
aforementioned parameter own hos volition, the burden of proof rests with the
applicant, that prior art pregelatinized starches are not falling under the
parametric definition.

1.2 Claim 17 defines the amount of pregelatinized starch by an open range
(greater than 10%). This allows the scope of claim 17 protection for slurries
containing 98% pregelatinized starch and 1% stucco and 1% water. This is
technically not plausible and therefore unclear (Article 6 PCT). Claim 17
further defines a further utilization of the slurry, by casting and drying as
board. This cannot define the slurry further.
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1.3 Claim 1 defines the parameters "density" and "core hardness" by open
ranges. Neither has it been shown that a board with an infinite hardness has
been manufactured or how it can be manufactured, nor is this technically
plausible. The same applies for the "density". The parameters "density" and
"core hardness" defined by the open ranges render the scope of claim 1
unclear (Article 6 PCT). It is a basic requirement that it must be possible for
the skilled person to perform an invention over the whole range claimed,
otherwise the requirements of Article 5 PCT are not sufficiently satisfied. It
therefore appears that the open parameters "density" and "core hardness”
cannot be achieved over the whole range and claims 1-20 do not fulfill the
requirements of Article 5 PCT.

1.4 The defined board density is a function of the amount of foaming agent used
(see also experimental section). Without the use of foaming agents the
claimed board density cannot be obtained. Claims 1-20 are lacking an
essential feature (Article 6 PCT taken in combination with Rule 6.3(b) PCT).

1.5 The term "about" used in claims 1-20 renders the features associated
therewith unclear (Article 6 PCT).

1.6 The expression "incorporated herein by reference" used in the description is
unclear (Article 5 PCT and PCT Guidelines, Part Il, 4.26) and should be
deleted (see [0001], [0017], [0103]).

1.7 The units used throughout the application are not systematically S| units and
are not additionally expressed in terms of the units stipulated by Rule 10.1(a)
and (b) PCT (e.g. [0125]).

1.8 The explanations and interpretations stipulated in [0221] are not recognized
by the PCT and the PCT Guidelines.
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Re ltem V

Reasoned statement with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

Reference is made to the following documents:
D1 WO 2015/050804 A1 (UNITED STATES GYPSUM CO [US]) 9 April 2015

D2 WO 2012/122102 A2 (GEORGIA PACIFIC GYPSUM LLC [US]; FRANCIS
HUBERT C [US]) 13 September 2012

D3 US 2008/070026 A1 (YU QIANG [US] ET AL) 20 March 2008

1 Preliminary remarks

1.1 Claim 1 defines an end product (a gypsum board) by components and
properties of the slurry used to manufacture the end product.

Neither can the finished end product contain "stucco" (calcium sulfate
hemihydrate is hydrated to gypsum) or water, nor can it retroactively be
determined which viscosity the "pregelatinized starch" had, before it was used
to manufacture the end product. As explained in [0028] of the application
upon drying the green board at elevated temperatures the pregelatinized
starch becomes fully gelatinized. It is impossible to determine the degree of
pregelatinization and viscosity after that process step.

The product of claim 1 can only be compared with the prior art in terms of the
technical features of the end product (gypsum board). Thus, the scope of
claim 1 can only embrace a gypsum board comprising: a set gypsum core
between 2 cover sheets, the board having a density of about 31 pcf or less
and a core hardness of at least about 11 Ibs, as determined according to
ASTM C473-10, method B.

1.2 The working examples disclosed in the experimental section of the present
application cannot be used to substantiate a technical effect and an inventive
step over the prior art. Example 5 shows in table 7 a suit of comparative and
"inventive" examples. The ISA observes that samples 5B-5D although being
considered as "inventive" are not falling under scope of claim 1, because they
are not containing the pregelatinized starch in an amount greater than 10 wt.-
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% (this definition explicitly excludes the value 10 and only includes every
value greater than 10). The ISA noticed to its surprise that the "not inventive"
examples 5B-5D are not shown anything special over the "inventive samples
(5E-5QG). Likewise, example 3 contains only 2 wt.-% pregelatinized starch by
weight of stucco (table 6). The same applies for example 4.

The features of claims 1, 12 and 17 can only be considered as juxtaposition
of arbitrarily selected features for which no inventive step can be
acknowledged.

2 Article 33(1) PCT, Article 33(2) PCT & Article 33(3) PCT

2.1 The present application does not meet the criteria of Article 33(1) PCT,
because the subject-matter of independent claims 1, 12 and 17 is not new
(Article 33(2) PCT).

2.1.1 Document D1 discloses ([0005]-]0160], examples 1-4; fig. 1-3; claims 1-10):

(1) a gypsum board having a core hardness measured according to ASTM
C473-10 of >11 Ibs ([0113]; [0155]) and a board density of 29 pcf. ([0154]);

(2) a method of making a gypsum board comprising:

a) mixing at least water, stucco, and at least one pregelatinized starch having
a viscosity of from about 20 cP to about 300 cP as measured according to the
VMA method ([0072]-[0073]; table 1A-1C), wherein the starch is present in an
amount of greater than about 10% by weight of the stucco ([0086]-[0087];
[0091]-[0092));

b) disposing the slurry between a first cover sheet and a second cover sheet
to form a wet assembly;

C) cutting the wet assembly into a board; and
d) drying the board;

the dried board having a density of 29 pcf and a core hardness of at least
about 11 Ibs, as determined according to ASTM C473-10 (claim 8; ([0113];
[0155]; [0154]);
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(3) a slurry comprising: water stucco, and at least one pregelatinized starch
having a viscosity of from about 20 cP to about 300 cP as measured
according to the VMA method, wherein the starch is present in an amount of
greater than 10% by weight of the stucco (claim 8; ([0072]-[0073]; table
1A-1C; ([0086]-[0087]).

Remarks:

(1) D1 discloses that the pregelatinized starch can be present in an amount of
about 10% by weight of the stucco. It can therefore be present in an amount
greater 10% by weight;

(2) D2 further explicitly discloses that increasing amounts of pregelatinized
starch beyond the range of 0.1-10 % by weight of stucco does not improve
strength, but higher amounts can be tolerated ([0087]; [0092]). This teaching
will be become highly relevant, once Article 33(3) PCT will be examined in a
further prosecution of the present application.

The subject-matter of independent claims 1, 12 and 17 is not new over
document D1 (Article 33(1) PCT).

2.1.2 Document D2 discloses ([01]; [09]-[52], examples 1-2; claims 1-21; fig. 1-2):
(1) a method of making a gypsum board comprising:

a) mixing at least water, stucco, and at least one pregelatinized starch,
wherein the starch is present in an amount of greater than 4% ([11]; [31]) by
weight of calcined gypsum;

b) disposing the slurry between a first cover sheet and a second cover sheet
to form a wet assembly ([12]);

C) cutting the wet assembly into a board; and
d) drying the board ([41]-[48]; fig. 1);

(2) a slurry comprising: water stucco, and at least one pregelatinized starch,
wherein the starch is present in an amount of greater than 4% by weight of
calcined gypsum ([11]; [31]). The hardened slurry obtains a density of 28-31

pcf. ([51]).

Remarks:
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(1) the range of "more than 4%" includes "greater 10%";

(2) D2 is silent on the viscosity of the pregelatinized starch. Burden of proof is
resting with the applicant to show that the starch of D2 does not have a
viscosity of 20-300 cP if measured according to the applicants "VMA method";

(3) D2 is silent on "core hardness". The "core hardness" must be a function of
the ingredients of the slurry used to make the board. Otherwise, the claims
would lack essential features of how this parameter can be obtained. Since
the slurry of D2 contains identical features as the slurry and the board of the
present application, the slurry and the board of D2 must have identical
properties.

The subject-matter of independent claims 12 and 17 is not new over
document D2 (Article 33(2) PCT).

2.1.3 Document D3 discloses ([0001]-]0049], examples 1, 2, 6, 7; claims 1-9):

(1) a gypsum board having a core hardness measured according to ASTM
C473-10 of >11 Ibs (boards 3 and 4 in table 6 of example 6 prepared by using
formulation B of example 2; [0053]) and a board density of 10-34 pcf.
(samples 6-13 in table 7 of example 7, prepared by using formulation B of
example 2).

The subject-matter of independent claim 1 is not new over document D3
(Article 33(2) PCT).

2.2 Dependent claims

Since it is impossible to retroactively determine the viscosity of pregelatinized
starch before it was used to manufacture a gypsum board in the gypsum
board per se, claims 2 and 3 are not clear and thus not new over the prior art
(Article 33(1) PCT).

|dentical objections apply for claims 10 and 11. These claims are not clear
and thus not new over the prior art (Article 33(2) PCT).
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The board of D1 can have a density of 29 pcf. Claim 6 is therefore not new
over D1 (Article 33(2) PCT).

29 pcf. is about 27 pcf. Claims 7, 16 and 20 are therefore not new over D1
(Article 33(2) PCT).

The starch can have a viscosity of 30-200 cP ([0073]). Claims 11, 13 and 18
are therefore not new over D1 (Article 33(2) PCT).

10% by weight of stucco is about 10.1 wt.-% by weight of stucco. Claims 4, 14
and 19 are not new over D1 (Article 33(2) PCT).

The board of D2 can have a density of 21 or 24 pcf. Claims 8 and 16 are
therefore not new over D2 (Article 33(2) PCT).

The slurry of claim 17 cannot be further defined by the density of another
manufactured from this slurry as in claim 20. Claim 20 cannot be new over
the prior art (Article 33(2) PCT).

Dependent claims 5, 9 and 15 do not appear to contain any additional
features which, in combination with the features of any claim to which they
refer, meet the requirements of the PCT with respect to Article 33(3) PCT,
because neither are surprising technical effects derivable from their
characterising features, nor do these claims solve a technical problem in a
non-obvious manner..
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