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GLYOXALATED POLYACRYLAMIDE TERPOLYMER,
‘BASE COPOLYMER THEREOF, COMPOSITIONS CONTAINING SAME,
USES IN PAPERMAKING AND PRODUCTS THEREOF

BACKGROUND OF THE INVENTION
[0001] This application claims the benefit under 35 U.S.C. §1 19(e) of prior U.S. Provisional
Patent Application No. 62/3 00,144, filed February 26, 2916, which is incorporated in its entirety by
reference herein.
[0002] The present invention relates to a glyoxalated polyacrylamide terpolymer, a base
copolymer thereof, compositions containing the terpolymer, and their use for papermaking and
prodﬁcts thereof.
[0003] Papermaking generally includes forming an aqueous pulp composition and then
sheeting and drying the pulp to form a desired paper product. Various additives have been used to
aid in the colloidal, fines, and drainage management at the wet end of the paper machine. These
additives have included materials such as cationic starch, low molecular weight copolymers of
acrylamide and diallyldimethylammonium chloride (DADMAC), a terpolymer of
acrylamide/DADMAC and glyoxal, and other materials.
[0004] U.S. Pat. No. 8,435,382 relates to storage-stable glyoxalated polyacrylamide polymers
and high solids aqueous compositions formulated with them. The glyoxalated polyacrylamide
polymer is obtained from the reaction between glyoxal and a cationic polyacrylamide base
polymer comprising at least about 25% by weight cationic monomer. The polyacrylamide base
polymer comprises acrylamide monomer and cationic monomer copolymerizable with the
acrylamide.
[0005] U.S. Pat. Appln. Publication No. 2011/112224 Al relates to surface applied strength

additives for paper, wherein the additives are a coating composition comprising a mixture or
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blend of a nearly neutral polyacrylamide, a cationic polymer, and starch. The cationic polymer of
the mixtures can be prepared from monomers selected from dimethylaminoethyl(meth)acrylate,
[2-(methacryloyloxy) ethyl[trimethylammonium chloride, [3-(methacryloylamino)
propylJtrimethylammonium chloride, [2-(acryloyloxy)ethyl] trimethylammonium chloride, [3-
(acryloyloxy)propyl] trimethylammqnjum chloride, N,N-dimethylamino propyl(meth)acrylamide,
and others mentioned in the reference.

[0006] It would be desirable to provide glyoxalated polyacrylamide products having good

shelf life which can provide optimized retention and drainage properties, and paper strength.

SUMMARY OF THE PRESENT INVENTION
[0007] A feature of the present invention is to provide glyoxalated polyacrylamide terpolymers
having good shelf life, which can be used for papermaking or other methods.
[0008] Another feature of the present invention is to provide a superior additive system for
papermaking using the indicated terpolymers for improving wet-end drainage and retention.
[0009] A further feature of the present invention is to provide a superior additive system for
papermaking using the indicated terpolymers to provide good dry and/or temporary wet strength
in paper products that incorporate them.
[0010] An additional feature of the present invention is to provide a process for making the
glyoxalated polyacrylamide terpolymers.
[0011] Another feature of the present invention is to provide base copolymers of the
glyoxalated polyacrylamide terpolymers, which can be used for broke treatment in a papermaking

system.
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[0012] Additional features and advantages of the present invention will be set forth in part in
the description that follows, and in part will be apparent from the description, or may be learned by
practice of the present invention. The objectives and other advantages of the present invention will
be realized and attained by means of the elements and combinations particularly pointed out in the
description and appended claims.

[0013] To achieve these and other advantages, and in accordance with the purposes of the
present invention, as embodied and broadly described herein, the present invention relates to a
terpolymer comprising at least one glpoal monomer unit, at least one primary amide-containing
monomer unit, and at least one cationic monomer unit, wherein the at least one cationic
monomer unit is or includes a quaternary ammonium alkyl(meth)acrylate salt.

[0014] The present invention further relates to a terpolymer obtained from a reaction between
glyoxal and a base copolymer, wherein the base copolymer comprises a reaction product of at
least one primary amide-containing monomer and at least one cationic monomer
copolymerizable with the primary amide-containing monomer, wherein the at least one cationic
monomer is or includes a quaternary ammonium alkyl(meth)acrylate salt.

[0015] The present invention further relates to a base copolymer comprising a reaction
product of at least one primary amide-containing monomer and at least one cationic monomer
copolymerizable with the primary amide-containing monomer, wherein the at least one cationic
monomer is or includes a quaternary ammonium alkyl(meth)acrylate salt, and the reaction
product is a glyoxalatable copolymer in particle form.

[0016] The present invention further relates to a polymer composition comprising the

indicated terpolymer, and an aqueous medium in which the terpolymer is dispersed.
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[0017] The present invention further relates to a paper product comprising the indicated
terpolymer.

[0018] The present invention further relates to a product comprising a paper layer containing
the indicated terpolymer, wherein the product is paper sheeting, paperboard, tissue paper, or wall
board.

[0019] The present invention further relates to a process of making paper which comprises
absorbing an amount of the indicated terpolymer on cellulose papermaking fibers in an aqueous
suspension, forming the suspension into a web, and drying the web, wherein the amount of the
terpolymer is effective to increase at least one paper property selected from retention, drainage
rate or paper dry strength as compared to paper made with the suspension absent the terpolymer.
[0020] The present invention further relates to a process to improve drainage in paper pulp
comprising the addition of the indicated terpolymer as an additive to paper pulp.

[0021] The present invention further relates to a process for making a terpolymer comprising:
copolymerizing from 20% to 45%, by weight, primary amide-containing monomer and from 30%
to 55%, by weight, cationic monomer copolymerizable with the primary amide-containing
monomer to form a base copolymer, wherein the cationic monomer comprises a quaternary
ammonium alkyl(meth)acrylate salt; and copolymerizing the base copolymer with glyoxal to
form a terpolymer.

[0022] It is to be understood that both the‘ foregoing general description and the following
detailed description are exemplary and explanatory only and intended to provide a further

explanation of the present invention, as claimed.
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[0023] The accompanying drawings, which are incorporated in and constitute a part of this
application, illustrate some of the features of the present invention and together with the

description, serve to explain the principles of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS
[0024] FIG. 1 shows a reaction scheme of a reaction of a base polymer with glyoxal as one
example of the present invention.
[0025] FIG. 2 is a bar graph showing results for drainage time and turbidity for bench scale
tests performed on paper mill furnish using a glyoxalated polyacrylamide terpolymer at different
dosages according to an example of the present invention as compared to a comparison additive
program.
[0026] FIG. 3 is a bar graph showing results for drainage time and turbidity for bench scale
tests performed on paper mill furnish using a glyoxalated polyacrylamide terpolymer after one
month storage at room temperature at different dosages according to an example of the present
invention as compared to a comparison additive program.
[0027] FIG. 4 is a bar graph showing results of strength tests based on tensile index
conducted on handsheets obtained from paper mill furnish treated with glyoxalated
polyacrylamide terpolymer at different dosages according to an example of the present invention
as compared to comparison additive programs with and without enzyme.
[0028] FIG. 5 is a bar graph showing results of strength tests based on burst index conducted
on handsheets obtained from paper mill furnish treated with glyoxalated polyacrylamide
terpolymer at different dosages according to an example of the present invention as compared to

comparison additive programs with and without enzyme.
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[0029] FIG. 6 is a graph showing results of strength tests based on Ring Crush strength
retention (%) determined for handsheets after storage in a high humidity chamber, wherein the
handsheets were obtained from old corrugated container (OCC) paper mill furnish treated with
glyoxalated polyacrylamide terpolymer at different dosages according to an example of the

present invention as compared to comparison additive programs and a blank (no polymer).

DETAILED DESCRIPTION OF THE PRESENT INVENTION

[0030] The present invention relates, in part, to glyoxalated polyacrylamide terpolymers that
can have extended shelf life and represent superior additives for papermaking, or other processes.
The glyoxalated polyacrylamide terpolymers of the present invention can be used as papermaking
additives providing paper with strength and papermaking retention/drainage (dewatering) rates,
which are better than non-treated systems and can be as good as, if not superior to, previous
treatment programs. Efforts to control papermaking performance can be challenging since wet
end retention, dewatering rate, and turbidity or other properties can be competitive properties.
That is, enhancements made to one may adversely impact another. Use of the indicated
terpolymers of the present invention can provide well-balanced or mutually improved
performances in these and other performance properties associated with papermaking.

[0031] The glyoxalated polyacrylamide terpolymers can contain at least one glyoxal
monomer unit, at least one primary amide-containing monomer unit, and at least one cationic
monomet unit. The at least one cationic monomer unit is or includes a quaternary ammonium
alkyl(meth)acrylate salt. As indicated, the glyoxalated polyacrylamide terpolymers can have
extended shelf life, such as up to about one year (365 days), or longer. As used herein, “shelf

life” can refer to the length of time in which the terpolymer remains stable, which can be
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determined by measuring the viscosity of the terpolymer solution until the viscosity increases
beyond a limit, such as more than approximately 7 cps in storage at 37°C, which can correlate to
significant gelation. The terpolymers of the presént invention can be applied in usual wet end
treatment locations of paper machines or other locations. As shown by results of experiments
described herein, use of the glyoxalated polyacrylamide terpolymers on paper mill furnish can
provide paper with dry strength (e.g., dry strength impact), temporary wet strength, retention,
drainage (dewatering) rate, or more than one of these that are as good as, if not superior to
comparative additive programs that use commercial materials. Increased papermaking retention
efficiencies can be obtained using the glyoxalated polyacrylamide terpolymers at a relatively low
dose, such as a dose as low as 0.1 pounds/ton, or other dosages. Use of the glyoxalated
polyacrylamide terpolymers in an additive system in wet end treatments, such as at a
concentration of 0.01% to 5% actives or other concentrations, can decrease white water
turbidities and concurrently increase drainage rates. The terpolymers or base copolymers of the
terpolymer of the present invention can be used in coated or uncoated broke treatment in
papermaking systems.

[0032] As indicated, the glyoxalated polyacrylamide terpolymers of the present invention can
contain at least one glyoxal monomer unit, at least one primary amide-containing monomer unit,
and at least one cationic monomer unit, wherein the at least one cationic monomer unit is or
includes a quaternary ammonium alkyl(meth)acrylate salt. The glyoxalated polyacrylamide

terpolymer can have structure (I):
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wherein a is 1 to 6600 units, b is 1 to 3300 units, and ¢ is 1 to 5300 units which randomly or non-
randomly repeat in structure (I), and R! and R? may be the same or different and represent H, C,
alkyl, C; alkyl, C; alkyl, or C4 alkyl. The coefficient a can be 100 to 5000 units (or 50 to 6000
units, 200 to 4000 units, 300 to 3000 units, 500 to 2500 units, 750 to 2000 units, 1000 to 4000
units, 1500 to 4000 unifs, or 2000 to 5500 units), b is 100 to 2500 units (or 50 to 3000 units, 150
to 2500 units, 250 to 2000 units, 300 to 1500 units, or 500 to 1200 units), and ¢ is 100 to 4000
units (or 50 to 4500 units, 150 to 4000 units, 250 to 3500 units, 350 to 3000 units, 500 to 2500
units, 750 to 2000 units, or 1000 to 2000 units). The total weight (or mole) percent of a units can
be from 17% to 23%. The total weight (or mole) percent of b units can be from 22% to 32%.
The total weight (or mole) percent of ¢ units can be from 51% to 55%, based on 100% of the
terpolymer. The total weight (or mole) percent of a units can be from 19% to 21%. The total
weight (or mole) percent of b units can be from 25% to 28%. The total weight (or mole) percent
of ¢ units can be from 52% to 54%, based on 100% of the terpolymer. The units a, b, and ¢ of

structure (I) can compose at least 60%, or at least 70%, or at least 80%, or at least 90%, or at
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least 95%, or at least 98%, or at least 99%, or 100% of all (100%) of the monomeric units of the
glyoxalated polyacrylamide terpolymer.

[0033] Structure (1) is illustrated with unit a derived from acrylamide units and unit ¢ derived
from ethanaminium,N,N,N-trimethyl-2-((1-ox0-2-propenyl)oxy)-chloride units. Unit a can be
derived from other primary amide-containing monomers, and/or unit ¢ can be derived from other
quaternary ammonium alkyl(meth)acrylate salts, including those described herein.

[0034] The molecular weight of the glyoxalated polyacrylamide terpolymer can range from
500,000 Daltons to 2,000,000 Daltons, or from 700,000 Daltons to 1,750,000 Daltons, or from
900,000 Daltons to 1,500,000 Daltons, 1,000,000 Daltons to 1,250,000 Daltons, or other
molecular weight values. All molecular weights herein are weight average molecular weights
measured by gel permeation chromatography (GPC) unless indicated otherwise.

[0035] The glyoxalated polyacrylamide terpolymers of the present invention include
repeating units from at least one or more primary amide-containing monomer compounds. The
primary amide-containing monomer unit can be acrylamide, methacrylamide, ethacrylamide,
crotonamide, N-butyl acrylamide, N-methyl acrylamide, N-rﬁethyl methacrylamide, N-ethyl
acrylamide, N-ethyl methacrylamide, N-isopropyl (meth)acrylamide, or other primary-amide
monomer compound, or any combination thereof. The primary amide-containing monomer unit
preferably can be acrylamide.

[0036] The quaternary ammonium alkyl(meth)acrylate salt that can be used for the cationic
monomer units in the glyoxalated polyacrylamide terpolymers of the present invention can have

structure (II):
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wherein R, is hydrogen or methyl, A is a straight chain alkylene group having 2 or 3 carbon
atoms, Z, is a halogen, and R;, R3, and R4, which can be the same or different, is a C;, Cy, or C3
alkyl group or benzyl group. Z canbe CL, F, Br, or .

[0037] The quaternary ammonium alkyl(meth)acrylate salt can be:
ethanaminium,N,N,N-trimethyl-2-((1-0x0-2-propenylJoxy)-chloride (also referred to as (2-
(acryloyloxy)ethyhtrimethylammonium chloride),
(2-(methacryloyloxy)emyl)ﬁmethylammonium chloride,
(3-(acryloyloxy)propyl)trimethylammonium chloride,
(3-(methacryloyloxy)propyl)trimethylammonium chloride,
(2-(acryloyloxy)ethyl)benzyl-dimethylammonium chloride,
(2-(methacryloyloxy)ethyl)benzyl-dimethylammonium chloride,
(3-(acryloyloxy)propyl)benzyl-dimethylammonium chloride,
(3-(methacryloyloxy)propyl)benzyl-dimethylammonium chloride,

or any combination thereof.

[0038] The quaternary ammonium alkyl(meth)acrylate salt preferably can be
ethanaminium N,N,N-trimethyl-2-((1-0xo-2-propenyl)oxy)-chloride.

[0039] As indicated, the polyacrylamide terpolymers of the present invention are glyoxalated.

Unit b in structure (I) can be derived in part from glyoxal. Glyoxal can react with amide groups

10
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in the base copolymer, such as described herein, to form a pendant glyoxalated group, such as
shown by the structure of unit b in structure (I). Glyoxal (“CHOCHO”) is a dialdehyde that has
the structure O=C(H)-C(H)=0OH.

[0040] The glyoxalated polyacrylamide terpolymer can be the reaction product of glyoxal and
a base copolymer of the primary amide-containing monomer and the cationic monomer
(quaternary ammonium alkyl(meth)acrylate salt). The base copolymer can be comprised of the
indicated units a and ¢ of structure (I). The primary amide-containing monomer unit can provide
the primary reaction sites on the base polymer backbone to which the glyoxal substituents can be
subsequently attached.

[0041] The base copolymer, or the base polymer product of the copolymerization of the
primary amide-containing monomer and cationic monomer, for use in the present invention, can
be prepared by free radical polymerization in an aqueous system. To prepare a base copolymer
of a desired chemical composition and monomer distribution, the full complement of the cationic
monomer(s), primary amide-containing monomer(s), and any other monomers to be incorporated
into the base copolymer can be added all at once at the beginning of the polymerization reaction.
Alternatively, the cationic monomer(s), primary amide-containing monomer(s), and any other
monomer(s) to be included in the base copolymer can be added continuously over the time
course of the polymerization reaction. Still other options for reacting the cationic monomers
with the primary amide-containing monomer can be recognized by those skilled in the art, such
as sequentially, batch, semi-batch, and the like. Commonly used free radical initiators that can
be used in the present invention include various peroxide, azo compounds, potassium and

ammonium persulfates, and a redox initiator system.
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[0042] The base copolymer product can comprise from 20% to 45%, by weight, the primary
amide-containing monomer and from 30% to 55%, by weight, the cationic monomer
copolymerizable with the primary amide-containing monomer, or from 25% to 40%, by weight,
the primary amide-containing monomer and from 35% to 50%, by weigh_t, 'the cationic monomer,
or from 30% to 35%, by weight, the primary amide-containing monomer and from 40% to 45%,
by weight, the cationic monomer, or other range values. The base copolymer can have a weight
average molecular weight ranging from 500,000 Daltons to 1,600,000 Daltons, or from 750,000
Daltons to 1,250,000 Daltons, or from 900,000 Daltons to 1,100,000 Daltons, or other values.
The molecular weight can be influenced by changing the reaction temperature, the level of solids
in the reaction, the amount of initiator, the amount of chain transfer agent, and by other methods
used by those skilled in the art. Examples of suitable chain transfer agents include, but are not
limited to, isopropyl alcohol, mercaptans, sodium formate, and sodium acetate.

[0043] The base copolymer optionally can contain at least one non-nucleophilic monomer to
reduce amide-glyoxal cross-linking reactions during glyoxalation of the base copolymer in a
separate subsequent reaction. Examples of suitable non-nucleophilic monomers include, but are
not limited to, vinyl acetate, N-vinylpyrrolidone, N,N-dimethylacrylamide, acrylonitrile, styrene,
hydroxyl alkyl(meth)acrylates and the like. The weight percent of this non-nucleophilic unit can
range from zero to 45 (e.g., 0 wt% to 45 wt%, 1 wt% to 40 wt%, 5 wt% to 35 wt%, 10 wi% to 30
wt%, 15 wt% to 25 wt% and so on), based on total weight of base copolymer.

[0044] The base copolymer can be isolated from the reaction solution after synthesis and
dried to provide a dry solid particulate, e.g., as a flowable dry powder, form of the product. The
base copolymer can be isolated from the reaction solution by dewatering of the base copolymer,

and can be dried and formed into a powder by spray drying or other drying techniques known.
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The base copolymer is stable in the dry particulate form. In view of this, the base copolymer in
dry solid particulate- form can be handled, transported and stored in less bulk volumes as
compared to fluid dispersions or slurries of the material. Another advantage of the base
copolymer is that the base copolymer can be glyoxalated anywhere. The base copolymer does not
need to be glyoxalated immediately after synthesis. The base copolymer can be handled and
stored as a stable material until glyoxalation at a later date. The base copolymer can be
glyoxalated offsite or onsite (in situ) at the papermaking mill where it will be applied. The base
copolymer itself can be applied as the active agent in broke treatment in a papermaking system.
The glyoxalation step can be omitted for coated and uncoated broke treatment using the base
copolymer itself as the active agent.

[0045] The base copolymers are glyoxalated to provide terpolymers that are particularly
suitable for use as additives for papermaking, such as additives for wet end processing and paper
strength development.

[0046] A glyoxalation of a base copolymer according to an exemplary illustration is
schematically indicated in FIG. 1.

[0047] The acrylamide or other primary amide-containing monomer in the base copolymer
can provide the primary reaction sites on the base polymer backbone to which the glyoxal
substituents are attached. Glyoxal can react with amide groups to form a pendant glyoxalated
group, such as shown by the structure of unit b in structure (I). In another reaction scheme (not
shown), glyoxal can be used to crosslink two base copolymer backbone chains of the terpolymer.
If such crosslinking is desired, the base copolymer can be formulated to have a sufficient number
of acrylamide or other primary amide-containing monomers in its structure (pendant amide

groups) so that, once functionalized with glyoxal, the resulting polymer can be thermosetting. As
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used herein, "thermosetting” and “cros_slinking”, and similar terms are intended to embrace the
structural and/or morphological change that occurs, for example, by covalent chemical reaction
or jonic interaction between separate molecules in a composition. If crosslinking is undesired in
the terpolymer product, as indicated, non-nucleophilic monomers may be incorporated into the
base copolymer to reduce amide-glyoxal cross-linking reactions during glyoxalation of the base
copolymer.

[0048] As a synthesis method for the glyoxalated polyacrylamide terpolymers of the present
invention, the base copolymer can be reacted with glyoxal at a pH of 7 to 10, or other pH values.
The weight ratio of the glyoxal to the base copolymer can range from about 0.01:1 to about 0.6:1,
or from about 0.1:1 to about 0.3:1, respectively, or other ratios. The reaction temperature can be
maintained in the range of 15°C to 50°C, or other suitable reaction temperatures. A buffer can be
added to control solution pH throughout the reaction. Suitable buffers can be or include a
sodium phosphate, sodium byrophosphate, borax, and/or Tris. Once the solution reaches a
desired viscosity, dilute acid can be added to lower the pH and quench the reaction. The final pH
of the solution can range from 2 to 5, or other pH values. Alternatively, either the glyoxal
solution or the base copolymer solution can be added to the reaction mixture slowly over time.
As an option, both the glyoxal and the base polymer solution can be added to the reaction
mixture slowly over time. Still other options for reacting glyoxal and a base polymer recognized
by those skilled in the art may be adapted for application to the synthesis of the terpolymers of
the present invention.

[0049] The glyoxalated bolyacrylamide terpolymer reaction products of the present invention
can be used directly from the reaction solution, or can be isolated from the reaction solution and

re-dispersed in another liquid medium for handling and storage before use. The glyoxalated
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polyacrylamide terpolymer products of the present invention can be dispersed in an aqueous
medium to provide additive compositions. The compositions of glyoxalated polyacrylamide
terpolymers according to the present invention can be readily employed or stored for later use in
the manufacture of paper as an aqueous solution. The compositions are highly storage stable,
even at temperatures exceeding room temperature. It is not necessary to add stabilizers or other
storage-life promoting additives to the polymer compositions according to the present invention
to achieve significantly improved shelf life over conventional glyoxalated polyacrylamide
copolymer formulations. Thus, as one option, the terpolymer and/or a formulation containing the
terpolymer has 0 wt% stabilizers, and/or scavengers, and/or surfactants. The glyoxalated
polyacrylamide terpolymer compositions according to the present invention do not need
extrancous stabilizers, aldehyde scavengers, and/or surfactants, and the like, to achieve the
improvements in storage stability, although these materials are not categorically excluded. As an
option, the glyoxalated polyacrylamide terpolymer compositions of the present invention can
contain no such stabilizer additives or can be essentially free of them (that is, contain < 0.1 wt%
total stabilizers, scavengers_ (e.g. aldehyde scavengers), and/or surfactants).

[0050] Generally, the glyoxalated polyacrylamide terpolymer compositions according to the
present invention, such as when intended for use as a paper strengthening agent or
retention/drainage additive, can have a solids concentration in an aqueous medium (e.g.,
deionized water or tap water) of from about 1% and about 30%, by weight, or from about 10% to
about 30%, by weight, or from about 11% to about 15%, by weight or from about 12% to about
15%, by weight, or other percentages, on a weight/volume (w/v) basis.

[0051] The freshly-synthesized glyoxalated polyacrylamide terpolymers of the present

invention can be immediately used or can be stored before use. An advantage of the glyoxalated
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polyacrylamide terpolymers of the present invention is that the terpolymers can be stably stored,
such as in aqueous compositions, for extended periods of time before use. The glyoxalated
polyacrylamide terpolymer can have a shelf life of at least 21 days, or at least 30 days, or at least
60 days, or at least 90 days, or at least 180 days, or up to or over one year (365 days or more), or
longer periods of time, or from 21 days to 365 days, or from 30 days to 365 days, or from 60 days.
to 365 days, or from 90 days to 365 days, or from 180 days to 365 days, or other time periods,
such as when stored at temperature from 35 to 85° F (1.7 to 29° C).

[0052] When using a glyoxalated polyacrylamide terpolymer composition according to the
present invention in papermaking, the terpolymer can be added at any time before, during, and/or
after the paper is formed. The composition can be conveniently added at the wet end of a paper-
making facility to the dilute cellulose fiber suspensions, normally at a point when wet strength
resins are conventionally added. Alternatively, the composition can be added to a previously
prepared paper by padding, spraying, immersing, and/or printing and the like.

[0053] When used as a wet end additive, the terpolymer can be contacted with paper or paper
board making pulp in a pulp stock prior to draining to provide a treated pulp suspension, then
draining the pulp suspension, and forming a drained treated pulp suspension into paper or
paperboard. The terpolymer can be used in a wet end process of making paper which comprises
absorbing an amount of the terpolymer on cellulose papermaking fibers in aqueous suspension,
forming the suspension into a web, and drying the web. The cellulose papermaking fibers can
comprise broke.

[0054] The amount of the terpolymer used can be an amount effective to increase at least one
paper property selected from retention, drainage rate or paper dry strength or high humidity dry

strength retention, as compared to paper made with the suspension absent the terpolymer. The
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amount of the terpolymer éan be effective to increase at least one paper property (e.g., retention
or drainage rate or paper dry strength) in an amount of at least 10%, or at least 12.5%, or at least
15%, or at least 20%, or at least 30% or other increases, as compared to paper made with the
suspension absent the terpolymer. The amount of the terpolymer can be effective to increase at
least one paper property (e.g., retention or drainage rate) in an amount of at least 50%, or at least
60%, or at least 70%, or at least 80%, or at least 90%, or at least 100%, or other increases, as
compared to paper made with the suspension absent the terpolymer. As an example, the paper
property achieved can be a ring crush percent retention (or high humidity strength retention) of at
least 30% (when stored at high humidity for at least 24 hours) compared to the original dry
strength. This ring crush percent retention (or high humidity strength retention) can be at least
40%, at least 50%, at least 60%, at least 70% or at least 75%, such as from 30% to 80% or from
40% to 80%, or from 50% to 80%, or from 60% to 80%.

[0055] The composition can be added to paper pulp over a wide range of pH values. The
composition can be added to the paper pulp at a pH of from about 5 to about 8, such as a pH
from 5.5 to 7.0, or other pH values. Compositions described above can be readily absorbed by the
cellulose fibers at these pH values.

[0056] A paper product can be provided comprising the glyoxalated polyacrylamide
terpolymer of the present invention. The product may comprise at least one paper layer or web
containing the glyoxalated polyacrylamide terpolymer, such as paper sheeting, paperboard, tissue
paper, or wall board. The composition is not limited to treating any particular type of paper and
can find application in Kraft paper, sulfite paper, semichemical paper, recycled paper, and the

like, including paper produced using bleached pulp, unbleached pulp, or combinations thereof.
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[0057] The amount of added glyoxalated polyacrylamide terpolymer can be as low as about
0.03 wt% of the dry weight of the cellulose fibers, and can be about 10% by weight or lower or
higher. An amount in the range of about 0.1 wt% to 5 wt% of the dry paper weight can be used.
The amount of glyoxalated polyacrylamide terpolymer added, on a solids basis, can be expressed
in terms of from about 0.1 pound to about 10 pounds (Ib.) terpolymer/ton dry fiber, or from about
0.1 1b. to about 5 Ib. terpolymer/ton dry fiber, or from about 0.1 1b. to about 3 1b. terpolymer/ton
dry fiber, or from about 0.1 Ib. to about 2 Ib. terpolymer/ton dry fiber, or from about 0.1 Ib. to
about 1 1b. terpolymer/ton dry fiber, or other amounts.

[0058] The present invention will be further clarified by the following examples, which are
intended to be purely exemplary of the present invention, in which all percentages, parts, ratios

and the like are proportions by weight unless otherwise specified.

EXAMPLES
[0059] In these experiments, a base copolymer was prepared from acrylamide and quaternary
ammonium alkyl(meth)acrylate salt monomers, and the resulting base copolymer was
glyoxalated. The resulting glyoxalated polyacrylamide terpolymer was tested for dry and wet
strengths, water retention, drainage, and shelf life (stability).
Example 1
Synthesis of Base Copolymer
[0060] Into a reaction vessel, equipped with a reflux condenser, stirrer, and thermometer,
were added with water, sodium formate, and a first portion of ethanaminium,N,N,N-trimethyl-2-
((1-oxo-2-propenyl)oxy)-chloride, referred to herein by the abbreviation “DMAEAQ” (40%

weight aqueous solution of DMAEAQ). The vessel was then heated to 55°C and maintained at
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this temperature. To the vessel were slowly added acrylamide (“Am”), an additional (2nd)
portion of DMAEAQ, and Aammonium persulfate. The addition time of acrylamide and
DMAEAQ was 300 minutes and the addition time of ammonium persulfate was 330 minutes.
The acrylamide was a 40-55% by weight aqueous solution of Am. The additional portion of
DMAEAQ was added over this 300 minute addition period. The reaction mixture was then
heated at 70°C for an additional 1 hour and was then cooled. The base copolymer was isolated
from the reaction solution by dewatering, and dried and formed into a powder by spray drying.
Table 1 lists the addition dosages of all the compounds used in synthesizing the base copolymer.

Table 1. Base Copolymer preparation dosages and MW.

Weight
Sodium Acryl- Total average
Water | formate | DMAEAQ, | amide | DMAEAQ, | Ammonium | DMAEAQ molecular
(® (& Ist (g) 9] 2nd(g) | persulfate (g) (Wt) weight (Da)
Base 1000 2 20 50 20 (2% in water) 40 2M
Copolymer
Example 2
Glyoxalation

[0061] Compositions were prepared from the base copolymer dry powder of
acrylamide:ethanaminium,N,N,N-trimethyl-2-((1-oxo-2-propenyl)oxy)-chloride
(“Am:DMAEAQ”) which was prepared in Example 1.

[0062] An amount of the dry powder base copolymer of Example 1 was made down in a
reaction vessel by mixing the powdered base copolymer, glyoxal, and sodium pyrophosphate (as
a buffer) for no more than one hour at a temperature of 25°C-30°C. After 60 minutes of mixing,
the pH of the reaction mixture was raised to 9 using sodium hydroxide solution (2% NaOH).

Once the viscosity of the mixture reached about 100 cp, dilution water was added and solution
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pH was then lowered to 2.5 immediately using sulfuric acid (2%) to quench the reaction between
the glyoxal and the pending amide group. The terpolymer product was stored at 25°C in an
aqueous medium until further testing, as described in the following examples. Table 2 lists the
dosages of all the components used for glyoxalation. The product of the reaction was an aqueous
composition containing the glyoxalated polyacrylamide polymer as an active content therein.

Table 2. Glyoxalation dosages.

Final
Sodium Dilution active
AM:Gly:DMAEAQ | Water | Base Copolymer | Glyoxal | Pyrophosphate | water content
Product ® (2 (40%) (2) (® (8) (Wt%)
900 40 20 2 60 4
Example 3

Performance Tests
[0063] Paper preparations and performance tests were conducted with the glyoxalated
polyacrylamide terpolymer product of Example 2 as follows.

Retention, Drainage, and Turbidity Tests

[0064] The terpolymer product of Example 2, designated sample (1225-42), was applied to
furnish obtained from a commercial papermaking mill. The performance at 0.5, 0.1, 0.2, 0.3, and
0.4 dry pounds terpolymer/ton dried fiber was compared against a comparison program which
was a combination of X911 (2 Ib./ton)/BFL5132 (1.3 1b./ton)/BFL5504 (2.6 1b./ton). BUFLOC®
5132 (cationic polyamine) and BUFLOC® 5504 (cationic polymer) are available from Buckman

Laboratories International, Inc. (Memphis, Tennessee USA). X911 is for comparison, and is a

commercially available product.
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[0065] Drainage and retention were determined using a Mutek DFR-4 drainage/retention
tester. A faster de-watering process indicates a higher production rate and lower energy
consumption during the paper drying process. In a typical test, 800 mL furniAsh was added to a
Mutek DFR-4 drainage/retention tester and was then sheared at 550 rpm for five seconds. The
terpolymer or comparison additive pfogram was then added to the furnish and the suspension
was mixed at 550 rpm for an additional five seconds. The mixing was then stopped and the time
of draining 550 mL water through a 60 mesh wire was recorded. Filtrate turbidity was recorded
using a HACH 2100 turbidimeter. A lower turbidity indicates a higher retention efficiency.

[0066] As shown in FIG. 2, the bar graph displays drainage time and turbidity results for the
terpolymer (1225-42) treated furnish at 0.05, 0.1, 0.2, 0.3, 0.4 dry Ibs./ton. At each dosage, the
bars are grouped in sets of three, wherein the left bar is for 150% change, the middle bar is for
250% change, and the right bar is for 350% change. The line in FIG. 2 is for turbidity. The
results vary with an outstanding 60-85% improvement in drainage time and turbidity as
compared to a comparison program. As shown in the results in FIG. 3, drainage and retention
were improved using the terpolymer. The first comparison additive program on the X-axis
(X911/BFL5132 & BFL 5504) represents the comparison benchmark for drainage and retention
program. All data was compared to the comparison and reported as percent change.

[0067] The above bench retention and water drainage evaluation was repeated using the same
sourced papermaking mill furnish after one month (about 28 days) storage of the same
terpolymer composition (122542 sample) and comparison program at room temperature (about
25° C). FIG. 3 shows the retention/drainage and turbidity results of this study for the terpolymer
(Am:Gly:DMAEAQ) (“1225-42”) with dosages again set at 0.05, 0.1, 0.2, 0.3, 0.4, and 0.5 dry

Ibs./ton, and for those of the comparison program (X911/BFL5132/BFL5504) at the indicated
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dosages of its components (all in 1b./ton). The results of this study showed excellent results,
similar to the first study (FIG. 2), which demonstrated the repeatability of the results. The results
of these studies also showed that the terpolymer product (1225-42) significantly improved
retention and drainage up to an 80% improvement.

Strength tests

[0068] Tensile strength tests — both dry and wet tensile strength tests were conducted. Also,
Mullen (dry) burst strength tests and ring crush tests (wet) were carried out on handsheets treated
with terpolymer (1225-42) and others treated with comparison programs, which were
911/BFL5132/BFL5504 and BBD408/MP830/BFL5504 at the indicated dosages in FIGS. 4 and
5 (all in 1b./ton). BBD408 is BUBOND® 408, which is available from Buckman Laboratories
International, Inc. MP830 is commercially available.

[0069] Handsheet preparation.

[0070] Handsheets were prepared using furnish obtained from the same papermaking mill,
which were prepared essentially according to Tappi standard method T205, with the following
modifications:

[0071] (1) 1 wt% terpolymer or comparison program, as applicable, was added to 0.5 wt%
furnish under shearing. (2) Four three-gram handsheets were prepared in a standard handsheet
mould. (3) After two wet presses, the handsheets were dried for 15 minutes in an Emerson Speed
Drier (Model 130) at 105°C. 4 kg weight was kept on the drier during the drying process. (4) The
obtained handsheets were conditioned in a constant humidity room (50% humidity, 23°C) for 15
hours before testing.

[0072] Handsheet physical property tests.
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[0073] Tensile strength tests (dry) and burst (Mullen) strength tests were carried out based on
Tappi standard methods T494 and T220 respectively. For wet tensile tests, each sample is cut to
be one inch in width. After soaking in de-ionized water for 60 seconds, the sample is pulled at 1
in/min rate and the load at the failure is recorded.

[0074] FIG. 4 illustrates the impact o'f the terpolymer (1225-42) on tensile strength
improvement at 0.1 and 0.2 Ib./ton dosages as compared to the comparison strength/retention and
drainage program (911/BFL5132/BFL5504). Additionally the terpolymer (1225-42) was
compared against an alternative comparison strength/retention aid program (BBD 408, MP 830
and BFL 5504).

[0075] FIG. 5 illustrates the impact of the terpolymer (122542) on Burst strength
improvement‘ at 0.1 and 0.2 Ib./ton dosages as compared to the comparison strength/retention and
drainage program (911/BFL5132/BFL 5504). Additionally, as indicated, the terpolymer (1225-
42) was compared against an alternative comparison strength/retention aid program (BBD 408,
MP 830 and BFL 5504).

[0076] The results of these studies shown in FIGS. 4 and 5 demonstrate that the terpolymer
formulations prepared in accordance with the present invention are effective for wet end

management of retention, drainage, and strength programs.

Example 4

Performance Tests
[0077] Additional paper preparations and performance tests were conducted with the

glyoxalated polyacrylamide terpolymer product of Example 2 as follows.
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Strength tests

[0078] High humidity dry strength retention tests were conducted. Ring Crush tests were
carried out on handsheets treated with the terpolymer product of Example 2, designated
BLX14348 for this example, and others treated with comparison programs (positive controls) and
a blank (a control with no polymer). The performance at 0.1, 0.2, 0.4, and 0.7 dry pounds
terpolymer (BLX14348)/ton dried fiber was compared against BB408 and XP3106 at the
indicated dosages in FIG. 6 (all in Ib./ton). BB408 is BUBOND® 408, which is available from
Buckman Laboratories International, Inc. XP3106 is for comparison, and is a commercially
available product. BB408 was used at 8 Ib./ton and XP3106 was used at 15 1b./ton. The blank
handsheet (control), as indicated, was not treated with polymer.

[0079] Handsheet preparation.

[0080] Handsheets were prepared using old corrugated containers (OCC) furnish obtained
from a commercial papermaking mill, which were othérwise prepared essentially in the same
manner as the handsheets in Example 3.

[0081] Handsheet physical property tests.

[0082] Ring Crush tests (TAPPI T818) were performed on original samples of all the
indicated types of the handsheets, and remaining samples of the handsheets were stéred in high
humidity (%RH) chamber for at least 24 hours. After a target moisture was reached for all the
stored samples, a Ring Crush test was performed for all stored samples. Ring Crush strength
retention (%) was determined based on a mathematical comparison of the original strength values
and stored strength values for each type of handsheet that was tested. Mean values of Ring Crush
% retention values were determined for each type of tested handsheet. The results are shown in

FIG. 6.
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[0083] The results in FIG. 6 show that the handsheets treated with a terpolymer of the present
invention had greater high humidity dry strength retention compared to handsheets treated with
the comparison compounds and the blank. The strength retention exceeded 70% of the original
dry strength of the handsheet at the highest tested dosage of the terpolymer of the present
invention. The strength retention was at least about 10% greater or more at all the tested dosages
of the terpolymer of the present invention compared to the strength retentions of the comparison
compounds, and at least about 30% greater or more at all the tested dosages of the terpolymer of
the present invention compared to the strength retention of the blank. The results of these studies
shown in FIG. 6 show that the terpolymer formulations prepared in accordance with the present
invention can be effective for use in paper packaging where products are desired that enable the
physical properties of paper board to remain unchanged, e.g., non-collapsed, after the board
absorbs moisture from the air in high humidity conditions during storage.

[0084] The present invention includes the following aspects/embodiments/features in any
order and/or in any combination:

1. The present invention relates to a terpolymer comprising at least one glyoxal monomer
unit, at least one primary amide-containing monomer unit, and at least one cationic monomer
unit, wherein the at least one cationic monomer unit is a quaternary ammonium
alkyl(meth)acrylate salt.

2. The terpolymer of any preceding or following embodiment/feature/aspect, wherein the at
least one primary amide-containing monomer unit is acrylamide.

3. The terpolymer of any preceding or following embodiment/feature/aspect, wherein said

terpolymer having structure (I):
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)

wherein a is 1 to 6600 units, b is 1 to 3300 units, and c is 1 to 5300 units which randomly or non-
randomly repeat in structure (I), and each of R! and R that are the same or different, represent
H, C; alkyl, C; alkyl, Cs alkyl, or C4 alkyl.

4. The terpolymer of any preceding or following embodiment/feature/aspect, wherein total
weight (or mole) percent of a units is from 17% to 23%; total weight (or mole) percent of b units
is from 32% to 22%, and total weight (or mole) percent of c units is from 51% to 55%, based on
100% of the terpolymer.

5. The terpolymer of any preceding or following embodiment/feature/aspect, wherein said
terpolymer has a weight average molecular weight ranging from 500,000 Daltons to 2,000,000
Daltons.

6. The terpolymer of any preceding or following embodiment/feature/aspect, wherein the

quaternary ammonium alkyl(meth)acrylate salt has structure (II):
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(I)
O
R
R3 | )
>N*—A——o
R4 _
YA R

wherein R; is hydrogen or methyl, A is a straight chain alkylene group having 2 or 3 carbon
atoms, Z is a halogen, and each of Ry, R3, and R4, which are the same or different, is C;-C; alkyl
group or benzyl group.

7. The terpolymer of any preceding or following embodiment/feature/aspect, wherein the
quaternary ammonium alkyl(meth)acrylate salt is
ethanaminium,N,N,N-trimethyl-2-((1-oxo-2-propenyl)oxy)-chloride

(also referred to as (2-(acryloyloxy)ethyl)trimethylammonium chloride),
(2-(methacryloyloxy)ethyl)trimethylammonium chloride,
(3-(acryloyloxy)propyl)trimethylammonium chloride,
(3-(methacryloyloxy)propytrimethylammonium chloride,
(2-(acryloyloxy)ethyl)benzyl-dimethylammonium chloride,
(2-(methacryloyloxy)ethyl)benzyl-dimethylammonium chloride,
(3-(acryloyloxy)propyl)benzyl-dimethylammonium chloride,
(3-(methacryloyloxy)propyl)benzyl-dimethylammonium chloride,

or any combination thereof.

8. The terpolymer of any preceding or following embodiment/feature/aspect, wherein the
quaternary ammonium alkyl(meth)acrylate salt is ethanaminium,N,N,N-trimethyl-2-((1-o0x0-2-

propenyl)oxy)-chloride.
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0. The terpolymer of any preceding or following embodiment/feature/aspect, wherein the
primary amide-containing monomer unit is acrylamide, methacrylamide, ethacrylamide,
crotonamide, N-butyl acrylamide, N-methyl acrylamide, N-methyl methacrylamide, N-ethyl
acrylamide, N-ethyl methacrylamide, N-isopropyl (meth)acrylamide, or any combination thereof.

10.  The terpolymer of any preceding or following embodiment/feature/aspect, wherein said
terpolymer is stable for at least one year.

11.  The present invention further relates to a terpolymer obtained from a reaction between
glyoxal and a base copolymer, wherein the base copolymer comprises a reaction product of at
least one primary amide-containing monomer and at least one cationic monomer
copolymerizable with the primary amide-containing monomer, wherein the at least one cationic
monomer is a quaternary ammonium alkyl(meth)acrylate salt.

12. The terpolymer of any preceding or following embodiment/feature/aspect, wherein the at
least one primary amide-containing monomer and the at least one cationic monomer are present
at a weight ratio ranging from about 0.01:1 to 0.6:1.

13.  The terpolymér of any preceding or following embodiment/feature/aspect, wherein the base
copolymer comprises from about 20 wt% to about 45 wt% primary amide-containing monomer
and from about 30 wt% to about 55 wt% cationic monomer.

14.  The terpolymer of any preceding or following embodiment/feature/aspect, wherein the base
copolymer has a weight average molecular weight ranging from 500,000 Daltons to 1,600,000
Daltons.

15.  The terpolymer of any preceding or following embodiment/feature/aspect, wherein at least

one glyoxal reacts with an amide group in the base copolymer to form a pendant group of the

terpolymer.
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16.  The terpolymer of any preceding or following embodiment/feature/aspect, wherein the
glyoxal crosslinks two base copolymer chains of the terpolymer.

17.  The present invention further relates to a base copolymer comprising a reaction product
of at least one primary amide-containing monomer and at least one cationic monomer
copolymerizable with the primary amide-containing monomer, wherein the at least one cationic
monomer is a quaternary ammonium alkyl(meth)acrylate salt, and the reaction product is a
glyoxalatable copolymer in particle form.

18.  The present invention further relates to a polymer composition comprising a terpolymer
of any preceding or following embodiment/feature/aspect, and an aqueous medium in which the
terpolymer is dispersed.

19.  The present invention further relates to a paper product comprising the terpolymer of any
preceding or following embodiment/feature/aspect.

20.  The present invention further relates to a product comprising a paper layer containing the
terpolymer of any preceding or following embodiment/feature/aspect, wherein the product is paper
sheeting, paperboard, tissue paper, or wall board.

21.  The present invention further relates to a process of making paper which comprises
absorbing an amount of the terpolymer of any preceding or following embodiment/feature/aspect
on cellulose papermaking fibers in aqueous suspension, forming the aqueous suspension into a
web, and drying the web, wherein the amount of the terpolymer is effective to increase retention,
drainage rate, or paper dry strength as compared to paper made with the suspension absent the
terpolymer.

22.  The process of any preceding or following embodiment/feature/aspect, wherein the paper

comprises from 0.1 pound to 1 pound terpolymer/ton dry fiber.
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23.  The process of any preceding or following embodiment/feature/aspect, wherein the

terpolymer has been stored from 21 to 365 days at temperature from 35 to 85° F prior to said

absorbing.

24.  The process of any preceding or follo§ving embodiment/feature/aspect, wherein the amount

of the terpolymer is effective to increase retention, drainage rate, or paper dry strength at least

10% as compared to paper made with the aqueous suspension absent the terpolymer.

25.  The process of any preceding or following embodiment/feature/aspect, wherein the amount

of the terpolymer is effective to increase retention or drainage rate at least 50% as compared to

paper made with the aqueous suspension absent the terpolymer.

26.  The process of any preceding or following embodiment/feature/aspect, wherein the

- cellulose papermaking fibers comprise broke.

27.  The process of any preceding or following embodiment/feature/aspect, wherein the

terpolymer is contacted with paper or paper board making pulp in a pulp stock prior to draining

to provide a treated pulp suspension, then draining the pulp suspension, and forming a drained

treated pulp suspension into paper or paperboard.

28. A process to improve drainage in paper pulp comprising the addition of the terpolymer of

any preceding or following embodiment/feature/aspect as an additive to paper pulp.

29.  The present invention further relates to a process for making a terpolymer comprising:
copolymerizing from about 20 wt% to about 45 wt% of primary amide-containing

monomer and from about 30 wt% to about 55 wt% of cationic monomer, that is copolymerizable

with the primary amide-containing monomer, to form a base copolymer, wherein the cationic

monomer comprises a quaternary ammonium alkyl(meth)acrylate salt; and

copolymerizing the base copolymer with glyoxal to form a terpolymer.
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[0085] The present invention can include any combination of these various features or
embodiments above and/or below as set forth in sentences and/or paragraphs. Any combination
of disclosed features herein is considered part of the present invention and no limitation is
intended with respect to combinable features.

[0086] Applicants specifically incorporate the entire contents of all cited references in this
disclosure. Further, when an amount, concentration, or other value or parameter is given as either a
range, preferred range, or a list of upper preferable values and lower preferable values, this is to be
understood as specifically disclosing all ranges forﬁed ﬂom.any pair of any upper range limit or
preferred value and any lower range limit or preferred value, regardless of whether ranges are
separately disclosed. Where a range of numerical values is recited herein, unless otherwise stated,
the range is intended to include the endpoints thereof, and all integers and fractions within the
range. It is not intended that the scope of the invention be limited to the specific values recited
when defining a range.

[0087] Other embodiments of the present invention will be apparent to those skilled in the art
from consideration of the present specification and practice of the present invention disclosed
herein. It is intended that the present specification and examples be considered as exemplary
only with a true scope and spirit of the invention being indicated by the following claims and

equivalents thereof.
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WHAT IS CLAIMED IS:
L. A terpolymer comprising at least one glyoxal monomer unit, at least one primary amide-
containing monomer unit, and at least one cationic monomer unit, wherein the at least one

cationic monomer unit is a quaternary ammonium alkyl(meth)acrylate salt.

2. The terpolymer of claim 1, wherein the at least one primary amide-containing monomer

unit is acrylamide.

3. The terpolymer of claim 1, wherein said terpolymer having structure (I):

@

wherein a is 1 to 6600 units, b is 1 to 3300 units, and ¢ is 1 to 5300 units which randomly or non-
randomly repeat in structure (I), and each of R' and R?, that are the same or different, represent

H, C; alkyl, C; alkyl, C; alkyl, or Cy4 alkyl.
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4. The terpolymer of claim 3, wherein total weight (or mole) percent of a units is from 17%
to 23%,; total weight (or mole) percent of b units is from 32% to 22%, and total weight (or mole)

percent of ¢ units is from 51% to 55%, based on 100% of the terpolymer.

5. The terpolymer of claim 1, wherein said terpolymer has a weight average molecular

weight ranging from 500,000 Daltons to 2,000,000 Daltons.

6.  The terpolymer of claim 1, wherein the quaternary ammonium alkyl(meth)acrylate salt

has structure (IT):

dn
O
R2
>V+—A———O
R4
VA Rq

wherein R; is hydrogen or methyl, A is a straight chain alkylene group having 2 or 3 carbon
atoms, Z is a halogen, and each of Ry, R3, and Ry, which are the same or different, is C-C; alkyl

group or benzyl group.

7. The terpolymer of claim 1, wherein the quaternary ammonium alkyl(meth)acrylate salt is
ethanaminium,N,N,N-trimethyl-2-((1-ox0-2-propenyl)oxy)-chloride,
(2-(methacryloyloxy)ethyl)trimethylammonium chloride,
(3-(acryloyloxy)propyl)trimethylammonium chloride,

(3-(methacryloyloxy)propyl)trimethylammonium chloride,
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(2-(acryloyloxy)ethyl)benzyl-dimethylammonium chloride,
(2-(methacryloyloxy)ethyl)benzyl-dimethylammonium chloride,

(3 -(acryloyloxy)propyl)benzyl-dimethyiammonium chloride,
(3-(methacryloyloxy)propyl)benzyl-dimethylammonium chloride,

or any combination thereof.

8. The terpolymer of claim 1, wherein the quaternary ammonium alkyl(meth)acrylate salt is

ethanaminium,N,N,N-trimethyl-2-((1-ox0-2-propenyl)oxy)-chloride.

9. The terpolymer of claim 1, wherein the primary amide-containing monomer unit is
acrylamide, methacrylamide, ethacrylamide, crotonamide, N-butyl acrylamide, N-methyl
acrylamide, N-methyl methacrylamide, N-ethyl acrylamide, N-ethyl methacrylamide, N-isopropyl

(meth)acrylamide, or any combination thereof.
10.  The terpolymer of claim 1, wherein said terpolymer is stable for at least one year.

11. A terpolymer obtained from a reaction between glyoxal and a base copolymer, wherein
the base copolymer comprises a reaction product of at least one primary amide-containing
monomer and at least one cationic monomer copolymerizable with the primary amide-containing
monomer, wherein the at least one cationic monomer is a quaternary ammonium

alkyl(meth)acrylate salt.
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12. The terpolymer of claim 11, wherein the at least one primary amide-containing monomer

and the at least one cationic monomer are present at a weight ratio ranging from about 0.01:1 to

0.6:1.

13. The terpolymer of claim 11, wherein the base copolymer comprises from about 20 wt% to
about 45 wt% primary amide-containing monomer and from about 30 wt% to about 55 wt%

cationic monomer.

14. The terpolymer of claim 11, wherein the base copolymer has a weight average molecular

weight ranging from 500,000 Daltons to 1,600,000 Daltons.

15.  The terpolymer of claim 11, wherein at least one glyoxal reacts with an amide group in

the base copolymer to form a pendant group of the terpolymer.

16.  The terpolymer of claim 11, wherein the glyoxal crosslinks two base copolymer chains of

the terpolymer.

17. A base copolymer comprising a reaction product of at least one primary amide-containing
monomer and at least one cationic monomer copolymerizable with the primary amide-containing
monomer, wherein the at least one cationic monomer is a quaternary ammonium

alkyl(meth)acrylate salt, and the reaction product is a glyoxalatable copolymer in particle form.

18. A polymer composition comprising a terpolymer of claim 1 and an aqueous medium in

which the terpolymer is dispersed.
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19. A paper product comprising the terpolymer of claim 1.

20. A product comprising a paper layer containing the terpolymer of claim 1, wherein the

product is paper sheeting, paperboard, tissue paper, or wall board.

21. A process of making paper which comprises absorbing an amount of the terpolymer of
claim 1 on cellulose papermaking fibers in aqueous suspension, forming the aqueous suspension
into a web, and drying the web, wherein the amount of the terpolymer is effective to increase
retention, drainage rate, or paper dry strength as compared to paper made with the suspension

absent the terpolymer.

22.  The process of claim 21, wherein the paper comprises from 0.1 pound to 1 pound

terpolymer/ton dry fiber.

23.  The process of claim 21, wherein the terpolymer has been stored from 21 to 365 days at

temperature from 35 to 85° F prior to said absorbing.

24.  The process of claim 21, wherein the amount of the terpolymer is effective to increase
retention, drainage rate, or paper dry strength at least 10% as compared to paper made with the

aqueous suspension absent the terpolymer.

25.  The process of claim 21, wherein the amount of the terpolymer is effective to increase
retention or drainage rate at least 50% as compared to paper made with the aqueous suspension

absent the terpolymer.
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26.  The process of claim 21, wherein the cellulose papermaking fibers comprise broke.

27.  The process of claim 21, wherein the terpolymer is contacted with paper or paper board |
making pulp in a pulp stock prior to draining to provide a treated pulp suspension, then draining

the pulp suspension, and forming a drained treated pulp suspension into paper or paperboard.

28. A process to improve drainage in paper pulp comprising the addition of the terpolymer of

claim 1 as an additive to paper pulp.

29. A process for making a terpolymer comprising:

copolymerizing from about 20 wt% to about 45 wt% of primary amide-containing
monomer and from about 30 wt% to about 55 wt% of cationic monomer, that is copolymerizable
with the primary amide-containing monomer, to form a base copolymer, wherein the cationic
monomer comprises a quaternary ammonium alkyl(meth)acrylate salt; and

copolymeriiing the base copolymer with glyoxal to form a terpolymer.
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