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TITLE OF THE INVENTION

Copolymer Blend Compositions for Use to Increase Paper Filler Content

BACKGROUND OF THE INVENTION
[0001] In the papermaking indusiry, substituting inorganic fiiler for wood fiber in
paper and paperboard is advantageous because the inorganic filler is generally less expensive
than wood fiber and the substitution lowers costs. Precipitated calcium carbonate is
commonly used as a filler in the industry. Although inorganic fillers decrease the total cost of
papermaking, increasing concentrations can reduce the overall bulk, strength, and stiffness of
the paper - -all of which are important end use performance properties.
[0002] This decrease in strength and stiffness in the final paper product is a result of
the structure of the wood pulp and inorganic filler, Puring the papermaking process, the long
wood pulp fibers become entangled, thus creating a strong web of fiber. The inorganic filler
does not have these long fiber chains, so increasing the inorganic filler content can weaken
the fiber web in the finished product. In addition, as the inorganic filler content increases, the
never-dried sirength ol the wet web exiling the press section ol a paper machine decreases.
This strength decrease affects machine runnability and may force the paper machine to run at
lower yields because of a lower thru-put or higher downtime because of web breaks in the wet
web.
[0003] Although the prior art teaches treatments, as part of the papermaking process,
for increasing the retention of fine inorganic fillers in the final paper or paperboard product,
the prior art does not disclose methods to increase the inorganic filler content of paper while
simultaneously maintaining the weight, strength, and runnability of the end product.
[0004] For example, dry strength resins are known in the prior art and can increase
the strength of the finished paper product when mixed into the initial paper pulp slurry (also
called a paper furnish). Amphoteric, water-soluble dry strength resins are known in the prior
art, Amphoteric resins are typically made by reacting acrylamide with cationic and anionic
monomers (for example, diallyldimethylammonium chloride (“DADMAC”) and acrylic acid)
in a free radical copolymerization reaction. These resins are generally limited to 10-- 15
mol% of each ionic component (20 — 30 mol% charged polymer total). I the ionic polymer
concentration is higher, the solution becomes unstable.
[0005] Additionally, separate anionic and cationic polymeric dry strength resins are
also known in the prior art. Typically, these resins will be added sequentiaily—i.e. all the
resin of one charge is added, then all the resin of the opposite charge is added. When anionic
and cationic resins are added as separate resins, the anionic resin is typically an

acrylamide/acrylic acid copolymer. The cationic typically contains either DADMAC,
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acryloylethylrimethylammonium chloride (“AETAC”), or a hydrolyzed form of

vinyformamide.
[0006] For example, (he inorganic filler content of paper may be increased by
treating the pulp slurry and inorganic filler separately with a charged polymer, then treating
the fitler with an oppositely charged ionic, and mixing the treated filler and pulp slurty
together. Alternatively, one may treat oaly the inorganic fitler with a charged polymer, and
then combine the treated filler with the pulp slurry for processing into paper.
[0007] Another method 1o maintain paper bulk as the inorganic [iiler content of
paper is increased is to increase the average inorganic filler particle size. An increase in filler
concentration and/or filler particle size can lead to additional abrasion on the paper shurry
processing surfaces. This abrasiveness generally manifests itself as additional wear on the
wet end of the paper making process, especially on the paper forming fabrics and static
drainage elements. Additionally, the increased wear on these parts, slitter knives, and other
surfaces may degrade the quality of the final paper product and increase maintenance and
servicing costs for the equipment. Previous attempts to mitigate these problems have
included addition of surfactants and TEFLON (polytetrafluoroethylene) to the paper sturry.
BRIEF SUMMARY OF THE INVENTION
[0008] The invention relates, in general, fo the surprising discovery that
heterogeneous polymer blends that contain polymers composed of at [east one anionic, one
catiente, and one nonionic monomer may be used to increase the inorganie filler content of
paper without negatively affecting paper strength, weight, or runnability. This discovery
allows for the cost-effective production of paper or paperboard. The present invention also
relates in one aspect to a novel method of creating the novel heterogeneous polymer blends,
Finatly, the present invention also relates in anothor aspect to methods of using the
heterogeneous polymer blends with a precipitated calcium carbonate filler to maintain the
strength, weight, and runnability of paper or paperboard.
[0069] One embodiment of the present invention is a method of making a
heterogencous polymer blend for increasing the inorganic filler content of paper or '
paperboard, comprising: (a) adding to a non-neutral solution a first amount of polymerization
initiator and one or more anicnic or cationic monomers, wherein each monomer has the same
charge; (b) adding a second amourtl of the polymerizalion initiator and one or more non-ionic
monomers to the solution; (¢} adding a third amount of the polymerization initiator and one or
more ionic monomers that are oppositely charged from the monomers of step (a); and (d)
adding, stepwise, a fourth amount of the polymerization initiator to react any residual

monomer and resulting in the heterogeneous polymer blend, and (e) if necessary, neutralizing
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the resulting heterogencous polymer blend, wherein the polymerization initiator is selected
from the group consisting of water soluble azo initiators.

[0010] The anionic monomer(s) may be: (1) acrylic acid, (2) methacrylic acid, (3)
styrenesulfonic acid, (4) vinylsulfonic acid, (5) acrylamidomethylpropane sulfonic acid, or (6)
mixtures thereof.

j0011] The cationic monomer(s) may be: (1) diallyldimethylammonium chloride, (2)
acryloylethylirimethyl ammonium chloride, (3) methacryloylethyl trimethy! ammonium
chloride, (4) acryloylethyltrimethylammonium sulfate, (5) methacryloylethyl trimethyl
ammonium sulfate, (6) acrylamidopropyltrimethyl anymonium chloride, (7)
methacrylamidopropy! frimethyl ammonium chloride, (8) non-quaternized forms of (2)-(7),
(9) vinylformamide (subsequently hydrolyzed to vinylamine), or {10) mixtures thereof.

[0012}) The nonionic monomer(s) may be: (1) acrylamide, (2) methacrylamide, (3)
N-alkylacrylamide, (4) vinyllormamide, or (5) mixtures thereof.

[0013] Another embodiment of the invention is a heterogeneous polymer blend
comprising: (a) one or more anionic polymers forined from monomers selected from the
group: (1} acrylic acid, (2) methacrylic acid, {3) styrenesulfonic acid, (4) vinylsulfonic acid,
{5) acrylamidomethylpropane sulfonic acid, and (6) mixtures thereof} (b) one or more cationic
polymers formed from monomers selected from the group: (1) diallyldimethylammonium
chloride, (2) acryloylethylirimethy] ammeonium chloride (3) methacryloylethyl frimethy!
ammonium chloride, (4) acryloylethylfrimethylammonium sulfate (5) methaciyloylethyl
trimethyl ammonium sulfate, (6) acrylamidopropyltrimethyl ammoniuin chiloride, (7)
methacrylamidopropyl frimethy] ammonium chloride, (8) non-quaternized forms of (2)-(7),
(9) vinylformamide (subsequently hydrolyzed to vinylamine), and (10} mixtures thereof; (¢)
one or more non-ionic polymers formed from monomers selected from the group: (1)
acrylamide, (2) methacrylamide, (3) N-alkylacrylamide, (4) vinylformamide, and (5) mixtures
thereof;,

[0014] The heterogeneous polymer blend may also contain (a) one or more
copolymers comprising at least one anionic monomer and at least one non-ionic monomer; (b)
one or more copolymers comprising at least one cationic monomer and at least one non-ionic
monomer.

[0015] The heterogeneous polymer blend may also contain one or more terpolymers
comprising at least one anionic monomer, at least one cationic monomer, and at least one
non-ionie monomer.

[G016] Yet another embadiment of the invention is a method of increasing the filler
content of a sheet of paper or paperboard comprising: (a) combining the heterogeneous

polymer blend with a precipitated calcium carbonate filler to form a mixture; (b) combining
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the resulting mixture with a pulp slurry; and (¢) processing the resulting pulp sturry mixture to
form a sheet of paper or paperboard.
[0017] Another embodiment of the invention is a method of increasing the filler
content of a sheet of paper or paperboard comprising: (a) combining either the heterogeneous
polymer blend or a precipitated calcium carbonate filler with a pulp slurry to form a mixture;
(b) combining the remaining component from step (a) with the pulp slurry mixture; and {c)
processing the resulting pulp slurry mixture to form a sheet of paper or paperboard.
[0018] Another embodiment of the invention is a method of increasing the filler
content of a sheet of paper or paperboard comprising: {a) combining a poly-
diallyldimethylammoninm chloride / acrylamide/acrylate copolymer mixture with a
precipitated calcium carbonate filler; (b) combining the resulting mixture with a pulp slurry;
and (c) processing the resulting pulp slurry to form a sheet of paper or paperboard.
[0019] Yet another embodiment of the invention is a method of increasing the [iller
content of a sheet of paper ar paperboard comprising: (a) combining either a poly-
diallyldimethylammonium chioride / acrylamide/acrylate copolymer mixture or a precipitated
calcium carbonate filler with a pulp slurry; (b) combining the remaining component from step
(a) with the pulp slurry mixture; and (¢} processing the resulting pulp slurry mixture to form a
sheet of paper or paperboard.
DETAILED DESCRIPTION OT TITE INVENTION

[0020] As used hergin, the singular terms “a” and “the” are synonymous and used
interchangeably with “one or more” or “at least one” unless the context clearly indicates a
contrary meaning. Accordingly, for example, a reference to “a compound” herein, or in the
appended claims, can refer to a single compound or more than one compound. Additionally,
all numerical values, unless otherwisc speeifically noted, are understood fo be modified by the
word “about.” For all the compositions and processes included herein, it should be
understood that there will be at least trace amounts of the unreacted constituent components,
incliding any monomers and polymer reaction initiators used. Unless otherwise indicated
“weight %™ refers to the weight % of the solids in a particular blend and excludes the weight
of the water contained in the aqueous solution.
[0021] Compositions and processes in accordance with the various embodiments of
the present invention are suitable for use to increase the inorganic filler content of paper and
paper board. The present invention also increases the runnability of wet web paper furnish,
The present invention includes a novel heterogeneous polymer blend of polymers formed
from anionie, cationic, and nonionic monomers. The present invention also includes an in-
situ method of making the novel heterogeneous polymer blend. Also included in the present

invention is a method of increasing the inorganic filler content of paper or paperboard by



WO 2010/033796 PCT/US2009/057468

5

treating the pulp slurry with the heterogeneous polymer blend and a precipitated caleium
carbonate filler, Finally, included in the present invention is a method of increasing the
inorganic filler content of paper by treating a pulp slorry with a poly-
diallyldimethylammonium chloride / acrylamide/acrylate copolymer mixture and a
precipitated calcium carbonate filler,

[0022] Stable, aqueous heterogeneous polymer blend compositions can be prepared
in-sifu via a stepwise reaction method in a non-neutral solution. Prior to, and during, the
rcaction, the solution is non-ncutral to minimize the reaction between the anionfe and cationic
monomers. The method comprises the steps of (a) polymerizing one or more anionic
monomers using a thermal polymerization initiator in a non-neutral solution; (b} adding one
ot more nonionic monomers and additional therimal polymerization initiator to the solution;
(¢) adding one or more cationic monomers and additional thermal polymerization initiator fo
the solution; (d) reacting any residual monomer with additional thermal polymerization
initiator; and (e) neutralizing the resulting aqueous heterogeneous polymer blend. The
resulting helerogeneous polymer composition contains, al mosl, nonionic homopolymer,
cationic homopolymer, anionic homopolymer, anionic/nonionic copolymer, cationic/nonionic
copolymer, and, optionally, anionic/nonionic/cationic terpolymer. K is understood in the art
that the above composition will contain trace amounts of both the thermal polymerization
initiator and the constituent monomer components,

[0023] As illustrated in the Examples set out below, the addition order of the
monomer components may be reversed, so that the cationic monomer is reacted first and the
anionic monomer is reacted last. Alternatively, heterogeneous polymer blends may be formed
by polymerizing the anionic, cationic, and nonionic monomers separately, and then
combining the resulting polymers into a blend, Preferably, the heterogeneous polymer blends
are created via jn-sifu reaction.

[0024] The polymerization initiator may be any kaown polymerization initiation
technigue, including, but not limited to oxidative reduction and thermal polymerization.
Preferably, the polymerization initiator is a thermal polymerization initiator, More preferably,
the polymerization initiator is a water-soluble azo initiator. Most preferably, the
polymerization initiator is azodiisobutyramidine dihydrochloride (V50), available from Wako,
Richmond, Virginia.

[0025] The monomers may be any monomers widely used in the papermaking
industry, Preferably, the anionic monomer is acrylic acid, methacrylic acid, styrenesulfonic
acid, vinylsulfonic acid, or acrylamidomethylpropane sulfonic acid. More preferably, the

anionic monomer is acrylic acid.
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{00246] Preferably, the cationic monomer is diallyldimethylammonium chloride;
acryloylethyltrimethyl ammoniuimn chloride; methacryloylethyl trimethy] ammonium chioride;
acryloylethyltrimethytammonium suifate; methacryloylethyl trimethyl ammonium sulfate;
acrylamidopropyltrimethyl ammonium chloride; methacrylamidopropyl trimethy! ammonium
chloride; the non-quaternized forms of acryloylethylirimethyl ammonium chloride,
methacryloylethyl trimethy! ammonium chloride, actyloylethyltrimethylammonium sulfate,
methacryloylethyl trimethyl ammonivm sulfate, acrylamidopropyltrimethyl ammonium
chloride, methacrylamidopropy! trimethyl ammoninm chloride; and vinylformamide
(subsequently hydrolyzed to vinylamine). More preferably, the cationic monomer is
diallyldimethylammonium chloride.

[0027] Preferably, the nonionic monomer is acrylamide, methacrylamide, N-
alkylacrylamide, or vinylformamide. More preferably, the nonionic monomer is acrylamide.
[0028] The molar ratio of each component of the heterogeneous polymer blend may
range from about 1 moel% to about 50 mol% of each monomer, Preferably, the molar rcactant
ratio is in the range of from about 10 to about 30 mol% anionic monomer, from about 40 to
about 80 mol% nonionic monomer, and from about 10 to about 30 mol% cationic monomer.
[0029] Depending on the molar ratio of each monomer component present, the final
heterogeneous polymer blend may carry a positive or negative charge, or may be essentially
isoelectric. Preferably, the molar ratios of the anionic and cationic components are selected
such that the heterogeneous pelymer blend is essentially isoelectric at a neutral pH. There
may be, however, applications where a net anionic or cationic charge is advantageous.

[6030] Monomers polymerize linearly valess in the presence of bi-functional
compounds. If branched polymers are necessary for a particular application, small
concenirations of bi- or multi- functional compound(s) may be added to one or more steps of
the polymerization reaction. Preferably, the reaction does not contain bi- or multi-functional
compounds and the resulting polymers are substantially linear,

[0031] The heterogeneous polymer blend may be used in any form conventionally
used in the papermaking industry, including, but not limited to, aqueous suspensions; inverse
emulsions and microemulsions; brine dispersions; and dried or precipitated polymer blends
that have been ground or powdered. Preferably, the heterogeneous polymer blend is used in a
stable aqueous suspension.

[0032] The heterogeneous polymer blends may be used to substantially increase the
inorganic filler content of paper or paperboard while maintaining the physical properties—-
including bulk (weight), runnability, and strength—of the resulting product, The increased
filler content is advantageous in papermaking because inorganic filler is inexpensive relative

to virgin or recycled wood fiber,
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[0033] The heterogeneous polymer blends can increase the inorganic filler content of
paper or paperboard by 10% (based on dry weight) without lowering other physical properties
of the final paper product. The present invention may be used with any inorganic fitler,
including, but not limited to, precipitated calcium carbonate, ground calcium carbonate,
kaolin ¢lay, caleined kaclin clay, talc, calcium sulphate, calcium phosphate, and titanium
dioxide. Preferably, the inorganic filler is precipitated calcium carbonate, ground calcium
carbonate, or kaclin clay, More preferably, the inorganic filler is precipitated caloium
carbonate. Most preferably, the inorganic filler is acicular-aragonite precipitaied calcivm
carbonate or clustered scalenchedral calcite precipitated calcium carbonate. The preferred
embodiments of the present invention provided higher finished sheet stiffaess levels than
other inorganic fillers.

[0034] The heterogeneous polymer blends of the present invention may be mixed
with the inorganie filler as a filler pre-treatment before final imixture with the pulp storry or
the heterogeneous polymer blends and the inorganic {illers may be added stepwise 1o the pulp
slurry. Preferably, the heterogeneous polymer blend and the inorganic filler are mixed before
addition to the pulp slurry. The compounds of the present invention may also be applied in
the wet end of the paper machine.

[6035] The heterogeneous polymer blend is effective for a wide range of treatment
levels. Preferably, the pulp shury is treated with from about 0.05 to about 1 wt% of the
heterogeneous polymer blend relative to the total dry weight of the papermaking furnish (pulp
slurry plus additives). Moie preferably, the pulp slurry is treated with from about 0.1 to about
0.5 wi% of the heterogeneous polymer blend relative to the total dry weight of the
papermaking furnish.

[0936] The heterogencous polymer blends may be used in a wide range of final
paper products and paper grades, including, but not limited to, uncoated copy paper, coated
fine paper, coated mechanical paper, uncoated mechanieal paper, and packaging paper,

[0037] In addition to maintaining desirable finished paper qualities while increasing
the amount of total inorganic filler in the finished paper or paperboard, the present invention
has the unexpected benefits of increasing the runnability of pulp slurries with high fifler
content and providing lubrication for the forming fabrics and stationary dewatoring clements
of the paper machine. The polymeric blends inerease the cohesion of never-dried wet webs
containing high filler loadings; this cohesion improves the machine runnability at high filler
loadings. Additionally, as the inorganic filler content of pulp shurry increases, the mechanical
parts of the paper machine face greater abrasion from the inorganic filler. This abrasion

increases maintenance costs and machine downtime, thus reducing productivity. Increased
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fabric and parts life can reduce the overall cost of paper preduction and increase machine on-
stream time.
[0038] Slip agents, such as TEFLON, can be used to decrease the fiiction

experienced by the paper machine, but these agents may have negative impacts on finished
paper product quality and are often expensive. The heterogeneous polymer blend of the
present invention improved fabric life on paper machines under laboratory tests. Treatment of
the pulp slurry with the compound of the present invention will reduce abrasion with
treatment levels from about 0.01 to about 10 wt% based on the total dry weight of the filler.

A dosage of about 1.5 wi% based on the total dry weight of the filler is preferred. The
heterogeneous polymer blend may be applied to reduce abrasion in the same manner as to

increase the inorganic filler content of the finished paper or paperboard.

EXAMPLES
[0039] The [ollowing Examples help to illustrate embodiments of the present
invention.
[0040] For each of the following examples, weight % refers fo the weight % of the

active polymer solids and excludes the aqueous solution. For Examples 7-14, which describe
methods of using the novel heterogeneous polymer blend to increase the fitler content of pulp
slurry, all product dosages are expressed as active (solids) material as a percentage of the total
dry material being treated (wood fiber plus filler and other additives); water is excluded from

the ealculation.

[0041}] Lxample 1: Synthesis of an In-Situ Heterogeneous Polymer Blend

{0042] Samples of the heterogeneons polymer blend were prepared by the following
method. Acrylamide, available from SNF, Riceboro, GA, and DADMAC, available from
Kemira, Kennesaw, GA, were placed in separate flasks and sparged with oxygen-free
nitrogen for thirty (30) minutes. 1.10 grams of 10% Copper (11} Sulfate, available from
Sigma Aldrich, St. Louis, MO, was added to the flask containing the sparged acrylamide
solution and the flask was monitored to avoid a runaway exothermic reaction.

[0043} Separately, a 3,000 mL 4-neck round bottom flask was cquipped with a
condenser, a mechanical stirrer, a thermocouple attached to a regulator, a nitrogen inlet for
sparging, a nitrogen outlet, and a heating mantle, 35.51 g acrylic acid, available from Rohm
& Haas, Philadelphia, PA, was added to the flask. The flask was charged with 1432.53 g of
deionized water and sparged with oxygen-free nitrogen for thirty (30) minutes.

[0044] In a separate 100mL round botiom flask, 46.87g of 10% solution of a,a’-

azodiisobutyramidine dikydrochloride (V50), available from Wako, Richmond, Virginia, was
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added and stitred at 275 RPM while sparging with oxygen-free nitrogen for thirty (30)

minutes. Twenty percent (20%) (9.37g) of the sparged V50 was added to the acrylic acid.
The 3000 ml. flask was heated to 55 °C for thirty (30) minutes while stirring at 275 RPM.
The temperature was monitored to ensure that there was not a runaway exothernic reaction.
An ice bath was kept available to confrol the temperature.

[0045] 323.63g of the sparged acrylamide solution was added to the 3000 mL flask,
then an additional 20% (9.37g) of the sparged V50 was added. The 3000 mL flask was
heated to 55 °C for thirty (30) minutes while stirring at 275 RPM. Afier thirty (30) minutes,
the temperature was adjusted to 65 °C and 121.33g of the sparged DADMAC solution was
added. A syringe pump was charged with the reinaining V50 solution (28.12g). Forty
peicent (40%) of the V50 solution (11.25g) was added drop-wise over the next 270 minutes
while heating and stirring the solution at 275 RPM.

[0046] After 270 minutes, the temperature of the 3000 mL flask was increased to 75
°C and the remaining V50 solution {16.87¢g) was added drop-wise over the next thirty (30)
minutes. Atter thirty (30) minutes, the temperature of the 3000 mi. flask was increased to 80
°C and heated at 80 °C for an additional sixty (60) minutes. The resulting solution was cooled
to room temperature. The pH of the solution was measured and adjusted to 7 using sodium
hydroxide.

[0047} The reaction resulted in a stable, opague suspension of a heterogeneous
polymer blend containing polyacrylamide, sodium polyacrylate, poly-acrylamide/acrylate
copolymer, poly-DADMAC, poly-DADMAC/acrylamide copolymer, and a poly-
acrylamide/acrylate/DADMAC terpolymer with an active polymer concentration of 10% and
a Brookfield viscosity of 3000 cps (measured using a #3 LVT spindle, 30 RPM at 22 °C).
T'he blend fractions were calculated using kinetic sampling and 1H NMR sampling of the in-
process composition, The product was also analyzed post-reaction using 13C NMR, The
final heterogencous polymet blend contained the following (as a weight pereent of the
polymer solids): 13% polyacrylate, 4% poly-acrylamide/acrylate copolymer, 64%
polyacrylamide, 6% poly-DADMAC/acrylamide copolymer, 12% poly-DADMAC, and 1%
poly-acrylate/acrylamide/DADMAC terpolymer. The heterogencous polymer blend did not
precipitate, gel, or separate when stored at room temperature for thirty (30) days.

[0048] Example 2: Synthesis of an In-Situ Heterogeneous Polymer Blend

{0049] Samples of the heterogeneous polymer blend were prepared by the following
method. Acrylamide, available from Kemira, Kennesaw, GA, and DADMAC, available from
Sigma Aldrich, St. Louis, MO, were placed in separate flasks and sparged with oxygen-free
nitrogen for thirty (30) minutes.



WO 2010/033796 PCT/US2009/057468
10

{0050] Separately, a 500 mL 4-neck round bottom flask was equipped with a
condenser, a mechanical stirrer, a thermocouple attached to a regulator, a nitrogen inlet for
sparging, a nitrogen outlet, and a heating mantle. 14.06g acrylic acid, available from Sigma
Aldrich, St. Louis, MO, was added to the flask. The flask was charged with 205g of
deionized water and sparged with oxygen-free nitrogen for thirty (30) minutes. 0.24g of
isopropanol, available from VWR, West Chester, PA, was added to the 500 mL flask.
[0051] It a soparate S0mL round bottom flask, 11.13g of 20% solution of a,a’-
azodiisobutyramidine dihydrochloride (V50), available from Wako, Richmond, VA, was
added and stirred at 275 RPM while sparging with oxygen-free nitrogen for thirty (30)
minutes. Twenty percent (20%) (2.23g) of the sparged V50 was added to the acrylic acid.
The 500 mL flask was heated to 45 °C for 45 minutes while stirring at 275 RPM. The
temperature was monitored to ensure that there was not a sunaway exothermic reaction. An
ice bath was available to control the temperature.
[0052] 54.92¢ of (he sparged acrylamide solution was added to the 500 mL flask,
followed quickly by 40% (4.46g) of the sparged V50. The 500 mL flask was heated to 45 °C
for 45 minutes while stirring at 275 RPM, After 45 minutes, 48.04g of the sparged
DADMAC solution and 20% (2.23g) of the sparged V50 were added. The 500 L flask was
heated at 45 °C for 45 minutes while stitring at 275 RPM. .
[0053] After 45 minutes, the temperature of the 500 ml. flask was increased to 75 °C
and the remaining V50 solution (2.23g) was added. The mixture was heated at 75 °C for one
(1) hour. The resulting solution was cooled to room temperature. The pH of the solution was
measured and adjusted to 7 using sodium hydroxide.
[0054] The reaction resulied in a stable, apaque suspension of a heterogeneous
polymer blend containing polyacrylamide, sodium polyacrylate, poly-acrylamide/acrylate
copolymer, poly-DADMAC, poly-DADMAC/acrylamide copolymer, and a poly-
acrylamide/acrylate/DADMAC terpalymer with an active polymer concentration of 10.2%
and a Brookfield viscosity of 580 cps (measured using a #3 LVT spindle, 30 RPM at 22 °C).
The blend fractions were calculated using kinetic sampling and 1H NMR sampling of the in-
process composition, The heterogeneous polymer blend did not precipitate, gel, or separate
when stored at room temperature for thirty (30) days.

[0055] Example 3: Synthesis of an In-Situ Heterogeneous Polymer Blend

[0056] Samples of the heterogeneous polymer blend were prepared by the following
method. Acrylamide and DADMAC, both available from SNF, Riceboro, GA, were placed in
separate flasks and sparged with oxygen-free nitrogen for thirty (30) minutes.

[H57] Separately, a 500 mL. 4-neck round bottom flask was equipped with a

condenser, a mechanical stirrer, a thermocouple attached to a regulator, a nitrogen inlet for
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sparging, a nitrogen outlet, and a heating mantle. 14.06g acrylic acid, available from SNF,

Riceboro, GA, and 205.49g deionized water were added to the flask and stirred at 275 RPM
[or 30 minules while sparging with oxygen-[ree nilrogen..

[0058] In a separate 50mL round bottom flask, 11.13g of 20% solution of a,a’-
azodiisobutyramidine dihydrochloride (V50), available from Wako, Richmond, VA, was
added and stirred at 275 RPM while sparging with oxygen-free nitrogen for thirty (30)
minuates. Twenty percent {20%) (2.23g) of the sparged V50 was added to the acrylic acid.
The 500 mL flask was heated to 45 °C for 45 minutes while stirring at 275 RPM, The
temperature was monitored to ensure that there was not a rimaway exothermic reaction.
[0059] 54.92g of the sparged acrylamide solution was added to the 500 mL flask,
followed quickly by 40% (4.46g) of the sparged V50. The 500 mL flask was heated to 45 °C
for 45 minutes while stirring at 275 RPM. After 45 minutes, 48.04g of the sparged
DADMAC solution and 20% (2.23g) of the sparged V50 were added. "The 500 mL flask was
heated at 45 °C for 45 minutes while stirring at 275 RPM., |

[0060] After 45 minutos, the temperature of the 500 mL flask was increased to 75 °C
and the remaining V350 solution (2.23g) was added. The mixture was heated at 75 °C for one
(1) hour, The resulting solution was cooled to room temperature, The pH of the solution was
measured and adjusted to 7 using sodinm hydroxide.

[0061] The reaction resulied in a stable, opaque suspension of a heterogeneous
polymor btend containing polyacrylamide, sodium polyaciylate, poly-acrylamide/acrylate
copolymer, poly-DADMAC, poly-DADMAC/acrylamide copolymer, and a poly-
acrylamide/acrylate/ DADMAC terpolymer with an active polymer concentration of 10.4%
and a Brookfield viscosity of 774 cps (measured using a #3 LVT spindle, 30 RPM at 22 °C).
The blend fractions were calculated using kinetic sampling and 1H NMR sampling of the in-
process composition. The heterogeneous polymer blend did not precipitate, gel, or separate
when stored at room temperature for thirty (30) days.

[0062] Example 4; Synthesis of a Post-Reaction Polymer Blend

[6063] A heterogencous polymer blend was synthesized using post reaction
polymers. First the three polymers were made. To make the polyacrylamide, 219.9g of
acrylamide, available from SNF, Riceboro, GA, was added to a 2000mL round bottom flask
and diluled with 800g of deionized water. The mixture was stirred at 275 RPM and sparged
with oxygen-free nitrogen for thirty (30) minutes. After thirty (30) minutes, 0.11g of Copper
(1) Sulfate was added. The reactor was heated to 45 °C and 35.6¢g of a 10% V50 solution in
deionized water was added to the flask. The reaction exothermed to 50 °C and exhibited high
viscosity, To reduce viscosity, 400g of deoxygenaied, deionized waler was added. Afler 45
minutes, 17,.8g of 10% V50 solution was added to the flask and the flask was heated to 75 °C
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for one (1} hour. The polymer’s pH was not adjusted. The reaction yielded 1419g of an 8.0%

solids solution of polyacrylamide.

[G064] To make the polyacrylic acid, 28.1g of acrylic acid, available from SNF,
Riceboro, GA, was added to a 1000mL round bottom flask and diluted with 400g of deionized
water. The mixture was stirred at 275 RPM and sparged with oxygen-fiee nitrogen for thirty
(30) minutes. After thirty (30) minutes, the flask was heated t0 45 °C and 17.80g of a 10%
V50 solution in dcionized water was added to the flask. The reaction was held at 45 °C (with
a slight exotherm to 50 °C) for 45 minutes. The polymer’s pH was not adjusted. The reaction
yielded 420g of a clear, 6.9% solids solution of polyacrylic acid,

[0065] To make the poly-DADMAC, 121.4g of DADMAC, available from SNF,
Riceboro, GA, was added to a 1000mL round bottom flask and diluted with 538g of deionized
water, The mixture was stirred at 275 RPM and sparged with oxygen-free nitrogen for thirty
(30) minutes. Next, the reactor was heated to 75 °C and 13.1g of a 10% V50 solution in
deionized waler was added 1o the flask, via syringe pump, over the next 120 minules, Afier
120 minutes, an additional 3.3g aliquot of 10% V50 solution in deionized water was added
and the temperature increased to 80 °C and held for 30 minutes. The polymer’s pH was not
adjusted. The reaction yielded 664g of a clear, 12.80% solids solution of poly-DADMAC.
[0066] After the three polymers were made, the heterogeneous post-reaction polymer
blend was made, First, 230p of polyaciylate (7.0 wt% solids) was slowly mixed into 380g of
the polyacrylamide solution (8.5 wi% solids}. The resuliing mixture was diluted with 420g of
deionized water and stitred vigorously at 400 RPM. While the mixture was being stired,
220g of the poly-DADMAC solution (16.6 wi% solids) was slowly added to the blend. Any
precipitated material was redissolved by stepwise addition o’ a 50% NaOH solution o adjust
the pH of the blend to 7.0.

[0067] The blend resuits in a stable, opaque suspension of a heterogeneous blend
with an active polymer concentration of 11.7 wt% and a Brookfield viscosity of 1200 eps.
The blend is 19 wt% polyacrylate, 38 wi% polyactylamide, and 43 wt% poly-DADMAC.

[0068] Example 5: Synthesis of a Heterogeneous Polyiner Blend containing 4-

styrenesulfonic acid sodium salt hydrate (SSA), aarvlamide, and methylacroyl-N-propyl

trimethyvi armmonium chioride (MAPTAC)

[0069] Samples of a SSA/acrylamide/MAPTAC heterogeneous polymer blend were
prepared by the following method. Acrylamide, available from Kemira, Kennesaw, GA, and
MAPTAC, available from Sigma Aldrich, St. Louis, MO, were placed in separate flasks and
sparged with oxygen-free nitrogen for thirty (30) minutes.

[6070] Scparately, a 500 ml, 4-neck round hottom flask was equipped a condenser, a

mechanical stirrer, a thermocouple attached to a regulator, a nitrogen inlet for sparging, a
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nifrogen outlet, and a heating mantle. 133.25g SSA, available from Sigma Aldrich, St. Louis,

MO, and 23.72g deionized water were added to the flask and stirred at 275 RPM for 30
minutes. The flask was charged with 242g of deionized watcr and stirred at 275 RPM and
sparged with oxygen-free nitrogen for thirty (30) minutes.

[0071] In a separate 50mL round bottom flask, 7.45g of 20% solution of V50,
available from Wako, Richmond, VA, was added and stitred at 275 RPM while sparging with
oxygen-free nitrogen for thirty (30) minutes. Twenty percent (209) (1.49g) of the sparged
V350 was added to the SSA. The 500 mL flask was heated to 45 °C for 45 minutes while
stirring at 275 RPM.

[6072] 36.75g of the sparged aorylamide solution was added to the 500 inL flask,
followed quickly by 40% (2.98¢) of the sparged V50 solution. The 500 mL flask was heated
to 50 °C for 45 minutes while stirring at 275 RPM. After 45 minutes, 57.06g of the sparged
MAPTAC solution and 20% (1.49g) of the sparged V50 were added as quickly as possible.
The 500 mi. flask was heated at 50 °C for 45 minutes while stirring at 275 RPM. .

[0073] After 45 minutes, the temperature of the 500 mL flask was increased to 75 °C
and the remaining V50 solution (1.49g) was added. The mixture was heated at 75 °C for one
(1) hour. The resulting solution was cooled to room temperature. The pH of the solution was
measured and adjusted to 7 using sodium hydroxide.

[0074] The reaction resulted in a stable, opaque suspension of a helerogeneous
polymer blend with an active polymer concentration of 15.3% and a Brookfield viscosity of
46 cps (measured using a #63 spindle, 50 RPM at 22 °C). Residual SSA and acrylamide
monomer was measured and found to be less than 2 ppm. This suspension separated on

dilution and required vigorous agitation to obtain a uniform suspensicn suitable for use in

papermaking.

[0075] Example 6: Synthesis of a Heterogeneous Polymer Blend Using Reverse
Addition Order (As Compared to Example 1)

[0076] Samples of the heterogencous polymer blend were prepared by the following

method. 161.9g of acrylamide, available from SNF, Riceboro, GA, and 17.76g of acrylic
acid, available from Aldrick, St. Louis, MO, were placed in separate flasks. The acrylamide
was mixed with 716.6g defonized watcr and 0.11g solid Copper (IF) Sulfate, available from
Sigma Aldrich, St. Louis, MO. Both flasks were sparged with oxygen-free nitrogen for thirty
(30) minutes.

[0077] Separately, a 500 mL 4-neck round bottom flask was equipped witha Y
connector fitted with a 250 mL dropping funnel and a condenser, a mechanical stirrer, a

thermocouple attached to a regulator, a nitrogen inlet for sparging, a nitrogen outlet, and a
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heating mantle. 60.68g DADMAC, available from SNF, Riceboro, GA were added to the

flask and stirred at 275 RPM and sparged with oxygen-free nitrogen for thirty (30) minutes.
[0078] In a separale 50mL round boltom {lask, a 10% solution of V50, available
from Wako, Richmond, VA, was added and stirred at 275 RPM while sparging with oxygen-
free nitrogen for thirty (30) minutes. A syringe pump was charged with 9.38g of the spacged
V50 solution and the selution was injected dropwise into the 500 mL flask over 180 minutes.
While the solution was being added to the flask, the temperature was kept constant at 65 °C
while stirring at 275 RPM.,

[0079] The sparged acrylamide solution was added to the 500 mi flask, followed
quickly by 4.69g of the sparged 10% V50 soclution. The 500 mL flask was cooled to 50 °C
and the temperature was maintained for one(1) hour while stirring at 275 RPM. After ong (1)
hour, 17.76g of the acrylic acid and 4.69g of the V50 solution were quickly added to the flask.
The temperature was maintained at 50 °C for one (1) hour while stirring at 275 RPM.

[0080] After one (1) hour, the temperature of the 500 mL flask was increased to 75
°C and the remaining 4.69g of V50 solution was added via syringe pump, dropwisc, over
thirty (30) minutes. After the V50 solution was completely added, the flask was to 80 °C for
one (1) hour, The resulting solution was cooled to room temperatare. The pH of the solution
was measured and adjusted to 7.4 using sodium hydroxide.

[0081] The reaction resulted in a light grey, viscous suspension of a heterogencous
polymer blend with an active polymer concentration of 14.5% and a Brookfield viscosity of
20,100 cps (measured using a #63 spindle, S RPM at 22 °C). The blend fractions were
calculated using kinetic sampling and 1H NMR sampling of the in-process composition, 1H
NMR analysis showed 99.9% conversion of DADMAC into poly-DADMAC and less than 1
ppm unrcacted acrylic acid and 253 ppm vnreacted acrylamide. The heterogeneous polymer
blend did not precipitate, gel, or separate when stored at room temperature for thirty (30)
days.

[0082] Example 7: Papermaking Utility to Increase the Sheet Ash Content of the
Final Paper or Paperboard Product

[0083] The heterogeneous polymer blend of the present invention as synthesized in
Example 2 was used with clustered acicular-aragonite precipitated calcium carbonate filler
(ULTRABULK® II PCC), available from Specialty Minerals, Ing., Bethlehem, PA., The filler
had a mean particle diameter of 3.9 microns, Separate runs tested the heterogeneous polymer
blend of the present invention as a filler pre-treatment prior to papermaking and as a wet end
additive during papermaking with the filler added prior to the heterogeneous polymer blend.

For all runs, the polymer was added at a (reatment amount equal to 0.45 wi(%, based on the
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total dry paper furnish. Both methods of addition resulted in superior final paper product
properties,
[0084) The final paper product was made to a sheet ash target of 30 wt% dry weight

using a pulp slurry of 70 wi% bleached hardwood and 30 wi% bleached softwood fiber. The
fiber stock was refined to a freeness target of 450 mL CSF. Other standard additives (all
expressed as wt% of the total dry paper furnish) included 0.75% Stalok 300 starch, available
from Tate and Lyle, Decatur, IL, 0.25% alum, available from General Chemical, Parsippany,
NI, 0.1% Prequel 1000 ASA size, 0.015% PERFORM PC8138 flocculant, and 0.01%
PERFORM SP9232 drainage aid, all available from Hercules, Inc., Wilmington, Detaware,
The size press was treated with a surface treatment of 50 1o/T of ETHYLEX 2015

hydroxyethylated corn starch, available from Tate and Lyle, Decatur, IL. The paper machine

was calendered to a top side smoothness target of 150 Sheffield units.

[0085]

The finished paper product using the present invention was compared to

paper made using the same variables and additives, but that used a clustered scalenohedral-

calcite filler (SMI ALBACAR® LO PCC), available from Specialty Minerals, Inc.,

Bethlehem, PA, with a mean particle diameter of 2.1 microns, a 20 wi% sheet ash farget,

based on dry weight of the paper furnish, and no heterogeneous polymer blend. The results of

the experiment are contained in Table 1. Use of the invention maintained stiffhess and

strength as filler content increased, when compared to the ALBACAR® LO PCC control at

higher filler content. Both filler pretreatment and addition of the copolymer to the pulp

furnish helped maintain paper strength at higher filler loading.

TABLE 1: UTILITY OF THE PRESENT INVENTION AS A FILLER TREATMENT

Filler ALBACAR® | ULTRABULK® Il | ULTRABULK®II | ALBACAR®
LOPCC PCC PCC LOPCC

Chemical Freatinent No Example 2 - 0.45% | Example 2 —0.45% | No

Application point None Wet End Filler None

Ash (525C) (%) 209 29.8 29.5 31.0

MD Taber Stiffness (gf-cm) | 249 2.52 232 221

CD Taber Stiffiess (gf-cm) L.11 1.06 1.01 091

GM Taber Stiffness {gf-cm) 1.66 1.63 1.53 142

GM Tensile (Ibffin) 12.61 12.19 10.81 9.87

ZD Tensile {psi) 75.7 712 72.6 67.1
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Example 8: Comnparison of the Heterogeneous Polymer Blend to a Two Component

Polymer Blend Addition

[00386] The heterogeneous polymer blend of the present invention was synthesized as
in Example 3 and compared to a post-reaction cationic/anionic polymer blend. The cationic
and anionic polymers were derived from the same cationic and anionic monomers used to
synthesize the heterogeneous polymer blend of Example 3, and are available as PERFORM
PC8229 and HERCOBOND 2000, beth available [rom Hercules, Inc., Wilmington, DE.
[0087] A final paper product was made to a sheet ash target of 30 wit% dry weight
using a pulp slurry of 70 wt%s bleached hardwood and 30 wt% bleached softwood fiber. The
fiber stock was refined to a freeness target of 450 mL CSF. Other standard additives {(ail
expressed as wi%e of the total dry paper furnish) included 0.75% Stalok 300 starch, available
from Tate and Lyle, Decatur, IL, 0.25% alum, available from General Chemical, Parsippany,
NJ, 0.1% Prequel 1000 ASA size, 0.615% PERFORM PC8138 flocculant, and 0.01%
PERFORM SP9232 drainage aid, all available from Hercules, Inc., Wilmington, Delaware,
The size press was treated with a surface treatment of 50 1W/T of ETHYLEX 2015
hydroxyethylated corn starch, available from Tate and Lyle, Decatur, IL. The paper machine
was calendered to a top side smoothness target of 150 Sheffield vnits. Additionally, the
finished paper product made using the present invention was compared to paper made using
the same variables and additives, but that used a clustered scalenohedral-caleite filler (SMI
ALBACAR® LO PCC), available from Specialty Minerals, Inc., Bethlehem, PA, with a mean
particle diameter of 2.1 microns, a 20 wi% sheet ash farget, based on dry weight of the paper
furnish, and no heterogeneous polymer blend. The results of the run are contained in Table 2.
[0088] At a constant top smoothness of 150 Sheffield units, both polymer treatiments
improved both the in-plane and z-directional tensile properties over the untreated finished
paper. The acicular-aragonite precipitated calcium carbonate exhibits some strength
advantages compared to the clustered scalenohedral-caicite precipitated caleium carbonate
with no polymer added. However, the heterogeneous polymer compound in conjunction with
the acicular-aragonite precipitated calcium carbonate filler provided the highest stiffness

values and the overall best finished paper qualities.
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TABLE 2: COMPARISION OF BLEND PERFORMANCE V. TWO COMPONENT

ADDITION
Filler ALBACAR® | ALBACAR® | ULTRABULK® | ULTRABULK® | ULTRABULK®
LOPCC LO PCC HPCC nrcc IEPCC
Chemical Treatment | No No Example 3 — Perform® No
0.45% PC8229 —
0.036%
Hercobond®
2000 - 0.45%
"Application None None Wet End Wet End None
Ash (525C) (%6) 16.0 28.8 287 27.7 31.9
MBD Taber Stiffness | 2.29 2.09 2.33 2.18 2.05
(gf-cm)
CB Taber Stiffness 0.85 0.79 0.96 0.79 0.83
{gf-cm)
GM Taber Stiffness 1.39 1.2 1.50 1.32 1.30
(gf-em)
GM Tensile (1b¥in) 12.51 9.07 1106 11.08 945
ZD Tensile (Ibffin) 759 56.6 64.9 749 622

[0089]
[0090]

Example 9: Comparison of the Present Invention to a Post-Reaction Blend

The heterogeneous polymer blend of the present invention was synthesized as

in Exarnple 2 and compared to a post-reaction polymer blend as prepared in Example 4.

[0091]

A final paper product was made to a sheet ash target of 30 wi% dry weight

using a pulp slurry of 70 wt% bleached hardwood and 30 wt% bleached softwood fiber, The

fiber stock was refined fo a freeness target of 450 mi, CSF. Other standard additives (all

expressed as wi% of the total dry paper furnish) included 0.75% Stalok 300 starch, available

from Tate and Lyle, Decatur, IL, 0.25% alum, available from General Chemical, Parsippany,
NJT, 0.1% Prequel 1000 ASA size, 0.015% PERFORM PC8138 flocculaat, and 0.01%
PERFORM SP9232 drainage aid, all available from Hercules, Inc., Wilmington, Delaware.

The size press was treated with a surface treatment of 50 1b/T of ETHYLEX 2015

hydroxyethylated corn starch, available from Tate and Lyle, Decatur, IL.. The paper machine

was calendered to a top side smoothiiess target of 150 Shellield unils. Additionally, the

finished paper product made using the present invention was compared to paper made using

the same variables and additives, but that used a clustered scalenohedral-calgite filler (SMI
ALBACAR® LO PCC), available from Specialty Minerals, Inc., Bethlehem, PA, with a mean

particle diameter of 2.1 microns, a 20 wi% sheet ash target, based on dry weight of the paper

furnish, and no heterogeneous polymer blend. The results of the run are contained in Table 3.
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At a constant top smoothness of 150 Sheffield units, both polymer treatiments

improved both the in-plane and zdirectional tensile properties over the untreated finished

paper. However, the heterogencous polymer compound in conjunction with the acicular-

aragonite precipitated calcium carbonate filler provided the highest stiffness values and the

overall best finished paper qualities.
TABLE 3: COMPARISON OF IN-SITU HETEROGENEQUS POLYMER BLEND TO
POST-REACTION HOMOPOLYMER BLEND

Filter ALBACAR® LO | ULTRABULK® 1l | ULTRABULK® Il
PCC PCC PCC

Chemical Treatment No Example 2 — 0.45% | Example 4 -0.45%

In-situ blend Post-reaction blend

Application Point None Wet End Wet End

Ash (525C) (%) 310 29.8 302

MD Taber Stiffness (gf-om) | 2.21 2.52 2.37

CD Taber Stiffness (gf-em) § 0.91 1.06 1.0t

GM Taher Stiffness (gf-em) | 1,42 1.63 L.55

GM Tensile {Ibf/in) 9.87 12.19 11.34

7D Tensile (psi) 67.1 71.2 66.5

[0093] Example 10: Ability of the Heterogeneous Polymer Blend to Increase or

Maintain Paper Machine Runnability

[0094]

The heferogeneous polymer blend was synthesized as in Example one and

evaluated on a Noble and Wood handsheet study to evaluate the blend’s effect on paper
machine runnability. The fiber furnish for the runs consisted of 70 wt% of 360 ml. CSF
bieached hardwood Kraft blended with 30 wt% 500 mL CSF bleached soflwood Krall. An
inorganic calcium carbonate filler of ULTRABULK® I PCC, available from Specialty
Mincrals, Inc., Bethlehem, PA, was added to the fiber furnish to consist of between 20 and 30

wi%, based on the dry weight of the paper furnish. Additionally, a control sheet using
ALBABAR® LO PCC but without the heterogeneous polymer blend was made for

comparison purposes. The suspension was diluted with 1 wit% solids, based on the dry weight

of the paper furnish. A standard additive package of 0.75% Stalok 300 starch, available from

Tate and Lyle, Decatar, 11, 0.25% alum, available from General Chemical, Parsippany, NJ,
0.02% PERFORM PC8138 flocculant, and 0.02% PERFORM SP7200 drainage aid was

added to the furnish (all percentages are based on the dry weight % of the total furnish).

[0095]

Aliquots of the treated and untreated furnish were used to produce 8x8-inch

square handsheets with a target basis weight of 90 Ibs / 3000 square feet. The sheets were
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pressed via standard conditions, but were not dried. Each pressed sheet was then sandwiched

between two plastic transparency sheets and a paper cutfer was used to cut the
paper/transparency sheets into 1-inch wide strips. The strips were tested for never-dried wet
tensile strength using an Instron-type machine. Separate handsheets from identical test
conditions were then dried to evaluate each test condition for solids, basis weight, and
retained ash content. These evaluations were done using standard TAPPI methods,

[G096] Increasing the retained sheet ash from [7 to 25 wi%, based on the dry weight
of the finished paper, in conjunction with the filler fype change resulted in a 56% drop in
never-dried wet tensile strength with no change in press solids, The addition of 0.2 wt%,
based on the dry weight of the paper fornish, of the heterogeneous polymer blend from
Example 1, improved perforinance over the untreated furnish by 38%. When the paper
furnish was treated with 0.4 wt%, based on the dry weight of the paper furnish, it improved
performance over the untreated furnish by 65%.

[0097] Paper machine runnability is closely related fo the cohesiveness of the wet
web exiting the press section; the higher cohesiveness, the more “runnable” the furnish. The
addition of the heterogencous polymer blend of the present invention increased the web’s
cohesiveness, which is expected to translate into improved paper machine runnabilify at
elevated sheet ash content. The results of are provided in Table 4.

TABLE 4: IMPROVEMENT IN WET WEB COHESION

Condition Ash Filler Woet Tensile Solids

Units (525C) (%) | Type (Ibf/in) (%)

Control 16.7 ALBACAR 092 499
LO®PCC

Control 25,5 ULTRABULK ; 0.40 497
®IIPCC

0.2% Lixample 1 254 ULTRABULK | 0.60 47.1
® 1T PCC

0.4% Example 1 247 ULTRABUILK | 0,74 46.3
® 1 PCC

[0100] Example 11: Utility of the Heterogeneous Polymer Blends o Decrease Slutry

Abrasiveness

[0101] The heterogeneous polymer blend of the present invention was synthesized as in
Example 1 and evatuated against an untreated filler/shurry mixiure, and slwrry mixture treated
with 1.5 wt%, based cn the dry weight of the slurry, of a two component poly-DADMAC /
acrylate/acrylamide copolymer. Both ALBACAR® SP PCC and ULTRABULK® 11 PCC,
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both available from Specialty Minerals, Inc., Bethlehem, PA, were used as the inorganic

filler for evaluation.

[0102] Abrasion potential svas evaluated using an Einlehner abrasion tester (model AT2000)
to determine how the slutries would cause wear on the synthetic wires of paper machines.
The amouni of wear caused by the fillers or other additives is determined by the weight loss
of a test wire. The test wire loses material as a result of the sliding friction generated by a
rotary abrader “test body™ in an aqueous suspenston of the filler or pigment that is being
tosted. The weight the test wire loses after completion of a specific distance at a defined
pressure level is used to compare the amount of wear caused by the filler or pigment tested,
[0103] The test wire is fed around a rotary abrader consisting of ceramic ledges. The rotary
abrader is attached to the bottom of the vertical drive shaft and is open at the top. The test
wire engages a fixed supporting rod and a supporting rod that pivots around this fixed rod
and is pressed against the rotary abrader by a loading weight. The test wire and the rotary
abrader are immersed completely in a suspension of the filler or pigment that is in a glass test
cylinder. The suspension is able to reach the test wire from the inside through the gaps
between the ceramic ledges of the rotary abrader, with the help of the suction created
between the wire and the rotary abrader. The suspension is kept thoroughly mixed by the
rotary movement of the ceramic ledge abrader. The suspension consistency is chosen so that
the weighi loss is in target with a reference GCC filler sample with both rotary abraders, The
outside of the wire is covered with adhesive tape, so that an adequate film of liquid forms
between the ceramic ledges and the wire,

[0104] The standard setting for the Einlehner AT2000 abrasion test is 1-kg weight for wire
tension, and 25,000 meters distance for rotary abrader movement. The rotary abrader moves
at a speed of 333 m/min, so one test takes 75-minntes to complete. 'T'he filler samples were
tested once with two rotary abraders, and the resulting weight loss (in mg) is an average of
these two measuremetits. The sample amount per test was 9.5 g dry for test body #2062, and
8.5 g dry for test body #2137.

[0105] Slurry runs were evaluated for both the ALBACAR® SP PCC and the
ULTRABULK® II PCC for the following: untreated slurry, 1.5 wt%, based on the dry
weight of the slurry, of the heterogeneous polymer blend, 1.5 wi%, based on the dry weight
of the slurry, of the two component compound. While use of the two component polymer
only resulted in a slight decrease in shurry abrasiveness, the heterogeneous polymer
compound of the present invention resulted in a remarkable decrease in slurry abrasion. The

resulis of the various runs are summarized in Table 5.
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TABLE 5: SLURRY ABRASIVITY VIA EINLEHNER ABRASION ANALYSIS

ALBACAR® SP PCC ULTRABULK® I PCC
(mg weight loss) {mg weight loss)

Untreated Control 9.0 7.0

Example | treated (15% on | 3.4 4.1

filles)

Perform ® PC8229, 8.0 6.1

Hercobond ® 2000 treated

{1.5% on filler)

{0106} Example 12: Papermaking Utilily of a SSA/AM/MAPTAC Heterogeneous Polymer
Blend

[0107] The SSATAM/MAPTAC heterogencous polymer blend was synthesized as in
Example 5 and added to a pulp slurry to evaluate the properties of a final paper product made
from the slurry. ALBACAR® LO PCC was used as the inorganic filler. The heterogeneous
polymier blend was mixed with the ALBACAR® L.O PCC and allowed (o stir wilh low shear
at room temperafure prior to addition to the slurry,

[0108] The final paper product was made as in Example 7 to a sheet ash target of 30 wi%
dry weight using a pulp shury of 70 wt% bleached hardwood and 30 wi% bleached softwood
fiber. The fiber stock was refined to a freeness target of 450 mbL CSF. Other standard
additives (all expressed as wit% of the total dry paper furnish) included 0,75% Stalok 300
starch, available from Tate and Lyle, Decatur, L, 0.25% alum, available from General
Chemical, Parsippany, NI, 0.1% Prequel 1000 ASA size, 0.015% PERFORM PC8138
flocculant, and 0.01% PERFORM SP9232 drainage aid, all available from Hercules, Tnc.,
Wilmington, Delaware. The size press was treated with a surface treatment of 50 1b/T of
ETHYLEX 2615 hydroxyethylated corn starch, available from Tate and Lyle, Decatur, IL.
The paper machine was calendered to a top side sinoothness target of 150 Sheffield units.
[0109] Both polymetie products allowed a higher final ash content in the final paper
product, without degradation of strength relative to the 20 wt% ash control sheet. The results

of the run are contained in Table 6.
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TABLE 6: COMPARISON OF SSA/AM/MAPTAC HETEROGENEQUS POLYMER
BLEND PERFORMANCE TO AN AA/AM/DADMAC HETEROGENEQUS POLYMER

BLEND PERFORMANCE
Filler ALBACAR® | ALBACAR® | ALBACAR® { ALBACAR®
LOPCC LOPCC Lo pPCC LO PCC

Chemical Treatment | No No Example 3 — | Example 5 -2%
2% relative to | refative to PCC
PCC solids solids

Application Point None None PCC pre- PCC pre-
treatment treatment

Ash (525C) (%) 211 30.7 26.6 26.71

MD Taber Stiffness 2.13 1.79 2.37 238

{gf-cim)

CD Taber Stiffness 0.79 (.69 6.72 0.76

(gt-cm)

GM Taber Stiffness 1.30 1.11 131 1.35

(gf-cm)

GM Tensile (lbf/in) 12.18 10.29 11.43 11.89

ZD Tensile (psi) 99.0 72.4 90.0 92.6

[0110) Exampie 13: Comparison of the Heterogeneous Polymer Blend with a

Heterogeneous Polymer Blend Synthesized by Reversing Addition Order

[0111] The heterogencous polymer blend as synthesized in Example 3 was compared

against the heterogeneous polymer blend synthesized by reversing the addition or, as in

Example 6 and the efficacy of the two polymer blends was compared, ULTRABULK® II
PCC was used as the inorganic filler, Additionally, an untreated ALBACAR® LO PCC

control sheet was formed.

[0112} The final paper product was made as in Example 7 to a sheet ash target of 30 wt%

dry weight using a pulp slurry of 76 wi%e bleached hardwood and 30 wit% bleached softwood
fiber. The fiber stock was refined to a fireeness target of 450 mL CS¥. Other standard
additives (all expressed as wt% of the fotal dry paper furnish) included 0.75% Stalok 300

starch, available from Tate and Lyle, Decatur, IL, 0.25% alum, available from General
Chemical, Parsippany, NJ, 0.1% Prequel 1000 ASA size, 0.015% PERFORM PC8138
flocculant, and 0.01% PERFORM SP9232 drainage aid, all available from Hercules, Inc.,
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Wilmington, Delaware. The size press was treated with a surface treatment of 50 1b/T of

ETHYLEX 2015 hydroxyethylated corn starch, available from Tate and Lyle, Decatur, IL.

The paper machine was calendered to a top side smoothness target of 150 Sheffield units.

[0113] At a constant smoothness of 150 Sheffield units, the heterogeneous polymer blend as

synthesized in Example 3 performed better than the heterogeneous polymer blend

synthesized using the reverse addition order. Both blends performed better than the untreated

control, ‘The results are summarized in Table 7.

TABLE 7: PERFORMANCE COMPARISON OF HETEROGENEOUS POLYMER

BLENDS MADE IN REVERSE REACTION ORDER

Filler ALBACAR® | ALBACAR® | ULTRABULK® | ULTRABULK®
LOPCC LO PCC IPCC 1PCC

Chemical No No Example 6 0.45% | Example 3 0.45%

Treatment

Application Point | None None Wet End Wet End

Ash (525C) (%) 20.0 28.9 29.5 29.1

MD Taber Stiffness | 2.39 1.92 1.94 1.90

{gf-cm)

CID Taber Stiffness § 1.03 0.81 0.85 0.88

(gf-cm)

GM Taber Stiffness | 1.56 1.25 1.28 1.29

(gf-em)

GM Tensile (Ibf/in) | 11.64 8.92 9.60 10.39

ZD Teansile (psi) 80.8 67.9 75.7 85.0

{0114] Example 14: Papermaking Utility as a Comparison of ALBACAR® SP-3 and
ULTRABULE® II Precipitated Calcium Carbonates Used with the Heterogencous Polviner

Blend

[0115] The heterogeneous polymer blend of the present invention was synthesized as in

Example 6 and the properties of a final paper product were evaluated using two different

precipitated calcium carbonate fillers—a acicular-aragonite precipitated calcium carbonate

(ULTRABULK® II PCC) and a clustered scalenchedral precipitated calcium carbonate
(ALBACAR® SP-3), both availablc from Spceialty Mincrals, Inc., Bethlchem, PA,

Wilmington, DE. The two fillers had mean particle diameters of 3.9 and 3.0 microns,

respectively. Paper made from pulp sluiry containing only the inorganic filler was used as a

control.
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[0116} The final paper product was made as in Example 7 (o a sheet ash target of 30 wt%

dry weight using a pulp slury of 70 wt% bleached hardwood and 30 wt% bleached sofiwood

fiber, The fiber stock was refined to a freeness target of 450 mL CSF. Other standard

additives (all expressed as wt% of the total dry paper furnish) included 0.75% Stalok 300

starch, available from Tate and Lyle, Decatur, IL, 0.25% alum, available from General
Chemical, Parsippany, NJ, 0.1% Prequel 1000 ASA size, 0.015% PERFORM PC8138
flocculant, and 0.01% PERFORM SP9232 drainage aid, all available from Hercules, Inc.,

Wilmington, Delaware. The size press was treated with a surface treatment of 50 1b/T of

ETHYLEX 20135 hydroxyethylated corn starch, available from Tate and Lyle, Decatur, L.

The paper machine was calendered to a top side smoothness target of 150 Sheffield units.
The results of the run are contained in l'able 8 (ALBACAR®) and Tuble 9
(ULTRABULK®).
[0117] At a constant top smoothness of 150 Sheffield units, final paper made from pulp
slurry containing the ULTRABULK® Il PCC or AL.BACAR SP-3 PCC treated with the
heterogeneous polymer mixture performed better than untreated paper.
TABLE 8: PERFORMANCE COMPARISON OF THE HETEROGENEQUS POLYMER
BLEND WITH ALBACAR® SP-3, AND UNTREATED FINISHED PAPER

Filler ALBACAR® | ALBACAR® | ALBACAR® | ALBACAR® | ALBACAR®
LOPCC LOPCC SP-3 PCC SP-3 PCC SP-3 PCC

Chemical No No No Example 3 Example 3

Treatment 0.33% 0.50%

Application | None ‘None None Wet End Wet End

Point

Ash (§25C) 1 21.0 29.6 304 29.1 30.1

()

MD Taber | 1.99 1.60 1.54 1.65 1.68

Stiffhess

(gt-cm)

CD Taber | 0.81 0.58 0.65 0.67 0.71

Stiffness

(gf-cm)

GM Taber | 1.27 0.97 1.00 1.05 1.09

Stiffuess

(gf-em)

GM Tensile | 9.24 7.26 7.27 7.89 3.02

(Ib/in)
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ZD Tensile | 73.2

(psi)

61.1 63.0

69.6

69.2

TABLE 9: PERFORMANCE COMPARISON OF THE HETEROGENEOUS POLYMER
BLEND WITH ULTRABULK® 1I, AND UNTREATED FINISHED PAPER

Tiller ULTRABULK® I PCC | ULTRABULK® | ULTRABULK®
IPCC IIecc

Chemical Treatment No Example 3 0.33% | Example 3 0.50%

Application Point None Wet End Wet End

Ash (525C) (%) 31.0 29.5 287

MD Taber Stiffiress (gf- | 1.69 1.67 1.70

cm)

CD Taber Stiffness (gf- | 0.61 0.76 0.79

cim)

GM Taber Stiffness (gf~ | 1.02 1.13 1.16

cim)

GM Tensile (1bf/in) 8.02 8.50 8.72

ZD Tensile (psi) 69.6 68.6 72.8

[1118] Tt will be appreciated by those skilled in the art that changes could be made to the

embodiments and examples described above without departing from the broad inventive

concept thereof, 1t is understoed, therefore, that this invention is not limited to the particular

embodiments and examples disclosed, but is instead intended to cover modifications within

the spirit and scape of the present invention as defined by the appended claims.
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CLAIMS
What is claimed is:
1. A method of making a heterogeneous polymer blend, comprising:

(a) adding to a non-neutral solution a first amount of a polymerization initiator and one
or more anionic or cationic monomers, wherein each monomer has the same charge;
(b) adding a second amount of the polymerization initiator and one or more non-ionic
monomers to the solution;
{c) adding a third amount of the pelymerization initiator and one or more ionic
monomers that are oppositely charged from the monoiners of (a);
() adding stepwise, a fourth amount of the polymerization initiator to react any residual
monomer and resulting in the heterogenecus polymer blend; and
{e) neutralizing, if necessary, the resulting heterogeneous polymer blend,
2. The method of claim 1 wherein
(a) the anionic monomer(s) are selected from the group consisling of: (1) acrylic acid,
(2) methacrylic acid, {3) styrenesulfonic acid, (4) vinylsulfonic acid, {(35)
acrylamidomethylpropane sulfonic acid, and (6) mixtures thereof;
(b) the cationic monomer(s} are selected from the group consisting of: (1)
diallyldimethylammonium chloride, (2) acryloylethyitrimethyl ammonium chloride,
(3) methacryloylethyl trimethyl ammoniuin chloride, (4)
acryloylethyltrimethylammoniumn sulfate, (5) methacryloylethyl trimethyl
ammonium sulfate, (6) acrylamidopropyltrimethyl ammonium chloride, (7)
methacrylamidopropy! trimethyl ammonium chloride, (8) non-quaternized forms of
(2)-(), (9) vinylformamide (subsequently hydrolyzed to vinylamine), and (10)
mixtures thereof, and
(c) the nonionic monomer(s) are selected from the group consisting of: (1) acrylamide,
(2) methacrylamide, {3) N-alkylacrylamide, (4) vinylformamide, and (5) mixtures
thereof.
The method of claim 1 wherein the polymerization initiator is a water soluble azo initiator,
4. The method of claim 1 wherein the solution contains from about 10 mol% to about 30 moi%
anionic monomer(s), from about 40 mol% to about 80 mol% non-ionic mononier(s), and from
about 10 mol% to about 30 mol% cationic monomer(s).
5. A heterogeneous polymer blend, comprising:
{a) one or more anionic polymers formed from monomers selected from the group

consisting of: (1) acrylic acid, (2) methacrylic acid, (3) styrenesulfonic acid, (4)
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vinylsulfonic acid, (5) acrylamidomethylpropane sulfonic acid, and (6) mixtures

thereof}

(b} one or more cationic polymers formed from monomers selected from the group
consisting of? (1) diallyldimethylammonium chloride , (2) acryloylethyltrimethyl
ammonium chloride (3) methacryloylethyl trimethyl ammonium chloride, (4)
acryloylethyltrimethylammonium sulfate (5) methacryloylethyl trimethyl ammonium
sulfate, (6) acrylamidopropyltrimethyl ammoniom chloride, (7)
methacrylamidopropy! trimethyl ammonium chloride, (8) non-quaternized forms of
(2)-(7), (9) vinylformamide (subsequently hydrolyzed to vinylamine), and (10)
mixtures thereof;

{c) one or more non-ionic polymers formed from monomers from the group consisting
of: (1) acrylamide, (2) methacrylamide, (3) N-alkylacrylamide, (4) vinylformamide,
and (5) mixtures thereof;

The heterogeneous polymer blend of claim 5, further comprising:

(d) one or more copolymers comprising at least one anionic monomer and at least
one non-ionic monomer, and

{e) one or more copolymers comprising at least one cationic monomer and at least

one non-ionic Mmonomer,
The heterogeneous polymer blend of claim 6, further comprising:

{f) one or more terpolymers comprising at least one anionic monomer, at least one
cationic monomer, and at least one non-ionic monomer,

A method of increasing the filler content of a sheet of paper or paperboard, comprising;

(a) combining the heterogeneous polymer blend of claim 5 with a precipitated calcium
carbonate filler to form a mixture;

(b) combining the mixture with a pulp slurry; and

(¢} processing the resulting pulp sturry mixture to form a sheet of paper or paperboard.

The method of claim 8 wherein the precipitated calcium carbonate filler is selected from the
group consisting of; (1) clustered acicular-aragonite crystals, (2) clustered scalenchedral-
calcite crystals, or (3) mixtures thereof.

The method of claim 8 wherein the precipitated calcium carbonate filler has a mean particle
diameter from about 2 microns to about 4 microns,

A method of increasing the filler content of a sheet of paper or paperboard, comprising

(a) combining either (i) the heterogeneous polymer blend of claim 5 or (ii) a precipitated
calcium carbonate filler with a pulp slurry to form a mixture;

(b) combining the remaining component (i) or (ii) from step (a) with the pulp sluny

mixture; and
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{c) processing the resulting pulp slurry mixture to form a sheet of paper or paperboard,

Tho method of claim 11 wherein the precipitated calcium carbonate filler is selected from the
group consisting of; (1) clustered acicular-aragonitc crystals, (2) clustered scalenchedral-
calcite crystals, and (3) mixtures thereof,
The method of claim 11 wherein the precipitated calcium carbonate filler has a mean particle
diameter from about 2 microns to about 4 microns.
A mcthod of increasing the filler content of a sheet of paper or paperboard, comprising:
(d) combining the heterogeneous polymer blend of claim 6 with a precipitated calcium
carbonate filler to forim a mixture;
(¢) combining the mixture with a pulp shurry; and
(f) processing the resulting pulp shury mixture to form a sheet of paper or paperboard.
The method of claim 14 wherein the precipitated calcium carbonate filler is selected from the
group consisting of: (1) clustered acicular-aragonite crystals, (2) clustered scalenohedral-
calcile crystals, or (3) mixtures thereof.
The method of claim 14 wherein the precipitated caleium carbonate filler has a mean particle
diameter from about 2 microns to about 4 microns.
A method of increasing the filler content of a sheet of paper or paperboard, comprising
(a) combining either (i) the heterogeneous polymer blend of claim 6 or (ii) a precipitated
calcium carbonate filler with a pulp sluzry to form a mixture;
(b} combining the remaining component (i) or (ii) from step (a) with the pulp slurry
mixture; and
{c) precessing the resulting pulp slutry mixture to form a sheet of paper or paperboaid.
The method of claim 17 wherein the precipitated calcium carbonate filter is selected from the
group consisting of: (1) clustered acicular-aragonite crystals, (2) clustered scalenohedral-
caleite crystals, and (3) mixtures thereof.
The methad of claim 18 wherein the precipitated calcium carbonate filler has a mean particle
diameter from about 2 microns to about 4 microns.
A method of increasing the filler content of a sheet of paper or paperboard by:
(a) combining a poly-diallyldimethylammonium chloride / acrylamide/acrylate
copolymer mixture with a precipitated calcivm carbonate filler;
(b) combining the resulting mixture if stop (a) with a pulp slurry, and
(¢} processing the resulting pulp slurry mixture to form a sheet of paper or paperboard.
The method of claim 20 wherein the precipitated calcium carbonate filler is selected from the
group consisting of: (1) clustered acicular-aragonite crystals, (2) clustered scalenohedral-

caloite orystals, and {3) mixtures thereof,
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The method of claim 20 whercin the precipitated caleinm carbonate filler has a mean particle
diameter from about 2 microns to about 4 microns.
A method of increasing the filler content of a sheet of paper or paperboard by:
(a) combining either (i) a poly-dialtyldimethylammonium chloride / acrylamide/acrylate
copolymer mixture or (ii) a precipitated calcinm carbonate filler to a pulp slurry;
(b} combining the remaining component (i) or (ii) from step (a) with the pulp shurry
mixture; and
(c) processing the resulting pulp shurry mixture to form a sheet of paper or paperboard.
The method of claim 18 wherein the precipitated calcium carbonate filler is selected from the
group consisting of: (1) clustered acicular-aragonite crystals, (2) clustered scalenohedral-
calcite erystals, and (3) mixtures thercof.
The method of claim18 wherein the precipitated calcium carbonate filler has a mean particle

diameter from aboul 2 microns to about 4 microns.
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