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ABSTRACT

A process is disclosed for the production of paper with enhanced dry strength comprising
adding to the wet end of a paper machine, (a) a vinylamine-containing aqueous solution
polymer having a molecular weight of from 75,000 daltons to 750,000 dalions and (b) an
amphoteric or cationic acrylamide-containing aqueous solution polymer having a molecular
weight of from 75,000 daltons to 1,500,000 daltons, wherein the sum of the anionic and
cationic monomers comprises at least 5% on a molar basis of the composition of the

acrylamide-containing polymer.
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PROCESS FOR ENHANCING DRY STRENGTH OF PAPER BY TREATMENT WITH
VINYLAMINE-CONTAINING POLYMERS AND ACRYLAMIDE-CONTAINING

POLYMERS
FIELD OF THE INVENTION
(00G1] This mvention relates (o enhanced dry strength in paper using a process ot

treating a pulp shurry with a combination of a vinylamine-containing polymer and a cationic

or amphoteric acrylamide-containing polymer.

BACKGROUND OF THE INVENTION

13002 ] The papermakimg industry 1s constantly seeking new synthefic additives to
improve the dry strength of paper products. {mproved dry strongth can give a higher
performance product, but also may allow the papermaker to use less cellulosic fiber to
achieve a pavticular performance target. Furthermore, the mereased usage ot recycled fiber
results in a weaker sheet, forcing the papermaker to either increase basis weight of the sheet
or einploy synthetic strength additives. The options that are known have various economic
and techmcal Himitations, For instance, accordmg to US Patent No. 6,939,443 the use of
combinations of polyamide-epichlorehydrin (PAE) resins with antonic polyacrylanude
additives with specific charge densities and molecular weights can enbance the dry strength
of a paper product. However, these combinations alse may elevaie the wet strength of the

resultant paper to the peint that repulping broke paper is extrernely ditficult and ineificient.

[0003] Polymers of acrylamide or copolymers incorporating acrylamde and a
monemer such as diallyldimethylammouniun: ciloride, when treated with a dialdebyde
caompound such as glyoxal, are widely known to result in resins that can also enhance the dry
strength of paper significantly, vet have very limiied permanent wet strength properties,
aliowing the papermaker to casily repulp broke paper. However, these reains also have therr
fimitations. These additives either have a very short shelftlife due to viscosity instability, or
are shipped at very low active solids content. Furthermore, when added m the larger
amaounts, the performanee of such dialdehyde-moditied acrylamide-containmmg polymers

tends to reach a plateau, making a high-performance product difficult to marufacture.

| 0004 ] Polyvinylamine resing have become popular in the papermaking industry not

only because they endow a sheot with increased dry strength, but alse because of their easy
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handling and application as well as the increased retention and drainage they atfoid the paper
machine. However, when added m ever increasing amounts, they have the negative eftect of
overtloceulating the sheet because of the heavy cationic charge these resins cairy.

Overflocculation resulis in a poorly formed, weaker finished product.

[0005] Other inventions have sought to augment the positive cffects of
polyvinylamine. According to US Patent No. 6,824,650 and European Patent No. 1,579,071,
the combinalion of polyvinylamine with glyoxatated polvacrviamide vesing in a pulp shary
results in enhanced product dry steength. However, the aforementioned drawbacks of
slyoxalated polvacrylamides, namely low active solids of the product and lunited viscosity

stabibity ot the product, are clearly n play.

[0006] US Patent No. 6,132 358 discloses a papermaking system wherein a pulp
slurry 1s treated. first with a fughly cationic polymer, mcluding vinylamime-contaimning
polymers, of molar mass of 5,000 to 3,800,000 daltons, and subsequently with a second
cationic acrylamide-containing polyimer of molar mass of more than 4,000,000 daltons,
subjected to a shearing stage, then treated with a finely divided imorganic flocculating agent,

such as bantonite, colloidal silica, or clay.

0007 | US Patent Publication 2008/0000601 discloses a process of papermaking
where the pulp slurry 1s treated with a polymer, inchuding vinylamine-containing poiymerss, of
moelar mass of more thap 1,000,004 daltons, as well ag a second polymer, mcluding catiome
acrylanude-contaiming polymers, with a molar mass of more than 2,500,000 daltons, all in the

absencs of tinely divided morganic tlocculating agents.

[HO0K] LIS Patent No. 5,746,542 discloses a method of papermaking wheirein a puip
siurry 18 treated with starch that has been modified at a temperature above the starch
golatinzation lemperature with a hughly cationic polymer, mchuding vinylamine-containing
polymers, of molar mass of less than 1,000,000 daltons. The puip shurry ts subsequently
treated with a second polymer, icluding cationic acrylamide-containing polymers, with a

molar mass of more than 1,000,000 dalicus.

{0009 | {J8 Patent Publication 2008/0196852 discloses a relention aid system for
papermaking which comprises at least one polyner, includng vinylamine-contaming
polyimers, at least one Iinear, anionic polymer of molar mass of more than 1,000,000 daltons,

and af least one parhiculate, anionic, crosshinked, organic polymer.

s
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0010} Combining vinylamine-containing polymers with acrylamide-contaming
polymers may be both the simplest and most elfective means for producing a lngh
performance paper product while maimtaming paper machine productivity and repulping
broke paper. However, examples from the prior art that may include these polymers have
siginificant drawbacks. For instance, previous examples may require special metering
apparatuses, additional steps for treating starch priov to addition to the pulp shury, or hugh
molar mass polymers that may result in overflocculation of the pulp slurry when added n

sufficicnt amounts to aftect dry strength.

BRIEF DESCRIPTION OF THE INVENTION
10011} Treatiment of a pulp slurry with a vinylamne-confarinmg agueous sohition
polviner in combination with a cationic or amphoteric acrylamide-coniaining aqueous

solution polyimers result in paper with ennanced dry strength.

(0612 This combination is most effective when the active polymer selids content of
the acrylamide-containing aqueous solution polymer ranges from 5% to 50% by weight, and
the content of the sum of the cationic and anionic monomers m the acrviamide-contaming
polyvmer ranges from 5% to 50% on a molar basts of the total monomer content, and the
molecular weight of the acrvlamide-containing polymer ranges trom 75,000 daitons {o

[.300,000 daltons.

[0013] The vinylamine-contaimng polyiier 1s most ctiective when it contans at least
50% on a maolar basts of N-vinylHformamide monomer, at least 10% of which has been
hydrotyzed in the fmal product and has a molecular weight in the range ot from 75,000
daltons to 750,000 dalions. The aqueous solution containing the vinvlamine-contaming

polymer has a total polymer sohids content of from 5% to 30% by weight,.

(0014 One emnbodiment of the invention is a process for the production of paper,
board, and cardboard with enhanced diy strength comprising adding to the wet end of a paper
machine (a) a vinylamine-containing aqueocus solution polymer having a molecular weight of
from 75,000 daltons to 756,000 dalions and (b) an amphoteric or cationic acrylamide-
containing aqueous soluiton polymer baving a melecular weight of from 75,000 daltons to
1,500,000 dalons, where the sum of the antonic and cationic monomers comprise at least 5%

on a molar basis of the composition of the acrylamide-contaming monomer.

LI
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10015] In one embodiment of the process the vinylaming-contaming polymer has an
N-vinylformaride content of at least 50% on a molar basis of the tetal monomer charged, al
feast 10% of which has been hydrotyzed in the final polymer, and an active polymer confent

of from 3% to 30% on a weight basis.

(00106} In one embodiment of the process the acrvlamide-containing agueous sohution
polymer contains a sum cationic and/or amphoteric monomer charge of from 5% to 50% on a

molar basis, and has an active polymer content of from 3% to 50% on a weight basis.

[GO17] fu one embodiment of the process the acrylamide-containing aqueous solufion

polymgr is of an aqueous dispersion pelymer.

[0013] {n one embodiment of the process the acrylamide-containing aqueous solution
polymer contains a cationic monomer charge of from 5% to 50% oo a molar basis, has an
active polymer content of from 5% to 50% on a weight basis, and comprises 4 least one
cationic monomer selected from the group consisting of diallyldimethylammonim chloride
(DADMAC), 2-(dimethylamino)ethyl acrylate, 2-(dimethylamino)ethyl methacrylate, 2-
(disthyiaminoethyl) acrylate, 2-(diethylaminolethyl methacrylate, 3-(dimethylammno)propy!
acrylaie, 3-(dimethylamino)propyl methacrylate, 3-(dicthyvlamino)propyl acrylate, 3-
(dicthylamino)propyl methacrylate, N-[3-(dimethylamino)propyl]acrylamide, N-[3-
(dimethylaminepropyllmethacrylamide, N-[3-(diethylamino)propyllacrylamide, N-{3-
{diethylamino)propyllmethacrylamide, [2-(acrylovioxyjethyl jtrimethylammonium chloride,
[2-(racthacrylovioxyiethyllrimethviammoenwm chloride, [3-
{(acryloyloxy)propylitrimethylanumonnun chloride, [3-
(methacivioyloxyipropyljirimethylammonium chloride, 3-
(acrylamidopropyltrimethylanunonium chloride, and 3-

(methacrylamidopropyiruncthylammonium chloride.

[0019] fn one embodiment of the process the acrylamide-contaming agucous solufion

polvmer has an overall amphoteric charge.

JQ

| 0020] Tn one embodiment of the process the amphoteric acrylamide-caontainin
acueous solution is comprised of a polyelectrolyte comples consisting of an acrylanude-

containing aqueous solution polymer and a cofactor catrying an opposing charge,



CA 02780597 2012-05-10

WO 2011/090672 PCT/US2010/061750

|0021] In one embodiment of the process the vinylamine-containing polymer and the
acrylamide-containing polymer are a single product blend and the caliomic portion of the
amphoteric acrylamide-containing polymer 15 generated by at Jeast one monomer sgiected
from the group consisting of diallyldimethylammontum ciiloride (DADMAC), V-3~
(dimethylamino)propyl]acrylamide, N-[3-{dimethylaminojpropylimethacrylamide, N-[3-
(diethylamino)propyijecrylamide, N-[3-(diethylanuno)propylimethacryiamide, 3-
(acrylamidopropylyirmethylammontum chloride, and 3-

(methacrylamidopropy!itrimethylamniontum chloride.

10022} In one embodiment of the process the vinylamine-containing polymer and the
acrviamide-containing polyruer are added to the wet end of a paper machine m a vatio of

vinylamine-contatuing polymer to acrylamide-confaining pelymer of from 10:1 to 1150 up to
a sum tofal of 1.25% on a weight basis of the dry pulp, based on the active polymer solids of

the polymeric products.

(0023} One embodiment of the invention is the paper product produced by the process
of adding to the wet end of a paper machine (3) a vinylamine-containing aqueous solution
polymer having a molecular weight of from 75,060 daltons fo 750,600 daltons and (b} an
amphoteric or cationic acrylamide-containing aqueous solution polymer having a molacular
weight of from 75,000 daltons to 1,500,000 daltons, where the sum ot the aniome and

cationic monomers comprise at least 5% on a molar hasts of the composition of the

acryiamide-containing monomer.

[0024] In another cmibodiment, the invention relates to the method of treating a

§ 2

cellulosic pulp slurry in the wet end of a paper machine with (2} a vinylamine-contamin
polyimer and (b) a cationic or amphoteric acryiamide-contaiing agqueous solution polymer. [t
is preferred that the vinylamine-containing polymer is added to the pulp slurry first, followed

by the acrylamide-containing polymer.

DETAILED DESCRIPTION OF THE INVENTION

{0025] As used herein, the singular terms “a" and “the” are synonymous and used
mterchangeably with “one or more” or “at least ane” unless the context ciearily mdicates a
contrary meaning. Accordingly, for example, reference to “a compound” herein or i fiwe

appended clabms can refor to a sfugle compound or more than one compaound.

[0026] As used hevein and unless ofherwise stated, the terms “vmylamine-contaimng

AN
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polymers,” is undeistood to mean homopolymers of vinyiamineg (e.2., polvvinylamine or tully
hydrolyzed polyvinyltormamide), copolymers of vinylamine with other comonomers,
partially hydroiyzed polyvinylformamide, partially hydrolyzea vinyltormanude copolymers,
vinylamine terpelymers, vinylamine homo- and copolymers manufactured by the Hofmann
modification of acrylamide polymers, or vinylamine containing polymers that are chemicaily
modified after polymerization. Examples may tnchide those described i US Patent

Publicaiion number 2009/0043051 or number 2008/0196851 .

0027} As used herein and unless otherwiss stated, the term “acrylanude-conlaming
polymer” refers to the cationic or amphuoteric acrylanmide-containing agueous soluticn

polymer,

[3028] Ag used heretn and unless otherwise stated, the {erm “aqueous solution
polymer” refers (0 a polvmer that foros a fully homogenous solution in water when diduted to
190 on a dry solids basis, in the absence of any cosolvent. For instance, an aqueous solution
polymer does not include otl-in-water or watcr-in-ctl emulsions. Exampics of agueous
solution polymers may include aqueous dispersion polymers, such as are described in US
Patents 5,541,252 and 7,323,510 as well as US Patent Publications number 2002/198317 and

number 20G8/6033094.

10029} The invention is based in the discovery that tiwe performance ot a paper
machine and the paper products derved thereby can be greatly enhanced by the treatment of
the pulp slurry with a vinylanune-containing polymer in combination with an acrylamide-
confaining polymer wiih p&rticulaf molecular weight and charge attributes as described
below. Use of a vinylamine-confaining polvmer alone provides both strength and drainage
performances in the papermaking systeny, howewver, when added in ever-mareastilg amouats,
the performance of the paper product first lcvels ott, and then detertorates, largely due to
overflocculation of the forming paper web. It has unexpectly been found that the addition of
vinylamine-contaimng polymerin conjunclion with the addition of aqueous solution
acrylanmide-containing polymers having substaniial amphoteric or cationic charge results in 4
product with strength performance beyond thai which can be aitatned oy using vinylamine-
containing or acrylamide-coniaining polymers alone; morcover, the excellent drainage
perforinance achieved by using a vinylanine-containing polyraer can be substantiatly

maintained using such a combination of polymess.
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10030 The vinylamine-containing polymer is most etfective when its moleculay
welght is from 75,000 daltons to 753,000 daltons, more preferably of from 100,000 daltons fo
600,000 daltons, most preferably of from 150,000 dalfons to 500,000 dalions. The molecular
weight can be from 150,000 daltons to 400,000 daltons. Below the molecular weight
threshold of 75,000 daltons, little to no strength performance is observed, and substantial

draimage performance enhancernent iz not observed. The vinylamine-contaning polymer 18

e

pot cooked with starch prior to addition to the pulp slurey. A vinylanunc-contaming polynier

above the molecular weight of 750,000 daltons will generally negatively affect formation at
dosages requtred for dry sirength enhancement because of the tendency {o overtlocculate the
sheet, resulting in fower strength. An agueous solution vinylamme-confaining polymer above
750,000 daltons either is typically made at such high viscosities as to render product handhing
extremely difficult, or alternatively is made in such low product polymer solids as to render

the product not cost effective to store and shap.

[0031] The active polymer solids percentage of the vinylamine-contaiming polymer
ranges of from 5% to 30%, more preferably from &% to 20% by weight of the total
vinylamine-containing polymer product content. Below 5% active polyiner solids, higher
melecular weight aqueocus solution polymers may be possible, but the product becones
inaffective with respect when shipping and transporfation costs are accounted for. On the
other hand, as the active polviner solids riscs, the molecular weight of the pelymer must
decrease overall so that the agueous solution is still castly pumpable. Thus, a practical
relationshap can be drawan between the total polymer solids of the vinylamine-containiug
polyrer product and the molecular weight of such a polymer, and a corvelation can be drawn

between these parameters and poiyvmer performance,

by

0032} The perforinance of the vinylamine-containing polymer 1s intlucnced by the
ampount of primary anune present 1 the product. The vinylanmune moiety is typically
generated by acidic or basic hydrolysis of V-vinylacylamide groups, such as V-
vinylformamide, ¥-vinylacetamide, or N-vinyl propionamide, most preferably V-
vinylformamide. The vinviamine-containing pelymer is most effective in enhancing the dry
strength of a paper product and/or the drainage performance of a papermaking system when
the amount of M-vinyiformamide is at least 50% on a molar basis of the hydrolyzed polymer.
Afler hydrolysis, at least 10% of the Nevinylformamide originally mcorporated into the
resultant polymer should be hydrolyzed. Without wishing to be bound by (heory, the

INGT

hydrolyzed N-vinylformamide group may exist i various structures in the tinal pelymes
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procuct such as primary of substituted amtne, amidine, guanidine, or amide siructures, either

i open chain or ¢yclical forms after hvdrolysis,

[0033] The acrvlanude-containing polymer 18 most cffective when 1t confaing a
substuntial amount of a posihively charged comonomer(s). Without wishing to be vound by
theory, the positively charged monomer allows the acrylamide-containing polymer to adhere
to the cellulose fibers due fo a charge-charge interaction with negatively charged substances
in the pulp slurry, including, but not himiied to: pulp fibors, hemicellulose, oxidized starch
commonly found in recycled cellulose fumish, antomie strength auds such as
carboxymetnylcelhilose, and anionte trash. The mceorporation of cationic groups into the
aceylamide-contaiping polymer is generally not defrimental to the dramage performance of
the papermaking svsiem. Without wishing to be bound by theory, the hydrogen-bonding
components of the acrylamide-containing polymer, such as amide groups, are eifective in

ephanecing the dry strength of the paper product.

(0034 ] Suitable comoenomers yscd to 1mpar cationic charge to the polymer include,
but are not hinuted o, diallvidimethyiammonium chloride (DADMAC), 2-
(dimethylamincjethvl acrylate, 2-(dimethylamino}ethyl methacrylate, 2-(diethylaminocthyl)
acrylate, Z-(diethylamino)ethvl methacrylate, 3-(dimethylaminolpropyl acrylate, 3-
(dimethylaminolpropyl methacrylate, 3-(diethylamino)propyl acrylate, 3-
(cicthylamino)propy ! methacrylate, N-[3-(dimethylanuno)propyllacrylamide, N-[3-
(dimethylaming)propyl]methaciylamide, & 3-(diethvlaminoipropyllacrylamide, N-{3-

(diethylamino)propyl fmethacrylamide, [2-(acryloyloxy)ethvljtrinethylamimonium chloride,
[2-(methacryloyloxylethyvl]tronethylanmmonnan chloride, {3-
(acrylovioxylpropyljtrimethylammonium chionde, [3-
(methacryloyloxypropviitrimethylammonium chloride, 3-
(acrvlamidopropylitrimethylammonium chloride, and 3-

(roethacrylamidopropyDtnmethylammounium chloride. Such cationic monomers can affect

the perfernmance of the cationic or amphoteric polymer when incorporated mto the polymer

backhone.

(03033] The amount of cationic monomer incorporated into a polymer may be from
5% to 50% on a moelar basis of all the nionomers tcorporated into the acrylamude-containing
polymer in the case of a cationic polymer. In the case of an amphoteric polymer, the amount

of the cationic monormer plus the amount of an antonic moncmer described below may be
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from 5% to 38%, more preferably from 15% to 40%, on a molar basts of all the monomers
imcorporated into the acryvlamide-containing polymer. The acrylamide-containing polymer
may be cross-linked with an agent such as methylene bisacrvlamide (MBA) provided the

molecular weight and charge guidelines are mel as described herein,

[(036] The incorporation of an anionic comonomer iato the acrylamide-confammg
polymer along with the cationic comonomer, forming an amphoteric acrylamide-containing
polyrmer, is also effective in enhancing the dry sirength of a paper product made thereby.
Without wishing to be bound by theory, the anionic comonomer allows the amphoteric
polyiner to form a coacervate compicx with a wide variety of substances found n a recveled
pulp slurry, including, but not imifed to: a vinvlamine-containing polymer, a cationically
charged flocculant or coagulant, cationic or amphotenc starch, polyanmidoamine-
epichlorohydrin wet strength aids, or ancther amphoteric acrylamide-containing polymer.
Moreover, the combination of cationic and anionic monmmners in the acrylamide-coniaining
polymer either enhances or does not negatively affect the dramage performance of a
papsrmaking system when compared o an acrylamide-containing polymer using only an
anionic comonomer. Suitable anjonic comonomers include, but are not limited to, acrylic
acid, methacrylic acid, itaconic acid, itaconic anhydride, maleic anhydnde, maleic acid,
styrene sulfonate, vinyl sulfonate, Z-acrvianndo-2-methylpropunc sulfonate (AMPS).
Alternatively, such substructures may be gencrated by hiydrolysis of a precursor structure
(e.o. generation of methacrylic acid in the polymer backbone via hydrolysis of methyl
nethacrylate after the formal polymenzation). The amount of charged monomer
mcorporated into the acrylamide-containing polymer may atfect the performance of the
polymer. Such antonic monoemers may be used in an amphoteric acrylamide-containing
polymer, and the amousnt of the amionic mousomer plus the amount of a cationic monomer
described above may be from 5% to 50% on a melar basis of all the monomers mcorporated
into the acrylamide-containing polymer. The acrylamide-containing polyviner may be cross-
finked with an agent such as methylene bisacrylamide (MBA) provided the melecular weight

and charge guidelines are et as described heres

0037} The properties of an amphoteric aqueous soluiion acrylamide-contawing
polymer as defined above can also be effectively produced by the use of an acrylamide-
containing polyelectrolyte complex. When combined with a vinylamine-containing polymet,
such an acrylamide-containng polyetectrolyte complex may also produce benefits simlar to

those described above when vinviamine-contaiming polymers are combined with cationic or

9
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amphoteric acrylamide-containing polymers. Although polyelectroiyte complexes in various
forms have been disclosed, such as in European Patent Publication No. 1,918,455 Al herein
we disclose the onexpected result that the effectiveness of such polyelectrolyte complexes in
gencrating dry strength beyond what the polyclectrolyte complex may provide on #s owa,
may be achieved when they are used in combination with vinylamine-containing polymers.
An acrylamide-contanmng polyelecirolyte complex contains an acrylamude-containing
polymer of etther cationic, ampholeric, or antonic charge, as well 4as a second polvmer of a
complementary charge. For example, an anionic acrylamide-containing polymer made by
polymerization of acrylamide with one of the suitable anionic monomers listed above can
forin a polyelechrolyte complex with a cationic polymer, which may or may not melude
acrylamide. Such cationic poiymers include, but are not imited to, alkylamme-
epichlorohvdrin polymers, cationic acrylamude-contaiming polymers as described above,
polyamidoamine-epichlorohydrin polymers, aind polyethylensiming polymers. The
acrylamide-containing polyelectrolyte complex may also comprise a cationic acrvianude-
confaining polymier and an aniounic polymer. Such anionic polymers mchude, but are not
hmited to, polyvmers and copolymers of (methlacsylic acid, polymers and copolymers of
maleic acid, and carboxymethyl cellulose, The acrylamide-containing polyelectrolyte
complex may be added fo the papermaking slurry cither as a smgle blended product or as two

separate prodacts, most preferably as a single blended product. The amphotatic

1
-

polyelectrolyvte complex carries a net charge, expressed in milieguivalents per gram (mmeg/g)
of polymer active content. The amphoteric polveiectrolyte complex is generally most stable
and usefit! in combination with vinylamine-containing polymers when the net charge is in the
range of from -2 meg/g o +2 neg/g, more piglerably of {rom -1 meg/g to +1 mey/g. The
particle size s alse an important parameter ot the araphoteric polyclectrolyte complex. the
complex is most useful whan the particle size ranges of from 0.1 microns to 50 microns, more
preferably from 0.2 to 5 microns. Other guidelines for active polymer solids, the preterred
methods for adding the acrylamide-containing polyrer to the pulp slorry, and the ratio of the
vinylamine-conlaining polymer (o the acrvianude-contamng polymer apply o the tolal
formulation of the acrylamide-containing pelyelectrolyte complex, not enly the acrylamide-

confaining polymer portion of the complex.

[0038] The acrylannide-containing aqueous solution polyiner, whether it 1s
characteristically a cationic polymer, anphoicric polymer, or amphoteric polyclectrolyte

complex as defined above, most effectively enhances the dry strength of a paper product

-
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when its molecular weight is greater than 75,600 dalions. A molecular weight less than
75,000 dalions 1s not easily retamed in the shest, and above all does not endow paper with
sigruficant dry strength propertics, although it could be manufactured 1 such a way is to have
a polymer solids content above 50% on a weight basis. However, an acrylamide-containing
polymer of greater than 1,500,000 daltons, and especially greater than 2,500,000 daltons may
show sienificant drawbacks. Although at lower dosages, such high molar mass polymers
may give good drainage performance, attaming high drv strength tyoically requires higher
dosages of polymers. Such a polymer can significantly overtlocculate the sheet when added
at a dosage that might sigraticanty impact diy strength, thereby resulting 1 poor formabion
and/or poor dry strength, In ong embodiment, the molecular weights of the cationic or
amphoteric acrylanirde-contaiming agucous sotution polymers can be n the range of from
75,000 to iess than 1,500,000 daltons, or can be from 100,000 1o less than 1,250,000 daltons,
or can be from 100,600 to less than 1,600,000 daltous. Moreover, a polymer of this molecular
weight is generally synthesized via emulsion or reverse emulsion pelvmerization, therchy
adding signiticant cost, mconvenience, and environmental and safety risk. For tnstance, ol
or other hvdrocarbon, such as nuneral otl, 1s requured in the formulation of a reverse emulsion
procuct which adds significant cost to the product but does not by uself add value to the
product; significant additional make-down cquipment used to store, agitate, dilute, and invert
the emulsions; additional chemicals ars needed to break or invert the emulsion; and
ertsion- or reverse erulsion-type polymers also conlain signtficanl amounts of volatile
organic compounds, creating a significant health and/or safoty hazard. An agueous solution
acrytamide-containing polymer of molecular weight greater than 1,500,000 daltons may in
theory be achieved i a product; however, such a product would hilkely be less than 5%
polymer solids, rendenng such a product less useful, cost effective, and conventent to a
panermaker, or would be made be of such a high viscosity that the product handiing would be
extremely difficult. Thus, a practical relationship between the total polymer solids and

molecular weignt generally exists and a general correlation can be drawn between these

parameters and polymer performance.

[0039] fn one embodinment, the acrylanude-containing polymer 1s an aqueous

dispersion polymer. Acrylamide-containing polymers made by way of aqueous dispersion
polymerization of either a cationic or amphoteric nabire are of special practical ruportance
when combined with vinylamine-containing polymors. Specific exampics are described

US Patent No. 7,323,510 as well as US Patent Publication No. 2008/0023094. These agueous

warm
b ol
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soiution polymers may have molecular weighis of from 300,000 daltons to 1,500,000 daltons,
or from 400,000 dalions to less than 1,250,000 daitons, while mamtaning polvmer solids
content of from 10% to 50% on a weight basis. These polypers are of a molecular weight
that is somewhat less than traditional flocculants, and are thus less effective than higher
molecular weight acrylamide-containing polymers as retention and dramage polymers at low
dosage levels, but may generate excellent dramage perfonmance when used at dosage levels
adequate for diy strength eohancement without overtlocenlating a forming cellulosic sheet.
Without wishing to be bound by theory, the interaction of vinylaming-contaming polymers
criner with aqueous dispersion acrvlanmide-~-containing polymiers or with other components of
a papermaking system including but not hmited to oxadized starch, benueetlulose, or anjomc
trash, may create ¢specially extensive hydrogen-bending networks, providing additional dry
strength to a paper product without any substantial negative effects on the drainage

performance of the papermaking system.

(00407 The vinylamine-contaming polymer and the acrylamide-conlaming polymer
may be combined together in a single-product biend. Ratios of the vinylamine-canfaining
polymer to the acrylamide contaming polyimoer range of from 10:1 to 1:50, more preterably m
the range of from 5:1 to 1110, more preferably in the range of from 3:1 {0 1:5, most preferably

o the range of from 2:1 to 14,

(0041] Total amounts of the polvier blend niay be added o the pulp shurry . the wet
end of the paper machine in amounts of from 0.85% to 1.25% of the weight of dry pulp onna
total polymer solids basis., Blends can be made with vinylamine containing polymers and
cithor cationic or amphotesic acrylamide-containing polymers, but most preferably with
cationic acrylamide-confaining polymers, Without wishing to be bound by theory, anionic
components of amphoteric acrylamide-containing polymers may interact i an ionic fashion
with cationic components of vinylamine-containing polvmers, particularly primary anune
groups, (o form gels and high viscosily products that are not useful for papermakimg.
Without wishing to be bound by theory, polymers confaining cationic monomers with ester
groups, for example, 2-[{acryloyloxy)ethyl}irimethylammonium chloride, can react in
aquesnus solutions with primary amine groups in the vinylamine-containing pelymer to torm
amide groups, or can hydrolyze to generate the above-mentioned anionic moicties, either of
which may form a gelled or prehibitively high viscosity preduct which s not useful 1n
papermaking., Moteover, the hydrolysis of the relatively expensive cationie acrylate group

represents a significant financial loss when considering the cationic acrylamide-contaming

12
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polymer. Without wishing to be bound by theory, amide-containing cationic monomers, such
as 3-(acrylamidopropytrimethylammoniun chioride or diallyldimethylammoniom chloride
(DADMAC) are resistant both to hydrolysis in agueous solutions as well as reaction with
printary aminc groups, making them preferrad as caiienic monemers i the acrylamida-

containing polymer to be blended with the vmylamme-umfaming_ polymer.

(0042} Vinylamine-containing polymers and acrylamide-contamning polymers can be
added during the papermaking process in the wet end efther in the thick siock, or 1n the thick
stock; erther before or after a shear porat. The acoylamide-contaming polymer may be added
first in the wet end of the paper machine, followed by the vinylamine-confaining polymer; the
acryvlanide-containing polymer may be added at the same point separately in the wet end of
the paper imachine as the vinvlamine-containing polymer; the acrylarnude-contaming pelymer
may be added at the same point in the wet end of a paper machine as a single product blend;
or, more preferably, the vinylaminc-containing polymer may be added first in the wet end of
the paper machine, followed by the acevlamide-containing pelymer. The vinylamine-

containing polymier is not reacted with starch prior to addition to the pulp shurry.

10043} The vinylamine-containing polymer and the acrylamide-containing polymer
may be added to the wet end of a paper machine in a ratio of from 1:50 to 10:1 ot
vinylamine-containing polymer to acrylamide-containing polymer as a ratio of polymer
solids; more preferably 1n a ratio of from £:10 to 511, more preferably i the range ot from
i:5 to 3:1, most preferably in the ranpge of from 115 to 2:1, Total amounts of the polymer
blend may be added to the pulp shury in the wet end of the paper machine in amounts of

(.05% to 1.25% of the weight of dry pulp on a total polymer solids basts.

(0044} s another embodiaent, this invention can be applied to any of the various
grades of paper tiwat benefit from enhanced dry strength including but not limited to
linerboard, bag, boxboard, copy paper, container board, corrugating medium, {ile folder,
newsprint, paper boatd, packaging board, printing and writing, tissue, towel, and pubhication.
These paper grades can be comprised of any typical pulp fibers meluding groundwood,
bieached or unbleached Kraft, sulfate, semi-mechanical, mechanical, semi-chemical, and

coycled. They may or may not include inorganic fillers.

[0045] The embodiments of the invention arc defined in the following Examples. |
should be understood that these Examples are given by way of llustration ouly. Thus varieus

madifications of the present inveniion in addition to those shown and described herem will be
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apparent to those skifled in the art from the foregoing description. Although the invention
has been described with reference to particular means, matertals and embodients, 1 1s to be
understood that the invention is not limited to the parhicuiars disclosed, and extends to all

equivalents within the scope of the appended claims.

EXAMPLES

[00406; Polvvinylamine is abbreviated as PVYAm. Size exclusion chromatography
(SEC) was used to measure molecular weight. The analysis was accomplished using gel
permeation colunus (CATSEC 4600 + 1000 + 300 -+ 100) and Waters 515 series
chromatographic equipment with a mixture of 1 % NaNO5/0.1 % Triftuoreacetic actd in
50:50 H,O:CH:CN as the mobile phase. The flow vate was 1.0 mL/oun. The detector was a
Hewlett Packard [047A differential vefraciometer. Cohinm teimmperature was sct at 40 “C and
the detector temperature was at 35 °C, The number average (M) and weight average
molecular weight (44,) of the polymers were calculated relative {o the commereially available

narrow molecular weight standard poly(2-vinyl pyridine).

(0047] The net charges or charge densitios (Mitek) of the onized polymers o fhe
present invention were measured at pi 7.0 using a cclloid fitration methed. Charge density
(mea/p) is the amount of net charge per unit weight, in militequivalents per gram ot active
polymer. The polymer sarnple is titrated with a titrant of opposing charge. For net catiome
polymers, the titrant used is potassium polvvinyl sulfate (PYSK), and for net antonic
polymers the titrant used is polydimethyldiallylammonium chloride (DABMAC). The tifrand
is added until 8 O mV poiential is achieved using an autotitrator (Brinkmanu Tilvino) at a
fixed titration rate (0.1 mL/dose, § sec) and a Miitek particle charge detector (Model PCD 03,
BTG, Mitek Analviic Tue., 2141 Kingston Ct,, Marietta, GA, USA) sigaifyng end pomt

deteciion.

10045} Linerboard paper was made using a papennaking machine. The paper pulp
was g 100 % recycled medium with 30 ppm hardness, 25 ppm alkalinity, 2.5 % GPC D13
oxidized starch (Grain Processing Corp., Muscatine, TA) and 2000 uS/em conductivity, The
system pH was 7.0 unless indicated otherwise, and the pulp freeness was about 380 CSF with
the siock temperature at 52 °C. The basis weight was 100 tbs per 3600 fi*, Unless otherwise
indicated, Stalok 300 cationic starch (Tate & Lyle PLC, Londen, UK} and PerForm® PC
87132 flocculant (Hercules Incorporated, Wilmington, DE) were added to the wet end of the

paper machine in the amount of 0.5% and 0.0125% of drv pulp, respectively. Vinylamine-

i4
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containing and acrylamide-containing polymaers as described in the above examples wete
adided as dry strength agents o the wet end of the papermaking machine at the indicated
Jovels, expressed as a percentage of weight of polymer active versus dry paper pulp. 11 15
gencrally accepted that the dosages typically used for dry strength polymers on the ptlot
paper machine are much greaier (i.e. at least double) what a commercial paper machine may
use. Ring crush, dry Mullen burst, and dry tensile tests were used to measure the dry strength
effects. All dry strength results are expressed as a percentage of the dry strengty of paper

madc without a diy strength resin,

{0049} Drainage efficiency of the various polymeric systems was compared using one
of two tests. One test is the Canadian Standard Freeness (CSF) Test. The dose of pelymer
active varied as is indicaied in the fables. The results are summarized in the following fables
and the drainage verformances of these conmpositions are expressed as percentags mcigase

over the blank.

(G050 Anothet method for evaluation of the performance of the drainage process is
the vacuum drainage test (VDT). The device setup is stmular fo the Buchner funnel test as
described 1n various filtration reference books, for examp]é see Perry's Chemcal Engimeers'
Handbook, 7th edition, (McGraw-Hill, New York, 1989) pp. 18-78. The VDT consisis of a
300-ml magnetic Gelman filter funael, a 250-m1 graduated cylinder, a quuck disconnect, a
water {rap, and a vacuum pupwp with a vacuum gauge and regulator. The VI {est was
conducted by first setting the vacuum to 10 inches He, and placing the funuel properly on the
eylinder. Next, 250 g of 0.5 wt. % paper stock was charged into a beaker and then the
required additives aceording to treatment program {e.g., starch, vinylamine-containing
polymer, aciviamide-containing polymer, flocoulants) were added to the stock under the
agitation provided by an overhead mixer. The stock was then poured into the {ilier funnel and
the vacinn pump was hined on while simultaneously starting a stopwatch., The drainage
cfficacy is reported as the time required to obtam 230 mL of filtrate. The results of the two
drainage tests were normalized and expressed as a percentage of the dramnage performance

obsarved versus a system that did not inchude the vinylamine-containing and acrylamide-

contamning polymers.

[GG5 1] Polymer A is a vinylamine-containing polymer such as Hercobond® 6363
(available from Hercules Incorporated, Wilmington, DE) with a molecular weight i the

range of 100,000 daltons to 500,000 daltons with an active polymer solids content of 9% to
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5%, an N-vinyHormamide charge of from 73% 1o 100%, with a range of hydrolysis fron:

50% to 100%.

[6052] Polymer B s 8 vinvlamine-containing polymer such as such as Hereobond®
0350 (avalable from Hercules Incorporated, Wilmmgton, DE} with a moiecular weight in the
range of 100,000 daltons to 560,000 daltons with an active polymer solids content ot 9% to
15%, an N-vinyHormamide charge of from 75% to 100%, with a range of hydrolysis from

309 to 759,

100531 Polyvmer C 1s an amphoteric acrylamide-contmning polymer such as
Hercobond® 1205 (available from Hercules Incorporated, Wilmington, DE) with a molecular
weight in the range of 100,000 daltons to 500,000 daltons with an active polymer solids

content of 10% 10 25% and a sum total monomer charge of ansonic and calionic monemers ot

from 8% o 20% of the tofal monomer charge.

(00541 Polvmer D 15 a cationic aciviamide-contaming polymer such as Hercobond®
1260 (available froin Hercules incorporated, Wilimington, DE) with a molecular weight i the
range of 100,000 daltons to 300,000 daltons, an active polymer solids content of 10% fo 25%

anedl a cafionic monowr chargs of 20% to 40%,

[0035] Comparative Polymer E is an anionic acrylamide-contaiming polvmer such as
Hercobond® 2000 (available from Hercules {ncorporated, Wilmington, DE) with an anionic

monamer charge m the range of from 3% to 20%.

|0056] Polymer F and Polyimer G are cattonte acrviamide-containing aqueous
dispersion polymers such as Pragstaret® K328 and K350, respectively {availabls from
Ashland Inc., Covington, KY) with a molecular weight 1 the range of 500,000 daltons to
1,500,600 dalions, an active polymer solids content of 20% to 453% and a cationic monomer

charge of 10% (o 40%.

(0057 ] Polymer H is an amphoteric acrylamide-contaimng polyelectrolvte complex
such as Hercobond® 1822 (available from Hercules Tncorporated, Wilmington, DE) with a
moelecular weight in the range of 100,000 dalions to 500,000 dalions with an active polymer

solids content of 10% to 25%, and a net charge of from -2 meqg/p to +2 meq/p.

[0058] Polymer K 18 a cationic acrylanude-conlaining polymer such as Pragstamun®

C1. (available from Ashiand Inc., Covington, KY) with a molecular weight in the range of

16
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100,003 daltons to 404,000 daitons with an active polymer solids confent of 15% to 30%.
The cationie comonomer i Polymer K is 3-(acrylammdopropyDinmeth viammonum chloride.
Polymer K can be blended with vinylasuns-contarming polymers such as Polymer A and

Polymer B to form a single product.

EXAMPLE |

{00591 Table 1 shows the results of a pilof paper machine trial using Polymer A,
amphotenc Polymer C, and cationic Polymer D. The pH of the system was adjusied to 6.5,
Alam (Crovdon, PA) and HipHase 38 rosin stze (Hercules, Inc., Wilmington, DE) were used
in the amount of 0.5% and 0.3% of dry puip, respectively. OptiPlus 1030 amphoteric starch
(National Starch, Bridgewater, NI} was added in the place of Stalok 300 cationic starch, still

used at .5% of dry pulp.

Tabhle 1. Strength and dratnage propevtics of paper made with Polynier A and an acrylamide

containing pelymer.

Eolry Additivel % Additive? %  Dry Tensife Dry Mulles Busst  Ring Crushi Draigsge

: - - 100 j () 146 HEY
- Yolviner A {.050 ~- = 1024 106.2 108.7 i€
3 Polymar A {11323 -~ -~ 1032 G2 108.7 131

S - Polymer € 0.250 1039 i13.0 P10, [£6)

P AT A A wwrdrn b v v ——cr YN -

6  Palymer A 0.050 PolymerC 0160 1028 1S 0 116.4 2

A eyl My b Famswavnapa

BB h ARG ARANEEAEA by n s Rrbt Y rWRA R P hrpr R by re- P RS L R L R P I s T R A I R R T AN Y LT L EZ L LR DRI RN R BN R B L T P A LR PN L aldlR w-c‘o--.‘;v‘ Awmpghaghesa *RIENTISSS
1 -~ A Y 1 -y S i ‘+ .
7 Palyimer A 0.123  Polvmer O 0100 i12.8 116.8 112.6 142

3 Polymer A $.088 VPoivmer C 0175 106.5 1127 P78 137

bk ol w A shwre - w e — e e i b Awd o rraw s v e wad swanwiredrb b mwhw e b mwr bl rwww el A waes bl reswemdm e mal e A A B EARAS LA LSTAR AR AT AASAT ARG E NS A AR AT SV AR ITAr SRR Yy pmamawas ey msyyma et shdbnmrAbAd et LA ARASRA T AVA AR AR

9 Polymer A G.0MY PolymerC §.250 14 {392 1142 121

(0 Polyawr A G125 Poalymer O 8230 1089 1210 Hng 133

SPSFAS IS4 AATI S ISA NS INAFATSSAPFFEIBAS ISR VE S FES VAT I WS SETEFRFMV TR IATEAS TR AWE FECSALAATE R AN P W PP RPN P P P gy LN NP SR T W W A A W SR A T S R s s e s s w e aww s tAS warrt A AN AP AR SARTETATSARSFARATRI Y TR S YA E R,
-

11 Polyvmer [ (.1G0 113.2 §3.1 4.6 | A

12 = - Polvmer D £.250 16.3 100.2 ITUYRY 130

E3 Polywwer A €030 Polymar DD G100 133,72 982 7.6 137

— U e s "W WP e S e A DML N L N Y WV e W 4

i¢  DPolymer A 0125 Polymer D 0.10D 10351 1083 i1t 4 137

13 Polyiner A 0088 Polymer D 0173 i07.7 113.0 110.3 1540

19 Polymwer A 036  Polymer D 0230 134.6 1077 19,5 142

P P S TN NP Y P ESA N PPN PPN AT R PP ARt A AR At N s P r P AT IR AV AP R RSP AR FAN T I B P AP R AR PRV A NP R AP I B PR LA T ARSI IV RP IS AIN AP AL g b N g R A FRE AR E PERARRPET PRI A TN APERRRIRIIEL R PR SEAI R AL P (AP O IRARRAPATE PR rRIFrT awi b IRFRIFPRPRULTwRRY)
125 Dol D .25 1068 174 7.
- . N ’ H - ¥ - b —— 3 ‘ -
17 Pa}lymu A G125 13 3°281w: . i 2L, t1 /.8 RV N :
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[0060] Table 1 shows that strength could be markedly improved by addition of the
acrylanude-containing polymer, and that drainage pertormance was rnatnlained if not
improved by addmg more of the acrylamide-containing potymer. 1t is noted that the dosages
typicallv used for dry strength polymers on the pilot paper machine are much greater (1.e. at
least double) than what is cornparably effective on a commercial paper machine . For
example 11 0.10 96 of additive 1s an effective amount tor a dry strength polymer on the plot
paper machine then the offective amount on the conuaercial machine would be about 0.05%

or {Css.

EXAMPLE 2
13061 Table 2 shows the drainage performance of three ditferent acrylamide-
containing polymer additives using the same whitewater and pulp as indicated in tiie strength

A0

rated in Table 1. The drainage performance was evaiuated using the CSF fest as

e

testing 1lus

indicated above. Entrtes 18 to 23 are shown for comparison,

Tablv 2 Dramage properfies of palp made usioy varions aorylzmide copdaintag polymers with Polviuer

A.

Eatry  Additivel % ef dry pulp Additive 2 % of dyy pudp % of drainags

2 PolymerA 0.050 R ‘ - 110 )

3 Polymer A g.123 - -~ 131

3 = - T X T2 57
s - Polymer ¢ 0.250 R

8 Folviier A 3.030 Polymer 3,160 121

7 VPolymer &  0.125 Polymer ¢ 0.100 142
T8 Palvmer A 0088 palymere 0475 137
9 Polymer A 9.150 Polymer ¢ 0.238 121
10 PolymerA 0325 PolymerC n2s¢ 133

T N Polymier D 0.106 129

wemwe sawramarwewrwhobhtsovoboeb suhd4S vttt I e 4P oh + AR e *H P w AR bt b bt wr r bt rvuwt i w N P P P REA Al nmp p g annm s MPAN AaWrqymasatERTrESEn -y y.-- A Ll A o e il o Bl b il
"o y — -
1% N : -
! - Colvmer D 0.256G {30
h NP » - * . - 1 by .

N Polymer A 1.03 Bolymer D A 0.100 137
i ﬁnlsmez,’x ............ (}‘%......i)“i.y.{ku; .................... TR —
i5 Polviner A 0088 Polymer D 0175 50
""""" 6 Palymer A 0030 Polymer 0256 142
17 Polymer A 0123 Polyimer D 0.250 147
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T — ey T R
e - Comparative Polymer E 0.230 54
20 Polymerd 0050 Comparabve Polymer B 71.100 T
21 Polymer A 0.125  Compavative Palymer 5 0106 134
22 Polymer A 0088  Comparstive Polymer B 0179 118
33 Palymer A g0% Compaintive %ZT&?&MMﬂwuﬁﬁggmn“mm§&MM
24 Palymer A 0125 Comparative i’oly‘i;i*:f E 0230 134
[0062] Table 2 dorwonstrates that the dratnage pertformance of the pulp shury 1s

weaker when the antonte acrylanide-containing polviner (Conparative Polymer E) is uscd
compared to the amphoteric and cationic acrylamide-containing polymers (Polymer C and
Polymer 12}, Tt is noted that the dosages tvpically used for dry strength polymers on the pilot
paper machine are much greater (i.e. at least double) than what is comparably effective on a
commercial paper machine. For example if 0.10 % of additive ts an effective amount for a
dry strength polymer on the pilot paper machine then the effective amount on the commercial

machine would be about 0.05%6 or less.

EXAMPLE 3

00631 Table 3 shows results of a pilot paper tnachine trial using a vinylamine-
contaiming polyiner and a cationic acrylanude containing polymer. In this example, as in all
following examples, the pH was mamtamed at 7.0, no alum was included in the furnish, and

no sizing agents were employed.

Table 3. Resnlis of pilof paper rerchine (vinl of pH 7.6 and b the presence of Pelymer B and calionic

acrviamide-centaining Polymer D,

Eafry Additived Yo Additive2 % Dry Temsife  Dry Mullen Hwrst Bing Crush  Prainage

; . N - - 160 100 1035) 160
2 Polymer B 0100 — 963 957 09 8%
3 Polymer B (300 " 192.3 104.9 1124 {37
"""" 4T T Tholymer D GIB0 1043 ioss T iory T e

5 « PolymerD 0300 {057 107 4 106.0 113
6 Polymer B 0100 PolymerD G100 1008 TTesz wss 134

7 Polvimes B G300 PolymerD  £.100 110.1 LK S ST 120
"""" 3 Polymer B G200 Polymer D 0200 129 4S8 1199 18

9 Polymer B G100 Bolymer D §.300 1137 1230 157 115
TG Polymer B 0200 Polymer D 0.360 104 2 ity 12
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10064] Table 3 demonstrates that high dosages of the two polymers, exceilent strength
performance can be aclueved when the two chemicals were added together compared to thelr
performance alone. This method allows the paperraaker to achieve greater efficiency in
chemical use, and the added strength achicved when the two chemicals are added together
allows the papermaker to reduce the usage of the expensive vinylamine-contamning Polyiner
B. It1s noted that the dosages typically used for dry strength polymers on the pilot paper
machine are much greater (1.¢. at least double) than what s comparably ctfective ona
commercial paper machine, For cxample if 1,10 % of additive is an effective amount for a
dry strength poiymer on the pilot paper machine then the effective amount on the commereial

machine would be about 8.05% or lecss.

EXAMPLE 4
(00635 Table 4 shows a pilot paper machine trial employing an amphoteric

acrylamide-containing polymer in corabination with the vinylamine-containing polymer.
This trial was pertormed under conditions similar to Example 3 above. However, in this
case, the amphoteric acrylamide-containing Polymer C was used, rather than the cationic

actrylamide-containing Poiviner D,

Table 4. Resalts of pilot paper machine frinl with Polymer B and amphoteric acrylamide-coninining

Folymer .

ntry Additive | %  Addifivel %  Dry Tensile Dry Mullen Burst  Ring Crush  Drainage

i -~ - — = {00 1) 1600 100
"o v e YT A ——r Y w— - — - . - —n—
2 Polymer B {140 98.9 04,7 2.2 N
3 Pabviner B 0.300 - - 1043 235 108.6 147
4 -- - Polymer C 31040 100 .4 1034 1024 102
5 - - Porymer C 0 §.5300 1059 919 1939 100
G Polymer 3 GI00 Polvmer © 0160 1021 i08 ] 104.1 O35

7 Polvmer B 0.300  Polymar € 6.0 i6G1.2 (k4 107 142

8 PolymerB 0200 PolymerC 0260 1033 123 Weg 119
"""" 0 Palymer B €100 Poiymer C 0300 1030 i12g 0 ws3 105

(0 Polymer B 0300 PolymerC (.30 66 i07.9 (17.4 131
[0066] Table 4 shows that Mullen Burst and Ring Crush can be especially enhanced

with the treatment with the two polvmers in tandem versus the polymers i isolation. The

dramage performance was affected only marginally. 1t 1s noted that the dosages typically
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used for dry strength polymers on the ptlot paper machine are much greater (i.e. at least
double) than what is comparably effective on a comunercial paper machine.  For example if
0,10 % of additive is an effective amount for a dry strength polyimer on the prlot paper

machine then the cffective antount on the commercial machine would be about 0.05% or fess.

EXAMPLE 5.

[0067] Table 5 shows the effcet of combiming aqueous dispersion polymers with the
vinylanine-containing Polymer B.

Table 5. Addition of agueons dispersion Polymurs ¥ and § to Polymer B to achieve enhanved strengih

Wwwm_“;““ e AP e R et e v:;.-:a_mwwmmvwwmwﬂﬂw
Entry Additivel %  Additive 2 %  Dry Tensile Diy Muilen Bursi  Ring Lrash Dranage

------------------------------------------------------

z - y - N 100 100 109 160
o2 Polymer B G.100 - - Qo O 7.6 054 17 R
Ty Telnmer 3 4300 - - i 1098 107.7 138
T - T Polymer £ G000 010 TR 10 124
....... : vglyme:"é"ﬁ«{}nm%mamf;"m""
T8 Tolymer B 0.100 Polymer F o 0.109 ais 1046 104.1 136
T T Talyma B 0460 Polymer . 0.100 1042 TTTT™Thre . Hie 133
TE T Palymec 3 0200 Polymer B 0200 e g 140

5 Palymer B G100 Polymer £ 0.200 1035 1104 901 137
TNy Palyimer B G300 PolymerF 6300 TR 192 REETEY RV
RS e T Polymer G G160 9L & R 102.2 123

iz T i mer G 0360 983 23 012 N
T3 Tolymer B 0.100 Polymer G G100 1010 1.0 106.7 134
““““ 7 TVolvmer B 0300 Polymer G 0.160 TRis 1185 108.9 142
TS alymer B 0200 Polymer G 9.200 036 1143 TG 45
e Polymer B 100 Polymer G 0.300 T T R T 1% M F R
T Talymer B 0300 Polymer G 0.300 T L T, v R Y N T

(0068 Table 5 demonstrates that drainage can be maintained while achieving

significantly enhanced levels of dry strength with agueous dispersion pelymers, Itis noted
that the dosages typically used for dry strength polymers on the pilot paper machine are much
greater (i.e. at least double) than what is comparably effective on a convuercial paper

machine. For example if 0.10 % of additive is an offoctive amount for a dry strength
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polyviner on the pilot paper machine then the effective amount on the commercial machine

would be about 0.05% oy less.,

EXAMPLE 6

100691

Table 6 shows the combimnation of vinvlanune-containing Polvmer B with an

aniphoteric acrylamide-containing polyelectrolyte complex Polymer H.

Table 6. Pilof paper machine {riol using an amphoteric acrylamide-confaining polyelectrolyie

complex Polymer 3 with Polyiser B.

: 0.0 1.0 100 110 100
2 oo 02 Y 100.5 184).6
3 on o4 Ty T 104.0 TTTTTYee
3 0.0 0.5 683 1636 ) 101.5
3 0L 00 932 e 976
6 04 02 %66 938 109.9
........ S
g 0.1 0.6 1020 035 1022
B Y D T S 7 1014
10 0.2 0 1018 1073 109, }
T 02 o4 s 1095 1103
12 02 0.6 1104 114 4 1174
& e T R e
14 0.3 92 1074 116.0 1125
I3 03 04 O Misa Tt sy
16 0.3 S Tas 1147 1216 T sz

10070}

Table 6 shows that results comparable (o amphoteric acrylamide-contaiming

polymers can be achicved by using the amphoteric acrylamide containing poiyelecirolyie

complex. Excellent dey strength levels were achieved, at additive levels at which

performance typieally begins to level off. 1t is noted that the dosages typically used for dry

strength polyimers on the pilot paper machine are much greater (1.e. at feast double) than what

is comparably effective on a commercial paper machine. For exaniple i 0.18 % of additive

is an eftective amound for a dry strength polymer on the pilof paper machine then the

effective amount on the commercial machine would be about 0.05% or less.
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EXAMPLE 7
(0071} Table 7 shows dry strength and drainage {esting results using a single product

blend of Polymer X and Polymer B. Regardless of the ratio of the two polymeis v the blend,

the additive was used at a dosage level of 0.3% versus the dry pulp.

Table 7. Use of a single-nroduct blend of Polymer X and U {0 achicve enhaunced dry strength

W P(siymerWW‘ Dy | Dry Mollen | Hing Crash Wet Drainage
Folymesr B {70} Fousie Baest : | Fensile
P § e m e W YA T T mTy
2 13 | 146 1057 | 1107 169.4 l - 347.9 149.0
(A N B 172 10re 1 sz | wsn 2913 | 1272
& 31 [ 208 ] 1082 | 1083 [09.7 200.9 109.0
0072} Table 7 illustrates that using a single product blend of a vinylamine-containmg

polymer and a cationic acrylamide-containing polymer, improved dry strength vesulis can be
obtained in the dry tensile and dry mullen burst categories while offering comparable ring
crush results. The single product blend is especiaily uschul in that it otfers the papermiaker
the sase of adding a single product to the paper machine, but the different blend ratios make i
possible to tune the product to the papermaker’s needs. For instance, 1f fower wet strength s
needed o reduce repalping energy, a single product blend can be made to meet that need
while maintaining or improving dry strength properties. O, if the paper machine is already
ruhning near its maximum speed, the amount of drainage the preduct provides can be
maiched to the papermaker’s need without compromising dry strength. Furthermore, the
single product blend can have a significantly higher active solids content without negatively

tmpacting dry strength, thus reducing ecological impact due to transporiation of low solids

content freight to the paper mill.
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CLAIMS

1. A process for the production of paper, board, and cardboard with enhanced dry
strength comprising adding to the wet end of a paper machine (a) a vinylamine-
containing aqueous solution polymer having a molecular weight of trom 75,000
daltons to 750,000 daltons and (b) an amphoteric or cationic acrylamide-containing
aqueous solution polymer having a molecular weight of from 75,000 daltons to
1,500,000 daltons, wherein the sum of the anionic and cationic monomers comprises
from 5% to 50% on a molar basis of the composition of the acrylamide-containing

monomecr.

2. The process according to claim | wherein the active polymer content of the vinylamine
containing aqueous solution polymer is from 5% to 30%, on a dry weight basis and
wherein the vinylamine-containing polymer has an N-vinylformamide content of at
least 50% on a molar basis of the total monomer charged prior to hydrolysis, and at

least 10% of the N-vinylformamide has been hydrolyzed in the final polymer.

3. The process according to claim | wherein the vinylamine-containing polymer has a

molecular weight of from 150,000 daltons to 500,000 daitons.

4. The process according to claim 1 wherein the acrylamide-containing aqueous solution

polymer is an aqueous dispersion polymer.

5. The process according to claim 4 wherein the acrylamide-containing aqueous solution
polymer is an aqueous dispersion polymer having a molecular weight of from 300,000
daltons to 1,500,000 daltons.

6. The process according to claim 4 wherein the acrylamide-containing aqueous solution
polymer is an aqueous dispersion polymer having a molecular weight of from 400,000

daltons to less than 1,250,000 daltons.
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7. The process according to claim |, wherein the acrylamide-containing aqueous
solution polymer contains a cationic monomer charge of from 5% to 50%, on a molar
basis, has an active polymer content of from 5%, to 50% on a weight basis, and
comprises at least one cationic monomer selected from the group consisting of :
diallyldimethylammonium chloride (DADMAC), 2-(dimethylamino)ethyl acrylate, 2-
(dimethylamino)ethyl methacrylate, 2-(diethylaminoethyl) acrylate, 2-
(diethylamino)ethyl methacrylate, 3-(dimethylamino)propyl acrylate, 3-
(dimethylamino)propyl methacrylate, 3-(diethylamino)propyl acrylate, 3-
(diethylamino)propyl rmethacrylate, N-[3- (dimethylamino)propyl]acrylamide, N-[3-
(dimethylamino)propyl] methacrylamide, N-/3- (diethylamino)propyl]acrylamide, N-
|3-(diethylamino)propyl] methacrylamide, [2- (acryloyloxy)ethyl]trimethylammonium
chloride, [2-(methacryloyloxy)ethyl]trimethylammonium chloride, [3-
(acryloyloxy)propyl] trimethylammonium chloride, [3-
(methacryloyloxy)propyl]trimethylammonium chloride, 3-
(acrylamidopropyh)trimethylammonium chloride, and 3-

(methacrylamidopropytrimethylammonium chloride.

8. The process according to claim | wherein the acrylamide-containing aqueous solution

polymer 1s amphoteric and has a molecular weight of from 75,000 daltons to 750,000

daltons.

9. The process according to claim |, wherein the amphoteric acrylamide-containing
aqueous solution 1s comprised of a polyelectrolyte complex consisting of an
acrylamide-containing aqueous solution polymer and a cofactor carrying a

complementary charge.

10. The process according to claim 9, wherein the amphoteric acrylamide-containing
aqueous solution 1s comprised of a polyelectrolyte complex having a molecular weight

of from 100,000 daltons to less than 1,000,000 daltons.

[ 1. The process according to claim 1, wherein the vinylamine-containing polymer and the
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acrylamide-containing polymer are added to the papermachine as a single product

blend.

The process according to claim 11, wherein the cationic portion of the acrylamide-
containing polymer is generated by at least one monomer selected from the group
consisting of diallyldimethylammonium chloride (DADMAC), N-|[3-
(dimethylamino)propyl]acrylamide, N-[3-(dimethylamino)propyl}jmethacrylamide, V-
[3-(diethylamino)propyl]acrylamide, N-[3-(diethylamino)propyljmethacrylamide, 3-
(acrylamidopropyl)trimethylammonium chloride, and 3-

(methacrylamidopropyl)trimethylammonium chloride.

The process according to claim 12, wherein the cationic portion of the acrylamide-
containing polymer is generated by at least one monomer selected from the group
consisting of diallyldimethylammonium chloride (DADMAC), N-{3-
(dimethylamino)propyljacrylamide, N-[3-(dimethylamino)propyl|methacrylamide, 3-
(acrylamidopropyl)trimethylammonium chloride, and 3-

(methacrylamidopropyl)trimethylammonium chloride.

The process according to claim 1, wherein the vinylamine-containing polymer and the
acrylamide-containing polymer are added to the wet end of a paper machine in a ratio
of vinylamine-containing polymer to acrylamide-containing polymer of from 10:1 to
1:50 up to a sum total of 1.25% on a weight basis of the dry pulp, based on the active

polymer solids of the polymeric products.

A paper product produced by the process of claim 1.
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