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(57) Abstract: A method of preparing a stable dispersion of flocculated filler particles for use in papermaking processes comprises
sequential addition of a first flocculating agent to an aqueous dispersion of filler particles followed by shearing of the dispersion, fol -
lowed by addition of a second flocculating agent to the dispersion and further shearing of the resultant filler flocs to the desired
particle size resulting in shear resistant filler flocs with a defined and controllable size distribution. In addition, a neutralizing coagu -
lant can be added to the dispersion to partially or completely neutralize the charge of the filler before the first flocculating agent is
added.



i

i

2

feeg
L]

{

5

O

WO 2013/158811 PCT/US2013/037048

CONTROLLABLE FILLER PREFLOCULATION
USING A DUAL POLYMER SYRTEM

Cross-Heference to Related Applications

This Application is a Contionation-in-part of pending US Patent Application serial
number 11/854,044 filed on September 12, 2007,

Statement Regarding Federally Sponsored Research or Development

Mot Applicable,

Background of the Invention

This invention relates to the prefiocculation of fillers used n papermaking,
particularly, the production of shear resistant filler flocs with a defined and controllable size
distribution at high filler sohids is disclosed.

Increasing the filler content in printing and writing papers is of grest interest for
tuproving product quality as well as reducing raw material and energy costs. However, the
substitution of celfulose fibers with filers like calcium carbonate and clay reduces the strength of
the finished sheat. Another problem when the filler content is increased is ap increased difficully
of maintaining an even distribution of fillers across the three-dimensional sheet structure. An
approach to reduce these negative effects of increasing filler content is fo prefiocculate fillers
prior to their addition to the wet end approach system of the paper machine.

The defimition of the term “preflocculation” is the modification of filler particles
into agglomerates through treatment with coagulanis and/or flocculants prior thewr addition to the
paper stock. The flocculation treatment and shear forces of the process determnune the size
distribution and stability of the flocs prior to addition to the paper stock. The chemical
environment and high fluid shear rates present in modern high-speed paperroaking require filler
fiocs to be stable and shear resistant. The floe size distribution provided by a preflocculation

treatroent should numimuze the reduction of sheet strength with increased filler content, minimize
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the loss of optical efficiency from the filler particles, and minimire negative impacts on sheet
uniformity and pz*i‘mabi‘iity, Furthermore, the entive systern must be economically feasible.

Therefore, the combination of high shear stability and sharp particle size
distribution is vital to the success of filler preflocenlation technology. However, {iller flocs
formed by a low molecular weight coagulant alone, mcluding commonly used starch, tend o
have a relatively small particle size that breaks down under the hugh shear forces of a paper
machine. Filler flocs formed by a single high molecular weight flocculant tend to have a broad
particle size distribotion that is difficult to control, and the particle size distribution gets worse at
higher filler solids levels, primarily due to the poor mixing of viscous flocculant solution into the
slurry. Accordingly, there is an ongomng need for improved prefloceulation technologies.

The art desoribed 1n this section is not intended to constitute an admission that any
patent, publication or other information referred o herein is "prior art” with respect to this
invention, unless specifically designated as such. In addition, this section should not be construed
to mean that a search has been made or that no other pertinent information as defined in 37

CPR. § 1.56(a) exists.

Brief Summary of the Invention

At least one embodiment 1s divected towards a method of prepanng a stable
dispersion of focculated filler particles having a specific particle size distribution foruse in
papermaking processes comprising a) providing an agueous dispersion of filler particles; b}
adding a first flocculating agent to the dispersion in an amount sufficient {o mix uniformly in the
dispersion without causing significant flocculation of the filler particles; ©) adding a second
flocculating agent to the dispersion in an amount sufficient to initiate flocculation of the filler
particles in the presence of the first flocculating agent; and d) optionally shearing the flocculated

dispersion to provide a dispersion of filler flocs baving the desired particle size.
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At least one embodiment is directed towards a method of makiog paper products
from pulp comprising forming an agqueous cellulosic papermaking furnish, adding an agueous
dispersion of filler flocs prepared as described herein to the furnish, drairung the frmish to form
3 sheet and dryimg the sheet. The stepe of forming the papermaking fornish, draining and drying
may be carried out in any conventional manner generally known o those skilled in the art.

At least one embodiment is divected towards a paper produet incorporating the

filler flocs prepared as deseribed herein

Brief Description of the Drawings
A detailed description of the invention is hereafter described with specific
reference being made to the drawings tn which:

FIG. 1 is an dlustration of an MCL time resolution of a flocculating reaction.

Detailed Description of the Invention

The following dcﬁniti@ng are provided to d‘eiermine how terms used in this
application, and in particular how the olaims, are to be construed. The organization of the
defimitions is for convenience only and is not intended to himit any of the definitions to any
particular category. For purposes of this application the defimtion of these terms s as follows:

“Cosprien” means a composition of matier having a higher charge density and
lower molecular weight than a flocculant, which when added to a liquid containing finely divided
suspended particles, destabilizes and aggregates the solids through the mechanism of tonic
charge neutralization.

“Flocoulant” means a composiiion of matier having a fow charge density and a

high molecular weight (in excess of 1,000,000} which when added o a hgqud containing finely
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divided suspended particles, destabilizes and aggregates the solids through the mechanism of
terpariicle bridging.

“Flocoulating Agent’ yeans a compoaition of matter which when added to a
fiquid destabilizes, and aggregates colloidal and finely divided suspended particies in the Liquid,
flocculants and coagulants can be flocculating agents.

“GECT means ground caloium carbonate, which is manufactured by grinding

naturally occorring calciom carbonate rock

“PCC means precipitated calelum carbonate which s synthetically produced.

In the event that the above defimitions or a description stated elsewhere in this
application is inconsistent with a meamng {(expliclt or implicit) which is comunonly used, in a
dictionary, or stated in & source incorporated by reference into this application, the application
and the claim terms in particular are understood to be constroed according to the definilion or
description in this application, and not according to the common definition, dictionary definition,
or the definition that was incorporated by reference. In light of the above, 1n the event that a term
can only be understood if it is construed by a dictionary, if the torm s defined by the Kirk-
Cthmer Encyclopedia of Chemical Technology, 5th Edition, (2005}, (Published by Wiley, Iohn &
Sons, Ine.} this definition shall control how the term 18 to be defined in the claims.

The fillers useful in this invention are well known and commercially available,
They typically would mchude any inorgamic or organic particle or pigment used to increase the
opacity or brightness, increase the smoothness, or reduce the cost of the paper or paparboard
sheet. Represeniative fillers include calciom carbonate, kaolin clay, mle, titaptum diocxide,
slumina trihydrate, barium sulfate, magnesiom hydroxide, and the like. Calctum carbonate
meludes GCC wn a dry or dispersed slorry form, chalk, PCC of any morphology, and PCC in a
dispersed sturry form. Some examples of GOU and PCC alurries are provided in co-pending US
Patent Application Serial Mumber 12/323,976. The dispersed shurry forms of GCC or PCC are
typically prodeced using polyacrylic acid polymer dispersants or sodium polyphosphate

4
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dispersants, Each of these dispersants imparts a significant amjonic charge to the calehum
carbonate particles. Kaolin clay shuries may also be dispersed using polyacrylic acid polymers
or sodium polyphosphate.

In an embodiment, the fillers are selected from calcinn carbonate and kaohin ¢lay
and combmations thereof,

In an embodiment, the fillers are selected from precipitated calcium carbonate,
grovnd calcium carbonate and kaolin clay, and mixtures thereof

The first flocculating agent is preforably a cationic polymeric Hlocculant when
used with cationically charged fillers and anionic when used with anjonically charged fillers.
However, it can be anionic, nonionic, zwitterionic, or amphoteric as long as it will mix umiforroly
into a high solids slurry without causing significant flocculation.

The definition of “without causing significant flocculation” 1s no flocenlation of
the filler in the presence of the first flocculating agent or the formation of flocs which are smaller
than those produced upon addition of the second flocenlating agent and unstable under condstions
of moderate shear. Muoderate shear is defined as the shear provided by mixing a 300 ml sampie
i a 600 mi beaker using an IKA RE16 stiuring motor at 800 rpm with 2 5 cm diavseter, four-
bladed, turbine impeller. This shear should be similar to that present in the approach system of a
modern paper machine.

Suitable flocculants generally have molecular weights in excess of 1,000,000 and
often in excess of 5,000,000,

The polymeric flocculant is typically prepared by vinyl addition polymerization of
oRe o more cationic, anionic or nonionic monomers, by copolymerization of one or move
cationic monomers with one or more nomonie monomers, by copolymerization of one or more
anionic monomers with one or more nonionic monemers, by copolymerization of one or more
cationic monomers with one or more apionic monomers and optionally one or more nonionic

monamers 1o produce an amphoteric polymer or by polymerization of one or more zwitterionic

5
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monomers and optionally one or more pontonic monomers {o form a Fwitterionic polymer. One
or more zwiiterionic monomers and optionally one or more nomonic monomers may also be
copolymerized with one or more anionic O cationic monomers (o mpart calionic Or arionic
charge 1o the zwitterionic polymer. Suitable flocculants generally have a charge content of less
than &0 mole percent and often less than 40 mole percent.

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

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

The flocculant may be prepared w the solid form, as an aqueous solution, a5 a
water-in-oil emulsion, or as a dispersion 1 water. Representative cationic polymers inchide
copolvmers and terpolymers of (meth)acrylamide with dimethylaminoethyl methacrylate
{DMAEM), dimethylanunoethyl acrylate (DMAEA), dicthylamunoethyl acrylate (DEHAEAJ,
diethyvlaminoethyl methacrylate (DEAEM) or their quaternary anymonium forms made with
dimethy! sulfate, methyl chloride or benzyl chlonde. Representative anionie polymers nclude
copolyraers 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
acrviamide groups to acrvlic acid.

In an embodiment, the Hoceulants bave a RSV of at least 3 dlJ/g.

In an embodiment, the flocculants have a RSV of at least 10 dL/g.

In an embodimend, the fiocculants have 3 RSV of at least 15 dll/g.
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As used herein, “RSV” stands for reduced specific viscosity, Within a series of
polyvmer homologs which are substantially linear and well solvated, “reduced specific viscosity
{(RSV)Y” meassurements for dibute polyroer solutions are an indication of polymer chain length and

average molecular weight according to Determination of Molecular Weights, by Paul 1. Flory,

pages 266-316, Principles of Polvimer Chenustry, Comell University Press, Ithaca, NY, Chapter
VII{1933). The RSV is measured at a given polymer concentration and temperature and
calculated as follows:

RSV = [{n/n.)-1 1o where 1y = viscosity of polymer solation, 1, = viscosity of solvent at the same
teynperature and ¢ = concentration of polymer in solotion.

The units of concentration "¢ are {grams/100 mi or g/deciliter). Therefore, the
untis 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 R3V is
measured at 30°C. The viscosities 1 and 1, are measured using a Cannon Ubbelohde semi-micro
dilution viscometer, size 75, The viscometer is mounted in a perfectly vertical position in g
constant temperature bath adjusted to 30 £ 0.02°C. The typical ervor inherent in the caleulation
of REV fur the polymers described herein is about 0.2 di/g. When two polymer homologs
within a series have simlar RSV’s that is an indication that they have similar molecular weights.

Axs discussed above, the first flocoulating agent is added jo ap amount sufficient fo
mix uniformly in the dispersion without causing significant flocculation of the filler particles. In
an embodiment, the first flocoulating agent dose is between 0.2 and 6.0 Ib/ton of fller treated. In
an embodiment, the flocculant dose is between 0.4 and 3.0 Ib/ton of filler treated. For purposes
of this invention, “Ib/ton” is a unit of dosage that means pounds of active polymer {coagulant or
floccutant) per 2,000 pounds of filler.

The second flocculating agent can be any material that can initiate the flocculation
of filler in the presence of the first focculating agent. In an embodiment, the second flocculating

agent is selected from mucroparticles, coagulants, floceulants and mixtures thereof.

-t
/
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Suitable microparticles inchide siliceous materials and polymeric microparticles.
Representative siliceous materials mclude silica based particles, silica microgels, coiloidal silica,
stlica sols, silica gels, polysilicates, cationic silica, aluminosilicates, polyvaluminosilicates,
borosilicates, polyborosilicates, zeolites, and synthetic or naturally occurring swelling clays, The
swelling clays may be bantonite, hectorite, siectite, montmoriilonite, nontronite, saponite,
sauconite, mormite, attapulgite, and sepiolife.

Polymernic microparticles useful in this invention include anpionic, cationie, or
amphoteric organic microparticles, These microparticles typically have limited solubility in
water, may be crosslinked, and have an unswollen particle size of less than 750 nm.

Anionic organic microparticles include those described in US 6,524,439 and made
by hydrolvzing acryvlamide polymer microparticles or by polymerizing anionic monomers as
{methjacrylic acid and its salts, Z-acrylamido-2-methylpropane sulfonate, sulfocthyi-
{methiacrylate, vinyvisulfonic acid, styrene subfonic acid, maleic or other dibasic acids or their
salts or mixtures thereof. These andonic monomers may also be copolymerized with nontonic
monomers such as (methiacrvlamide, N-alkylacrylamides, N N-diatkylacrylamides, methyl
{meth}acrylate, acrylonitrile, N-viny! methylacetamide, N-vinyl methyl formamide, vioyl acetate,
MN-vinyl pyrrolidone, and mixiures thereof.

Cationic organic microparticles include those described in USRS 6,524,439 and
made by polymerizing such monomers as dialiyldialkylammonivm halides,
acryvloxvalkyvltrimethylammonium chloride, (methjacrylates of dialkylaminoalkyl compounds,
and salts and quaternaries thereof and, monomers of N N-dialkyvlamincalkyli{meth)acrylamides,
{methacrylamidopropyitriroethylammonium chloride and the acid or quaternary saits of N N-
dimethylaminoethylacryiate and the fike. These cationic monomers may also be copolymernized
with nonionic monomers such as (methlacrylanude, NM-aliovlacrylamides, NN-
dialkylacrviamides, methyl (methjacrylate, acrylonitrile, Nevinyl methylacetamide, N-vinyl
methyl formamide, vinyl acetate, N-viny! pyrrolidone, and mixtures thereof

&
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Amphoteric organic microparticles are made by polymerizing combinations of at
least one of the anionic monomers histed above, at least one of the cationic monomers listed
above, and, optiovally, at least one of the vonionic monomers listed above.

Polyvmerization of the monomers in an orgamie microparticle typically is done in
the presence of a polyfunctional crosslinking agent. These crosslinking agents are deseribed in
US 6,324,439 as having at least two double bonds, a double bond and a reactive group, or two
reactive groups. HExamples of these agents are N N-methylenebis{meth}acrylamde,
polvethyieneglyeol difmethlacrylate, N-vinyl acrylamide, divinylbenzene, tnallvlammoniom
salts, N-methylallylacrylamade glyadyl (methjacrylate, acrolein, methylolacrylamide,
dialdehydes hike glyoxal, dispoxy compounds, and epichlorohyvdrin.

in an embodiment, the mucroparticle dose is between (.3 and 8 Ib/ton of filler
treated. In an embodiment, the microparticle dose ia between 1.0 and 4.0 Ib/ton of filler treated.

Suttable coagulants generally have lower molecular weight than flocculants and
have a high density of cationic charge groups. The coaguolants useful in this invention are well
known and commercially available. They may be inorganie or organic. Representative inorganic
coagulants include alum, sodium aluminate, polyaluminom chlorides or PACs (which also may
be under the names aluminum chlorohydroxide, alaminum hvdroxide chlonde, and
polyaluminum hydroxychloride), sulfated polyalumimunn chiorides, polyaluminem silica sulfate,
ferric sulfate, ferric chloride, and the like and blends therest

Many organic coagulants are formed by condensation polymerization. Examples
of polymers of this type include epichlorohydrin-dimethylamine (EPI-DMA) copolymers, and
EPL-DMA copolymers crosshnked with amnmonia.

Additional coagulants include polymers of ethylene dichloride and ammonia, or
ethylene dichlonide and dimethylamine, with or without the addition of ammonia, condensation

polymers of muliitfimctional amines such as diethylenetriamine, tetracthylenepentanine,
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hexamethylenediamine and the like with ethylenedichloride or polyfunctional acids like adipic
acid and polymers made by condensation reactions such as melamine formaldelyyde resins.

Additional coagulants include cationically charged vinyl addition polymers such
as polymers, copolymers, and terpolymers of {methlacrylamide, diallyl-N N-disubstituted
ammoniom halide, dimethylaminoethyl methacrylate and s quaternary ammonium salts,
dimethylaminoethyl acrylate and iis quaternary amynoniure salfs,
methacrylamidopropyltrimethylammoniom chdoride, dialiylmethyl{beta-
propionamido)arunonium chiloride, {beta-methacryloyloxyethylitrimethyl anunonunn
methyisulfate, quaternized polyvinyliactam, vinylamine, and acrylamide or methacrvlamide that
has been reacted to produce the Mannich or quaterary Mannich derivatives. Smitable quaternary
ammonium salts may be produced using methyl chloride, direethyl sulfate, or benzyl chloride.
The terpolymers may include anionic monomers such as acrylic acid or 2-acrylamido 2-
methylpropane seHonic acid as long as the overall charge on the polymer is cationic, The
molecular weights of these polymers, both vinyl addition and condensation, range from as low as
several hundred o as high as several million,

Other polvmers useful as the second flocculating agent include cationic, anjonic,
or amphotleric polymers whose chemistry is described above as a floceulant, The distinetion
between these polymers and flocculants is primarily molecular weight

The second flocculating agent may be used alove or 1o combination with one or
more additional second flocculating agents, In an erobodiment, one or more microparticles are
added to the flocculated filler slurry subsequent to addition of the second flocculating agent.

The second flocculating agent is added to the dispersion in an amount sufficient t©
initiate flocculation of the fller particles in the presence of the first Hoceulating agend, fnan
embodiment, the second flocculating agent dose is between 0.2 and 8.0 Ib/ton of filler treated, In

an embodiment, the second component dose is between 0.5 and 6.0 Ib/ton of filler treated.
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In an embodiment, one or more nucroparticles may be added to the flocculated
dispersion prior to shearing to provide additional floceulation andior pamow the particle size
distribution.

in an embodiment, the second flocoulating agent and first flocculating agent are
oppositely charged,

In an embodiment, the first flocculating agent is cationic and the second
flocoulating agent is anionic.

in an embodiment, the fust flocculating agent is selected from copolymers of
acrylamide with dimethylaminoethyl methacrylate (DMAEM) or dimethylaminoethyl acrylate
{(DMAEA) and mixtures thereof,

In an embodiment, the frst floccudating agent s an acrvlamide and
dimethylaminoethyl acrylate (DMAEA) copolymer with a catiome charge content of 3-30 mole
% and an RSV of > 15 dL/z.

In an embodiment, the second flocculating agent is selected from the group
consisiing of partially hydrolyzed acrylamide and copolymers of acrylamide and sodium acrylate.

In an embodiment, the second Hocculating agent s acrylamide-sodium acrvlate
copolymer having an andonic charge of $-40 mole percent and a RSV of 0.3-5 dL/g.

I an embodiment, the first Hloceulating agent is aniomce and the second
flocculating agent is cationie,

In an eybodiment, the fust flocculating agent is selected from the group
consisting of partially hydrolyzed acrvlamide and copolymers of acrylamide and sodium acrylate.

In an emnbodiment, the first flocculating agent 13 a copolymer of acrylamide and
sodium acrviate having an anionic charge of 5-78 mwole percent and an RSV of at least 15 dL/g.

In an embodiment, the second Hocculating agent s selected from the group
consisting of epichiorohydrin-dimethylanine (EPE-DMA)} copolymers, EFF-DMA copolymers
crossiinked with arnmonia, and homopolymers of dialiyl-N N-disubstituted ammonium halides.

11
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In an embodiment, the second floccudating agent s a homopolymer of diallyl
dimethyl ammonium chloride having an RSV of 0.1-2 di/g.

Tn an embodiment, the second flocculating agent is selected from copolymers of
acryiamide with dimethylainosthyl methacrylate (DMAEM) or dimethyvlaminoethyl acryviate
{DMAEA) and maxbures thereof,

In an embodiment, the second Hocoulating agent is an acrylamide and
dimethylaminoethyl acrylate {DMAEA) copolymer with a cationic charge content of 3-50 mole
Y and an RSV of > 15 dl/g.

Dhispersions of filler flocs according to this invention are prepared prior fo their
addition to the papermaking furnish. This can be done in a batch-wise or continuous fashion,
The filler concentration in these shuries 1s typically lesa than 80% by mass. It is move typically
between § and 65% by mass.

A batch process can conaist of a large mixing tank with an overhead, propeller
mixer. The filler slurry is charged to the mix tank, and the desived amount of first flocculating
agent is fed to the slurry under continueus mixing. The slurry and flocculant are mixed for an
amount of time safficient to distribute the first flocculating agent uniformlby throughout the
systerm, typically for about 10 to 80 seconds, depending on the mixing evergy used. The desired
amount of second flocculating agent is then added while stivring at s nuxing speed sutficient fo
break down the filler flocs with increasing mixing time typically from several seconds to several
mimites, depending on the mixing energy used. Optionally, a microparticle is added as a third
component to cause reflocculation and narrow the Hoc size distribution. When the appropriate
size distribution of the filler flocs is obtained, the muxing speed is lowered to a level at which the
flocs are stable. This batch of flocculated BHer is then transferred fo a larger maxing tank with
sufficient mixing to keep the filler floes uniformoly suspended i the dispersion. The floceulated

filler is pumped from this mixing fank into the papermaking furnish,

iz
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o a continuous process the desired amount of furst flocenlating agent 15 pumped
mto the pipe containing the filler and mixed with an in-line static mixer, if necessary. A length
of pipe or & mixing vessel sufficient o permit adequate mixing of filler and floccuiant may be
meloded prior to the injection of the appropriate amount of second tflocculating agent. The
second flocculating agent is then puroped into the pipe containing the filler and mixed with an -
line static mixer, if necessary, Uptionally, a nucroparticle is added as a third component 1o cause
reflocculation and narrow the floc size distribution. High speed mixing is then requured fo obiain
the desired size distribution of the filler flocs. Adjusting etther the shear rate of the mixing
device or the mixing time can control the floc size distribution. A continuous process would lend
itseff to the use of an adjustable shear rate in a fixed volume device. One such device is
described in US Patent 4,799,964, This device is an adjustable speed centrifugal pumyp that,
when operated at a back pressure exceeding its shut off pressure, works as a mechanical shearing
device with no pumping capacity, Uther suitable shearing devices inciude a pozzle with an
adjustable pressure drop, a turbine-type emulisification device, or an adjustabie speed, high
intensity mixer in a fixed volume vessel, After shearing, the floceulated filler shurry s fod
directly into the papermaking furnish,

In hoth the batch and continuous processes described above, the use of g 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 large filler floes 1o the paper or board.

In an embodiment, the median particle size of the filler flocs 1s at least 10 yum. In
an embodiment, the median particle size of the filler floes is between 10 and 100 pm. Inan
embodiment, the median particle size of the filler flocs is between 10 and 70 wm.

In at least one embodiment the tnvention is practiced using at least one of the
compositions and/or methods described in US Patent Application 12/975,596. In at least one
embodiment the invention is practiced using at least ove of the compositions and/or methods

described in US Patent 8,088,213,
13
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EXAMPLES

The foregoing may be better understnad by reference to the following Examples,
which are presented for purposes of illustration and are not intended to limi the scope of the
mvention:

Examoples 1-7

The filler used for cach example was sither undispersed or dispersed,
scalenchedral PCC (available as Albacar HO from Specialty Minerals Inc., Bethdehem, PA
USA). When undispersed PCC s used, the dry product was diluted to 10% solids using tap
water. When dispersed PCC was used, it was obtained as 40% solids shurry and s diluted to 10%
solids using tap water, The size distribution of the PCC was measured at three second miervals
during flocculation using a Lasentoc? S400 FBRM (Focused Beam Refloctance Measurement)
probe, mamafactured by Lasentec, Redmond, WA, A description of the theory behind the
operation of the FBRM can be found in US Patent 4,871,251, The mean chord fength (MCL) of
the PCC flocs is used as an overall measure of the extent of flocculation. The laser probe is
inserted in a 600 ml beaker containing 300 mL of the 10% PCC slurry. The solution is stired
using an KA REL6 stirring motor at 800 rpo for at least 30 seconds priov fo the addition of
floconiating agonts,

The tirst flocculating agent 1s added slowly over the course of 30 seconds io 60
seconds using & syringe. When a second flocculating agent is used, it is added in a symlar
manner to the first flocculating agent after warting 10 seconds for the first flocculating agent o
mix. Finally, when a micropanticle is added, 1 is added in a similar manser o the flocculating
agents after waiting 10 seconds for the second flocculating agent to nux. Flocoulants are dilated
o a concentration of 0.3% based on solids, coagulants are diluted to a concentration of $.7%

based on solids, starch is diloted to a concentration of 3% basad on solids, and microparticles are
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diluted to a concentration of $.5% based on solids prior to use. A typical MCL time resolution
profile 1s shown in FIG. 1.

The MCL time resolution profile of FIG. 1 was recorded by Lasentec” $400
FBRM. At point one, the first flocoulating agent is introduced into the shury and the MCL
increases then quickly decreases under 800 rpm muxing speed, indicating that the Diller flocs are
not atable under the shear. At point two, the second flocculating agent is infroduced, and the
ML also increases then decreases slightly under 800 rpm mixing., At point three, a
microparticle is introduced and the MCL increases sharply then reaches a plateau, indicating that
the filler flocs are stable under 800 rpro mixing. Once the shear is raised fo 15060 rpm, MCL
staris to decrease.

For every filler flocculation experiment, the maximom MCL after addition of the
flocculating agent is recorded and listed in Table IT. The maximum MCL indicates the extent of
flocenlation. The slurry is then stirred at 1500 rpm for 8 minutes {o feat the stability of the filler
flocs under high shear conditions. The MCL values at 4 minutes and 8 minutes are recorded and
listed in Tables IIT and 1V, respectively.

The particle size distribution of the filler flocs is also characterized by laser light
scattering using the Mastersizer Micro from Malvern Instroments Ltd,, Southborough, MA USAL
The analysis is conducted using a polydisperse model and presentation 4PAD. This presentation
assumes a 1.60 refractive index of the filler and a refractive index of 1.33 for water as the
continuous phase. The guality of the distribution is indicated by the volume-weighted median
floc size, IV ,11.5), the span of the distribution, and the uniformity of the distribution. The span

and vniformity are defined as:

D89 DOF 0.4
spepar e

SV DI 0.5 - D]
D050V,

uniformity =
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Here D{v, 0.1}, D{v,11.5) and DMy, 0.9) arc defined as the diameters that are equal or larger than
10%, 50% and 90% by volume of filler particles, respectively. Vand I are the volume fraction
and diameter of particles in size group i. Smaller span and uniformity values indicate a more
eniform particle size distribution that is generally believed to have better perfrroance m
papermaking. These characteristics of filler flocs at maximum MCL, 4 murutes and § minutes
uwnder 1500 rpm shear are Heted in Tables I, Hi and IV for each example, The PCC type,
flocculating agents, and doses of flocculating agents used in each exarople are listed in Table T,
Example §

This experiment demonstrates the feasibility of using a continuous process
flocoulate the PCC slurry. A bateh of 18 fiters of 10% solids undispersed PCC (available as
Albacar HO from Specialty Minerals Inc., Bethlehem, PA USA) v tap water was pumped using
a centrifugal pump at 7.6 L/min into a five gallon bucket. A 1.0 ibfton active dose of 0.3% solids
flocculant A sohution was fed into the PCC slurry at the centrifugal pump mict using a
progressive cavity pump. The PCC was then fed into a static mixer together with 1.0 Ib/ton
active dose of a 0.7% solids solution of coagulant A. The size distribution of the filler tlocs was
measured using the Mastersizer Micro and reported in Table 11, 300 mL of the resultant slurry
was stirred in a beaker at 1500 rpm for § minutes in the same manser as in Examples 1-7. The
characteristics of the filler flocs at 4 minutes and 8 minutes arve lsted in Tables Hf and IV,
respectively.

Example 8

The filler slurry and experimental procedure was the same as in Bxample &, except

that coagulant A was fed into the centrifugal pump and flocculant A was fed into the static maxer.

The size characteristics of the filler flocs are listed in Tables I, Hi and ¥V,
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Table L, PCC type, flocculating agent descriptions, and flocculating agent doses for
examples 1 through 8,
Polymer 1 Polymer 2 Microparticle
PC{ ................................... Dose | Duse ........................................... T
Ex | Type Name {(Ibfton) Name 1 {Ib/ton) Name | (Ib/ton}
1| Undispersed | Stalok 400 | 20 Nene 1 None
2 Undispersed | Floccnlant A | 1 ‘“‘i‘,oaguiaﬁt Al Nowe
3 "Undispersed Coagulant & {1 | Flocoulant A {1 None
4t Undispersed | Flocculant B {1 Coagulant B {3 B 2
5 | Undispersed | Coagulant B | 3 Flocculant B | 1 B 2
6 | Dispersed Flocculant A | 1.5 Coagulant A | 4 None
7 | Dispersed Coagulant A | | Flocculant A | 1.3 None
8 i Undispersed | Flocculant A | | Coagulant A | 1 Mone
K “Undispsrsed Coagulant A |t | Flocculant A | 1 Mone
Stalok 400 Cationic starch available from Tate & Lyle, Decatur, [L USA

Flocculant A

Antonic sodivim acrylate-acryiamide copolymer Hocoulant with an RSV of
about 32 dL/g and a charge content of 29 mole % available from Naleo Co.,

- Maperville, 1L USA.

Flocoulat B Cationde acrylamide-dimethy! ammocth;vi methacrylate-methyl chloride
quaternary salt copolvmer flocculant with an RSV of about 25 di/gand a
charge content of 20 mole % available from Naleo Co., Naperville, L USA,

Coaguiant A {"Cationic polv{diailyldimethylammonium chioride) coagulant withan RSV of

abont .7 dL/g available from Nalco Co., Naperville, I1 USA.

Coagulant B

Anionic sodivm acrylate-acrylamide copolymer with an RSV of about 1.8
dL/g and a charge content of & male % available from Naleo Co., Naperville,

IL USA.

Microparticie B

Anionic colloidal borosilicate microparticle avatiable from Nalco Co.,

Maperville, [L USA,
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Table IL Characteristics of filler flocs at maximoum MCL or 0 min ander 1500 rpm shear,
fx&mpie MCL {un) IB{(v,0.1) (.;,tm}wD(v,G.S} {pm} D(v,0.9) {(uny} Span Uniformity
{ {252 16.42 3307 46.48 1367 540
2 16.81 13.48 R2.08 o9z 2.66 0).83
3 0.3 53,94 13068 22893 134 041
4 18.52 19.46 43.91 90,86 163 0.51
5 38.61 57.2 147.73 240.04 1.17 .36
- 34.39 TR 111.48 209.04 140 0.43
7 45.63 34.17 125,68 240.63 164 0.52
] NA 24.4 $8.17 125.47 1.74 1.52
5 NA 29.62 l132.79 234.62 1.54 046
Table H1. Characteristics of filler flocs after 4 minutes under 1500 rpm shear.
Fxample MCL {(um) ‘Z‘D(V,O.i} (pm) {D{v,0.5) Gum} D{v,0.9) (pm) Span Uniformity
1 7.46 4.76 0,51 17.39 1.33 0.41
V) 13.21 11,29 3726 91.78 2.95 0.92
3 16.13 13.23 42,73 142.37 B.42 be2
4 13.86 14.91 78,46 51.63 1.29 0.4
5 17.66 21.8 58.08 14331 .09 ).65
6 477 15.77 B35.62 25.29 195 06
4 21.26 12.88 45.00 197.46 4.10 1.24
3 NA 14.91 15.88 76.29 7 0.53
5 NA 3.08 dg64 152.89 2.98 ho3

18
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Table IV. Characteristics of filler flocs after § mimutes under 1500 rpm shear.

vExamp}e MCL (pm}  DOv,001) (o} D(v,‘(‘)“.‘S) {pm (v, 0.5} (um) Span sUnifoi‘mity

i 702 101 e i 137 043
B 12.43 .57 20047 48.67 196 067

h 13.62 046 7893 ey 3.49 1.06

4 12,43 12.48 93,48 42.36 127 fas

5 15.30 15.64 41.16 106.73 221 0.7

5 C12.06 10.47 23.8% 52,81 v 0.62

7 17.42 9.2 3057 176 545 1.53

5 NA 12.67 10.84 55.95 1,73 0.53

o NA 0 B.66 3482 116.3 3.15 0.9

Aas shown in Tables 11V, filler flocs formed in Example 1, where only cationic
atarch was used, are not shear stable. Un the other hand, filler flocs formed by multiple polymers
exhibit enhanced shear stability, as demonsirated in Examples 2 t0 9. Examples 2, 4, 6 and 8
show filler flocs prepared according fo this invention and Examples 3, 5, 7 and 9 show filler flocs
prepared using existing methods. The filler flocs prepared according to the invention generally
have narrower particle size distributions afier being sheared down {as shown by the smaller
values of span and uniformity in Tables U and IV} compared with those formsed by existing
methods.

The purpose of this example was to evaluate the effects of ditferent sizes of PCC
flocs on the physical properties of handshests, The PCC samples were obtained using the
procedure described in Bxample 2, except that the PCC solhds level was 2%. Four samples of
preflocculated filler flocs (10-A, 10-B, 10-C and 10-D2} were prepared with different particle
sizes by shearing at 1500 rpra for different times. The shear times and resulting particle size

characieristics are listed in Table V.,

i9
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Thick stock with a consistency of 2.5% was prepared from 80% hardwood dry lap
pulp and 20% recyeled fibers obtained from Asperican Fiber Resources {(AFR) LLC, Fairmont,
WY, The bardwood was refined to a freeness of 300 ml Canadian Standard Freeness {TAPPE
Test Method T 227 om-94) o & Valley Beater (from Voith Sulzer, Appleton, W), The thick
stock 1s diluted with tap water (o 0.5% consistency.

Handsheets were prepared by mixing 650 ml of §.5% consistency furnish at 800
rpm In a Dynamic Drafvage Jar with the bottom screen covered by a solid sheet of plastic to
prevent drajnage. The Dynamic Drainage Jar and mixer are avatlable from Paper Chenustry
{Consulting Laboratory, Ine., Carmel, NY. Mixking was started and 1 g of one of the PCC samples
was added after 13 seconds, followed by 6 Ib/ton (product based) of GC7503 polyaluminum
chloride solution {available from Gulbrandsen Technologics, Clinton, NI, USA) at 30 seconds, 1
Ih/ton {product based) of a sodium acrylate-acrylamide copolymer flocoulant with an RSV of
about 32 dL/g and a charge content of 29 mole % (available from Naleo Company, Naperville, IL
LUSA) at 45 seconds, and 3.5 Ib/ton (active} of a borosilicate microparticle {(available from Nalco
Company, Naperville, Il USA) at 60 seconds.

Mixing was stopped at 75 seconds and the Bonish was transferred into the deckle
box of a Noble & Wood handsheet mold. The €7x 8 handsheet was formed by drainage through
a 100 mesh forming wire. The handshest was couched from the sheet mold wire by placing two
blotters and a metal plate on the wet bandsheet and roll-pressing with six passes of 2 23 1b metal
roller. The forming wire and one blotier were removed and the handsheet was placed between
two new blotiers and the press felt and pressed at SO psig using a roll prass. All of the blotters
were removed and the handsheet is dried for 60 seconds (top side facing the dryer surface) using
a rotary drum drier set at 220°F. The average basis weight of a handsheet was 84 g/mz) The
handshest mold, roll press, and rotary drum dryer are available from Adirondack Machine

Company, (Queensbury, NY. Five replicate bandsheets are produced for each PCC sample tested.

Ny
R}
)
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The finished bandsheets were stored ovemnight at TAPP! standard conditious of

509% relative humidity and 23 °C. For sach sheet, the hasis weight was determined using TAPPY
Test Method T 410 om-98, the ash content was determined using TAPPY Test Method T 211 om-
93, brightness is determined using ISC Test Method 2470:1999, and opacity was determived

5 using 150 Test Method 2471:1998.  Sheet formation, a measure of basis weight umifornuty, was
determined using a Kaj aani® Formation Analyzer from Metso Automation, Helsinki, FL The
results from these measurements are listed in Table Vi The tensile strength of the sheets was
measured using TAPPI Test Methad T 494 om-01, Scoit Bond was measured using TAPPI Test
Method T 569 pm-00, and z-directional tensile strength (Z10T) was raeasured using TAPPY Test

10 Method T 541 om-89. These resulis are listed in Table VIL
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Tabie V. Filler floc size characteristics for samples 106-A through 10-E. The 10-E sample is

an untreated FCC slurry.

Shear .
Time D3{v, 0.1y D035 iy, 0.9)
Hxample (5} MOE () {1} pnd Span  Unformity
10-A 010 e 304 836 1812 18 sy
%10_5 FE T 292 540 §291 (67 4
1o 450 9.4 s 45.1 87.4 1.4 0.44
10D sH0 5.8 13.8 258 46.3 13 39
0F NATTTE 54 5 5a {54 138 A X
Table VL The optical properties of sheets with different size filler flocs,
PCC from [Basis weight :Ash contentOpactty at Brightness F ormation
Fx. Mo, (g Vo Gig/m’ (% ISO) {96 180)  index
10-A 84.3 15.0 9.6 7.8 7.6
10-8 23.8 13.3 RG.1 878 533
10-C §4.6 44§96 57.9 943
10-D 83.5 13.9 99 % 57.4 102.6
10-E #3080 |i4s 928 876 101.2

Table VIL Mechanical strength properties of sheets with different size filler flocs,

" Mechanical Stren gih [mprovement {Ye)
PCC Hom?DT Scott BondTensile 1nds3>;fEA Scoti [Tensile
Ex. Mo, ¥kPay ipsi) N-m/g) ;N‘csmfcmE) LT Bond |Index |[TEA
0-A 7332 2263 82.9 2.6 486 B8 B4
10-B U097 2548 1.7 22 TONE 7R X T T
10-C eI BT RIS 2.5 48 0o B9 b6
- 681.4 2196 43,5 2.3 3.7 31 7.0 30
10-E p44.9 1790 79.0 I (R ¢ ‘ 0

b2
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As shown in Table V, the size of the filler flocs decreases as the time undar 1500
rpim shear increases, demonstrating the feasibility of controlling the size of filler Hlocs by the time
under high shear. Handsheets prepared from each of the four preflocculated fillers (10-A through
10-13) and the upireated filler (10-E) have roughly equivalent ash contents and basis weight, as

5 lsted in Table VI Increasing the Hoc size did not hurt brightness, but decreased the formation
and opacity of the sheets slightly. The mechanical strength of the sheets, as measured by -
directional tensile strength, Scott Bond, tensile index, and tensile energy absorption {TEA}
mcreased significantly with increasing filler floc size. This is shown in Table VIL In general,
higher median PCC floc size lead to increased sheet strength. In practice, the slight loss of

10 opacity could be compensated for by increasing the PCC content of the sheet at constant to
mproved sheet strength.

Tny at least one embodiment, a method of preflocenlating filler particles foruse in
papermaking processes comprises: a) providing an aqueous slurry of filler particles; b) adding a
first floceulating agent to the dispersion under conditions of lugh mixing; d) adding a second

15 flocoulating agent under conditions of high mixing in an amoont sufficient to initiate flocenlation
of the filler particles i the presence of the fust flocculating agent; and ) optionally shearing the
flocculated dispersion to provide a dispersion of filler flocs having the desired particle size.
Preferably, the fust flocculating agent is one of the previcusly described antonic flocculants.
Preferably, the second floccudating agent 1s one of the previously descenibed cationic floccoulants.

20 The two flocculants may each have a high molecular weight and low to medium charge density.

Without being lmited by theory or design i 18 believed that the first high
molecular weight floccudating sgent forms an evenly distributed mixture through the slurry
betore absorption. This evenly distributed nuxture aids the cationic second flocculating agent in

efficiently pulling together the mass to form the floc particles. As the following examples

B2
(¥

demonsirate, this emnbodiment’s novel use of two high molecular weight flocculating agents o
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control the particle size distribution through the shury produces unexpectedly sfficient floe
production. This embodiment can best be understood with reference to Examples 11-16.

Scalenohedral PCC (available as Syncarbh S NY from Omoya}) was diluted to 10%
solids using tap water, The size distribution of the filler was measured at three second intervals
during flocoulation using a Lasentec™ 8400 FBRM. The laser probe was inserted in a 600 mL
beaker contairung 300 ml of the 10% PCC slurry. The solution was stirred using an IKA RE16
stirring motor at 800 rpm for at least 30 seconds prior to the addition of flocculating agents.

The first flocculating agent was added, as a dilute solution, slowly over the course
of several minutes using a syringe. When a second floceulating agent is used, it was added in a
stmilar manner to the fivet floceulatmg agent after waiting 10 seconds for the first flocculating
agent to max. The slorry 15 then stired st 1500 o for 2-4 mimates fo fest the stability of the
filler flocs under high shear conditions. The POC type, flocculating agents, and doses of
flocculating agents used in these examples are Hsted in Table VIH, and the resulting
characterization of the particies is given in Table IX.

Examples 13-16

This experiment demonsirated the feasibility of using a continuous process to
flocculate the PCC shurry, A batch of 18 titers of 109 sohids undispersed PCC {available as
Albacar HO from Specialty Minerals Inc., Bethlchem, PA UISA) w tap water 1s pumped using a
centrifugal pump at 7.2 kg PCC/min into a five gallon bucket. The appropriate dosage of the first
flocculating agent solution 1s fed into the PCC shury at the centrifugal pumyp inlet using a
progressive cavity pump. The PCC is then fed indo a static mixer together with the appropriaie
dosage of the second flocculating agent. The size distvibution of the filler flocs is measured
using the Mastersizer Micro and reported in Table X. The resulting saraple is exposed 1o
additional shear by circulating the sample through a centrifugal pump: the results are also given

int Table X.
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The results shown in Tables IX-X highlight the advantages of the dual flocculant
treatment. Examples 12, 14-16 demonsirate improved shear stability as indicated by a lower
volume percent of particles with size fess than 10 micron. These samples weare found to be

supertor to Examples 11 and 13,
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Calciumn carbonate type, flocculating agent descriptions, and flocculating agent

Polymer 1 Polymer 2 Microparticle
o SO B nge ................ -
Ex Type Name {Ib/ton} Name {Ibfton} | Name {Ib/ton)
i1 Uildisperse‘u‘i PCC Flocculant A 2 Coagulant A 1 Mone
12 | Undispersed PCC Flocculant A 1.5 }< focoulant B 1.5 Nowne
15 | Undispersed PCC | Flocoubant A | 1.5 | Coagulant A | 15 | None
14 | Undispersed PCC ‘ Flocculant A { Flocoulant B i N;me
1§ | Undizpersed PCC Flocculant A i o Flcscértrxrlant < | 1 o A i
16 (U ndi%persed F‘C(, --------------------- -};‘sgccu!am A 1 Flocculant B i A i

Flocculant A

Anionic sodivm acrylate-acrviamide copolymer floccnlant with an RSV of about 32
dL/g and a charge sondent of 29 mole % available from Naleoe Co., Naperville, 1L

USa.

Floceulant B

Cationic acryiamide-dimethylaminoethyl acrylate-methyl chloride guaternary sali
copolyimer flocculant with a RSV of about 25 dL/g and a charge content of 10 mole

% available from Nalco Co., Naperville, I, USAL

Coagolant A

Flocculant C

Cationic acrviamide-dimethylaminoethyl acrylate-methyl chioride guaternary sali
copolyvimer flocculant with a RSV of about 25 dL/g and a charge content of 20 mole

%% available from Naleo Co., Naperville, IL. USA.

Cationic poly{diallylidimethyviarmmoniurn chloride) coagulant with an RSV of about

0.7 dL/g available from Naico Co., Naperville, 1L USA.

Microparticle A

Anionic colloidal borosilicate microparticle available from Nalco Co., Naperville, (L

USA.

N
o3}
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Table I¥,

prepared at 800 rpio and upon subsequent shear under 1500 rpm.

PCT/US2013/037048

Characteristics of flocculated calchum carbonate samples in Examples 11-12 as

Bx

(v, 0.1)

D(v, 0.5)

o
-3

Time at 1500 D{v, 0.9} | Vol % < 1{ Span
tpm {min) {pm) {p) {pm) ()
11 { 28.6 70.9 149.4 0.9 1.7
12 { 554 109.1 201.8 0.2 1.3
U 2 14.4 317 87.5 3R 1.9
12 2 203 453 94,1 1.3 1.6
11 4 114 28.6 70.0 6.7 2.0
12 4 4.9 338 73.4 29 1.7
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Table X. Characteristics of flocculated calcturn carbonate samples in Exaroples 13-16.

’ Ex No. circulations D{v, 0.1} v, G.S,‘)‘ “““““ | D(v, 09 | Vol¥% <10 Span
through pump {pm) (pm} {m) (o)

13 Y 18.6 36.8 68.6 1.47 1.36
id 0 573 115.6 “““““““ i’. 1-‘1.3 0.18 1.34
15 0 491 99.6 192.0 80.62 1.43
16 0 36.8 76.2 148.6 877 1.47
i3 3 10.9 21 3 386 6.94 1.34
14 3 237 45.1 811 1.22 £.27
15 3 17.3 345 63,7 204 1.35
16 3 16.0 352 69.0 2.83 1.51
- p " - 3%3 ....................... 1744 o
14 ) 16.7 32.2 58.3 1.76 1.29
15 & 122 6.0 .51(1 5.26 1.50
16 & 37 30.1 59.0 414 151
13 9 8.0 16.2 30.0 17.28 1,3”6

14 ; - - o 489 AAAAAAAAAAAAAAAAAAAAAAAA 121 ............
15 0 10.2 21.7 42.3 8.87 1.48
16 9 117 6.2 521 627 1.54
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At least one embodiment is 8 method of preflocculating filler that has been
dispersed using a high charge, low molecular weight, smonic dispersing agent. The method
consists of a) providing an aqueous slugry of antonically dispersed filler particles; b} adding a low
maolecular weight coagulant to the dispersion in order to completely or partially neutralize the
charge in the system; ) adding a first flocculating agent to the dispersion under conditions of high
mixing; d) adding a second flocculating agent {can be a coagulant or flocenlant) to the dispersion
under conditions of high mixing; and ¢} optionally shearing the Hocculated dispersion to provide a
disperston of filler flocs having the desired particle size.

Preferably, the low molecular weight, charge-neutralizing componentis a
coagulant, as previously described. Preferably, the frst flocoulating agent 1s an amonic or
cationic flocculant, as previcusly described. Preferably, the second floceulating agent 15 either a
coagulant or a flocculant with the oppostie charge of the first flococulating agent. This can best be
understood with reference to the following Examyples 17-2(:

Examples 17-20

The dispersed ground calcium carbonate (GCC) used in the examples is either
Hydrocarh HO G-ME or Quyafil 90 from Oroya. The dispersed GCC, obtained as a 65% solids
shurry, is diluted 10 10% solids using tap water. The size disinbution of the filler 1s measured at
three second mtervals during flocculation using & Lasentec™ 5400 FBRM (Focuaed Beam
Reflectance Measurement) probe, as described in Examples 1-7. The laser probe 1s inserted na
500 mL beaker containing 300 ml. of the 10% PCC slurry. The solution is stirved using an IKA
RE16 stirring motor at 800 rpm for at least 30 seconds prior to the addition of floceanlating agents.

The neutralizing polymer s added slowly over the course of approximaltely a few
minutes. The first flocculating agent is then added slowly over the course of several minutes
using a syringe. When a second flocculating agent is used, i is added in a sirotlar manner fo the

first flocculating agent after waiting 10 seconds for the first flocculating agent to mux. The



WO 2013/158811 PCT/US2013/037048

sfurry is then stirred at 15300 rpm for 2-4 munates o eat the stability of the filler flocs under high

shear conditions.

36



WO 2013/158811

PCT/US2013/037048

Table XI. Ground calcium carbonate source, flocoulating agent descriptions, and flocculating

agent doses for examples 17-20,

o ,\L ............................ T —
S S
Ground Dose Daose Dose

Ex | Calcium Carbonate Name {I/ton} MName (b/ton] Name {Ib/ton)
17 | Hydrocarb HO G-ME MNone Coagulant & 4 | Flocculant A 1.5
18 | Hydrocarb HO G-ME | Coagulant A 4 Floceulant A 1.5 Coagulant A i
19 VVVVVVVVVVV H ydvocarh HO G-ME ‘ None Cgaguiamg -------------- 2 ------------- F i‘;;ulam R 1.4

" 28t Onyyafil 90 Coagulant A 1.5 ﬁ"i'occulant A i Coaguland A .5

Flocoulant A

Amnitonic sodivm acrylate-acrviamide copolvmer focoulant with an RSV of about
32 dl/g and a charge content of 29 mole % available from MNaleo Co.,

Naperville, 1L USA,

Flocculant B

Cationic acryiamide-dimethylaminosthyl aorviate-methyl chlonde quaternary
sait copolymer Hoceuiant with an RSV of about 25 dl/g and a charge content of

10 moele % available from Naloe Co., Naperville, I USA,

Coagulant A

Cationic polv{diallyldimethylammonium chloride) coagulant with an R8V of

- zbout 8.7 dl/g available from Maice Co., Naperville, 1L USA.

Coagulant B

Cationic epichiorohydrin-dimethyviamine copolymer crosslinked with armoonia

with a RSV of about 8.3 d1./g available from MNaico Co,, Naperville, IL, USA
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Table XIf. Characteristics of flocculated ground caleium carbonate samples in Example 17-20,

as prepared at 800 rpm and upon subsequent shear under 1300 rpm.

Ex | Time at 1500 D{v, 0.1 ﬁ(v, QV.VS) D{v, 0.9y | Vol % <10 Sp?;n
pm s e]
Y o i 35.1 1132 5.2 2.9
18 0 59.9 139.5 235.9 0.0 13
19 o 24.9 101.8 2119 L 21 1.8
w 0 7.4 77.4 1713 0.3 1.9
17 2 mins. 8.4 21.3 62.6 140 2.5
181 2mmins 34.7 742 148.7 0.6 1.8
19 Ymivs. | 7.5 16.1 130.6 13.9 3.4
30 dwins. | 54 45.3 101.9 4| T
18 4 mins. 27.6 57.6 45.8 0.7 0.3
{mistake
here)
20 4 voins 46 35.9 $4.2 32 T
- - T - - P

As shown in Table XI, Examples 18 and 20 demonstrate the invention disclosed,

namely, an initial treatment with a charge-neutralizing polymer followed by two flocculating

olvmers. Examples 17 and 19 represent the use of a coagulant followed by g flocoulant. As
X 4 3

shown in Table X1, the prefiocenlated GCC in Examples 13 and 20 show tmproved shear

o
N
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stability indicated by larger median particle size D{v,0.5) at the same arount of shear. Exarnples
18 and 20 also have an mproved particle size distribution, indicated by smalier span and lower
percent by volume less than 10 nucrons.

Example 21

The purpose of these examples was {0 evaluate the impact of the preflocculated
eround calcium carbonate on the physical properties of paper sheets. The preflocculated sample
from Example 20 was used for this purpose, and compared against untreated Omyaftl 90,

Thick stock with a consistency of 2.3% was prepared from 75% hardwood dry lap
pulp and 25% softwood dry lap pulp. Both woods were refined to a freeness of 400 mil. Canadian
Standard Freeness {TAPPI Test Method T 227 om-94) in 3 Valley Beater (from Voith Sulzer,
Appleton, W1, The thick stock was diluted with tap water to 0.5% consistency.

Handsheets were preparad by mixing 650 mb of 0.53% consistency furnish at 800
rpm in a Dynamic Drainage Jar with the bottom screen covered by a solid sheet of plastic to
prevent drainage. The Dynmnic Drainage Jar and mixer are available from Faper Cheristry
Consulting Laboratory, Ine., Carmel, NY. Mixing was started and the GCC sample was added,
followed by 11 Ho/ton cationic starch and 3 b/ton of Nalco 7542 sizing agent at 13 seconds, and
finally 0.6 b/ton {product based} of a sodium acrylate-acrylamide copolymer flocculant with an
RSV of about 32 dL/g and a charge content of 29 mole % {available from Naleo Company,
Naperville, L}

Mixing was stopped at 45 seconds and the furnish was transferred into the deckle
box of a Noble & Wood handsheet mold. The &€7x & handsheet was formed by drainage through
a 100 moesh forming wire. The handsheet was couched from the sheet mold wire by placing two
Hlotters and a metal plate on the wet bandshest and roll-pressing with six passes of a 235 1b metal
roller. The forming wire and one blotler were removed and the handsheet was placed between
two new biotiers and the press felt and pressed at SO psig using a flat press. All of the blotters
were removed and the handsheet was dried for 60 seconds (top side facing the dryer surface}

33
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using a rotary drom drier set at 22{0°F. The handsheet mold, roll press, and rotary drum dryer are
available from Adirondack Machine Company, Glens Falls, NY. Five replicate handsheets were
produced for each PCC sample tested.
The finished handshests were stored overnight at TAPPI standard conditions of
5 50% relative humudity and 23°C. The basts weight {TAPPI Test Method T 410 0m-88}, ash
content {TAPPI Test Method T 211 om-93) for determination of PCC content, brighiness (ISC
Test Method 2470:199%9), opacity 80 Test Method 2471:1998)}, formation, tensile strength
{(TAPPI Test Method T 494 om-01), Seott Bond (TAPPI Test Mathod T 369 pm-00}, and 2-
directional tensile strength (ZD7, TAPPI Test Method T 5341 om-88) of the handshests were
10 tested. The formation, 8 measure of basis weight uniformity, was determined using a Kajaani®
Formation Analyzer from Metso Automation, Helsinki, FL

Table XII. Properiies of sheets containing untreated ground calcium carbonate or

a preflocoulated sample as described in Example 20,

Basis weight Ash content Z07 Tenaile Index TEA
GCC source s o
{8/ %% {kPa} (Nm/g) (Im™y
Omyahil 90 86.0 ‘ 12.6 562 443 133
Gmyafil 90 214 184 553 44.0 102
Example 20 1.4 i7.8 A8 537 163
Examplo 20 91.4 277 598 45.4 129

The mechanieal strength data in Table X1 indicates a 2054 increase in tensile
index and 10% increase m miernal bond strength at 3 fevel 18% ash for the sheets containing the
preflocculated filler produced in Example 20, corpared to the sheets contatning unireated GCC.

While this invention may be embodied in many different forms, there described in

20 detal herein specific preferred smbodiments of the invention. The present disclosure s an

4
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exemplification of the principles of the invention and is not intended to Hout the invention 1o the
particular embodiments tlustrated. All patents, patent applications, scientific papers, and any
other referenced materials mentioned herein are incorporated by reference in their entirety.
Furthermore, the inveniion encompasses any possible combination of some or all of the various
embodiments described herein and/or incorporated herein. In addition the tnvention
encompasses any possible combination that also specifically excludes any one or some of the
various embodimenis described herein and/or incorporated herein.

The above disclosure is intended o be iliustrative and not exhaustive, This
description will suggest many variations and alternatives to one of ordinary slall in this art. All
these alternatives and variations are intended to be inchuded within the scope of the claims where
the term "comprising” means "including, but not bmited to”, Those familiar with the art may
recognize other equivalents to the specific embodiments described herein which equivalents are
also intended to be encompassad by the claims,

All ranges and parameters disclosed herein are understood to encompass any and
all subranges subsumed thersin, and every number boiween the endpoints. For example, a stated
range of “1 1o 107 should be considered to include any and all subranges between {and inclusive
of} the minimum value of 1 and the maximarg value of 19; that is, all subranges begiuung with a
miniim value of 1 or more, {e.g. 110 6.1}, and ending with a maximum value of 10 or less,
{e.g. 2.3109.4,3 10 8, 4t 7}, and finally to cach number 1, 2, 3,4, 5, 6,7, 8, 9, and 10 contained
within the range.

This corapletes the description of the proferred and aliernate embodinents of the
invention. Those skilled in the art may recognize other equivalents o the specific ervbodiment
described herein which equivalents are mtended 10 be sncompassed by the claims attached

hereio.
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Claims
i. A method of preparing a stable dispersion of flocculated filler particles having a specific
particle size distribution for use 1 papennaking processes comprising

a} providing an asgueous dispersion of filler particles;

5 b} adding a furst flocculating agent o the dispersion n an amount sufficient 10 mix
uniformly in the dispersion without causing significant flocculation of the filler particles, and the
first flocculating agent being amphoteric;

¢} adding a second flocculating agent o the dispersion in an amount sufficient to inttiate
flocculation of the filler particles in the presence of the first flocculating agent wherein the

10 second flocoulating agent has opposite charge 1o the net charge of the first amphoteric

flocculating agent;

d} shearing the flocenlated dispersion to provide a dispersion of filler flocs having the
desired particle size; and

e} flocculating the filler particles prior o adding them to a paper stock and wherem no

15 paper stock is present duning the flocculation.

2. The method of claim 1 wherein the filler flocs have 3 median particle size of 10-100 pm.
3, The method of claim 1 wherein the filler is selected from the group consisting of

precipitated caloium carbonate, ground caloium carbonate, kaolin clay, tale, titantmm dioxids,

shunina trthydrate, bariow sulfate and magnesium hydroxide, and mixtures thereof.

20 4 The method of claim 1 wherein the first flocculating agent has net anionic charge.
s, The method of claim 4 wherein the second flocculating agent is cationic, selected from

the group consisting of copolymers and terpolyrsers of (meth) scrvlamide with
dimpethylaminoethyl methacrylate (DMAEM), dimethylaminoethyl acrylate (DMAEA),

diethylaminocthyl acrylate (DEAEA), disthvlaminoethyl methacrylate (DEAEM) or their

A
(4

quaternary anunonium forms made with diroethy! sulfate, methyl chloride or benzyl chloride,
and moixiures thereot.
6. The method of claim § wherein the second flocculating agent s acrylamide-

dimethylamineethyl acrylate methy! chloride quaternary copolymer having a cationic charge of
6

.43
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10-50 mole percent and a RSY of af feast 15 di/g.
7. The method of claim 4 wherein the second flocculating agent is a homopolymer of dialivl
dimethyl anmmoniun chionide having an RSV of $.1-2 dL/g.
8. The method of claim 1 further comprising adding ong or more microparticles to the
flocculated dispersion after addition of the second flocculating agent.
3. The method of claim 1 wherein the filler is anionically dispersed and a low molecular
weight, cationic coagulant is added to the dispersion to at least partially nevtralize its anionic
charge prior to the addition of the first flocculating agent.
18, A method of papermaking comprising the use of filler, the method comprising the steps
of!

providing an aguecus dispersion of filler particles, at least one dry sirength aid, and
cellulose fiber stock,

treating the filler particles with a composition of matier,

combining the filler particles with the cellulose fiber stock,

treating the combination with at least one dry strength aid, and

forming a paper mat from the combination,

wherein at least 10% of the filler particies are in a dispersed form using a bigh anionically
charged dispersant,

the celluiose fiber stock comprises a plurality of cellulose fibers and water, and

the composition of matter enhances the performance of the dry strength aid in the paper

nal,

[y
e
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