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STRENGTH RESINS IN PAPERMAKING INDUSTRIES BACKGROUND
Chemical additives are typically used during papermaking 5 processes to
improve the strength properties of paper and paperboard. The primary
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when wet. These agents are particularly important to paper grades such
15 as tissue, towel, board, currency, and many others.

' There are many different chemical additives that have been
utilized as strength additives. Conventional strength additives include
starch, vegetable gums, carboxymethyl cellulose, urea-formaldehyde
resins, melamine-formaldehyde resins, acrylamide copolymers and

20 polyamidoamine-epichlorohydrin resins.

U.S Patent No. 3,556,932 to Coscia discloses water-soluble
glyoxalated acrylamide copolymers as strength additives. The acrylamide
copolymers are prepared by the solution copolymerization of acrylamide
with a cationic monomer such as diallyldimethylammonium chioride. The

25 polymers are subsequently reacted with glyoxal in a dilute, aqueous
solution to impart ~-CONHCHOHCHO functionalities onto the polymer and
to increase the molecular weight of the polymer through glyoxal cross-
links. The resulting resins are used extensively as dry strength and wet
strength additives in papermaking industries.

30 U.S Patent No. 3,311,594 discloses the manufacture and use of

polyamidoamine/epichlorohydrin (PAE) resins as wet strength additives for
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(RAE) resins as wet strength additives for WO 2006/016906
PCT/US2005/013333 -2- paper. The resins are prepared by reacting
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comprising a functionalized water-soluble, cationic, thermosetting
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reactopoabidyzamdr.(a) a copolymerized (i) acrylamide component, (i)
cationic ¢ r nent and (iii) at least one multifunctional
crosslinkir?é%gr%e?le%gﬁgggr?gn ?‘é%%‘%é{?%'@é’ u Sg‘énngngfésfd%t
confpHst frdmartinecdrisiyenatbdcpamesmentutie cationic
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copolymerized (i) acrylamide component, (ii) cationic co-monomer v

15 component and (iii) at least one multifunctional crosslinking monomer
component; and (b) a cellulose reactive agent component; such that the
acrylamide component, the cationic co-monomer component, the
multifunctional crossiinking monomer component, and the cellulose
reactive agent component are in an amount sufficient amount to produce a

20 polymer that imparts strength to a fibrous substrate when the polymer is
added to paper stock during a papermaking process. These and other
features, aspects, and advantages of the present invention will become
better understood with reference to the following description and
appended claims.

25

DESCRIPTION

The invention is based on the discovery that by adding a multifun-

ctional crosslinking monomer component during copolymerization of (iy an
acrylamide component, and (ii) a cationic co-monomer component,

30 forming a structured backbone and then subjecting the resulting polymer
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DESCRIPTION The invention’is based on the discovery that by adding a
multifun- ctional crosslinking monomer component during
copolymerization of (i) an acrylamide component, and (ii) a cationic
co-monomer component, 30 forming a structured backbone and then
Subigsting the resulting polymer WO 2006/016906 PCT/US2005/013333
to reaction with a cellulose reactive agent component and fo}r)&ﬁll'ésémw 013333
polymer with a doubly structured backbone, it is now possible to form a
polymer that has improved performance, as compared to a polymer that
does not have doubly structured backbake. This is a remarkable 5
discovery, because it would be unexpected that subjecting the backbone
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acrylamide.and/or,methacrylamide in a proportion of 50 mole % or more,
S mooelﬁeg inall mspancgsa\)y t?we termp“at?out.” Various numerical ranges

are disclosed in this patent application. Because these ranges are

15 continuous, they include every value between the minimum and maximum

values. Unless expressly indicated otherwise, the various numerical
ranges specified in this application are approximations.
The acrylamide component includes those polymers formed from

acrylamide and/or methacrylamide or an acrylamide copolymer containing

20 acrylamide and/or methacrylamide as a predominant component among

25
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all monomers making up the copolymer. When employed as a paper
strength agent, however, the acrylamide polymer preferably contains
acrylamide and/or methacrylamide in a proportion of 50 mole % or more,
or more particularly from 74 to 99.97 mole %, or from 94 to 99.98 mole %.

The amount of the acrylamide component generally ranges from 70
to 99%, based on the total weight of the copolymer. In one embodiment,
the acrylamide component ranges from 75 to 95%.

Up to about 10% by weight, of the acrylamide comonomer of the
structured polymers may be replaced by other comonomers

copolymerizable with the acrylamide. Such comonomers include acrylic



or more particularly from 74 to 99.97 mole %, or from 94 to 99.98 mole %.
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99%, based on the total weight of the copolymer. In one embodiment, the

acrylamide component ranges from 75 to 95%. Up to about 10% by

weight, of the acrylamide comonomer ofsthe structured polymers may be.

replaced by other comonomers 10 copolymerizable with the acryiamide.
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20 gl écol dimethacrg/l.ate; -vinyl acrylamide; divinylbenzene; tetra

15 ( eti%% mann degradation.

The multifunctional crosslinking monomer component can vary.
Examples of suitable monomers include but are not limited to methylene-
bisacrylamide, methylenebismethacrylamide; triallylammonium chioride:
tetraallylammonium chioride; polyethyleneglycol diacrylate; polyethylene-

20 giycol dimethacrylate; N-viny! acrylamide; divinylbenzene:; tetra (ethyiene
glycol) diacrylate; dimethylallylaminoethylacrylate ammonium chioride:
diallyloxyacetic acid, Na salt; diallyloctylamide; trimethylolpropane
ethoxylate triacrylate; N-allylacrylamide N-methylallylacrylamide, and
combinations thereof. The amount of the multifunctional crosslinking

25 component varies. Examples of suitable monomers can be found in
WO 97/18167 and U.S. Pat. No. 4,950,725, incorporated herein by
reference in its entirety.

In one embodiment, the amount is at least 20 ppm, e.g., from 20 to

20,000 ppm, or from 100 to 1,000 ppm based on the total weight of the
30 polymer.
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glycol) diacrylate; dimethylallylaminoethylacrylate ammonium chloride;
diallyloxyacetic acid, Na salt; dialiyloctylamide; trimethylolpropane
ethoxylate triacrylate; N-allylacrylamide N-methylaliylacrylamide, and
combinations thereof. The amount of the multifunctional crosslinking 25
comReLRAt varies- Examples of suitable monomers can be found in WO
97/18167 and U.S. Pat. No. 4,950,725, incorporated herein bf Ef8Pai/ae333
in its entirety. In one embodiment, the amount is at least 20 ppm, e.g.,
from 20 to 20,000 ppm, or from 100 to 1,000 ppm based on the total
weight of the 3o polymer WO 2006/016806 PCT/US2005/013333 The
cellulose reactive agent component can be any agent, , which when used
in accorddhéectlithes invesrtion, qyeducesmpatymer tithey sgettly, which
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reaﬁ%%ﬁg%ﬂ%n{h%ago\@{%yv slgpu% uFr)tlal.Calgi'?g structuring and branching of the
polymer may additionally effect the degree of glyoxaiation and thereby, the
polymer performance. The glyoxalated structured-branched
polyacrylamides exhibit improvement of the properties of strength for
paper over the conventional glyoxalated polyacrylamides.

The amount of cellulose reactive agent can vary with application
and can range from 10 to 100%, or from 40 to 50% based on the total
weight of the backbone copolymer.

The molecular weight of the backbone can vary. In one embodi-
ment, the backbone has a molecular weight, prior to reaction with the
cellulose reactive agent component, ranging from 1,000 to 100,000
daltons, preferably 1,500 to 30,000 daltons. All molecular weights herein
are weight average.

The bulk viscosity of the copolymer can vary, depending on
application. Generally, the viscosity of the copolymer is in the range of 10-
5,000 cps, or more particularly from 150-500 cps at 40% fotal solids. The
chain transfer agent is used in the range of 0 to15%, preferred range from

0-10.0%, by weight, based on the total weight of the copolymer. The ratio
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can vary. In one embodi- ment, the backbone has a molecular weight,

prior to reaction with the cellulose reactive agent component, ranging

from 1,000 to 100,000 daltons, preferablg 1,500 to 30,000 daltons. All

molecular weights herein 25 are weight average. The bulk viscosity of the
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amount ranging from O to 15%, or more particularly from
polyr‘ﬁ’eTQéf the invention are cationic and made typically by 15 free
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embodiment, the polymer is cationic due to a polymer reaction such as the
Hofmann degradation. The polymers can include anionic and non-ionic
functionalities and, as such, the polymers can include amphoteric
polymers. ;

20 The invention provides a process for making a polymer that
invoives the steps of (a) copolymerizing an acrylamide component and a
cationic monomer component with at least one multifunctional crosslinking
monomer component, and thereby forming a structured cationic branched
polyacrylamide with a structured backbone; (b) reacting the structured-

25  branched polyacrylamide with a cellulose reactive agent component, and
thereby forming a functionalized water-soluble, cationic, thermosetting,
and cellulose reactive polymer with a doubly structured backbone; such
that the acrylamide component, the cationic co-monomer component, the
multifunctional crosslinking monomer component, and the celiulose

30 reactive agent component are in an amount sufficient to produce a



Hofmann degradation. The polymers can include anionic and nqn-ionic
functionalities and, as such, the polymers can include amphoteric
polymers, 20 The invention provides a process for making a polymer that
involves the steps of (a) copolymerizing an acrylamide component and a
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monomer component, and thereby forming a structured cationic branche

polyacryiamide with a structured backbone; (b) reacting the structured 25
branched polyacrylamide with a cellulose reactive agent componen_t, and
thereby forming a functionalized water-sotuble, cationic, thermosetting,
and cellulose reactive polymer with a doubly structured backbone; such
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invention can also contain anionic, and honionic groups.

lev&l% ?Cﬂggﬁﬁ@?t'and, optionally, a 5 chain transfer aglent, can control
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metabisulﬁte;2,2'-azobis(2~methyl-2-amidinopropane) dihydrochloride;
ammonium persulfate and ferrous ammonium sulfate hexahydrate. In one

15 advantageous embodiment, ammonium persulfate / sodium metabisulfite,

and combinations thereof can be used. Organic peroxides may also be
employed for polymerizing ethylenically unsatdrated monomers. A
particularly preferred initiator for the purpose of this invention is
ammonium persuifate / sodium metabisuifite. See Modern Plastics

20 Encyclopedia/88, McGraw Hill, October 1987, pp. 165-168.

During functionalization, the solids of the backbone polymer can
differ. In one embodiment, the backbone polymer solids during functionali-
zation is from 4 to 15%, or more particularly from 5 to 10%.

The fibrous substrate is generally a paper sheet made from a suitable

25 paper slurry (furnish). The fumish from which the fibrous substrate is made

can include any furnish that produces a fibrous substrate suitable for this
invention. Furnishes, for instance, can include tissue fumishes, towel
furnishes, wet laid furnishes, virgin or recycle furnishes or treated
cellulosic furnishes. Depending on the application, the number of fibrous

30 substrates in a paper product can vary. The paper product can have more
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ammonium persulfate and ferrous ammonium sulfate hexahydrate. In one
15 advantageous embodiment, ammonium persulfate / sodium
metabisulfite, and combinations thereof can be used. Organic peroxides
may also be employed for polymerizing ethylenically unsaturated
monomers. A patrticularly preferred initi&tor for the purpose of this
tigvention is ammonium persulfate / sodium metabisuifite. See Modem
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component, the cationic co-monomer cor%pc?nent, the multifunctional

Erbsskiokibly Aimsdirast askpowent, and the cellulose reactive agent
Compoﬂ?@&ﬁ €tttn3th may be from 15 to 30% more, as compared to a web made

during a process that does not use a polymer with a doubly structured backbone.

The web formed from the paper stock may exhibit a wet strength that is at least
15% more, as compared to a web made during a process that does not use a polymer
with a doubly structured backbone.

The web formed from the paper stock may exhibit a wet strength that is at least
15 to 30% more, as compared to a web made during a process that does not use a
polymer with a doubly structured backbone.

The polymer can be added to a furnish at various papermaking pHs, depending
on the application. In one embodiment, the polymer is added to the fiber furnish with
papermaking pH ranging from 3 to 10. In one embodiment, the pH ranges from 5 to 7.

The benefits of cellulose reactive functionalized glyoxalated structured
polyacrylamides tend to be more visible in the strength of the paper, particularly
recycled paper. The glyoxalated structured polyacrylamides are readily adsorbed to

cellulose fiber at pH values within the range of 3.0-8.0. The resins provide strength to



amount sufficient amount to produce a polymer that imparts strength to a
fibrous substrate when the polymer is added to paper stock during a
papermaking process. The web formed from the paper stock may exhibit a
dry strength that is at least 15 15% more, as compared to a web made
during a process that does not use a pclymer with a doubly structured
backbone. The dry strength may be from 15 to 30% more, as compared to
ReRFEBiaER iR Ml o8 fisk Govalenideands aspunhsrionin beadupih
&nuctyeadhBackbone. The web formed from the paper stock may exhibit a
wet strength that is at least 20 15% more, as compared to a web made

during FprIRELR Mgyl RSesePasiprhE Gt entonbr sed etardlgo vary,
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trength that is at least tQ maore, as compared to a web made
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faaokbanes 25/{bhe polyhepcardie added to a furnish at various
papermaking pHs, depending on the application. In one embodiment, the
polymer is added to the fiber furnish with papermaking pH ranging from 3
to 10. In one embodiment, the pH ranges from 5 to 7. The benefits of
cellulose reactive funetionalized glyoxalated structured polyacrylamides
tend to be more visible in the strength of the paper, particularly 30

recycled paper. The glyoxalated structured polyacrylamides are readily
adsorbed to cellulose fiber at pH values within the range of 3.0-5.0. The
resins provide strength to -9- paper by forming hydrogen bonds and
covalent bonds as well as ionic bonds with cellulose fiber. The amounts

at which the composition of the invention is used can also vary,

depending on the application. In one embodiment, the polymer is added to
the fiber 5 furnish at a dose of from 0.5 to 20 Ib/ton (0.25 - 10 kg/ metric
ton), or more particularly from 2 to 13 Ib/ton (1 - 6.5 kg/ metric WO
2006/016906 PCT/US200S/013333 - 10



ton) dry polymer solids based on dry fiber. The artisan will appreciate that
these are guidelines and that the actually effective dosage of the resin
depends on the nature of the furnish and the conditions of the white water.
The invention provides previously unavailable advantages. The 5

wo d00pkqyed dry strength additives of the invention, for instanc%g%tbezrmﬁ 013333
enable papermakers to use less pulp, less expensive pulp and/or more
filter while making sufficiently strong, stiff and opaque paper product, as
compared to ordinary compositions agd-methods. In addition, refining can
be reduced while maintaining paper strength, resulting in energy savings
ang 10 jncreased production. The improved wet strength allows

pa

AR SR SR RiBRRR R ShvfiRh JhScrrbraravibarpreniate dhat
dodmesdrcguingiressheffigiantiesandinprecad-vrsaine sunaaility.

Alt invention has been described in detail with
reftgr%)‘ng&mejgt]C)8 ﬂﬁ%ﬁ]%%%&?é@ev@@f%ng R 0&# IPORAdn Y tite water.

possible. THfdsfEREotherspifeantvicnseyofithesiippenaibdiclages. Shauld

notrhertie thehg@ssHat [ols ' ere
e A RIS O 1R
C

Wi

furfRTRISES R PR B IRV B iRTTEX e TRy mBIR ARG eeiarsstlips il
?o) mmezngmfuffmmuplg:mng;wnﬁ_dmmbbqn@ Mgﬁ)e;)tl@gm@_ﬁ,%%mw@@ w@f:
Q) AHIY ompanent, (i) cationic co- monomer
com .onent}_f g?;]ﬁc? %%@é?f:%?ﬁ%%ﬁﬁmﬂn&@#é {’:*rcr)%iﬂmr?ﬁ'?rpﬁﬁﬁﬂ%?ed
comglﬂw@@ﬂ,"ﬁﬁﬂlﬁ@ RBper cdTrNes iesidting kyenergynspeingatandherein the

10 ACIHABRIEEIGSHRRARAL, mm%&qu%nsmmwmfr%m to
e cellulose

mu{lrgifklg%tlio‘g}al CrQs Iinki?ﬁ) monomer component, and th | ‘
reacive  ayented %SHS BRDSH Ar'SAONYR' B DS sergsstmenainge
a puisieéficinaties and improved machine runnability.

Although the present invention has been described in detail with
reference to certain preferred versions thereof, other variations are
15 possible. Therefore, the spirit and scope of the appended claims should

not be limited to the description of the versions contained therein.
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imparts strength to a fibrous substrate when the polymer is added to

paper stock 15 during a papermaking process ; wherein the acrylamide
component ranges from 70 to 99%. ranges from 70 to 99%. 2. The
polymer of Claim 1, where the cationic comonomer ranges from {ﬁ,ﬁ %SE?
based on the total weight of the copolymer. 20 3. The polymer of Claim 1, ™
wherein the multifunctional crosslinking monomer component ranges

from 20 to 20,000 ppm, based on the total weight of the polymer. 4. The
polymer of Claim 1 wherein the celluld$e-reactive agent component
rapgesfrenr-10 iR EPPe, based on the total weight of the backbone. 25 5.
The polymer of Claim 1, wherein the acrylamide component is elected

from the lgroup CSIREIONSHIBH serpEREe? fiethaaaligpditatesgluble, cationic,
canebinatans therewlsSrchbe R pmas ol Hlain chbN ereinthe AIBBIE that
cq-monomer is selected from the group consisting of diallyl

di AR AR RN Ebride, 30 acryloyloxytrimethylammoniimm chioride,
methaergdpyloxytipethytairel (DB M, cddpoasiunighiotite: co-
methacrylamidopropyl trimethylammonium chloride, |- _

R T B el matpng mapemer
polymenoftChain |. wherein the multifunctional crosslinking monomer
compongg is selegladJrom s qrepp consiging of -
methylenebisacrylamide; methylenebismethacrylamide; triallylammonium
ch|orideﬁéﬁfﬁm|§%sﬁmﬁmﬁ¢ ERTBPRRENSOR R taYieie gy catimer famponent,
paivatianraiveal siethaaly Rigidninynassylamisde: dlvinybeZaiRtive
tetra 10 (ethylene glycol) diacrylate; dimethylallylanvnoethylacrylate
aRRTSROMP O RIE L) RAGKSSREHS BRI RGIR RidNAB ApRhgE that
trinn@tingl stpianane adibmodatddtigerylaia; (he-pbyacsyismided to paper stock

Nemeipaidasniamide, and |

wherein the acrylamide component ranges from 70 to 99%.

ranges from 70 to 99%.

2. The polymer of Claim 1, where the cationic comonomer ranges
from 1 to 30%, based on the total weight of the copolymer.

3. The polymer of Claim I, wherein the multifunctional crosslinking
monomer component ranges from 20 to 20,000 ppm, based on the total weight of
the polymer.

4,  The polymer of Claim 1 wherein the cellulose reactive agent
component ranges from 10 to 100%, based on the total weight of the backbone.

5. The polymer of Claim 1, wherein the acrylamide component is
elected from the group consisting of acrylamide, methacrylamide, and
combinations thereof.

6.  The polymer of Claim 1, wherein the cationic co-monomer is
selected from the group consisting of diallyl dimethylammonium chloride,

acryloyloxytrimethylammonium chloride, methacryloyloxytrimethylam
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combinations thereof. 8. The polymer of Claim 1, wherein the cellulose

reactive component 15 is selected from the group consisting of glyoxal,
glutaraldehyde, furan dialdehyde, 2-hydroxyadipaldehyde, LLOYD WISE
succinaldehyde, dialdehyde starch, diepoxy compounds, and .
combinations thereof. 9. The polymer of Claim 1, wherein the backbone

has a molecular weight, prior to reaction with the cellulose reactive agent
component, ranging 20 from 1,000 to 100,000 daltons. 10. The polymer

of Claim 1, wherein the backbone further-comprises a chain transfer

agent in the amount ranging from 0 to 15%. It. The polymer of Claim 10,
wherein th%ichaien tra{g}sfer age gt is_selected fr% the group consisting of

e )
2 T b to et RO A L g B b e B L A dium

hypabhosphitel-anthgbpipiredion stiereabit?ioAsphesess for making a
polymer cgmpriﬁ',l% (ﬁl)nc _ rizing,an ac Iamiﬁ component a
cationic monomer qé%. p%%%%?gva}%ﬂ %t Tgelg?lgn%erﬁrllﬁ |ﬁjeﬁhnccttllo(§;rf§} Cmsgﬂgkmg
CrOSSREGH §amBADIREISCOlPPoh & Hrtierebynforimingfa structured

caionia dianched privacdamidewith 4305t

WG glﬁs\ kbone:.LLOYD
WISE 13 (b) reacting the structured-branche& p%)ﬁje}’/%c?y %ar% %ﬂ\}\l/ll% a

cEinss: telaalld appnrisanthleridt, aolratelensetoemidiganfatetionalized

waiaysRlIHes | Rl omise thermaseringn And Selase FS AN G RANMER with
aé%%lﬁé(?ly strrts{ctured 5 backbone; wherein the acrylamide’component, the
c

. i |
GO 2 ERER B BB el SRR
madtioret datiylorenistanstieNealiHoaRISRHIYRNAISNHERIIRAIBRNAR IN

an amount sufficient t to produce a pglymer that imparts strength
to 5 ﬂi()' o%s: %ﬁaﬁgr%tt%w&&lﬁ fi 9’%&%}#@ WS hady -t asapamdtse b during

a papermakinghorocess; wherein the acrylamide component ranges from
70 8. The polymer of Claim 1, wherein the cellulose reactive component
is selected from the group consisting of glyoxal, glutaraldehyde, furan dialdehyde,
2-hydroxyadipaldehyde, succinaldehyde, dialdehyde starch, diepoxy compounds,
and combinations thereof.

9. The polymer of Claim 1, wherein the backbone has a molecular
weight, prior to reaction with the cellulose reactive agent component, ranging
from 1,000 to 100,000 daltons.

10. The polymer of Claim 1, wherein the backbone further comprises a
chain transfer agent in the amount ranging from 0 to 15%.

1. The polymer of Claim 10, wherein the chain transfer agent is
selected from the group consisting of 2-mercaptoethanol; lactic acid; isopropyl
alcohol; thioacids; sodium hypophosphite, and combinations thereof.

12. A process for making a polymer comprising:

(@) copolymerizing an acrylamide component and a cationic monomer
component with at least one multifunctional crosslinking monomer component,

and thereby forming a structured cationic branched polyacrylamide with a

structured backbone;
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to 99%. B. The process of Claim 12, wherein the solution polymerization is
carried out in the presence of a. chain transfer agent. 14. The process of
Claim 12, wherein the backbone polymer solids 15 during LLO
functionalization is from 4 to 15%. 15. The process of Claim 12, wherein
the initiator is selected from the group consisting of azobisisobutyronitrilc;
sodium sulfite; sodium
metabisulfitc:2,2'-azobis(2-methyl-2-anmgdinopropane) dihydrochloiide;
ammonizﬁrﬁt persulfate,étlarrous am%]oniu sulfatehexahydrate, sodium 20

metabisuftite. alfdCoBIRSHERY FEPIgRe %@Wé‘%%@é’é@%f’@%ﬁﬁﬁb‘.‘oss
whergindhgepotypmeoisraationit deieytéopalymeairedotionzsuchas ftuble,
Hofmann degradation rather than through use of a cationjc cqmonomer.
S S PR S A e
pdpekiztoek a functionalized Water-soluble.; cationic, thennosetting, and
CG”U'OS%&&%H}/&Q g&l?i]ﬁ’{llt C,a (tlg)%’l q’lé%?ﬁ% Qa%%%qgggpr}c]o 1()1'[?61’ cornponent,
copolymerized (i) acrylamide component, (ii) cationic co- monomer

cohspBRbHRGIH) capseadtionenmatifanctiopal aro sskirtkingethdnemerc 3G

c raem%mt@eqncsua@%&%@x&&%@&%&%&@&%ﬁ%ﬂg& YR
WISE -14 (c) formlﬁr:;q a web from the paper stock; wherein the acrylamide

cOmPUHETTCHRE: daddHiEous SRS e kahtsoprlments #dnimpapertock

cresshpkingpnenemeeerBRoRneRtcaNthhesrIlgse Jied6HYR: A9SRL from 70

com &pent are in an amount sufficient to produce a polymer that imparts

5 gh%ndth to a fibrous substrate when the polymer is added to paper stock

during a pdgerfieking rocessiwherain thieasitanisiaarmeeAsatization is

ranges from. 7%1to i . »
catried out in the presence of a chain transfer agent.

YD WisE

14. The process of Claim 12, wherein the backbone polymer solids
during functionalization is from 4 to 15%.

15. The process of Claim 12, wherein the initiator is selected from
the group consisting of azobisisobutyronitrile; sodium sulfite; sodium
metabisulfite;2,2’ -azobis(2-methyl-2-amidinopropane) dihydrochloride;
ammonium persulfate, ferrous ammonium sulfatehexahydrate, sodium
metabisulfite, and combinations thereof.

16. The process of Claim 12, wherein the polymer is cationic due to
polymer reaction such as the Hofmann degradation rather than through use of a
cationic comonomer.

17. A method comprising;

(a) providing paper stock;

(b) adding to the paper stock a functionalized water-soluble, cationic,
thermosetting, and cellulose reactive polymer that is the reaction product of:

(1) a copolymerized (i) acrylamide component, (ii) cationic co-
monomer component and (iii) at least one multifunctional crosslinking monomer
component; and

(2) a cellulose reactive agent component; and
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99%. 18. The method of Claim 17, wherein the polymer is added to the

fiber furnish with papermaking pH ranging from 4 to 10. 10 19. The

method of Claim 17, wherein the polymer is added to the fiber furnisi‘l %1% WISE
papermaking pH ranging from 4 to 8. 20, The method of Claim 17, =~~~
wherein the polymer is added to the fiBér’furnish at a dose ranging from

(0.251t0 10kgéé§||etnc,torrrl} dr;ggg%&ner solids based on dry fiber. 15 21.

The paper re tantfﬁf)rﬁl}ﬁe method bHERIRTL 7O 512;. The method of

Claim Whgnsinateindhdanetefoomedifeotnithe papec ctackmxhibitsdahiyent, the

streng}r@ tﬁ}% istat Ielast 151% more, as compared to 9;{\1/1 b rena
at

uring a.
process that does not use 131%%%/%%?06\% TR 3%565%%‘{11%

20 23 agkw postpodeot @iaim@2mdheresinthiedrysmengtie s frymebttat imparts

30% S b made during a process.that does not .
se A PR R G durin o
Claim napevwiveisia phecossbviiaredal the artylerpisisarosiouieakhibgss drwet 70 to

strenggydhat is at least 15% more, as compared to a web 25 made during

a process that does not use a polymer with a doubly structured.
backbone. 258.8The rhe¢hoetieddailaim, Whetsirethéhweblfonerdd drisiet tioethe

Paper sactiARR pLAANAY I aLISAL RR 4349 0% more, as

compared to a web made during a proce es not use a polymer
with a doubly1 Siructdheeimzthpd siisoaan 17, wherein the polymer is added to the

fiber furnish with papermaking pH ranging from 4 to 8.

20.  The method of Claim 17, wherein the polymer is added to the
fiber furnish at a dose ranging from (0.25 to 10kg/metric ton) dry polymer solids
based on dry fiber.

21.  The paper resultant from the method of Claim 17.

22. The method of Claim 17, wherein the web formed from the paper
stock exhibits a dry strength that is at least 15% more, as compared to a web
made during a process that does not use a polymer with a doubly structured
backbone.

23. The method of Claim 22, wherein the dry strength is from 15 to
30% more, as compared to a web made during a process that does not use a
polymer with a doubly structured backbone.

24.  The method of Claim 17, wherein the web formed from the paper
stock exhibits a wet strength that is at least 15% more, as compared to a web
made during a process that does not use a polymer with a doubly structured
backbone.

25.  The method of Claim 17, wherein the web formed from the paper
stock exhibits a wet strength that is at least 15 to 30% more, as compared to a
web made during a process that does not use a polymer with a doubly structured

backbone.



