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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 chloride. 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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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 (i) 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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20 acrylamide and/or methacrylamide as a predominant component among
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 %.

25 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

30  copolymerizable with the acrylamide. Such comonomers include acrylic
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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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and can range from 10 to 100%, or from 40 to 50% based on the total
20  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

25  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% total solids. The
chain transfer agent is used in the range of 0 to15%, preferred range from

30 0-10.0%, by weight, based on the total weight of the copolymer. The ratio
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20 The invention provides a process for making a polymer that

involves 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 cellulose

30 reactive agent component are in an amount sufficient to produce a
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The fibrous substrate is generally a paper sheet made from a suitable
25 paper slurry (furnish). The furnish 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 furnishes, 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



The fibrous substrate is generally a paper sheet nade
froma suitable paper slurry (furnish). The furnish

wé camiondeh the fibrous substrate is nmade can POTIUSZI®S/013333
any furnish that produces a fibrous substrate suitable
for this invention. Furnishes, for instance, can
i nclude tissue furnishes, towel furnishes, wet laid
furni shes, virgin or recycle f8Frni shes or treated
cellul osic furnishes. Depending on the application,
t he tanndrer fitebud silitistrate. 3¢ embedimient,ahe paper produtt bias two
can_var

aper rodu t can e, norethan o
T bt subSads 6, B mabiadian prae: T AR farepBSament
Pr OghiChaper prédtiet Eérbh%m&kdmbh A6 fibroBis gubstﬁatésvo ply
paper product I n anot her, enbodi nen

pr oduct Incyse. thaiavention rrevides @\H‘elth‘{?r%%'"g@lﬂ% E‘&t%%ps L

sey
L AP ot s s

pap@\fat@r o GPUARICi DARTISAEING,ARGFS %\eectW@a&qlmercthat
t hendy er%&étm r88L1 F (114 @;;b%&%av(s RA)Re c"ohﬂionbﬁt

he Feactl on rodu mer’i ze

acr fii)aatideic cormponramer, cqnpopeataqncb(m) at sh@m)wgﬁlfunctlonal
co n%?cf?sﬁﬂ kuﬁ% Hiog'lb}n'e} J)I?Q'ﬁ 1 arﬂ@()ig‘gleg §)é@l“etabﬁ\f@%%ent

Cr oss nponent a ce
weacbmpenante and (;?njrfpmmegua welnfcony $e Paneﬁstﬂykasmhattbm

th t I
t he BRRFR cBFbongHt thel dtbnis Mo Aghon e bbb T -
cr ossdnltlfnhcﬁtg\anmesmkmgmmmlmnqonmmmnh and ¢he cellpinse

t { f L. Ci
ouriectis 30RRteRrEPa et e B R Ak PR oRAP At arpblnt s kg 2
fib rpbly?nérub@ttlmtaas wenigth lea fiblopiswubstsata idhed the pplymer is
stock d r| ngleﬁ’rﬁ?%%e rmkl n rocess. The pol yner can be

Bddafdes ! ng AR PIRKPTg phs,

dependl Nghepol r%ﬂﬁ'ble%fdealro a furnisheat oatous mwrmak.hg
pol yner is ad edtota@flbe furnlgh Wi t |[imaﬁe'rmallng
bH kiR RBeding:oa theapRicatian. inene.mBesimsht. the RAVREY is

I angRfiel 1@ Redfide? fuishWathiRiperhakin®@ bHGahdiNG 6Bm 3 eatd.ilne
functionalized gl yoxal ated str uct ured pol yacryl am des

t encPneerpRodimeat, thesphbranges fioReS49 fengt h of the paper,

gﬂ L'Cf 3 'r g‘hl%eh‘éﬁt\é% ediuisHeactiVeSusttivRcat divbxalated
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 paper by forming

25 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 furnish at a dose of from 0.5 to 20 Ib/ton (0.25 - 10

30  kg/ metric ton), or more particularly from 2 to 13 Ib/ton (1 — 6.5 kg/ metric



pol yacryl am des are readily adsorbed to cellul ose
fiber at pH values within the range of 3.0-8.0. The
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bonds and coval ent bonds as well as ionic bonds with
cellul ose fiber. The anmounts at which the conposition
of the invention is used can al so vary, dependi ng on
the application. In one enbodi®ent, the polynmer is
added to the fiber furnish at a dose of from0.5 to 20
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t he e deiniledas te dddefiptich 6fi thé Sersiohs donihedtaedin). VWHAT
IS CLAIMED I'S: 1. A conposition conprising a
functionalized water-soluble, cationic, thernosetting,
cellul ose reactive polyner with a doubly structured
backbone that is the reaction product of: (a) a

copol yneri zed (i) acrylam de conponent, (ii) cationic
conononer conponent and (iii) at |east one

mul ti functional crosslinking



nonomer conponent; and (b) a cellul ose reactive agent
conponent; wherein the acryl am de conponent, the

W@ 24060ni906 CO- nononer conponent, the nul tifunct POTER2005/013333
crosslinki ng nononmer conponent, and the cellul ose
reacti ve agent conponent are in an anmount sufficient
anount to produce a polyner that inparts strength to a
fi brous substrate when the pol40rer is added to paper
stock during a papernaking process. 2. The pol yner of

Claiml1, WWWT(SGLAMEIQS I arri de conmponent ranges from
70 to 990/ The m1l, ere the
cationic’ %omﬁﬁ&ﬁ%‘lmﬁ'ﬁ %mPF%ﬂQ Tf‘ﬂ'lf’t‘gﬂ%]zeﬂé(@ﬁr'%‘ﬂu?'ﬁ'e

t ot Fatidké qhémﬂfsehm@ 6QRMBTBACtVE polyferRAthyABoUBN sirlictirgd

1, wherein the nultifuncti onal crossllnklng nmonomnmer
con@@ﬁ@ﬁnertﬁﬁkjééhqrre@ﬁﬁ'%m%u?@ 000 ppm based on the

t;ot al ht ?;Scfl SR B acrpamitieoRonBRE, (iffcafibmt gbl

vvher ei n e ce 0ose reacti ve agent conponent ranges
fr omqr@rmer cpmenta@mj(ua @t tegst eng multifusictional srossliking

bac SHen of daim1l, wherein the
acrgﬁam c% gﬁgtg%a}{l s selected fromthe group

consi sti iy of a aelmsmeaet;vemgenawyp@nﬂrwe and

conbi nat r T

wnerei . Vi8Rl ¥ Etyarmbte dippdiahl B8 olorid - oomer,
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nmet hacryl qQ t h J Dra2| ne, and conbi nations
 herbbimerg addad T s BloBf SBfAd & paPOuriHE proBhes"

mul tifungt l omuhe poIgaRF bNEialry 1NWhersi thecapplaeide dosnponent
sel ect ed gg Ia§ roup consi sting of
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chl ori de; eneglycol dlacr Iat?
ranges from 1 to 30 A:, based on the total weight of the copolymer.

4. The polymer of Claim 1, wherein the multifunctional

crosslinking monomer component ranges from 20 to 20,000 ppm, based
20 on the total weight of the polymer.

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

6. The polymer of Claim 1, wherein the acrylamide component

25 is selected from the group consisting of acrylamide, methacrylamide, and
combinations thereof.

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

30



pol yet hyl enegl ycol di nethacryl ate; N-vinyl acrylam de;

di vi nyl benzene; tetra (ethylene glycol) diacryl ate;
walzomsigpb@l | yl ami noet hyl acryl at e anmoni um chl oPCT®S2005/013333

di al | yl oxyacetic acid, Na salt; diallyloctylam de;

trimet hyl ol propane ethoxylate triacryl ate;

N-al Iyl acryl am de N-nethyl allylacryl am de, and

conmbi nations thereof. 9. The -pdlymer of Claim1,

wherein the cellul ose reactive conponent is sel ected

; r omddnﬂnd lggl@ﬁﬁe cmGmbeﬁyiamgdcﬁrggylymeihylagimmmumlaﬂ\&mﬁéej-

uran_di al de - r oxyadi

sucé“%%ﬁ‘%ﬂﬂ%mem iP@\é §Pg ﬁ?ﬁ(@‘e&?&pounds

and combgnat i pRSpdIpaEeer Claibv 1, Wﬁ@'emhwmltlfuﬁctﬁnal m 1,

wherei n the backbone has a. nol ecul rior to

o GtasainkiG MOpABeE SPMAS L A Sslsaled EloRy bbb Gesting of

rsan%éiﬁyléﬁéﬁi%ahﬁ%ldeo |&%ls@€&tﬁéﬁi?am3db tridN9laRPhotiGh
ur

of Caim1, wherein the backbore f her conprises a
chaichlofifgirigtraallyiagemeniypm Qm@'d&neeluﬁthw'&ﬁgglmgo'fdfaﬁw'@tet 0
15% ¥

L1 apofyeinyEhaBRLIdRE AL @, bl atiifdS duiftiehe
b Mactletidensgivcoldincy it byl mes By AR BohG, :

thi %zfgt&ﬁ%%%rfd@ GURA &B&%Bﬁ‘&i d, N?é‘galP %%B@fyla‘?ﬂﬁe

t he process

wonrimeihylgiprépgnecethoxyjate rtmaqrylgteahl ailulaszryéamude N-oepiaint

mul ¢ P, SRR 2B Rr R Ty " omponent , _and

t her eby Bor ni Tie polgtecot Qlaiwl 1cwhereiri thetweliulosrceactive .

P YRR 5o R b bR SRRl oot 9

cel Igldtamﬁjdhqde tfuram digdemydaoBWUmxyadnaaldehylm_r, eby

or e b WA e S aBl s ghS aitntons

douhherest. r uct ur ed backbone; wherein the acryl am de

conponent t h'?hé: Sgllyr?\g:' 8f &%i_mnq f‘\%ﬂ‘é{ein the backbone has a
molecular weight, prior to reaction with the cellulose reactive agent
component, ranging from 1,000 to 100,000 daltons.

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

12.  The polymer of Claim 11, wherein the chain transfer agent is
selected from the group consisting of 2-mercaptoethanol; lactic acid;
isopropyl alcohol; thioacids; sodium hypophosphite, and combinations

25  thereof.

13. A process for making a polymer comprising:

(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

30 polyacrylamide with a structured backbone;



conponent, the nultifunctional crosslinking nononer

conponent, and the cellul ose reactive agent conponent
wae@ciomvasn anmount sufficient anmount to producerPer/us2005/013333

pol ynmer that inparts strength to a fibrous substrate

when the polyner is added to paper stock during a

paper maki ng process. 14. The process of Caim13,

wherein the solution polynerizt+on is carried out in

the presence of a chain transfer agent. 15. The

process () C miaotingthewtrectired-branched phipacrylpoligenwith a

solids during.functionalization, s fr 4. tq 15% .

The CHIUERR WV RaaTheRRPoGR s BRy Rroing Bgpronsizes

sel qdtedsdinine) ddtionig! hefmosuttng tand geliilose reactive polymer with

azobi si sobutyronitrile; sodiumsulfite; sodium

met AAURY stryctyed bagkhanes (o_ et hyl - 2- ani di nopr opane)

di hydr ocnardi &ie &rpBMidEERRpSHENE aRE catichid edtmondieAi UM
sul f at ehexah¥drat e, sodium netabisulfite, and

contsiomRoNgAk theakibimctianal crosslinking WEEOMEr egrapopent, and the
wherg)ifiobd ?e%ﬂbé’ H?%nt'o%n‘ifiﬁhé%r@ il 5§ ahfRuRCSUHIGENt amount to
as e Hof mann

reaction suc ) degradati on rather than

t hr cugduagsepelymer that ineparts stengiuleda fibrews sybsiratewhen the
oML LSl na: Lo T Lng 1o
A i R G RAG ilnal phato 0
wat i oni c¢,14t heThe secess gf Claird 18ewherneisidesehition pelymerization

pol yi%“éém‘eﬁ%ht in%h%:'i&?eée‘ﬁ?%'#g%hQimr%Qfer%é (1) a
copolynerized (1) "acrylam de conponent; lle) cationic
co- nonondb. cofihe pecessintiClaimi1B, whereirathe baskbone polymer

T MRS R R RIS R PREIEY, comPonent o
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are zj\rnmgﬂiu?nrrgeurgttjlfasfgf ffeli'rginse anﬁo?\itpnr\ ggl;f‘a‘ighexahydrate, sodium
metabisulfite, and combinations thereof.
17.  The process of Claim 13, wherein the polymer is cationic due
20  to polymer reaction such as the Hofmann degradation rather than through
use of a cationic comonomer.
18. A method comprising:
(a) providing paper stock; .
(b) adding to the paper stock a functionalized water-soluble,
25  cationic, thermosetting, and cellulose reactive polymer that is the reaction
product of:

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

30 (2) acellulose reactive agent component; and



a polynmer that inparts strength to a fibrous substrate

when the polyner is added to paper stock during a
w@a@enn@ké ng process. 19. The net hod of C ai m 2FT/US2005/013333

wherein the polynmer is added to the fiber furnish with

paper maki ng pH ranging from4 to 10. 20. The nethod of

Claim1l7, wherein the polyner is added to the fiber

furnish with papermaking pH ratjing from4 to 8. 2 1.

The nethod of Claim17, wherein the polymer is added

to the fiber a)rnlfshmagaamh)fmnrtb@gamétmckm (0.25 to

10 kg/ ne ric dr i ds based on dr
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The paper resultant from process of Claim 17.

15 22. The process 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 process of Claim 22, wherein the dry strength is

20 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 process 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

25  structured backbone.

25. The process 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.



