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Description

BACKGROUND

1. Field of the Invention

[0001] The present disclosure generally relates to pa-
permaking. More particularly, the present disclosure re-
lates to chemical additives capable of improving drain-
age, retention, and formation during a papermaking proc-
ess.

2. Description of the Related Art

[0002] Retention, drainage, and formation (RDF) ad-
ditives affect the phenomena that take place in the wet
end operations of a paper machine during a papermaking
process. The effect is based on ionic interactions be-
tween oppositely charged chemicals and furnish compo-
nents. Typically, ionic reactions are assumed to be infi-
nitely fast and thus, chemical kinetics can usually be as-
sumed to be of minor interest. Therefore, the residence
time for RDF additives to take effect is usually limited by
physical mixing. US 2014/262090 A1 discloses a method
of increasing retention and drainage in papermaking
processes using high molecular-weight water-soluble
polymers of acrylamide having hydrolyzable crosslinked
monomer units.
[0003] Introduction of RDF additives into the flowing
suspension of a papermaking furnish is challenging due
to a relatively small amount of RDF additives to be mixed
in a large flow of furnish. The typical ratio to be mixed is
about 1:1000. On the other hand, mixing should be as
rapid as possible to minimize the RDF deactivation due
to local overdose because of improper mixing, polymer
adsorption, and shear effects caused by the approach
system pipe and related components, such as pumps,
pressure screens, and the headbox.
[0004] In a conventional RDF system, all components
are dosed before the headbox. A common dosing point
is before the headbox fan pump or a pressure screen,
mainly to break-up the flocs and improve the mixing pro-
files. RDF additives may also be added post-screen. Ad-
ditional points of addition of the RDF additives include
between the pressure screen and the headbox or into
the pressure screen. In paper machines, a typical resi-
dence time for an RDF additive added to the headbox is
between about 2 and 10 seconds. When exposed to
shear in the pump/screen, the RDF additive-induced fiber
flocs break up. As the system is allowed to reflocculate,
the bridging mechanisms of other RDF components
dosed post-screen is believed to maintain the same
structure as in the initial flocculated state. The main effect
is that the retention and drainage responses are the same
as those before the shear.
[0005] Long residence times of RDF additives from the
dosing point to the forming section also makes the control
of RDF chemistry more challenging. In addition, the ca-

pability to affect a specific sheet property decreases if
the distance between the feeding location and the section
where the sheet properties are fixed is long. Hence, in
many cases, it has been observed that closer or even
direct feed of the RDF additives into the headbox increas-
es the performance, meaning increased retention, drain-
age, and floc size.
[0006] There are several existing technologies to in-
troduce RDF additives into the headbox, such as using
the dilution headbox stream or special channels inside
the headbox installed hardware. The use of the dilution
stream concept is not preferred as the anionic dilution
streams reduce the performance of cationic RDF addi-
tives and limit the application to only anionic RDF addi-
tives. In addition, a dilution stream is applied in the head-
box to decrease the basis weight locally, e.g., to control
the basis weight profile variation. The response from
each individual dilution valve is partly hindered if RDF
additives are applied with the dilution stream due to in-
creased local retention, e.g., increased basis weight.
Hardware modifications of a headbox are not preferred
due to the relative high investment costs and long shut
down periods for installations.
[0007] Currently, RDF additives may generally be se-
lected from flocculants, coagulants, and inorganic par-
ticulates. When one or more of these chemistries are
added to an aqueous slurry containing cellulose fibers,
fines, fillers, etc., sheet formation is facilitated with ob-
served improvements in some properties, such as reten-
tion and dewatering, but other properties of the resulting
paper sheet may be sacrificed. Thus, there is a need for
new RDF additives that provide improved retention,
drainage, and formation properties without sacrificing
other properties, such as the strength, of the paper or
paperboard.

BRIEF SUMMARY

[0008] The present disclosure relates to RDF additives
and methods of using the same. In one aspect, the dis-
closure relates to a method of increasing retention, drain-
age, and formation properties in a papermaking process
comprising adding an effective amount of an additive to
the papermaking process, wherein the additive compris-
es a polymer having a boronic acid moiety.
[0009] The present disclosure also provides for the use
of an additive for increasing retention, drainage, and for-
mation properties in a papermaking process, comprising
adding an effective amount of the additive to the paper-
making process, wherein the additive comprises an acr-
ylamide containing polymer having a boronic acid moiety.
[0010] The foregoing has outlined rather broadly the
features and technical advantages of the present disclo-
sure in order that the detailed description that follows
may be better understood. Additional features and ad-
vantages of the disclosure will be described hereinafter
that form the subject of the claims of this application. It
should be appreciated by those skilled in the art that the
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conception and the specific embodiments disclosed may
be readily utilized as a basis for modifying or designing
other embodiments for carrying out the same purposes
of the present disclosure.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWINGS

[0011] A detailed description of the invention is here-
after described with specific reference being made to the
drawings in which:

FIG. 1 shows turbidity reduction data in relation to
an embodiment of a presently disclosed additive;
and
FIG. 2 shows first pass ash retention data in relation
to an embodiment of a presently disclosed additive.

DETAILED DESCRIPTION

[0012] Various embodiments are described below.
The relationship and functioning of the various elements
of the embodiments may better be understood by refer-
ence to the following detailed description. However, em-
bodiments are not limited to those explicitly described
below.
[0013] In accordance with the present disclosure, the
terms "papermaking process" and "papermaking proc-
esses" refer to methods of making any kind of paper prod-
ucts (e.g., paper, tissue, board, etc.) from pulp compris-
ing forming an aqueous cellulosic papermaking furnish,
draining the furnish to form a sheet and drying the sheet.
The steps of forming the papermaking furnish, draining,
and drying may be carried out in any manner known to
those skilled in the art. A papermaking process may also
include a pulping stage, e.g., making pulp from wood
and/or non-wood raw material, and a bleaching stage,
e.g., chemical treatment of the pulp for brightness im-
provement.
[0014] "Coagulant" means a composition of matter
having a higher charge density and lower molecular
weight than a flocculant, which, when added to a liquid
containing finely divided suspended particles, destabiliz-
es and aggregates the solids through the mechanism of
ionic charge neutralization.
[0015] "Dewatering Aid" means chemical additives
that will improve the dewatering of a paper web, at any
point in the process. The dewatering aid may improve
free drainage, vacuum drainage, pressing response, etc.
[0016] "Flocculant" means a composition of matter
having a low charge density and a high molecular weight
(generally in excess of 1,000,000 Da) which, when added
to a liquid containing finely divided suspended particles,
destabilizes and aggregates the solids through the mech-
anism of interparticle bridging.
[0017] "RSV" stands for Reduced Specific Viscosity.
The RSV of a polymer solution is a measure of the ca-
pacity of polymer molecules to enhance the viscosity of

the solution at a given concentration, which depends on
the structure of the polymer molecules (including size
and shape), and interaction between polymer molecules.
Within a series of polymer homologs which are substan-
tially linear and well solvated, RSV measurements for
dilute polymer solutions are an indication of polymer
chain length and average molecular weight according to
Paul J. Flory, in " Principles of Polymer Chemistry", Cor-
nell University Press, Ithaca, NY., 1953, Chapter VII, "De-
termination of Molecular Weights ", pp. 266-316. The
RSV is measured at a given polymer concentration and
temperature and calculated as follows:

wherein η = viscosity of polymer solution; η0 = viscosity
of solvent at the same temperature; and c = 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. In this patent application, for measuring RSV,
the solvent used was 1.0 molar sodium nitrate solution.
The polymer concentration in this solvent was 0.045 g/dL.
The RSV was measured at 30 °C. The viscosities η and
η0 are measured using a Cannon Ubbelohde semi-micro
dilution viscometer, size 75. The viscometer is mounted
in a perfectly vertical position in a constant temperature
bath adjusted to 30 6 0.02 °C. The error inherent in the
calculation of RSV is about 2 dL/g. When two polymer
homologs within a series have similar RSVs, that is an
indication that they have similar molecular weights.
[0018] The processes disclosed herein can be prac-
ticed on conventional papermaking equipment. Although
papermaking equipment varies in operation and me-
chanical design, the processes by which paper is made
on different equipment contain common stages. Paper-
making typically includes a pulping stage, a bleaching
stage, a stock preparation stage, a wet end stage, and
a dry end stage.
[0019] In the pulping stage, individual cellulose fibers
are liberated from a source of cellulose by mechanical
and/or chemical action. Representative sources of cel-
lulose include, but are not limited to, wood and similar
"woody" plants, soy, rice, cotton, straw, flax, abaca,
hemp, bagasse, lignin-containing plants, and the like.
Sources of cellulose also include original and recycled
paper, paper tissue, and paperboard.
[0020] Pulps include, but are not limited to, ground-
wood (GWD), bleached groundwood, thermomechanical
pulps (TMP), bleached thermomechanical pulps, chemi-
thermomechanical pulps (CTMP), bleached chemi-ther-
momechanical pulps, deinked pulps, kraft pulps,
bleached kraft pulps, sulfite pulps, and bleached sulfite
pulps. Recycled pulps may or may not be bleached in
the recycling stage, but they are presumed to be originally
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bleached. Any of the pulps described above which have
not previously been subjected to bleaching may be
bleached as described herein to provide a bleached pulp
material.
[0021] In an embodiment, the bleached pulp material
is selected from the group consisting of virgin pulp, re-
cycled pulp, kraft, sulfite pulp, mechanical pulp, any com-
bination of such pulps, recycled paper, paper tissue, and
any paper made from such listed pulps, or combinations
thereof.
[0022] The pulp is suspended in water to form a stock
in the stock preparation stage. Additives such as bright-
ening agents, dyes, pigments, fillers, antimicrobial
agents, defoamers, pH control agents, and drainage ad-
ditives may be added to the stock at this stage. In ac-
cordance with the present disclosure, "stock preparation"
includes such operations as dilution, screening, and
cleaning of the stock suspension that may occur prior to
forming the web.
[0023] The wet end stage of the papermaking process
comprises depositing the stock suspension or pulp slurry
on the wire or felt of the papermaking machine to form a
continuous web of fibers, draining the web, and consol-
idation of the web ("pressing") to form a sheet. Typical
machines used for these processes include, but are not
limited to, cylinder machines, fourdrinier machines, twin
wire forming machines, tissue machines, and the like.
[0024] In the dry end stage of a papermaking process,
the web is dried and may be subjected to additional
processing, such as size pressing, calendering, spray
coating with surface modifiers, printing, cutting, corrugat-
ing, and the like. The dried paper may also be coated
using a sprayboom.
[0025] High speed paper machines and paper furnish
with high filler content require micropolymers to achieve
higher retention and drainage, as well as good paper
sheet quality. The presently disclosed RDF additive
achieves these objectives. In accordance with the
present disclosure, the terms "RDF additive" and "addi-
tive" may be used interchangeably. An additive may com-
prise one or more polymers and/or one or more micro-
polymers, as defined herein.
[0026] The presently disclosed additive may be added
at any stage of the papermaking process. In some em-
bodiments, the additive is added to the stock (i.e. the pulp
suspended in water). The stock may be a thin stock or a
thick stock. In certain embodiments, the additive is added
at any location, and at any time, during the wet end stage
of the papermaking process.
[0027] The additive may comprise various polymers
and/or micropolymers. As used herein, the term "micro-
polymer" refers to a polymer containing a structured net-
work that acts as a microparticle in paper furnish and
functions as a flucculation and drainage aid in a paper-
making process. Micropolymer also refers to a polymeric
microparticle in a papermaking process. A micropolymer
may be a polymer but it additionally has a network struc-
ture that can be created by crosslinking or other means.

[0028] In some embodiments, the micropolymer is an
acrylamide based polymer comprising a boronic acid
moiety. In certain embodiments, the micropolymer ex-
cludes vinylamine based polymers. The weight average
molecular weight of the presently disclosed micropoly-
mer may be, for example, greater than 1,000,000 Da. In
some embodiments, the molecular weight is from about
1,000,000 Da to about 5,000,000 Da, from about
5,000,000 Da to about 10,000,000 Da, or greater than
10,000,000 Da.
[0029] In some embodiments, the additive comprises
a boronic acid containing polymer and/or a boronic acid
containing micropolymer. This additive provides im-
proved RDF properties. For example, in one embodi-
ment, a stock (aqueous suspension of pulp) is provided
and an additive comprising polyacrylamide having a bo-
ronic acid moiety is added to the stock. The polyacryla-
mide, and any of the polymers or micropolymers dis-
closed herein, may be, for example, neutral, ionic (e.g.
cationic, anionic), linear, crosslinked and/or branched.
[0030] In some embodiments, the polymer or micropo-
lymer of the additive comprises polyacrylamide. The
polyacrylamide may be prepared, for example, by radical
polymerization of acrylamide and at least one vinyl mon-
omer containing a boronic acid moiety. In certain embod-
iments, the vinyl monomer may be selected from 3-(acr-
ylamido)phenylboronic acid, 2-(acrylamido)phenylbo-
ronic acid, 4-(acrylamido)phenylboronic acid, 3-(meth-
acrylamido)phenylboronic acid, 2-(methacrylamido)phe-
nylboronic acid, 4-(methacrylamido)phenylboronic ac-
id,2-vinylphenylboronic acid, 3-vinylphenylboronic acid,
and/or 4-vinylphenylboronic acid. In some embodiments,
other monomers may be included in the polymerization
reaction. Such other monomers include, but are not lim-
ited to, (meth)acrylic acid, salts of (meth)acrylic acid, 2-
acrylamido-2-methylpropane sulfonic acid (AMPS), salts
of AMPS, and 2-(acryloyloxy)-N,N,N-trimethylethan-
aminium (DMAEA.MCQ) and diallyldimethylammonium
chloride (DADMAC). In some embodiments, the comon-
omers are selected from the group consisting of
(meth)acrylic acid, salts of (meth)acrylic acid, 2-(acryloy-
loxy)-N,N,N-trimethylethanaminium (DMAEA.MCQ),
and any combination thereof. The mole percent of acry-
lamide to comonomer (or combination of comonomers)
in a polymer or micropolymer is about 1-99 mole %, and,
in some embodiments, the mole percent of boronic acid
containing monomer to other monomers in the polymer
is about 0.001 to about 20 mole %.
[0031] In some embodiments, the polymers and micro-
polymers of the additive may be cationic, nonionic, ani-
onic, amphoteric, or associative. In certain embodiments,
the polymers and micropolymers may be crosslinked us-
ing an appropriate crosslinking agent. Exemplary
crosslinking agents include, but are not limited to, N,N-
methylene bisacrylamide (MBA), polyethyleneglycol di-
acrylate, polyvinylalcohol, dextran, and guar. Additional-
ly, the polymers and micropolymers of the additive may
be in latex form, may be provided in an aqueous solution,
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or may be provided in a dry powder form.
[0032] The additive disclosed herein may be added to
the papermaking process, such as to the stock, alone or,
in some embodiments, the additive may be added before,
after, and/or with other papermaking chemicals. Such
other papermaking chemicals include, but are not limited
to, cationic polymers selected from naturally occurring
carbohydrates, synthetic linear, branched, and/or cross-
linked flocculants, organic microparticulates, copolymers
of acrylamide and diallyldimethylammonium chloride, co-
polymers of dimethyl aminoethyl (meth)acrylate and acr-
ylamide, copolymers of (meth)acrylic acid and acryla-
mide, copolymers of dimethyl aminoethyl (meth)acrylate
and acrylamide, copolymers of dimethyl aminoethyl
(meth)acrylate-methyl chloride quat and acrylamide, and
terpolymers of dimethyl aminoethyl (meth)acrylate, acr-
ylamide, and (meth)acrylic acid, for example.
[0033] Other papermaking chemicals also include var-
ious anionic polymers, such as homo and copolymers of
acrylic acid, and copolymers of methacrylamide 2-acry-
lamido-2-methylpropane sulfonate with acrylamide or
methacrylamide. Additionally, the other papermaking
chemicals may comprise non-ionic polymers, such as
polyethylene oxide and polyacrylamide, and they may
also comprise various coagulants. For example, coagu-
lants may include organic coagulants, such as poly-
alkylenepolyamines, prepared from epichlorohy-
drindimethylamine and ethyleneimines. Inorganic coag-
ulants may also be included, such as alum, polyaluminum
chloride, and polyaluminum silicate sulfate. Other paper-
making chemicals that may be added before, with, and/or
after the additive include brightening agents, dyes, pig-
ments, fillers, antimicrobial agents, defoamers, and pH
control agents.
[0034] Again, the presently disclosed additive may be
added to the stock, wet end, or other location alone, or
it may be added before, after, and/or with any of the fore-
going additional papermaking chemicals, any combina-
tion of the foregoing papermaking chemicals, or any other
chemicals traditionally added to the stock, wet end, or
other locations of a papermaking machine.
[0035] The amount of additive added can be chosen
to suit the particular application. In some embodiments,
the effective amount of additive to be added is from about
0.05 lb/ton of paper to about 10 lb/ton of paper.
[0036] The point of addition of the presently disclosed
additive is not particularly limited. In one embodiment,
the additives are added directly to the stock. In some
embodiments, the additives may be added between a
headbox slice opening and a first drainage element of a
papermaking machine. In another embodiment, the ad-
ditives may be applied to a headbox free jet of a paper-
making machine (i.e. the fluid that flows out from the
headbox). The additives may also be added to a refloc-
culation region of the machine, prior to formation of the
paper web. A reflocculation region is typically the area
between 0 cm (at exit point) and 20 cm from the headbox
in the direction of the forming wire. Other exemplary

points of addition include, but are not limited to, the dilu-
tion headbox stream or channels inside the headbox in-
stalled hardware.
[0037] The application of the additive to the papermak-
ing process can encompass a variety of different meth-
ods. For example, the additive may be added using non-
contact methods or non-contact applicators, which are
commonly known in the art.
[0038] In one embodiment, the additive may be applied
to the papermaking process using a chemical injection
pump or it may be added manually to the stock, for ex-
ample. The additive may be applied using a spray bar,
optionally wherein the spray bar is installed onto a head-
box top slice cover. In another embodiment, the additive
may be applied to the papermaking process by a curtain
applicator. In additional embodiments, the additive may
be applied to the papermaking process using a slice
blade.

Examples

[0039] "Polymer 1", an inverse emulsion polymer com-
prising 30% actives, 70/30 mole percent acryla-
mide/acrylic acid (AcAm/AA), and 0.5 weight percent
3-(acrylamido)phenylboronic acid (APBA), was synthe-
sized in the following manner:
[0040] An aqueous monomer phase was made-up by
stirring together about 422.4g of a 49.5% aqueous solu-
tion of acrylamide (AcAm), about 90.9g acrylic acid (AA),
and about 65.6g de-ionized water. The solution was neu-
tralized with about 97g 50% sodium hydroxide to a pH
of about 7 while the temperature was controlled below
35°C with ice water bath. To the resulting solution was
added about 25g sodium chloride, about 1.5g 3-(acryla-
mido)phenylboronic acid (APBA), about 0.13g ED-
TA·Na4 (ethylenediaminetetraacetic acid, tetra sodium
salt), and about 0.1g sodium formate. The components
were stirred until dissolved.
[0041] An oil phase was prepared by heating a mixture
of about 250g paraffinic oil, about 12.0g Span™ 80 and
about 15g Tween™ 81. The oil phase was charged into
a 2L reactor and heated to about 43°C. With vigorous
stirring (900 rpm, 10 mm rod with a Teflon™ paddle at
the base and 6-blade turbine mounted 3-inches from the
bottom), the monomer phase was added over the course
of about two minutes. The resulting mixture was stirred
for about 30 minutes.
[0042] To the water-in-oil emulsion was added about
0.27g azobisisobutyronitrile (AIBN) and about 0.027g
2,2’-azobisisovaleronitrile (AIVN). The polymerization
was carried out under a N2 atmosphere at about 43°C
for about 4 hours. Then, the temperature was set to about
70°C for one hour. After, the emulsion was cooled down
to about 35°C and about 20g ethoxylated fatty alcohol
was added with stirring.
[0043] "Polymer 2", an inverse emulsion polymer com-
prising 30% actives, 70/30 mole percent AcAm/AA, 0.13
weight percent polyvinylalcohol, and 0.1 weight percent
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APBA, was synthesized as follows:
[0044] An aqueous monomer phase was made-up by
stirring together about 422.4g of 49.5% aqueous solution
of acrylamide, about 90.9g acrylic acid, and about 65.6g
de-ionized water. The solution was neutralized with about
97g 50% sodium hydroxide to a pH of about 9.0 while
the temperature was controlled below 35°C with an ice
water bath. To the resulting solution was added about
0.13g EDTA·Na4, about 25g sodium chloride, about 0.3g
APBA, about 5.52 g of 7.25% polyvinyl alcohol (Celvol™
08-125), and about 0.1g sodium formate. The compo-
nents were stirred until dissolved.
[0045] An oil phase was prepared by heating a mixture
of about 250g paraffinic oil, about 12.0g Span™ 80 and
about 15g Tween™ 81. The oil phase was charged into
2L reactor and heated to about 43°C. With vigorous stir-
ring (900 rpm, 10 mm rod with a Teflon™ paddle at the
base and 6-blade turbine mounted 3-inches from the bot-
tom), the monomer phase was added over the course of
about two minutes. The resulting mixture was stirred for
about 30 minutes.
[0046] To the water-in-oil emulsion was added about
0.27g AIBN and about 0.027g AIVN. The polymerization
was carried out under a N2 atmosphere at about 43°C
for about 4 hours. The temperature was then set to about
70°C for one hour. The emulsion was cooled down to
about 35°C and about 20g ethoxylated fatty alcohol was
added with stirring.
[0047] Various experiments were carried out to show
the surprisingly beneficial RDF properties of the presently
disclosed additive. In one experiment (Example 1), the
additive was evaluated using a dynamic drainage jar
(DDJ) method. The additive comprised a boronic acid
containing acrylamide/acrylic acid copolymer (Polymer
1 having a RSV of about 16) and this additive was tested
against "Nalco Comparative Polymer" which is an inverse
emulsion polymer comprising 30% actives, 70/30 mole
percent acrylamide/acrylic acid with a RSV of about 37
and "Commercial Comparative Polymer" which is a com-
mercial product containing about 30% actives, 50/50
mole percent acrylamide/acrylic acid with a RSV of about
16.
[0048] In the DDJ test, the standard alkaline furnish
(SAF) had a pH of about 8.1 and was composed of about
80% by weight cellulosic fibers and about 20% precipitate
calcium carbonate diluted to a consistency of about 0.5%
by weight. The fiber comprised about 2/3 bleached hard-
wood kraft and about 1/3 bleached softwood kraft. About
500 ml SAF furnish was charged in a Britt jar and mixed
at about 1250 rpm. Starch Solvitose® N was then added
at about 10 lb/ton dry weight after about 5 seconds. Poly
aluminum Chloride (PAC) was added after about 10 sec-
onds. Then, the additive (or comparative example prod-
uct) was added after about 20 seconds. Drain started at
about 30 seconds and ended at about 60 seconds. The
drain (filtrate) was collected for turbidity measurement.
The turbidity of the filtrate is inversely proportional to the
furnish retention performance. The turbidity reduction %

is proportional to the retention performance of the reten-
tion program. The higher the turbidity reduction %, the
higher the retention of the paper furnish.
[0049] The results of this experiment are depicted in
FIG. 1. The data indicate that when the additive is used
as a flocculant for retention, it exhibited higher turbidity
reduction than Commercial Comparative Polymer and
Nalco Comparative Polymer. Again, the higher the tur-
bidity reduction, the better the paper furnish retention.
[0050] In another experiment (Example 2), a DDJ
method was carried out to study first pass ash retention.
The additive studied was "Polymer 2" with a RSV of about
21, which was added as an aqueous solution. This ad-
ditive was tested against Commercial Comparative Pol-
ymer.
[0051] The alkaline furnish has a pH of about 8.1 and
comprised about 77% by weight cellulosic fibers and
about 23% precipitate calcium carbonate diluted to a con-
sistency of about 0.5% by weight. The fiber comprised
about 2/3 bleached hardwood kraft and about 1/3
bleached softwood kraft. About 500 ml SAF furnish was
charged to a Britt jar and mixed at about 1250 rpm. Starch
Solvitose® N and PAC were then co-charged at 10 lb/ton
dry weight and about 3.9 lb/ton of paper after about 5
seconds. Then, Nalco Comparative Polymer and the ad-
ditive (or comparative product) were co-charged to the
jar after about 15 seconds. Drain started after about 25
seconds and ended at about 55 seconds. The drain (fil-
trate) was collected for first pass ash retention measure-
ment. The higher the first pass ash retention %, the higher
the retention of the paper furnish.
[0052] Data from this experiment is depicted in FIG. 2.
The data shows that when using the micropolymer addi-
tive for retention, it exhibits higher ash retention than the
comparative polymers. Again, the higher the ash reten-
tion, the better the paper furnish retention.
[0053] All of the compositions and methods disclosed
and claimed herein can be made and executed without
undue experimentation in light of the present disclosure.
While this invention may be embodied in many different
forms, there are described in detail herein specific pre-
ferred embodiments of the invention. The present disclo-
sure is an exemplification of the principles of the invention
and is not intended to limit the invention to the particular
embodiments illustrated. In addition, unless expressly
stated to the contrary, use of the term "a" is intended to
include "at least one" or "one or more." For example, "a
polymer" is intended to include "at least one polymer" or
"one or more polymers."
[0054] Any ranges given either in absolute terms or in
approximate terms are intended to encompass both, and
any definitions used herein are intended to be clarifying
and not limiting. Notwithstanding that the numerical rang-
es and parameters setting forth the broad scope of the
invention are approximations, the numerical values set
forth in the specific examples are reported as precisely
as possible. Any numerical value, however, inherently
contains certain errors necessarily resulting from the
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standard deviation found in their respective testing meas-
urements. Moreover, all ranges disclosed herein are to
be understood to encompass any and all subranges (in-
cluding all fractional and whole values) subsumed there-
in.

Claims

1. A method of increasing retention, drainage, and for-
mation properties in a papermaking process com-
prising adding an effective amount of an additive to
the papermaking process, wherein the additive com-
prises an acrylamide containing polymer having a
boronic acid moiety.

2. The method of claim 1, wherein the polymer is a mi-
cropolymer.

3. The method of claim 1, wherein the polymer is non-
ionic, cationic, anionic, amphoteric, zwitterionic, or
associative.

4. The method of any one of claims 1 to 3, wherein the
polymer is prepared by reacting polyacrylamide with
a member selected from the group consisting of
3-(acrylamido)phenylboronic acid, 2-(acrylami-
do)phenylboronic acid, 4-(acrylamido)phenylboron-
ic acid, 3-(methacrylamido)phenylboronic acid,
2-(methacrylamido)phenylboronic acid, 4-(methacr-
ylamido)phenylboronic acid, 2-vinylphenylboronic
acid, 3-vinylphenylboronic acid, 4-vinylphenylboron-
ic acid, and any combination thereof.

5. The method of claim 4, wherein the polymer addi-
tionally comprises a monomer selected from the
group consisting of (meth)acrylic acid, salts of
(meth)acrylic acid, 2-acrylamido-2-methylpropane
sulfonic acid (AMPS), salts of AMPS, 2-(acryloy-
loxy)-N,N,N-trimethylethanaminium
(DMAEA.MCQ), diallyldimethylammonium chloride
(DADMAC), and any combination thereof.

6. The method of any one of the preceding claims,
wherein the additive is added in latex form, as an
aqueous solution, or in dry powder form.

7. The method of any one of the preceding claims,
wherein the additive is added before, after, and/or
with an additional chemical selected from the group
consisting of a naturally occurring carbohydrate, a
flocculant, an organic microparticulate, a copolymer
of acrylamide and diallyldimethylammonium chlo-
ride, a copolymer of dimethyl aminoethyl (meth)acr-
ylate and acrylamide, a copolymer of (meth)acrylic
acid and acrylamide, a copolymer of dimethyl ami-
noethyl (meth)acrylate and acrylamide, a copolymer
of dimethyl aminoethyl (meth)acrylate-methyl chlo-

ride quat and acrylamide, a terpolymer of dimethyl
aminoethyl (meth)acrylate, acrylamide, and
(meth)acrylic acid, a homopolymer of acrylic acid, a
copolymer of acrylic acid, a copolymer of methacry-
lamide 2-acrylamido-2-methylpropane sulfonate
and (meth)acrylamide, polyethylene oxide, polyacr-
ylamide, a coagulant, a polyalkylenepolyamine, al-
um, polyaluminum chloride, polyaluminum silicate
sulfate, a brightening agent, a dye, a pigment, a filler,
an antimicrobial agent, a defoamer, a pH control
agent, and any combination thereof.

8. The method of any one of the preceding claims,
wherein the additive is added during a pulping stage,
a bleaching stage, a stock preparation stage, a wet
end stage, a dry end stage or any combination there-
of, and/or wherein the additive is added to a stock.

9. The method of any one of the preceding claims,
wherein the effective amount is from about 0.05
lb/ton (0.025 kg/t) of paper to about 10 lb/ton (5 kg/t)
of paper.

10. The method of any one of the preceding claims,
wherein the additive is added using a member se-
lected from the group consisting of a non-contact
applicator, a chemical injection pump, a spray bar,
a curtain applicator, a slice blade, and any combina-
tion thereof.

11. The method of any one of the preceding claims,
wherein the polymer is a micropolymer comprising
one or more monomers selected from 3-(acrylami-
do)phenylboronic acid, 2-(acrylamido)phenylboron-
ic acid, 4-(acrylamido)phenylboronic acid, 3-(meth-
acrylamido)phenylboronic acid, 2-(methacrylami-
do)phenylboronic acid, 4-(methacrylamido)phenyl-
boronic acid, 2-vinylphenylboronic acid, 3-vinylphe-
nylboronic acid, and 4-vinylphenylboronic acid.

12. The method of any one of the preceding claims,
wherein the polymer further comprises acrylic acid.

13. The method of any one of the preceding claims,
wherein the additive excludes vinylamine polymers.

14. The method of any one of the preceding claims,
wherein the polymer comprises from about 0.001 to
about 20 mole % of a monomer comprising the bo-
ronic acid moiety.

15. Use of an additive for increasing retention, drainage,
and formation properties in a papermaking process,
comprising adding an effective amount of the addi-
tive to the papermaking process, wherein the addi-
tive comprises an acrylamide containing polymer
having a boronic acid moiety.
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Patentansprüche

1. Verfahren zum Erhöhen von Retentions-, Entwäs-
serungs- und Formationseigenschaften in einem Pa-
pierfabrikationsvorgang, das ein Zusetzen einer
wirksamen Menge eines Hilfsmittels zu dem Papier-
fabrikationsvorgang umfasst, wobei das Hilfsmittel
ein Acrylamid enthaltendes Polymer umfasst, das
ein Boronsäuremolekülteil aufweist.

2. Verfahren nach Anspruch 1, wobei das Polymer ein
Mikropolymer ist.

3. Verfahren nach Anspruch 1, wobei das Polymer
nichtionisch, kationisch, anionisch, amphoter, zwit-
terionisch oder assoziativ ist.

4. Verfahren nach einem der Ansprüche 1 bis 3, wobei
das Polymer durch Umsetzen von Polyacrylamid mit
einem Bestandteil hergestellt wird, der aus der Grup-
pe ausgewählt ist, die aus 3-(Acrylamido)phenylbo-
ronsäure, 2-(Acrylamido)phenylboronsäure,
4-(Acrylamido)phenylboronsäure, 3-(Methacrylami-
do)phenylboronsäure, 2-(Methacrylamido)phenyl-
boronsäure, 4-(Methacrylamido)phenylboronsäure,
2-Vinylphenylboronsäure, 3-Vinylphenylboronsäu-
re, 4-Vinylphenylboronsäure und einer beliebigen
Kombination davon besteht.

5. Verfahren nach Anspruch 4, wobei das Polymer zu-
sätzlich ein Monomer umfasst, das aus der Gruppe
ausgewählt ist, die aus (Meth)acrylsäure, Salzen
von (Meth)acrylsäure, 2-Acrylamido-2-methylpro-
pansulfonsäure (AMPS), Salzen von AMPS,
2-(Acryloyloxy)-N,N,N-Trimethylethanaminium
(DMAEA.MCQ), Diallyldimethylammoniumchlorid
(DADMAC) und einer beliebigen Kombination davon
besteht.

6. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei das Hilfsmittel in Latexform, als wässrige
Lösung oder in trockener Pulverform zugesetzt wird.

7. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei das Hilfsmittel vor, nach und/oder mit ei-
ner zusätzlichen Chemikalie zugesetzt wird, die aus
der Gruppe ausgewählt ist, die aus einem natürlich
vorkommenden Kohlenhydrat, einem Flockungsmit-
tel, einem organischen Mikropartikulat, einem Co-
polymer aus Acrylamid und Diallyldimethylammoni-
umchlorid, einem Copolymer aus Dimethylaminoe-
thyl(meth)acrylat und Acrylamid, einem Copolymer
aus (Meth)acrylsäure und Acrylamid, einem Copo-
lymer aus Dimethylaminoethyl(meth)acrylat und
Acrylamid, einem Copolymer aus Dimethylaminoe-
thyl(meth)acrylatmethylchlorid-Quat und Acrylamid,
einem Terpolymer aus Dimethylaminoe-
thyl(meth)acrylat, Acrylamid und (Meth)acrylsäure,

einem Homopolymer aus Acrylsäure, einem Copo-
lymer aus Acrylsäure, einem Copolymer aus Me-
thacrylamid-2-acrylamido-2-methylpropansulfonat
und (Meth)acrylamid, Polyethylenoxid, Polyacryla-
mid, einem Koagulationsmittel, ein Polyalkylenpoly-
amin, Alaun, Polyaluminiumchlorid, Polyaluminium-
silicatsulfat, einem Aufhellungsmittel, einem Farb-
stoff, einem Pigment, einem Füllstoff, einem antimi-
krobiellen Mittel, einem Entschäumer, einem Säure-
regulator und einer beliebigen Kombination davon
besteht.

8. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei das Hilfsmittel während einer Aufschluss-
stufe, einer Bleichstufe, einer Stoffaufbereitungsstu-
fe, einer Nasspartiestufe, einer Trockenpartiestufe
oder einer beliebigen Kombination davon zugesetzt
wird und/oder wobei das Hilfsmittel zu einem Stoff
zugesetzt wird.

9. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei die wirksame Menge von etwa 0,05 Ib/t
(0,025 kg/t) Papier bis etwa 10 Ib/t (5 kg/t) Papier
beträgt.

10. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei das Hilfsmittel unter Verwendung eines
Bestandteils zugesetzt wird, das aus der Gruppe
ausgewählt ist, die aus einem berührungsfreien Ap-
plikator, einer chemischen Injektionspumpe, einer
Sprühleiste, einem Vorhangauftragswerk, einer
Staulattenrakel und einer beliebigen Kombination
davon besteht.

11. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei das Polymer ein Mikropolymer ist, das
ein oder mehrere Monomere umfasst, die aus
3-(Acrylamido)phenylboronsäure, 2-(Acrylami-
do)phenylboronsäure, 4-(Acrylamido)phenylboron-
säure, 3-(Methacrylamido)phenylboronsäure,
2-(Methacrylamido)phenylboronsäure, 4-(Me-
thacrylamido)phenylboronsäure, 2-Vinylphenylbo-
ronsäure, 3-Vinylphenylboronsäure und 4-Vinylphe-
nylboronsäure ausgewählt sind.

12. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei das Polymer ferner Acrylsäure umfasst.

13. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei das Hilfsmittel Vinylaminpolymere aus-
schließt.

14. Verfahren nach einem der vorhergehenden Ansprü-
che, wobei das Polymer von etwa 0,001 bis etwa 20
Mol-% eines Monomers umfasst, das das Boronsäu-
remolekülteil umfasst.

15. Verwendung eines Hilfsmittels zum Erhöhen der Re-
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tentions-, Entwässerungs- und Formationseigen-
schaften in einem Papierfabrikationsvorgang, das
das Zusetzen einer wirksamen Menge des Hilfsmit-
tels zu dem Papierfabrikationsvorgang umfasst, wo-
bei das Hilfsmittel ein Acrylamid enthaltendes Poly-
mer umfasst, das ein Boronsäuremolekülteil auf-
weist.

Revendications

1. Procédé d’augmentation des propriétés de réten-
tion, de drainage et de formation dans un procédé
de fabrication de papier comprenant l’addition d’une
quantité efficace d’un additif au processus de fabri-
cation du papier, l’additif comprenant un polymère
contenant de l’acrylamide ayant un fragment d’acide
boronique.

2. Procédé selon la revendication 1, le polymère étant
un micropolymère.

3. Procédé selon la revendication 1, le polymère étant
non ionique, cationique, anionique, amphotère, zwit-
terionique ou associatif.

4. Procédé selon l’une quelconque des revendications
1 à 3, le polymère étant préparé en faisant réagir du
polyacrylamide avec un élément choisi dans le grou-
pe constitué par l’acide 3-(acrylamido)phénylboro-
nique, l’acide 2-(acrylamido)phénylboronique, l’aci-
de 4-(acrylamido)phénylboronique, l’acide 3-(mé-
thacrylamido)phénylboronique, l’acide 2-(métha-
crylamido)phénylboronique, l’acide 4-(méthacryla-
mido)phénylboronique, l’acide 2-vinylphénylboroni-
que, l’acide 3-vinylphénylboronique, l’acide 4-vinyl-
phénylboronique, et toute combinaison de ceux-ci.

5. Procédé selon la revendication 4, le polymère com-
prenant en outre un monomère choisi dans le groupe
constitué par l’acide (méth)acrylique, les sels de
l’acide (méth)acrylique, l’acide 2-acrylamido-2-mé-
thylpropane sulfonique (AMPS), les sels de AMPS,
le 2-(acryloyloxy)-N,N,N-triméthyléthanaminium
(DMAEA.MCQ), le chlorure de diallyldiméthylammo-
nium (DADMAC), et toute combinaison de ceux-ci.

6. Procédé selon l’une quelconque des revendications
précédentes, l’additif étant ajouté sous forme de la-
tex, en tant que solution aqueuse, ou sous forme de
poudre sèche.

7. Procédé selon l’une quelconque des revendications
précédentes, l’additif étant ajouté avant, après et/ou
avec un produit chimique supplémentaire choisi
dans le groupe constitué par un glucide naturel, un
floculant, une microparticule organique, un copoly-
mère d’acrylamide et le chlorure de diallyldiméthy-

lammonium, un copolymère de (méth)acrylate de di-
méthyle et de méthyle et d’acrylamide, un copoly-
mère d’acide (méth)acrylique et d’acrylamide, un co-
polymère de (méth)acrylate de diméthyle et de mé-
thyle et d’acrylamide, un copolymère de quaternaire
de chlorure de diméthyle aminoéthyl (méth)acrylate-
méthyl et d’acrylamide, un terpolymère de
(méth)acrylate de diméthyle et de méthyle, d’acryla-
mide et d’acide (méth)acrylique, un homopolymère
d’acide acrylique, un copolymère d’acide acrylique,
un copolymère de 2-acrylamido-2-méthylpropane
sulfonate de méthacrylamide et (méth)acrylamide,
l’oxyde de polyéthylène, le polyacrylamide, un coa-
gulant, une polyalkylène polyamine, l’alun, le chlo-
rure de polyaluminium, le sulfate de silicate de po-
lyaluminium, un agent éclaircissant, un colorant, un
pigment, une charge, un agent antimicrobien, un
agent antimousse, un agent de contrôle du pH et
toute combinaison de ceux-ci.

8. Procédé selon l’une quelconque des revendications
précédentes, l’additif étant ajouté pendant une étape
de réduction du bois en pâte, une étape de blanchi-
ment, une étape de préparation des pâtes, une étape
de partie humide, une étape de partie sèche ou toute
combinaison de celles-ci, et/ou l’additif étant ajouté
à une pâte.

9. Procédé selon l’une quelconque des revendications
précédentes, la quantité efficace étant d’environ
0,05 Ib/tonne (0,025 kg/t) de papier à environ 10
Ib/tonne (5 kg/t) de papier.

10. Procédé selon l’une quelconque des revendications
précédentes, l’additif étant ajouté à l’aide d’un élé-
ment choisi dans le groupe constitué par un appli-
cateur sans contact, une pompe d’injection chimi-
que, une barre de pulvérisation, un applicateur de
rideau, une lame et toute combinaison de ceux-ci.

11. Procédé selon l’une quelconque des revendications
précédentes, le polymère étant un micropolymère
comprenant un ou plusieurs monomères choisis par-
mi l’acide 3-(acrylamido)phénylboronique, l’acide
2-(acrylamido)phénylboronique, l’acide 4-(acrylami-
do)phénylboronique, l’acide 3-(méthacrylami-
do)phénylboronique, l’acide 2-(méthacrylami-
do)phénylboronique, l’acide 4-(méthacrylami-
do)phénylboronique, l’acide 2-vinylphénylboroni-
que, l’acide 3-vinylphénylboronique et l’acide 4-vi-
nylphénylboronique.

12. Procédé selon l’une quelconque des revendications
précédentes, le polymère comprenant en outre de
l’acide acrylique.

13. Procédé selon l’une quelconque des revendications
précédentes, l’additif excluant les polymères de vi-

15 16 



EP 3 390 715 B1

10

5

10

15

20

25

30

35

40

45

50

55

nylamine.

14. Procédé selon l’une quelconque des revendications
précédentes, le polymère comprenant d’environ
0,001 à environ 20 % en moles d’un monomère com-
prenant un fragment d’acide boronique.

15. Utilisation d’un additif pour augmenter les propriétés
de rétention, de drainage et de formation dans un
processus de fabrication de papier, comprenant l’ad-
dition d’une quantité efficace de l’additif au procédé
de fabrication du papier, l’additif comprenant un po-
lymère contenant de l’acrylamide ayant un fragment
d’acide boronique.
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