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COMPOSITIONS AND METHODS FOR TREATING
FILLER IN PAPERMAKING

Background

Increasing the filler content in printing and writing papers 13 of great iterest for
smproving product quality as well as reducing raw matenial and energy costs. However,
the substitution of cellulose fibers with fillers like calciurn carbonate and clay reduces
the strength of the finished sheet. Another problem when the filler content 1s increased
15 an mcereased difficolty of mamtamnimg an even distribution of fillers across the three-
dimensional sheet structure. An approach to reduce these negative effects of increasing
filler content 1s 1o preflocculate fillers before their addition to the wet end approach
system of the paper machine.

The term “preflocculation” refers to the modification of filler particles into
agglomerates through treatment with coagulants and/or flocculants before thewr
flocculation and addition to the furnishstock. The flocculation treatment and shear
forces of the process determine the size distribution and stability of the flocs before
addition to the fumishstock. The chemical environment and high fluid shear rates
present in modern high-speed papermaking require filler flocs to be stable and shear
resistant. The floc size distribution provided by a preflocculation treatment should
mininize the reduction of sheet strength with mcereased filler content, minumize the loss
ot optical efficiency from the filler particles, and minimize negative impacts on sheet
uniformity and printability. Furthermore, the entire system must be economically
feasible.

Therefore, the combination of high shear stability and sharp particle size
distribution is vital to the success of filler preflocculation technology. However, filler
flocs formed by a low molecular weight coagulant alone, including commonly used
starch, tend to have a relatively small particie size that breaks down under the high
shear forces of a paper machine. Filler flocs formed by a single high molecular weight

flocculant tend to have a broad particle size distribution that is difficult to control, and
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the particle size distribution gets worse at higher filler solids levels, primarily due to the
poor nuxing of viscous flocculant solution into the slurry. Accordingly, there ts an

ongomg need for improved preflocculation technologies.

Summary

The present disclosure relates to a method of papermaking where filler is treated
with a combination of a starch and a cationic flocculant to form a filler floc. The filler
floc is then combined with cellulose fiber stock to form a paper mat from the
combination of filler floc and cellulose fiber stock. In some embodiments, the starch
and the cationic flocculant are premixed together before treatment with the filler. In
some embodiments, the starch and the cationic flocculant are added to the filler

simultaneously.

Brief Description of the Drawings

Figure 1is a graph of the particle size of various filler treatments as the concentration of
cationic starch is increased.

Figure 2 is a graph showing the sheet strength of various filler treatments as the filler
content of the paper is increased.

Figure 3is a graph of the particle size of various filler treatments as the shear time is
increased.

Figure 4is a graph showing the sheet strength of various filler treatments as the filler

content of the paper is increased.

Detailed Description

In some embodiments, the present disclosure relates to a method of treating
filler particles in a papermaking process by premixing a starch with a cationic flocculant
and then combining the premixed starch/flocculant mixture with the filler. Premixing
the starch and the cationic flocculant before adding it to the filler has been found to

result in an increased particle size of the filler. Increasing the particle size of the filler is
2
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believed to have several benefits. First, it results in improved shear stability of the filler.
Second, it decreases the surface area of the filler, which causes the filler to interfere less
with the cellulose-cellulose hydrogen bonding once the filler and cellulose are
combined. Third, the improved cellulose bonding results in a stronger sheet strength.

In some embodiments, the present disclosure relates to a method of treating
filler particles in a papermaking process where the starch and the cationic flocculant are
added simultaneously to the filler. This process also results in an increased particle size
of the filler, improved cellulose-cellulose bonding and stronger sheet strength,
especially compared to the sequential addition of the starch and the flocculant.

Fillers

Exemplary fillers include any inorganic or organic particle or pigment used to
increase the opacity or brightness, increase the smoothness, or reduce the cost of the
paper or paperboard sheet. Exemplary fillers include calcium carbonate, kaolin clay,
talc, titanium dioxide, silica, silicate, aluminum hydroxide, calcium sulfate, alumina
trihydrate, barium sulfate, magnesium hydroxide, and the like. Calcium carbonate
includes ground calcium carbonate (or GCC) in a dry or dispersed slurry form, chalk,
precipitated calcium carbonate (or PCC) of any morphology and precipitated calcium
carbonate in a dispersed slurry form. The dispersed slurry forms of GCC or PCC are
typically produced using polyacrylic acid polymer dispersants or sodium polyphosphate
dispersants. Each of these dispersants imparts a significant anionic charge to the
calcium carbonate particles. Kaolin clay slurries may also be dispersed using
polyacrylic acid polymers or sodium polyphosphate.

In some embodiments, the filler is selected from calcium carbonate, kaolin clay
and combinations thereof.In some embodiments, the filler is selected from precipitated
calcium carbonate, ground calcium carbonate, kaolin clay and combinations thereof. In
some embodiments the filler is 100% ground calcium carbonate, 100% precipitated
calcium carbonate, a mixture of ground calcium carbonate and other fillers, a mixture of
precipitated calcium carbonate and other fillers, or a mixture of ground calcium
carbonate and precipitated calcium carbonate, optionally with other fillers.

Starch
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The starch is preferably a raw starch, nonionic starch, cationic starch, anionic
starch, zwitterionic or amphoteric starch, or a mixture of thereof. In some embodiments,
the starch is preferably a raw starch, a nonionic starch or a cationic starch. In some
embodiments, the starch 1s a cationic starch.

Raw starches include but are not limited corn, potato, rice, waxy maize, wheat,
sago and tapioca starches that have not been chemically modified.

Nonionic starches include but are not limited to corn, potato, rice, waxy maize,
wheat, sago and tapioca starches that have been modified in a way such that they carry a
neutral charge. Exemplary nonionic modifications include acid-modified starch,
oxidized starch (e.g., with hydrogen peroxide, peracetic acid, permanganate, persulfate),
halogen-modified starch (e.g., chlorine, hypochlorite, bromine, hypobromite),
dialdehyde starches, dextrins, acetylated starch, hydroxyethylated starches (e.g., starch
reacted with ethylene oxide), hydroxypropylated starches (e.g., starch reacted with
propylene oxide), phosphorylated starches (e.g., starches reacted with ortho-, pyro-,
meta-, or tripolyphosphates), starch phosphate diesters, starch phosphates, starch
sulfates, starch nitrates, and starch xanthate, allyl starch, benzyl starch, carbamoylethyl
starch, carboxymethyl starch, cyanomethyl starch and methyl and ethyl starches.

Cationic starches include but are not limited corn, potato, rice, waxy maize,
wheat, sago and tapioca starches that have been modified in a way such that they carry a
positive charge. Primary reagents for preparing cationic starches including those with
amino, imino, ammonium, sulfonium or phosphonium groups. Accordingly, one
exemplary class of cationic starches includes tertiary aminoalkyl starch ethers having

the general structure:

®/ ©
Starch—O—Rl—N\ X
| R
H
where R', R? and R* are either substituted or unsubstituted alkyl groups and X' is a
counterion. Another class of cationic starches includes quaternary ammonium starch

ethers having the general structure:
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where R', R?, R? and R* are either substituted or unsubstituted alkyl groups and X is a
counterion. Another class of cationic starches includes iminoalkyl starches having the
general structure:

NH
|

Starch 0] C N
AN

RZ

where R and R”are either substituted or unsubstituted alkyl groups. These iminoalkyl
starches show cationic activity after acidification with acids. Another class of cationic
starches includes aminoalkyl starches having the general structure:
Starch——O——RNH,

whereR is a substituted or unsubstituted alkyl group. These aminoalkyl starches show
cationic activity after acidification with acids.

In some embodiments, the cationic starch is selected to have a charge density of
from about 1 to about 10 mol. %, about 2 to about 8 mol. % or about 3 to about 5
mol. %.

Anionic starches include but are not limited corn, potato, rice, waxy maize,
wheat, sago and tapioca starches that have been modified in a way such that they carry a
negative charge. Exemplary anionic starches include starch succinates where the starch

has been reacted with succinic anhydride to form the following structure:

0 0
ﬂ gz—gz—ﬂ—o X'

Starch 0]

where X' is a counterion such as sodium. Another example is a starch that has been
reacted with a substituted cyclic dicarboxylic acid anhydride such as an

alkenylsuccinate. An exemplary structure includes the following:
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Starch—O0—C—R o X

Rl

where X" is a counter ion such as sodium, R is a dimethylene or trimethylene radical
and R' is an alkyl group. Another example of an anionic starch is a starch
sulfosuccinate where the starch has been modified with a maleate ester and then reacted

with sodium bisulfate to form a sulfosuccinate derivative with the following structure:

O
Starch—O u IEI Igz—ﬂ—o- Na*

lo . Na*

Zwitterionic starches include but are not limited corn, potato, rice, waxy maize,
wheat, sago and tapioca starches that have been modified in a way such that they carry
both a positive and a negative charge. One example of a zwitterionic starch is a starch
that has been modified with N-(2-haloethyl)iminobis-(methylene)diphosphonic acid or
N-(alkyl)-N-(2-haloethyl)aminomethylphosphonic acid. This modification produces
anionic methylene-phosphonic acid groups and a cationic nitrogen.

Amphoteric starches include but are not limited corn, potato, rice, waxy maize,
wheat, sago and tapioca starchesthat have been modified in a way such that they carry
both a positive and a negative charge. Exemplary amphoteric starches include tertiary or
quaternary ammonium starch ethers that have been treated with an ammonium chloride
species and further substituted with phosphate, phosphonate, sulfate, sulfonate or
carboxyl groups.

In some embodiments, the starch dose is at least about 0.5, 1, 5, 10, 15, 20, 25,
30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95 or 100 kg/ton of filler treated. In
some embodiments, the starch dose is from about 0.5 to about 500 kg/ton of filler
treated, from about 10 to about 200 kg/ton of filler treated, or from about 50 to about
100 kg/ton of filler treated, where kg/ton refers to the kilograms of active starch per 1
ton of dry filler.
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Flocculant

The flocculant is preferably a cationic flocculant or a mixture of a cationic
flocculantwith an anionic, nonionic, zwitterionic or amphoteric flocculant. Without
wishing to be bound by theory, it is believed that the fillers generally have an anionic
charge associated with them and that the addition of a cationic flocculant provides a
desirable charge balance between the flocculant and the filler. It is further believed that
premixing the starch and the flocculant assists with this charge balance and improves
the ability of the flocculant to mix with the filler.

In some embodiments, the cationic flocculant has a molecular weight in excess
of 200,000 Da, 500,000 Da, 1,000,000 Da, 3,000,000 Da, 5,000,000 Da, or 20,000,000
Da. In some embodiments, the molecular weight is from about 200,000 to about
20,000,000 Da, from about 500,000 to about 5,000,000 Da, from about 1,000,000 to
about 5,000,000 Da, from about 1,000,000 to about 3,000,000 Da or from about
3,000,000 to about 5,000,000 Da.

A polymeric flocculant is typically prepared by vinyl addition polymerization of
one or more cationic, anionic or nonionic monomers, by copolymerization of one or
more cationic monomers with one or more nonionic monomers, by copolymerization of
one or more anionic monomers with one or more nonionic monomers, by
copolymerization of one or more cationic monomers with one or more anionic
monomers and optionally one or more nonionic monomers to produce an amphoteric
polymer or by polymerization of one or more zwitterionic monomers and optionally one
or more nonionic monomers to form a zwitterionic polymer. One or more zwitterionic
monomers and optionally one or more nonionic monomers may also be copolymerized
with one or more anionic or cationic monomers to impart cationic or anionic charge to
the zwitterionic polymer.

In an embodiment of the present invention, the content of the cationic charge in
the flocculant can be obtained by dividing the mole number of the cationic monomer in
theflocculant by the total mole number of the monomer and then multiplying by 100%.
In some embodiments, the flocculants have a charge density of less than about 80

mol.%, less than about60 mol.%, or less than about40 mol.%, or less than about20

7
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mol.%, or less than about10 mol.%, or less than about5 mol.%.In some embodiments,
the flocculants have a charge density of about 1 to about 50 mol.%, about 5 to about 40
mol.%, or about 10 to about 30 mol.%.

While cationic polymer flocculants may be formed using cationic monomers, it
is also possible to react certain nonionic vinyl addition polymers to produce cationically
charged polymers. Polymers of this type include those prepared through the reaction of
polyacrylamide with dimethylamine and formaldehyde to produce a Mannich derivative.

Similarly, while anionic polymer flocculants may be formed using anionic
monomers, it is also possible to modify certain nonionic vinyl addition polymers to
form anionically charged polymers. Polymers of this type include, for example, those
prepared by the hydrolysis of polyacrylamide.

The flocculant may be prepared in the solid form, as an aqueous solution, as a
water-in-oil emulsion, or as a dispersion in water. Exemplary cationic polymers include
copolymers and terpolymers of (meth)acrylamide with dimethylaminoethyl
methacrylate (DMAEM), dimethylaminoethyl acrylate (DMAEA), diethylaminoethyl
acrylate (DEAEA), diethylaminoethyl methacrylate (DEAEM) or their quaternary
ammonium forms made with dimethyl sulfate, methyl chloride or benzyl chloride.
Exemplary anionic polymers include copolymers of acrylamide with sodium acrylate
and/or 2-acrylamido 2-methylpropane sulfonic acid (AMPS) or an acrylamide
homopolymer that has been hydrolyzed to convert a portion of the acrylamide groups to
acrylic acid.

Additional flocculants include cationically charged vinyl addition polymers such
as homopolymers, copolymers, and terpolymers of (meth)acrylamide, diallyl-N,N-
disubstituted ammonium halide, dimethylaminoethyl methacrylate and its quaternary
ammonium salts, dimethylaminoethyl acrylate and its quaternary ammonium salts,
methacrylamidopropyltrimethylammonium chloride, diallylmethyl(beta-
propionamido)ammonium chloride, (beta-methacryloyloxyethyl)trimethyl ammonium
methylsulfate, quaternizedpolyvinyllactam, vinylamine, and acrylamide or
methacrylamide that has been reacted to produce the Mannich or quaternary

Mannichderivatives. Suitable quaternary ammonium salts may be produced using

8
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methyl chloride, dimethyl sulfate, or benzyl chloride. The terpolymers may include
anionic monomers such as acrylic acid or 2-acrylamido 2-methylpropane sulfonic acid
as long as the overall charge on the polymer is cationic.

Other suitable flocculants include alum, sodium aluminate, polyaluminum
chlorides, aluminum chlorohydroxide, aluminum hydroxide chloride,
polyaluminumhydroxychloride, sulfated polyaluminum chlorides, polyaluminum silica
sulfate, ferric sulfate, ferric chloride, epichlorohydrin-dimethylamine (EPI-DMA), EPI-
DMA ammonia crosslinked polymers, polymers of ethylene dichloride and ammonia,
polymers of ethylene dichloride, polymers of dimethylamine, condensation polymers of
multifunctional diethylenetriamine, condensation polymers of multifunctional
tetraethylenepentamine, condensation polymers of multifunctional
hexamethylenediamine condensation polymers of multifunctional ethylenedichloride,
melamine polymers, formaldehyde resin polymers, cationically charged vinyl addition
polymers, and any combination thereof.

In some embodiments, the cationic flocculant is a copolymer of a quaternized
N,N-dialkylaminoethyl (meth)acrylate (DMAEA MCQ) and acrylamide such as
DEV210 (Nalco Company, Naperville, IL) or a copolymer of
diallyldimethylammonium chloride (DADMAC) and acrylamide such as N-7527 (Nalco
Company, Naperville, IL).

In an embodiment, the flocculants have an RSV of at least 0.5 dL/g, at least
1dL/g, at least 3 dL/g, at least 10 dL/g, or at least 15 dL/g where “RSV” stands for
reduced specific viscosity. Within a series of polymer homologs which are
substantially linear and well solvated, “reduced specific viscosity” or RSV
measurements for dilute polymer solutions are an indication of polymer chain length
and average molecular weight according to Determination of Molecular Weights, by
Paul J. Flory, pages 266-316, Principles of Polymer Chemistry, Comell University
Press, Ithaca, N.Y., Chapter VII (1953). The RSV is measured at a given polymer

concentration and temperature and calculated as follows:

RSV =[(n/1,)1}e

9
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where 1 = viscosity of polymer solution, n, = viscosity of
solvent at the same temperature and ¢ = concentration of
polymer in solution.

The units of concentration “c” are (grams/100 ml or g/deciliter). Therefore, the
units of RSV are dL/g. Unless otherwise specified, a 1.0 molar sodium nitrate solution
is used for measuring RSV. The polymer concentration in this solvent is 0.045 g/dL.
The RSV is measured at 30° C. The viscosities 1 and 1, are measured using a Cannon
Ubbelohde semi-micro dilution viscometer, size 75. The viscometer 1s mounted in a
perfectly vertical position in a constant temperature bath adjusted to 30 +/- 0.02° C.

The typical error inherent in the calculation of RSV for the polymers described herein is
about 0.2 dL/g. When two polymer homologs within a series have similar RSV’s that is
an indication that they have similar molecular weights.

In some embodiments, the flocculant dose is at least about 0.1, 0.2,0.5,1, 1.5, 2,
3,4,5,6,7,8,9, 10, 15 or 20 kg/ton of filler treated. In some embodiments, the
flocculant dose is from about 0.1 to 100 kg/ton of filler treated, from about 0.2 to about
50 kg/ton of filler treated, from about 0.2 to about 20 kg/ton of filler treated, from about
0.5 to about 10 kg/ton of filler treated, or from about 1 to about 5 kg/ton of filler treated
where kg/ton refers to the kilograms of active polymer per 1 ton of dry filler. In some
embodiments, the flocculant dose 1s about 2 kg/ton of filler treated.

In some embodiments, the filler may be 100% precipitated calcium carbonate or
PCC. In such embodiments, it may be desirable to first treat the filler with an anionic
flocculant and thereafter treat it with the cationic flocculant and starch according to the
present disclosure. Exemplary anionic flocculants include those made by hydrolyzing
acrylamide polymer or by polymerizing anionic monomers as (meth)acrylic acid and its
salts, 2-acrylamido-2-methylpropane sulfonate, sulfoethyl-(meth)acrylate, vinylsulfonic
acid, styrene sulfonic acid, maleic or other dibasic acids or their salts or mixtures
thereof. These anionic monomers may also be copolymerized with nonionic monomers
such as (meth)acrylamide, N-alkylacrylamides, N,N-dialkylacrylamides, methyl
(meth)acrylate, acrylonitrile, N-vinyl methylacetamide, N-vinyl methyl formamide,

vinyl acetate, N-vinyl pyrrolidone, and mixtures thereof.

10
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Treating the Filler

In some embodiments, the starch and the flocculant are premixed together
before contacting the filler. In this embodiment, the starch is fully dissolved in the
solution before mixing with the flocculant. Fully dissolving the starch in the solution
may be accomplished by using batch cooking or continuous cooking. In batch cooking,
a slurry of starch is heated toa desired temperature (e.g., 95° C), preferably with live
steam, under continuous agitation. The starch has to be held at this temperature for at
least 5, 10, 20, or 30 minutes to ensure complete solubilization of the starch granules. In
continuous cooking, the dry starch is first metered into the slurry tank where it is mixed
with cold water. The slurry is then pumped through a venturi jet, similar in principle to
a water powered vacuum pump, where it is mixed with live steam before passing into
the cooking coil where the starch is held at a temperature (e.g., 120-130° C) for a
sufficient amount of time to ensure the complete cooking of the granules. After leaving
the coil, the starch solution is diluted with cold water to reduce the final concentration
to around 2%. After the starch has been optionally cooked, the flocculant may be added
to the starch and mixed using proper mixing device such as static mixer. The final
mixture preferably includes from about 1 to about 99 wt.% starch and about 99 to about
1 wt.% flocculant, or about 10 to about 90 wt.% starch and about 90 to about 10 wt.%
flocculant, or about 20 to about 80 wt.% starch and about 80 to about 20 wt.%
flocculant, or about 40 to about 60 wt.% starch and about 60 to about 40 wt.%
flocculant, or about 50 wt.% starch and about 50 wt.% flocculant. The starch and the
flocculant may be included in a starch:flocculantweight ratio from about 1:99 to about
99:1, from about 1:9 to about 9:1, from about 1:8 to about 8:1, from about 1:5 to about
5:1, from about 1:4 to about 4:1, or from about 1:2 to about 2:1, or about 1:1.

The premixed starch and flocculant is then added to the filler before the filler is
added to the papermaking furnish. The starch/flocculant premix may be dosed into the
filler at a concentration of about 0.1 to about 100 kg/ton of filler, about 1 to about 10
kg/ton of filler, or about 2 to about 5 kg/ton of filler. This can be done in a batch-wise

or continuous fashion. The filler concentration in these slurries is typically less than

11
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about 80% by mass and may be between about 5 and about 65% by mass, or between
about 10 and about 50 % by mass, or between about 15 and about 40% by mass.

A batch process can include a large mixing tank with an overhead, propeller
mixer. The filler slurry is charged to the mix tank, and the desired amount of the
premixed starch/flocculant is fed to the slurry under continuous mixing. The slurry and
the premixed starch/flocculant are mixed for an amount of time sufficient to distribute
the starch/flocculant mixture uniformly throughout the system, typically for about 1
second to 5 minutes, 5 seconds to 3 minutes, or 10 seconds to 1 minute, depending on
the mixing energy used. When the appropriate size distribution of the filler floc is
obtained, the mixing speed is lowered to a level at which the flocs are stable. This
batch of flocculated filler is then transferred to a larger mixing tank with sufficient
mixing to keep the filler flocs uniformly suspended in the dispersion. The flocculated
filler is pumped from this mixing tank into the papermaking furnish.

In a continuous process, the desired amount of the premixed starch/flocculant is
pumped into the pipe containing the filler and mixed with an in-line static mixer, if
necessary. A length of pipe or a mixing vessel sufficient to permit adequate mixing of
filler and the premixed starch/flocculant may be included. High speed mixing is then
required to obtain the desired size distribution of the filler flocs. Adjusting either the
shear rate of the mixing device or the mixing time can control the floc size distribution.
A continuous process would lend itself to the use of an adjustable shear rate in a fixed
volume device. One such device is described in U.S. Pat. No. 4,799,964. This device is
an adjustable speed centrifugal pump that, when operated at a back pressure exceeding
its shut off pressure, works as a mechanical shearing device with no pumping capacity.
Other suitable shearing devices include a nozzle with an adjustable pressure drop, a
turbine-type emulsification device, or an adjustable speed, high intensity mixer in a
fixed volume vessel. After shearing, the flocculated filler slurry is fed directly into the
papermaking furnish.

When the starch and the flocculant are dosed into the filler simultaneously, they
may also be dosed in as part of either a batch or a continuous process in a similar

concentration, dosing rate, and manner as discussed above. However, instead of being
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premixed together, the starch and flocculant are dosed into the filler at the desired rate
and in the desired ratio or concentration at the same time instead of as part of a
premixed composition.

In both the batch and continuous processes described above, the use of a filter or
screen to remove oversize filler flocs can be used. This eliminates potential machine
runnability and paper quality problems resulting from the inclusion of larger filler flocs
in the paper or board.

In some embodiments, the treated filler has a median particle size of at least
Sum, at least 10um, or at least 20um. In some embodiments, the median particle size of
the treated filler is from about 5 to about 150pum, from about 10 to about 75um, or from
about 20 to about S0um.

The Papermaking Process

After being treated, the treated filler is then fed into and mixed with the fiber
slurry. The mixture of filler and fiber is then pumped to a moving screen to drain the
water out to create a wet paper web. The wet paper web is fed into a press to squeeze
more water out mechanically. The paper web after the press is fed into a dryer to

remove the rest of water through heating. Sheet strength properties are measured using

the resulting dry paper.
Examples
Example 1

Example 1 treated 100% ground calcium carbonate filler with either the starch
alone, the flocculant alone, or a combination of starch and flocculant with
starch/flocculant ratio between 1:1 to 8:1. The starch used was C26, commercially
available from General Starch Limited, Shanghai, China. The flocculant was a cationic
flocculant, N-7527, a copolymer of DADMAC/Acrylamide commercially available
from Nalco, an Ecolab company, Naperville, IL, USA. The ground calcium carbonate
(GCC) was commercially available from Gold East, Asian Pulp and Paper, Zhenjiang,
Jiangsu Province, China.

The starch solution was prepared by adding 6g starch powder into 294g cold tap

water under stirring at 250rpm. The solution was heated up to 95°C in Sminutes. The
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stir speed was increased to S00rpm and the starch was cooked for another 15minutes.
The resulting 2% starch solution was cooled down before use.

A 1% N-7527 solution was prepared by adding 1g N-7527 into 99¢ tap water
and then vigorously shaken.

A mixture of N-7527 and starch was prepared by adding an appropriate amount
of N-7527into 2% starch solution to get the desired N-7527:starch ratio. This mixture
was then vigorously shaken.

To treat the filler, a fillerslurry was diluted using tap water to a 10%
concentration. A 300ml diluted filler solution was stirred under 800rpm. An
appropriate amount of starch, N-7527 or the premixed combination of starch and N-
7527was added into the slurry using a syringe. After the addition of chemicals, the
stirring rate was raised to 1500rpm to shear the slurry for 2 minutes. The particle size
distribution of resulting filler slurry was then measured using a Malvern Mastersizer,
commercially available from Malvern Instruments Ltd, Worcestershire, UK. Median
particle size or D(v,0.5) was recorded for each solution.

The results are shown in Figure 1 and show that when the starch and the
flocculant are premixed together and then combined with filler, the particle size of the
filler is larger than when starch or flocculant alone are mixed with the filler.

Example 2

In this example, 100% ground calcium carbonate (GCC, from Gold East, Asian
Pulp and Paper, Zhenjiang, Jiangsu Province, Chinawas treated with either starch,
flocculant, or a combination of starch + flocculant in a ratio of either 1:1 or 4:1. The
treatment procedure was the same as example 1. Untreated filler (100% GCC) was
used as a control. The starch was C26 from General Starch Limited and the cationic
flocculant was N-7527 from Nalco.

Handsheet preparation:

Thin stock with a 0.5% consistency was mixed in a beaker at 800 rpm. The
stock was obtained from Gold East, Asian Pulp and Paper, Zhenjiang, JiangSu Province,
China. At the start of the mixing, the proper amount of untreated or treated filler was

added to the furnish, followed by the following papermaking additives: 10kg/ton Stalok
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400 starch at 15 seconds, 0.6kg/ton N-62101 at 30 seconds, 2.5kg/ton Bentonite at
45seconds and 0.5kg/ton N7546 at 60seconds.N-62101 is a cationic copolymer of
MCQ.DMAEA/acrylamide and N-7546 is an anionic copolymer of acrylamide/sodium
acrylate. Both N-62101 and N-7546 are commercially available from Nalco, an Ecolab
company (Naperville, IL, USA). Mixing was stopped at 75 seconds and the furnish was
transferred into the deckle box of a FORMAX™ handsheet mold. The handsheet mold
was filled to the designated line with water for each sheet. An 8” square handsheet was
formed by drainage through an 80 mesh forming wire. The handsheet was couched from
the sheet mold by placing two blotters and a metal plate on the wet handsheet and roll-
pressing with six passes of a 25 1b metal roller. The forming wire and top blotter were
removed and the handsheet and blotter were placed on top of two new blotters. A metal
plate was then placed on top of the handsheet. Five formed handsheets were stacked on
top of one another in this manner (new blotter, formed handsheet and blotter, plate) and
placed in the L&W handsheet press for five minutes at a pressure setting of 0.565 MPa.
The handsheet label was placed on the lower-right-wire side of the sheet and this side
was in contact with the dryer surface. Sheets were dried at 105° C for 60 seconds in a

single pass using a rotary drum dryer.

Handsheet Physical Testing:

The sheets were stored overnight at 50% humidity and 23°C prior to testing. The
sheets were evaluated for basis weight, ash content, caliper and Scott bond. Scott bond
was measured according to TAPPI test method T 541 om-89, basis weight was
measured according to TAPPI test method T 410 om-98, and ash content was measured
according to TAPPI test method T 211 om-93.

The results are shown in Figure 2 and demonstrate that sheets with filler treated
by the mixture of had significant higher Scott bond or internal strength. This was

observed for both the 1:1 and 4:1 ratios of starch:flocculant.

Example 3

Example 3 tested the shear stability of a filler floc. This example was the same

as Example 1 except that the filler was a 1:1 mixture of ground calcium carbonate
15



WO 2017/054198 PCT/CN2015/091314

10

15

20

25

30

(GCC) and precipitated calcium carbonate (PCC). GCC/PCC filler was treated with
cationic flocculant, or cationic starch or the mixture of cationic flocculant and cationic
starch. The starch wasC26, commercially available from General Starch Limited. The
cationic flocculant was DEV210, a DMAEA MCQ/Acrylamide
copolymercommercially available from Nalco, an Ecolab company, Naperville, IL,
USA. Untreated GCC and PCC were used as the control.

In Example 3, the flocculated filler slurry was sheared under 1500rpm for
various times to investigate the shear stability of filler flocs.

The results are shown in Figure 3 and show that when the starch and the
flocculant are premixed together and then combined with the filler, the particle size of
the filler is larger than when the starch or the flocculant alone are mixed with the filler.
Furthermore, the mixture of cationic starch and cationic flocculantcreated filler flocs

that are more shear resistant.

Example 4

Example 4was the same as example 2 except that the filler was a 1:1 mixture of
ground calcium carbonate (GCC) and precipitated calcium carbonate (PCC).The filler
was treated as in Example 3, 1.e. filler was treated either by 2 kg/ton DEV210 alone or
treated by the mixture of 2 kg/ton DEV210 and 2 kg/ton cationic starch. Untreated GCC
and PCCwas used as the control.

The results are shown in Figure 4, which shows that the sheets with filler treated
by the mixture of cationic flocculant and cationic starch had significantly higher Scott

Bond.

Example 5

In this example, 100% ground calcium carbonate (from Jinhai, Asia Pulp and
Paper, Haikou, Hainan Province, China) was treated with combination of
starch+flocculant in a ratio of 0.25:1, 0.5:1, 1:1 and 4:1. The flocculant dosage was
2kg/ton filler. The starch was C26, a cationic starch commercially available from

General Starch Limited. The flocculantwas DEV210, commercially available from
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Nalco, an Ecolab company, Naperville, IL, USA. The filler treated process was the
same as example 1 except that the shearing speed and time was 1500rpm for 8 minutes.
The results are shown in table 1 and demonstrate that increasing the concentration of the

starch relative to the flocculant resulted in a larger particle size of the treated filler.

Example 6

Example 6 was the same as Example 5 except that starch and flocculant were
added simultaneously (not premixed) and the ratio was 1:1. The flocculant dose was 2
kg/ton filler. The results are shown in table 1 and demonstrate that the simultaneous
addition of the starch and the flocculant resulted in improved (larger) filler particle size

than comparable concentrations of flocculant and starch added sequentially.

Example 7

Example 7 was the same as Example 5 except that starch was added first and
then the flocculantwas added in a ratio of 1:1. The flocculant dose was 2 kg/ton filler.
The results are shown in table 1 and demonstrate that the sequential addition of the
flocculant and starch produced a treated filler with smaller particle sizes when
compared against the premixed starch and flocculant or the simultaneous addition of the

starch and flocculant.

Example 8

Example 8 was the same as Example 5 except that flocculant was added first and
then the starch was added in a ratio of 1:1. The flocculant dose was 2 kg/ton filler. The
results are shown in table 1 and demonstrate that the sequential addition of the
flocculant and starch produced a treated filler with smaller particle sizes when
compared against the premixed starch and flocculant or the simultaneous addition of the

starch and flocculant.
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Example 9

Example 9 was the same as Example 5 except that starch was natural potato
starch (commercially available from Sinopharm Chemical Reagent Co., Ltd, China,
production number is 69023736) and the starch+flocculant ratio was 1:1. The flocculant
dose was 2 kg/ton filler. The resultsare shown in tablel. The data demonstrates that
premixing cationic starch and raw starch could also increase the performance compared

to cationic starch alone.

Table 1
Example treated method Span | d(v,0.1) | d(v,0.5) | d(v,0.9)
m
untreated GCC 1.85 12 2.8 6.4
2kg/ton DEV210 1.93 21.7 54.4 126.9
5 2/0.5kg/ton DEV210/c starch 1.89 231 58.0 1327
5 2/1kg/ton DEV210/c starch 1.77 25.6 64.1 138.8
5 2/2kg/ton DEV210/c starch 1.68 341 84.7 176.3
5 2/4kg/ton DEV210/c starch 1.54 479 112.5 2211
2kg/ton DEV210 2kg/ton C
6 Starch cofeed 1.80 259 68.7 149.7
2kg/ton DEV210 then 2kg/ton
7 C Starch 2.02 222 59.7 1427
2kg/ton C Starch then 2kg/ton
8 DEV210 1.69 25.5 634 1324
9 2/2 kg/ton DEV210/N Starch 1.80 28.0 694 152.9
Example 10

For this example, 100% Precipitated Calcium Carbonate (PCC, from Gold East,
Asian Pulp and Paper, Zhenjiang, Jiangsu Province, China) was first treated with an
anionicflocculant, DEV117, which is a copolymer of acrylamide and ammonium
acrylate available from Nalco, an Ecolab company, Naperville, IL, USA and then with
eithercationic flocculant, or a combination of starch and cationicflocculant in a ratio of
either 1:1 or 4:1. The flocculant dose was 2 kg/ton filler. Untreated filler (100% PCC)
was used as a control. The starch was a cationic starch from General Starch Limited
C26. The cationic flocculant was DEV210,commercially available from Nalco, an
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Ecolab company, Naperville, IL, USA. The results are shown in table 2 and

demonstrate that premixing cationic flocculant and starch improves the particle size of

the nondispersed filler (PCC) when an anionic flocculant is added first.

Table 2

treated method Span d(v,01) | d(v,05) | d(v,0.9)

m

untreated PCC 1.10 241 4.09 6.92
2kg/ton DEV117 2kg/ton DEV210 1.43 22 .44 4713 89.81
2kg/ton DEV117 2/2kg/ton
DEV210/Starch 1.44 28.92 61.69 117.56
2kg/ton DEV117 2/8kg/ton
DEV210/Starch 1.59 30.03 68.57 138.71
Example 11

Example 11 was the same as Example 10 except that filler was chalk (from

JinGui, Asian Pulp and Paper, Qinzhou, Guangxi Province, China). The results are

shown in table 3 and demonstrate that premixing cationic flocculant and starch can

improve the particle size of the nondispersed filler (chalk) when an anionic flocculant is

added first.
Table 3
treated method Span | d(v,0.1) | d(v,0.5) | d(v,0.9)
m
untreated chalk 2.04 3.98 12.5 29.42
2kg/ton DEV117, 1kg/ton DEV210 1.62 36.37 89.30 180.85
2kg/ton DEV117, 1/4kg/ton
DEV210/Starch 1.49 45.58 103.12 199.28

The above specification, examples and data provide a complete description of

the manufacture and use of the composition of the disclosure. Since many

embodiments of the disclosure can be made without departing from the spirit and scope

of the disclosure, the invention resides in the claims.
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What is claimed is:

1. A method of papermaking comprising:

a. treating filler with a starch and a cationic flocculant to form a filler

floc;

b. combining the filler floc with the cellulose fiber stock; and

c. forming a paper mat from the combination of filler floc and cellulose

fiber stock.

2. The method of claim 1, wherein the starch and the cationic flocculant have

been premixed together before treatment with the filler.

3. The method of claim 1, wherein the starch and the cationic flocculant are

added to the filler simultaneously.

4, The method of claim 1, wherein the filler is a dispersed filler.
S. The method of claim 1, wherein the filler is a nondispersed filler.
6. The method of claim 1, wherein the filler is a combination of dispersed

and nondispersed fillers.

7. The method of claim 1, wherein the filler is selected from the group
consisting of calcium carbonate, kaolin clay, talc, titanium dioxide, silica,
silicate, aluminum hydroxide, calcium sulfate, alumina trihydrate, barium

sulfate, magnesium hydroxide, and combinations thereof.
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The method of claim 1, wherein the starch is selected from the group
consisting of raw starch, nonionic starch, anionic starch, cationic starch,

zwitterionic starch, amphoteric starch, and combinations thereof.

The method of claim 8, wherein the starch is a cationic starch.

The method of claim 9, wherein the cationic starch is selected to have a

charge density of from about 1 to about 5 mol.%.

The method of claim 1, wherein the cationic flocculant is selected from
the group consisting of homopolymers, copolymers, and terpolymers of
(meth)acrylamide, diallyl-N,N-disubstituted ammonium halide,
dimethylaminoethyl methacrylate and its quaternary ammonium salts,
dimethylaminoethyl acrylate and its quaternary ammonium salts,
methacrylamidopropyltrimethylammonium chloride, diallylmethyl(beta-
propionamido)ammonium chloride, (beta-methacryloyloxyethyl)trimethyl
ammonium methylsulfate, quatemizedpolyvinyllactam, vinylamine,
acrylamide or methacrylamide that has been reacted to produce Mannich

or quaternary Mannich derivatives, and combinations thereof.

The method of claim 11, wherein the cationic flocculant is selected from
the group consisting of a copolymer of a quaternized N,N-
dialkylaminoethyl (meth)acrylate (DMAEA MCQ) and acrylamide, a
copolymer of diallyldimethylammonium chloride (DADMAC) and

acrylamide, and combinations thereof.

The method of claim 1, wherein the weight ratio of starch:flocculant is

from about 1:9 to about 9:1.

The method of claim 2, wherein the starch and flocculant are premixed
together in a weight ratio from about 1:9 to about 9:1.
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The method of claim 15, wherein the starch and flocculant are premixed

together in a weight ratio from about 1:4 to about 4:1.

The method of claim 1, wherein the cationic flocculant has a charge

density of from about 1 to about 50 mol.%.

The method of claim 16, wherein the cationic flocculant has a charge

density of from about 10 to about 30 mol.%.

The method of claim 1, wherein the median particle size of the filler floc

1s from about 5 to about 150 microns.

The method of claim 18, wherein the median particle size of the filler floc

1s from about 10 to about 75 microns.

The method of claim 1, wherein the filler is 100% nondispersed filler and
an anionic flocculant is added to the filler before the addition of the

cationic flocculant and starch.
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25 -

20 -

D (0.5} (;tm) 2min shear

[y
1%

=
o

W)K“\W%X(} )
B o
o
2 4 6 8 10 12 14 16
Dose (kg/ton)

e gtarch e 4690 -z 4690/Starch

18

1/4




WO 2017/054198

internal bonding ((kg.cm/in2)

0.8

1.5 =
1.4 -
1.3 -
1.2 -
1.1 =
1.0
0.9 -

PCT/CN2015/091314
Figure 2
16 21 26 31 36
Ash content (%)
blank blank+2kg/ton starch
2kg/ton 4690 2/2 starch/4690
8/2 starch/4690

2/4



WO 2017/054198 PCT/CN2015/091314

Figure 3
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