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i s conmonl Ition or intern
addi Suﬁﬁcaﬁnzes are sizing agents that are added after the paper sheet has

20 formed, most generally at the size press, although spraying applications

may also be used. |

A synthetic sizing agent such as alkenylsuccinic anhydride sizing
agent is ordinarily applied by dispersing it in a cationic or amphoteric
hydrophilic substance such as a starch or a polymer. The starch or -

25  polymer-dispersed alkenylsuccinic anhydride sizing emuisions have been
added to the puip slurry before the formation of a paper web. This type of
addition of alkenylsuccinic anhydride sizing emulsions to the paper making
system is commonly called wet-end addition or internal addition of
alkenylsuccinic anhydride.

30 Papermakers would benefit from a cationic or amphoteric polymer
that is different from known polymers and, preferably, that also enhances
the sizing efficiency of paper products. Unfortunately, known methods and
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wherein R is a hydrogen atom or a methyl group, A is an oxygen
atom or NH group, nis 2 or 3, Rz and R; are each a methyl group or an
ethyl group and X is a chiorine atom, a bromine atom, or X" is a methyl
20  sulfate ion; and

(2) a vinyl monomer of the formula:
CH2=CR4-CONH; (1))

25 wherein R; is a hydrogen atom or a methyl group; and

(3) a vinyl monomer of the formula:
CH,=CR5COO(CH),OH () or

CH2=CRgCOO(CH2)nCH(OH)CH,OH (illa)
30 wherein Rs and Rs is a hydrogen atom or a methyl group, n is 1-4,
inclusive and mis 1 or 2.



inclusive and mis 1 or 2 .ln another enbodi nent, the

invention relates to an anphoteric polyner useful as a
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10,2 ethes CogvmlmBtor gaofﬁﬁ@vdrmmgg paper stock; (b)
addi ng to the paper Aconposi tion

CH2=CR4-CONH2 (1
15 wherein Ry is a hydrogen atom or a methyl group, and
(3) a vinyl monomer of the formula:
CH,=CRsCOO(CH>),OH (1)
or CH2=CRzCOO(CH2)mCHOHCH,0OH (1 a)
20 wherein Rs and Rg is a hydrogen atom or a methyl group and n is 1

or4andmis 1or2;and
(4) an anionic vinyl monomer of the formula:
CH>=CR;COOR;3 (V)

25 wherein Ry is a hydrogen atom or a methyl group, and Rg is a hydrogen
atom, an alkali metal, ammonium group.

In another embodiment, the invention relates to a method for
making the cationic polymer or a method for making the amphoteric
polymer.

30 In another embodiment, the invention relates to a method
comprising (a) providing paper stock; (b) adding to the paper stock a
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clay, titanium di oxi sum talc and natural
20 ranges specified in this apphcatlon are approximations.

The term "paper”, as used herein, is meant to include fibrous
substrates that include not only paper as the term is commonly used but
all types of cellulose-based products in sheet and web form, including, for
example, board and paperboard. The sizing compositions may be added

25  to any stock containing cellulosic fibres, optionally in combination with
mineral fillers, and usually the content of cellulosic fibres is at least 50% by
weight, based on dry stock. Examples of mineral fillers of conventional
types include kaolin, china clay, titanium dioxide, gypsum, talc and natural
and synthetic calcium carbonates such as chalk, ground marble and

30 precipitated calcium carbonate.



and synthetic cal ci um carbonates such as chal k, ground
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wherein Rs and Re is a hydrogen atom or a methyl group, nis 1-4,
inclusive and mis 1 or 2.

20 The synthetic sizing agent may be any sizing agent that can imparts
desired sizing properties. Preferred sizing agents include alkenyl succinic
anhydride (ASA) and alkyl ketene dimer (AKD), and alkeno ketene dimer,
alkyl isocyanates, and alkyl anhydrides.

The vinyl monomer (I) may be a quaternary ammonium group-

25  containing vinyl monomer produced by quaternizing a dialkylaminoalkyl
ester of acrylic acid or methacrylic acid with an alkyl halide or alkyl sulfate.
Specific examples of the vinyl monomer (1) include quaternized products
resulting from dimethylaminoethyl acrylate, diethylaminoethy! acrylate,
dimethylaminoethyl methacrylate, diethylaminoethyl methacrylate, etc. As

30 the quaternizing agent, there may be exemplified methyl chioride, methyl
bromide, methyl iodide, ethyl bromide, etc.
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20 mole percent. In another embodiment, the cationic polymer has a
2-hydroxyethyl methacrylate ranging from 5 {o 10 mole percent.
Although not required, the cationic polymer can be crosslinked or
20  branched.
The amphoteric polymer of the invention is generally obtained by
copolymerizing:
(1)  avinyl monomer of the formula:
CH,=CR¢-COA(CH2), N* R;R:Rs X (I)
25 or (CHy=CHCH,)oN"(R2)oX

wherein R¢ is a hydrogen atom or a methyl group, A is an oxygen
atom or NH group, nis 2 or 3, Rz and R3 are each a methyl group or an
ethyl group and X is a chlorine atom, a bromine atom, or X is a methyl
30 sulfate ion; and



atomor NH group, nis 2 or 3, RR and R are each a

nmet hyl group or an ethyl group and X is a chlorine
W@e@aoAmobr om ne atom or X' is a nethyl sul faP@r/Usw95/013334

and(2) a vinyl nononer of the fprnmula: CH2=CR4- CONH2
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The anionic vinyl monomer (1V) may include acrylic acid or
methacrylic acid.

The amphoteric polymer preferably has an anionic charge ranging
from 0 to 40 mole percent.

20 The molecular weight of the cationic polymer or amphoteric polymer
varies, depending on the needs at hand. In one embodiment, the cationic
polymer or amphoteric polymer has a molecular weight ranging from
10,000 to 3,000,000 daltons average molecular weight. In another
embodiment, the cationic polymer or amphoteric polymer has a molecular

25 weight ranging from 100,000 to 2,000,000 daltons average molecular
weight. In another embodiment, the cationic polymer or amphoteric
polymer has a molecular weight ranging from 100,000 to 1,000,000
daltons average molecular weight. Molecular weights stated herein are
weight average.

30 The proportion of the vinyl monomers to be copolymerized may be
varied depending on the desired properties of the resulting polymer, the
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i s aempedi temweahorarer\@mnagwgh | that ingluggs ¢ gfeps of
(a) providing paper stock; (b) adding to the paper stock a composition

20 comprising:(i) synthetic sizing agent, and (ji) a cationic polymer useful as a
paper additive obtained by copolymerizing:
(1)  avinyl monomer of the formula:
CH2=CR{-COA(CH2), N* RzR:R3 X (1)
or (CHa=CHCH:):N*(R2)2 X
25
wherein R is a hydrogen atom or a methyl group, A is an oxygen
atom or NH group, nis 2 or 3, Rz and R, are each a methyl group or an
ethyl group and X is a chlorine atom, a bromine atom, or X" is a methyl
sulfate ion; and
30 (2) a vinyl monomer of the formula:



atomor NH group, nis 2 or 3, R and R3 are each a

nmet hyl group or an ethyl group and X is a chlorine
W@e@aoAmobr om ne atom or X' is a nethyl sul faP@r/Usw95/013334

and (2) a vinyl nononer of thedornula: CH2=CR4- CONH2

(I'l) wherein R4 is a hydrogen atom or a nethyl group,

and (3) a vinyl forrrul a:

CH2=CR5COQ( CH2) no—ﬁﬂirzwcls) gr Cl—éy)rrCHO—ICHZO—I
wherein R5 and Ris a hydrogen atom or a nethyl group
and n is ive and. mis 1 2. (iji) water or
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that includes the steps of (a) providing paper stock;

(b) adding to the paper stock a composition
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the 5r85|'§31e. g:m%g ﬁ\%ﬁnc ucke'zs t{Ié !‘sl)eps of (a) providing paper stock; (b)
15 adding to the paper stock a composition comprising: (i) a synthetic sizing
agent, and (i) the amphoteric polymer useful as a paper additive, which is
obtained by copolymerizing
(1)  avinyl monomer of the formula:
CH2=CR{-COA(CH2), N* RoR2R3 X ()]

20 Or (CHz=CHCH2)N*(Ro)2X

wherein Ry is a hydrogen atom or a methyl group, A is an oxygen
atom or NH group, nis 2 or 3, R and R3 are each a methyl group or an
ethyl group and X is a chlorine atom, a bromine atom, or X' is a methyl
sulfate ion; and
25 (2) a vinyl monomer of the formula:
CH>=CR,-CONH; (i

wherein R4 is a hydrogen atom or a methyl group, and
(3) avinyl monomer of the formula:
30 CH,=CRsCOO(CH2),OH  (lll)



wherein R4 is a hydrogen atom or a nethyl group, and
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i's a hydrogen @atom.Q s 1 or 4
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formul a: CH2=CR7COOR8 (I1V) wherein R is a hydrogen
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polymer is added to the surface of a fibrous subtrate by any suitable
means, e.g., by size press application, spraying and/or water box
20 application.

In the embodiment in which the surface of paper is treated, anionic
or non-ionic polymers may also be used. In this embodiment, non-ionic
polymers are obtained by copolymerizing vinyl monomers of formulae (I1)
and (l11) and/or (llla). Anionic polymers can obtained by copolymerizing

25 monomers of formula (11), and (Ill), and/or (llla), and (IV).

The synthetic sizing agent can be applied in various amounts. For
instance, the synthetic sizing agent is generally applied at a dosage
ranging from 0.1 kg/metric ton to 10 kg/metric ton, or 0.5 to 5, or from 1 to
4. In one embodiment, the synthetic sizing agent:polymer is added to the

30 paper stock at weight ratios that enable the resulting web to exhibit an
improved sizing efficiency as compared to a web made without the cationic
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0.5to 5, or fromlto 4. In one enbodinent, the
w@wbhetdr si zi ng agent pol ymer i s added to theP@EPS2005/013334

stock at weight ratios that enable the resulting web

to exhibit an inproved sizing efficiency as conpared

de Wlt 0 I . ;

enbabE T anep RSkl g o' SPURRS S%‘Jﬁd'n%gé;"?)&‘@ﬁ%?f i
addewdidet aaa\l\weght ratietramgingfrommy0.06dont 1. I Qﬁother 1:1. In
eSS Bl RS S e BT o e
1: 0 -randifg ¥rokh $.0.1 1o BOBL hﬁnoﬁﬁﬁ?@ﬁhﬁﬁﬂﬂhenﬂ e symthetiesizing

si zing agentpolyner is added at, a vvel i ng
Pr ogGenboavGr I8 aided 2t Awelght e TR Mg 1ah b 1008

al so be gdagninatiy §fz|r{élh°gef1%é?$alsb Be@@iﬁe@"]’ﬂ@ﬂid@%rmé ine

synthetic sizing agent I's enmulsified with a poly
I'n amtembocbmsau thﬁeﬁmthqtﬁ@l%n&ag@t@@ﬁtﬂStf@dé’mﬂ %P?'V@&f-

Wt o YRber @%oﬁh‘ﬁérfl‘%? Iezgq édbrﬁ%oérﬂﬁ'lrsm@m'vﬁ&t and he

sizing agent 1I's emu n starc
e rrbcmilrfaetants froansther embegiment they sigingtagentis smdsiigstint
aﬁ%gg as a sizing emul sion containing a surfactant
enmul sion is prepared under | ow shear
condi t i omis pne embotimeare, fohimatancg, the sgntheti sizingeagentiat ed

DY B SSnE A ubh ROl itacHine B bdon s
mgr&bﬂ%eatﬁnﬂér l@g/téimh r cmcatndnsa&fgc Lhoswshbamg adniditions ,are
an (o40) I nat | t

Sy henee b o rost RS S Hpe, i

£oNtialliRE Meixsrd! paristafié pangs, trh@géxmwsﬁrrmg ba® irpa epakerd
under hi gh shear condltl ons Sui

|
sur feverkardstirer, andcampinagtiops ,qla)qregip i ?%L?roerﬁp%‘sjmgﬁh e
ar yl syptre rs)éln PEGH PhdbedS 4 &Hnb%’rﬂu@ﬁh REStaiiiy SutRictant

corr JO quaternary salts, fosucci nates, fatty
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alcohols, ethoxylated fatty alcohols, fatty esters, ethoxylated fatty esters,
ethoxylated triglycerides, sulfonated amides, sulfonated amines,
ethoxylated polymers, propoxylated polymers or ethoxylated/ propoxylated

25  copolymers, polyethylene glycols, phosphate esters, phosphonated fatty
acid ethoxylates, phosphonated fatty alcohol ethoxylates, and alkyl and
aryl sulfonates and sulfates. Examples of preferred suitable surfactants
include but are not limited to amides; ethoxylated polymers, propoxylated
polymers or ethoxylated/propoxylated copolymers; fatty alcohols,

30 ethoxylated fatty alcohols, fatty esters, carboxylated alcohol or alkylphenol
ethoxylates; carboxylic acids; fatty acids; diphenyl sulfonate derivatives;
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20 The surfactant levels can range from about 0.1 weight % up to about 20
weight % based on the alkenylsuccinic anhydride component.

The order in which the synthetic sizing agent is added can vary. In
one embodiment, the synthetic sizing agent is added in conjunction with
the cationic polymer.

25 The sizing efficiency improvement provided by the method can be
determined by various methods. For instance, the sizing efficiency:
resistance of water to paper increase measurements can be determined
by the ink penetration test or the Cobb test.
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persulfate and monomer solutions to a reaction vessel that contained

deionized water and chelating agent buffered with malic acid. The

20 monomer solution was prepared by mixing 45.62 parts of 52.96 %
acrylamide solution, 10.45 parts of 75 % Q6 solution, 2.4 parts of 2 %
sodium hypophosphite solution, and 53.93 parts of deionized water. The
pH of the monomer solution was adjusted from 4.14 to 3.78 with a 20 %
solution of malic acid. The monomer solution was sparged with nitrogen

25  for an hour before addition. The reactor vessel solution was prepared by
addition of 278.46 parts of deionized water and 0.27 parts of 40 %
pentasodium diethylenepentaacetate. The pH of the reactor vessel
solution was adjusted from 10.63 to 3.76 with 0.57 parts of 20 % malic
acid solution. The latter solution was sparged with nitrogen for an hour.
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sparged with nitrogen for an hour before addition. The
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acr yLigflidRe SR, Ebhttioud Qaditidn BAAMThRurd Be%‘h@te and monomer
20  solutions to a reaction vessel that contained deionized water and chelating
agent buffered with malic acid. The monomer solution was prepared by
mixing 41.64 parts of 52.96 % acrylamide solution, 10.11 parts of 75 % Q6
solution, 2.44 parts of 97% HEMA solution, 2.4 parts of 2 % sodium
hypophosphite solution, and 55.86 parts of deionized water. The pH of this
25  solution was equal to 3.82. The monomer solution was sparged with
nitrogen for an hour before addition. The reactor vessel solution was
prepared by mixing 278.27 parts of deionized water and 0.27 parts of 40 %
pentasodium diethylenepentaacetate. The pH of the reactor vessel
solution was adjusted from 10.47 to 3.63 with 0.76 parts of 20 % malic

30 acid solution. The latter solution was sparged with nitrogen for an hour just
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the paper slurry, forming paper handsheets and measuring handsheets
20  sizing (Table 2).

Emulsification of ASA using polymers

Alkenyl succinic anhydride (ASA) emulsions were prepared with
polymers from example 1 and 2 at a 1/0.1 ASA/polymer ratio.
25 Concentration of ASA during the emulsification was equal to 3.85 wt. %.
ASA emulsions were prepared by following procedure:
- Solution of each polymer was prepared at 0.4-wt. %
concentration on real basis using DI water.



Al kenyl succinic anhydride (ASA) enul sions were

prepared with polyners fromexanple 1 and 2 at a 1/0.1
WABMspEioyner rati o. Concentration of ASA duri nBCT/082005/013334
~emulsification was equal to 3.§g.w. % ASA enulsions

were prepared by follow ng procedure: - Solution of

each pol ¥ITets 133 LA AE: Sliufbrisd ialb s e i Sirices

on real basis U
sol uti on wastepl tzlemdbn jar, and theel blensdeariwassstarted std Idyw spadsk

Ui 1 o gl TR, 385 G NaBnaed £ BOf{Er spiution by
S|0| ug i on bythehneamsaoipladticyisge. crf mawpier;g@f bréhd_es\ﬁasad of
the 11 mer  WiPEH Il chanosd ant f GRrL ARy b (e Wt Staried.

carried aut The@emiidifidatioh msrcbghadsme@# 3 min8ea higitllspeed.
particle size was neasured usi n% Particle Si

Anal yzer -Hofl " gmulsiomparticle gizeqy T"&ﬁs‘érﬁdé’sﬂgz'%mc'%s@

concentrati gRaRSr HGRRAIRF0gISI Ng dei oni zed wat er
adjusted with dilute h drochl oric acid to pH 3. - The

errul si on wad selulioa®f 025 Wi ‘“nABArconaentrativRvas Repargddiging
pr _handshegtioRizendididr filistd il Bk rgar&g oIl to pH 3.
urni's

I5r ocess Han eets were repar ed usin
50/ 50 ni »t uiThe eMmulgiemwhe placad m\medvaiﬁroarsbrmmemdtemwetd for

pul p refi neﬂaﬂ&h%eﬁﬁ%gshﬁg St andard Freeness of 500 to

which 15 % preci pitated cal ci um car bonate
was added, and pH was adj usted to 7.8. Deionized water
was used for furni sh preparation, and additional 80
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e mXxing, a batch of 0.71 % solids
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carbonate was treated with an ASA enul sion. After 60-

sec blgaehad hamweod aRd saftwped kiadruip refined fya anad@ed
and Bl hdaR ERRhEEYE500 to which 15 % by weight of precipitated calcium

carbonate was added, and pH was adjusted to 7.8.
Deionized water was used for furnish preparation, and additional 80 ppm
20 of sodium sulfate and 50 ppm of calcium chloride were added.
While mixing, a batch of 0.71 % solids containing 10 g of cellulose
fibers and calcium carbonate was treated with an ASA emulsion. After 60-
sec contact time, an anionic retention aid was added and mixing continued
for 15 sec. Three 2.8-g sheets of paper were formed using Standard
25 (8"x8") Nobel & Woods handsheet mold, to target basis weight of 50
Ib/Tappi Ream ,pressed between felts in the nip of a pneumatic roll press
at about 15 psi and dried on the rotary dryer at 240°F. The dose of 3 Ib/T
of ASA and 1 Ib/T of an anionic retention aid were applied.

30
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20  handsheet specimens were tested, with two repetitions on each felt side,
for a total of six tests.

To begin a BIP test, each paper specimen was inserted into the
apparatus. A fiber optic source cable provided uniform illumination of the
topside of the specimen.

25 A detector fiber optic cable viewed the same area of illumination. The
initial reflectance of the specimen was determined automatically and
stored for reference. The test ink was automatically metered by a metering
pump from a reservoir into the bottom of a cone-shaped ink well until the
ink contacted the underside of the paper specimen under test, at which

30  time a timer was started electronically. The change in reflectance was

periodically monitored automatically and the timer was stopped when a
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Table 2. Sizing Efficiency of ASA Emulsion

Polymer ID Polymer Description  ASA/Polymer Sizing (sec)
Ratio 3Ib/T ASA

Example 1 Low MW Copolymer 1/0.1 146

Example 2 Low MW Terpolymer 1/0.1 290

In Table 1 it is shown that ASA emulsion prepared with a polymer
from Example 2 has smaller median particle size and narrower particle
15  size distribution. In Table 2 it is shown that ASA emulsion prepared with
polymer from Example 2 provides higher sizing than ASA emulsion
prepared with a polymer from Example 1.

20
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sparged with nitrogen for half an hour prior to use. The addition of
monomer solution and ammonium persulfate solution to the reactor vessel
was carried out over 2.25 hr and 2.5 hr, respectively. The polymerization
reaction was performed at 65 °C. The reaction solution was maintained

25 under the nitrogen purge throughout the course of reaction.

The pH of final product was equal to 2.03, bulk viscosity was equal
to 2310 cP (measured using Brookfield viscometer model DV-III, # 3
spindle, 12 rpm, at 25°C) and viscosity of a 2 % polymer solution was
equal to 7.0 cP (measured using Brookfield viscometer model DV-lI, # 2
30  spindle, 30 rpm, at 25°C). Molecular weight of this polymer (Mw) is equal
to 212,000 daltons.
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Table 4. Sizing Efficiency of ASA Emulsion (Example 1, 2 and 3)

Polymer ID Polymer Description  ASA/Polymer Sizing (sec)
Ratio 31b/T ASA
Example 1 Low MW Copolymer 1/0.2 440
(comparative)
Example 2 Low MW Terpolymer 1/0.2 560
Example 4 Low MW Tetrapolymer 1/0.2 495

In Table 3 it is shown that ASA emulsions prepared with a polymer

from Example 2 and 4 have smaller median particle size and narrower

15
Example 1. Table 4 shows that ASA emulsified with

particle size distribution than ASA emulsion prepared with a polymer from

polymers from

Example 2 and 4 provides higher sizing than ASA emulsified with a

polymer from Example 1.

20




(conparative) Exanple 2 Low MW Ter pol yner

Exanpl e 4 Low MW Tetr apol yner

1/0. 2 560
1/0.2 495 In Table 3 it

WO g00shammt t hat ASA emnul sions prepared with a ppdTDOS2005/013334

from Exanple 2 and 4 have snal |lgf

and narrower particle size di
enul
4 sh

lgsr median particle size
stTi bution than ASA

E&gw‘%ﬁpared with a polyner from Exanple 1. Table
0 ASA emul sified with polyners from Exanpl e

2 and 4 pASmichassibn ¢hprepared with 4 pelgmeBfroREXsmple@d at an

s o AS ARG o 2T S AR Tty
ASA pslayamitilsiont ipee/ga‘reth oVEhtidbhdl-calibsie &t

SA emul si ons prepared

were conpared to

convEalios h4(0.2and dMi-c starch

ThetS BRpISions ware gAmpared to
S ﬁW!aﬁAQﬂf%tarch

at ASA/starch ratios of

1/0.2 and_1/1. Enul sions were prepared _as described in
Exanpl e EMylsiqnsiwerg prepared gs @escrized dn fExampls 3.9axgepithat a

sol upigak. YRBolyHRF of Qa%@aﬁﬁé

ASA emul sifief ratio,

(elto Maidldh gmuision at.

ution

or si&ZASHMemylsiier rationanda drwtSasbkitiom ofpolymer or starch was

ASA/ t%i ﬁ]él?é

chec %%H after

as i emuisipnsenas chesled aftexa hrsl
Emul sion Particle Size Distri

aﬁ %biél%l?_rgéfahﬁ iAo listar

ndsheets were nma

0 S 8ES
Tabl e 5. ASA
| D

e 3.
buti on Pol yner

ASA/ Pol ynidanddbéetsrwerernade and teStereasihdas déécribied in Example
Parthcle Size Enmul sion Particles Ratio Particle Size
Under "1 micron Are 90 % of Particles Distribution

After (mcrons) (% ( mcron) Gaph 2 hr Exanple 4
|
19,0 P g AR Fh SLSBIGELG © ¢ /1
Polymer ID ASA/Polymer Median Percent of Size Under Which Particle Size Emuision
Particles
Ratio Particle Size  Under 1 micron Are 90 % of Particles  Distribution After
(microns) (%) ( micron) Graph 2hr
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15

Table 6. Sizing Efficiency of ASA Emulsion (Example 3 and Starch)

Polymer ID ASA/Polymer Sizing (sec)
Ratio 3 IbiT ASA
Example 4 1/0.2 495
Example 4 i 733
Starch 1/0.2 0]
Starch 17 1005

At a 1/0.2 ASA/polymer ratio,

ASA emulsion prepared with polymer

from Example 4 has small median particle, narrow particle size
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Example 7 (comparative)

A high molecular weight 90/10 mole % acrylamide/ [2-(methylacryl-

15  oyloxy)ethylltrimethylammonium chloride copolymer (AMD/Q6) was
prepared by a free radical co-polymerization. The polymerization process
was carried out by simultaneous, continuous addition of ammonium
persulfate and monomer solutions to a reaction vessel that contained
deionized water and chelating agent buffered with malic acid. The

20 monomer solution was prepared by mixing 45.62 parts of 52.96 %
acrylamide solution, 10.45 parts of 75 % Q6 solution, and 56.30 parts of
deionized water. The pH of the monomer solution was adjusted from 4.1 to
3.7 with 0.08 parts of 20 % solution of malic acid. The monomer solution
was sparged with nitrogen for an hour prior to addition. The reactor vessel

25 solution was prepared by mixing 278.41 parts of deionized water and 0.27
parts of 40 % pentasodium diethylenepentaacetate. The pH of the reactor
vessel solution was adjusted from 10.8 to 3.8 with 0.62 parts of 20 % malic
acid solution. The latter solution was sparged with nitrogen for an hour

prior to addition.
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wei gbopdymneaidzationolhe pelyoesizaiion pepcess was carried out by
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20 solutions to a reaction vessel that contained deionized water and chelating
agent buffered with malic acid. The monomer solution was prepared by
mixing 41.64 parts of 52.96 % acrylamide solution, 10.11 parts of 75 % Q6
solution, 2.44 parts of 97% HEMA solution, and 58.26 parts of deionized
water. The pH of this solution was equal to 3.62. The monomer solution

25  was sparged with nitrogen for an hour before addition. The reactor vessel
solution was prepared by mixing 278.30 parts of deionized water and 0.27
parts of 40 % pentasodium diethylenepentaacetate. The pH of the reactor
vessel solution was adjusted from 10.87 to 3.81 with 0.73 parts of 20 %
malic acid solution. The latter solution was sparged with nitrogen for an

30 hour prior fo use.
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Table 7. ASA Emulsion Particle Size Distribution

PolymerID ASA/Polymer Median Percent of Particles Size Under Which
Ratio Particle Size Under 1 micron Are 90 % of Particles
(microns) (%) ( micron)
Example 7 . 1/0.1 1.192 43.4 2913
(comparative)
Example 8 1/0.1 0.773 59.8 2412

PCT/US2005/013334
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10 A high molecular weight 90/10/5 mole % acrylamide/[2-
(methylacryloyloxy)ethyl]trimethylammonium chioride/2,3-dihydroxypropy}
methacrylate (AMD/Q6/DHPMA) terpolymer was prepared by a free
radical co-polymerization. The polymerization process was carried out by
simultaneous, continuous addition of ammonium persulfate and monomer

15 solutions to a reaction vessel that contained deionized water and chelating
agent buffered with malic acid. The monomer solution was prepared by
mixing 40.93 parts of 52.96 % acrylamide solution, 9.93 parts of 75 % Q6
solution, 2.87 parts of 100 % DHPMA, and 58.66 parts of deionized water.
The pH of this solution was adjusted from 4.9 to 4.05 with 0.6 parts of 20

20 % malic acid solution. The monomer solution was sparged with nitrogen
for an hour before addition. The reactor vessel solution was prepared by
mixing 278.65 parts of deionized water and 0.27 parts of 40 %
pentasodium diethylenepentaacetate. The pH of the reactor vessel
solution was adjusted from 10.15 to 3.80 with 0.38 parts of 20 % malic

25  acid solution. The latter solution was sparged with nitrogen for an hour
prior to addition.
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reaction vessel that containeddei onized water and

chel ating agent buffered with malic acid. The nononer

oryl an ot eoaaER Siiien et ctogded By 2aBBbst 0GE R
2. 87amarontuny pedsdiffatsibidPVE9 partslobdeibfizgdvhter Ofhis solution was
Fr onfErged Wih s R BRIGan Aot e TRRACGREDia

sol uinbABmer SSIUIBNERE BmPsdnitinh PBratfateSIARitdAdo YA Feactor vessel
nitrogen for an hour before addition. The reactor

vessWRS SalTigdiash oV 87 Bpandd-Suy. FasReellyelyr Ehe pojymerization
dei opiagfish was ?érfa«rh%cpat?e?s R2THE r@%cti@)ﬁ sUBHWARAHAHEiIned

di et hyl enepent aacetate. The pH of the reactor vesse’?

sol udndss thexpitreapiy preae thravghout the cowrse of teagtion. 0. 38
parts of 20 % malic acid solution. The latter solution
was S« finpkniodyuet wagaaupblio Jito,Hulk viseasity was equal to 920
addi g i Dkt ' I .

S 12 et Dby BOSER ULk L POBECOIE S Shppge, 1
70 9orpparat 2543), ded wiscesity ofat 2% paymer saiiticn was aaisal to 39 cP

2P Gl 40\ ERERA il R L85 rom

per sati¥58€CE sol ution to the reactor vessel was carried

out over 2.25 hr and 2.5 hr, respectively. The

pol yneri zati on reaction was perforned at 65 0C. The

reactl.o ol uti on was mai ntai ned under the nitrogen
eipBOLE

purg out the course of reaction. The pH of
final t | to 3.16..bulk vi it
Squal o 5 CRIRaRE e ShTed Wi ARSTS o Fienles 2, 8

nodedndD\0 lat b, 1/¢.1ASApolher ratid. CoRteritiatidh %@)ASAﬁdﬂﬁing the
Vi SCOSi g/lutl on was equal to 39 cP

ty of 2 % paql r .

( neaﬁnv'éﬁcg%q'ﬁﬂa%ﬁa@ftg gF“uWKSn s forfe ERUISiRNgNerB\Prenareg as it

spi nghedesiibedm ERbmBR®, exgéfﬁrmét@.tﬂéraﬁ%“oﬁg@)\ Wg@r‘eﬁided to
es

vvereéorepared with polymers from Exanp ,
92.6 g of a 0.8 wt % polymier solution. Handsheets were made and tested

20  as it was described in Example 3.

Table 9. ASA Emulsion Particle Size Distribution

Polymer ID ASA/Poly ASA Median  Percent of Particles  Size Under Which
mer

Ratio Concentration Particle Size  Under 1 micron  Are 90 % of Particles

(%) (microns) (%) ( micron)
Example 7 1/0.1 74 0.909 55 2.153
(comparative)
Example 8 1/0.1 74 0.702 66.5 1.990

Example 10 1/0.1 74 0.714 65.7 1.942




and 10 at a 1/0.1 ASA/polyner ratio. Concentration of

ASA during the enulsification was equal to 7.4 wt. %
WADNGOMMIDEI ons were prepared as it was descri brdI/U82005/013334

Exanpl e 3, except that 7.4 gr: of ASA was added to

92.6 g of a 0.8 wt %pol ymer sol ution. Handsheets were

rrade and te ted wa

Tablizbiz 1 wﬁﬁﬁ?@%@%@% A g 5
Pol ygat— AL Ao lVEUASHIPoVAEC ENSizing (seaT L 1] Cl es
Siz i mer Ratl o Coaggntratlggngggtlcle Size
Under_1 nicron Are 90 % of Qa.;_}_;_c,l_g.s._(_@._oﬁ.m_e_r_(ns) (9
(i Eragmie TExatigh dWCoppigre 7 4'§'909 55 ™M 53

( coftpavattvele) Exanple 8 1/0.1 7.4 0.702 66.5 1./990

Exapkanpb@ 1/ Gigh MW Wrpyiki4 65.1P11. 942Tab#® 10. |Si zi ng

Ef {1 elaeyo O viBAmERIbigheon (Exanpl es 4 ad 5) Rol ymer
| D Pely+wer—DesertptitonmASAPotymer —Srzimg (Sec) Ratio

3 1b/T ASA Exanple 7 H gh MW Copol yner 1/0.1 206
( comoar atn Vable Bxigisshewd thhtgqxsmmwm prepared/voihipayroers

I
C e Y. 0 T Wl el i
fsr OTEnﬁﬂﬁiBﬁLpﬁep%ré@ lOlutﬂl @héd pyigmenfrbineExamese an Apnat Blstnb;vn in
S t han e enu on e [ rom
oot 10, siag pptametouBi kSR srsa ey Po i Fom
obt 6E>{é‘?ﬁ’pl¥‘é gh aﬁ§/’+oei§t§@mﬁdaﬁﬂy RighBr Pahsimrigobbtainen with ASA
es

8 and 10 is S|?n|f|cantl hlgher t han si zi ng
obt eﬂmﬁd@fﬁﬂmh,&ﬁﬁpém% PMEXANRIB /t-he pol ymer from

Example 7 . Al though the present inventiopn
desgf i bedlihguglethg greﬁmtﬁnvpentlon has been escnbeg in deta? with

10 reference to certain preferred versions thereof, other variations are
possible. Therefore, the spirit and scope of the appended claims should
not be limited to the description of the versions contained therein.




reference to certain preferred versions thereof, other

vari ations are possible. Therefore, the spirit and
w@ewpeob1 t he appended cl ai ns shoul d not be | iPECT/ER008013334

the description of the versionggcontained therein. WHAT

IS CLAIMED IS 1. A cationic polymer useful as a

papg&%ﬂ%&%, whi ch i s obtained by

cop a vinyl nononer selected fromthe
group corisi st iAgatiohictpolynieruseful @b a, pdpermakiag atdijive, avhdch
comhi nati.ons, t hereof, wherein fornmula (1) and formul a
(|a)'SP§Eaé&e‘f®{? YNGR coA(CH2) n N+ R2R2R X" (1)
(CH2=CHCK) 2 i mdndmet kélbcieddramh thegroup cendistitigasfene

3 STty Toia 55 ko TSRS hur rgi nd
g{ O%Br,g@r"a&a)gggyfb"@ng X is a chlorine atom a brom ne

is a nethyl sulfate ion; and (2) a vinyl
monomer of t hEHESERIGOAGHRION Rekeike X 1 1) wher®in’ Re
s a hydrogen(ggg._rm%l_l? f{pg Jxgroup; and (3) ?Iayi nyl
nmononer sel ected- from the gr up consisting of fofmula
(111), (Iwhexgin Ryrigl adwydtageatatenorarmetayf groupek isi an oxygen

Ko R8N i B3 73 SRR CeHED ARet IR T a0
(1iethyhgrenpand Ris arctidine atam gy bromjee atinooro( isaa meitimy |
ol IR ORI 1 1" Wher et n the polyer acati oni ¢
char ge of(2pa vingbsibndmeoofihe farhmilde 3. The pol ynmer of
Caiml1l, wherein tEﬁzgeu%Nl%as a2 (an
15
wherein R4 is a hydrogen atom or a methyl group; and
(3) a vinyl monomer selected from the group consisting of formula
(1), (Ia), and combinations thereof, wherein formula () and (llla) is as
follows:
20 CH=CRsCOO(CH_z2)sOH (1

CH2=CRgCOO(CH2),CHOHCHOH  (llia)

wherein Rs and Rg is a hydrogen atom or a methyl group, n is 1-4,
inclusive and mis 1 or 2.
25 2. The polymer of Claim 1, wherein the polymer a cationic
charge of at least 1 to 99 mole %.
3. The polymer of Claim 1, wherein the polymer has a 2-—
hydroxyethyl methacrylate ranging from 1 to 30 mole percent.
4, The polymer of Claim 1, wherin the polymer has a molecular
30  weight ranging from 10,000 fo 3,000,000 daltons average molecular
weight.



hydr oxyet hyl nethacrylate ranging from1 to 30 nole

percent. 4. The polynmer of Caiml, wherin the polyner
whaweamoreol ecul ar wei ght rangi ng from 10, 000 t oPCT/US2005/013334

3,000, 000 daltons average nol ggglar weight.5 The

pol yner of Claim 1, wherein the polynmer is crosslinked

b d. ¥ i
or branchg ?@P@Q%Fﬁ]ﬁﬁs i téfﬁ"thélﬁcggﬁ%br R%r8sslinked

paper maki ng a

ai ned

copdnfm@nshedng (1) a vinyl nonomer of the fornula:

CH2=CRi - GOA( Cirg)anfipHbt i EdRAnet ddekul¥s o SFenidainid) g

) X wherein

is a hydrogen atomor a nethyl group, A

Ri
i s aMhighipgrdrained by SOPRVMERENS, p is 2 or 3, R2 and R3
ar e each (@ Mehfdy HoPMePbf B f8ihs; group and X is a

chl orine atom a brom ne ato or X' is a nethyl

sul falte i on; and (@ﬂa’écsfﬁﬂAMRlzﬁzﬁahgfoymul a:

CH2=CR -CONH (I1) %%?L%%HL)?NQRQ%%OQG” atomor a
a

nmet hyl group, and

vi nyl mononer of the

formul a: CH2=CR5COQ(CHz) nCH (I11) or CH -CR

6 COX CH2 ierbii® 16 Hylrd

atbifA TR améthggtol, A fs ah oxygen
and ‘m

hydrogen atom or a net h)ﬂ@)%roup and n"is 1 or4 an

165 satem of NH gropm; 4) is£norahi

fnd Ra ?1p1ea68 fonethybgropper an

f Of rathigréith FREKIOBRRIdHM)at 08 BrmiRE atdin ori & 88RthyI

atom or a nethyl group, and Re is a hydrogen atom an
al ka34faledPrl andnmoni um group. 7. Pol ymer of C aim 6,

wherein ypp pal WAy mdhdmeRBf tel fBfthdla:

15

20

25

30

CHo=CR4-CONH, an

wherein R4 is a hydrogen atom or a methyl group, and
¥ (3) a vinyl monomer of the formula:
o CH;=CR5CO0(CH,)sOH )
or CH2=CRsCOO(CH2)nCHOHCH,0H (llia)

wherein Rs and Rg is a hydrogen atom or a methyl group and nis 1
or4andmisior2;and
(4) an anionic vinyl monomer of the formula:
CHL=CR;COOR; (V)

wherein Ry is a hydroegen atom or a methyl group, and Rg is a
hydrogen atom, an alkali metal, ammonium group.

7. Polymer of Claim 6, wherein the polymer has an anionic
charge ranging from 0- 40 mole percent.

8. A method comprising

(a) providing paper stock;

GUBSTIIUIE SPEET (RULE 20)



charge ranging fromO 40 nole percent. 8. A et hod
conprising (a) providing paper stock;. - 30 - (b)
wadasherovd the paper stock- s h@@,rrp sﬁl glln@n conpr PGI/N§2005/013334

:::::::

(1) synthetic sizing agént, ahg a pol ynmer
including a cationic polynmer Qf ul as a paper

ddi t Wwhi bt d b nb 1
vinyl  mohd g Begeriiar d cBBRHiR Rt BN
RZR2R3 X" (|)(.peyr(tﬁéﬁa~mﬁg€rwmﬁmz X" (Ia_) wher ei n

R hyd - A
oxyngnaatgmrg Iﬁl—? % B"C'HG'PQ af}/agp flis pic %m#sé@%graenaper

eﬁICh a rr@‘dhmlve.gwngp lmbtalneelhhy:bpqlwnﬁzmgd X It81 la

chl ori ne atom,,a bron ne at o a met

Sulfate ion; &Rd (3™ W°H?/mg}18ﬂbﬁ€?m5’?at he fo?/rrul a:
CHZEC::M- CONH2 (sz mH)@:eRnCM(Cﬂza, N'S/RER),@f n)h(atorﬂ)or a
met roup, an v rof the

G- tr 9000 Gy ncbl (R CREHIBE o2y NG §

H wherein Rs and Rb is a hydrogen atom or a nmet hyl

roup and.,n i.s slor (Ll
nater or WipBRiS A VAR LR Pl drglh Aeh bhygen

Al ohtpmpm‘rNH goalp, miset @i 3) RaremdviRparerdzichia reetyl gnoppav ad

e S B RIp BRI TH, A BN AR i Py

whersilfaid ba; ard yner a cationic
(2)  avinyl monomer of the formula:

CHy=CR4-CONH> {i)]
15
wherein R4 is a hydrogen atom or a methyl group, and
(3) avinyl monomer of the formula: .
CH=CRsCOO(CHz),OH (lil)
or CH,=CRsCOO(CH2)mCHOHCH,OH
20

whereain Rs and Rg is a hydrogen atorn or a methyl group and n is
1-4, inclusive and m is 1 or 2.(jii) water or starch seolution, and
(c) forming a web from said paper stock,
wherein the web exhibits an improved sizing efficiency as
25 compared to a web made without the cationic polymer.
9. The method of Claim 8, wherein the polymer a cationic
charge of atleast 1 t0 99 mole %.
10.  The method of Claim 8, wherein the polymer has a 2-
hydroxyethyl methacrylate ranging from 1 to 30 mole percent.
30 11 The method of Claim 8, wherein the synthetic sizing
agentf:polymer is added at a weight ratio ranging from 1:0.05 to 1:1.

SHEET (FULE 25)
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charge of at least 1 to 99 nole % 10. The nethod of

Claim8, wherein the polyner has a 2- hydroxyet hyl
woredohactoyl at e ranging from 1 to 30 nol e per cenpCT/L$20051€13334

met hod of Claim8 wherein the nthetic si zi ng

agent pol yrrer is added at a wei ratio ranging from

the synt h c@?ﬁb@a&%&?@#&%ﬁhe@ﬁ@@ < Ebéheis
met lwluulstﬁem ?I m 8, wherein the synthetic sizing agent

K 0
52! 0B, BRSO NSl PR g g
di mesedectad kpm the grgumeansisting ok ydlkenyhsuhciniteanhyanide, alkyl
herstang Affer, RGAFRetedd amiels, AR S et ) Ennyarices,
conj amtcombinaiians themotat i oni c poI ymer. 15. The met hod

C to a0 Q16 Menb B SRR rdidiabie HARERR S hasntis
syntac_h:lqddns:omlunghmgwm thescatidoiepohsnem enul si on

and ot ar ofe-" 1 FHEThEnA o CiR, B B Gl YRS
8 zi MATC e 4DEy: resistance of water to paper is

1 £as e o5 HE RSBl S SR R Rhont i
t he addedyas an esmksmgccmgfdning Polyouera or an smuision eonthiming
Conté’él?hw s 2fchant and the emul sion is prepared

unde ar condltl ons. 19. Thg met hod of C ai m 8,
wherei n tte sﬂ'rlmeh'aemed of €lairy & yderein thesizing efficiency:

. AL S R Bl e
penetratxon test or the Cobb test -

18. The method of Claim 8, wherein the synthetic sizing agent
added as a sizing emulsion containing surfactant and the emulsion is
prepared under low shear conditions.

20 19.  The method of Claim 8, wherein the synthetic sizing agent is
added as a sizing emulsion containing surfactant and the emuision is
prepared under high shear conditions.

20.  The method of Claim 8, wherein the sizing efficiency
improvement ranges from 10 fo 200 percent more, as compared to when

25 the paper is prepared without the polymer.

21.  Paper made from the method of Claim 8, wherein the paper
has a ink penetration ranging from 50 to 1500 seconds.

22. Paper made from the method of Claim 8, wherein the paper
has a cobb value ranging from15 to 200 grams/m2

S ITTUTE SHEE| (RULE 26)



20. The nethod of Claim8, wherein the sizing

efficiency inprovenent ranges from 10 to 200. percent
wWOe0e/00A81 conpared to when the paper is preparBdI/us2005/013334

w t hout the polyner. 2 1. Paper made fromthe nethod

of A aim8, wherein the paper has a ink penetration

' f t 3 . .
the methortof - Hecedhat Sy ERRAE werdin S RRimdRTRng Bibnt s
val uéppliedpt addsagetanging fron Oyt kadnetde &n OHO kedmelsic tor, or
d ai %oé“%sﬂapfr&ﬂel fynt hetic sizing agent is applied

at a dosade ranging fromO0.1 kg/metric ton to 10
kg/ met ri c24.on,A oettiodcomprisingaost or from1 to 4. 24. A

thod c Y Yok vi di ng paper stock; (b)
g}gdi ng tg@?&g&fbdglg%ﬁ@rgc &a conposi ti on conpri si ng:
(1) a synibhedding taths papengionk a compasition compesipbot er i c
pol yrmer usef uly ; [ 1] whi ch is obtained
(u)%gsalﬁt g&ﬁ?ﬂ%g@n{e&nd

by copol yneri zI nononer of the formula;
CH2=CRr COA( CHil)an am i polyiniey ugkful as a paper additive, which

( CH2* CHCHQ . g&ﬁé i R is a hydrogen atom or
net hyl gro&é&'&%@zg??o yg@'{batom or NH group, nis 2
& 3, R2 and H3) ar @ Wt moaomer bfthegoouglaor an et hyl
group and X i _ i Okg+ ong-ne at om,or X*
is a methyl si?’?%%’?%?ge%lﬁ%"ﬂ (%Rggs\%'nyl non l r of
the formul a: QPL=(FH~CHFH)INRp& ein R is a hydrogen
atomor a nethyl group, and (3) a vinyl nmononer of the
formul a: CH2=CR5CO0O<CH2) pCH

wherein Ry is a hydrogen atom or a methyl group, A is an oxygen

15 atom or NH group, nhis 2 or 3, R; and Rj are each a methyl group or an
ethyl group and X is a chlorine atom, a bromine atom, or X'isa
methyl sulfate ion; and

(2) a vinyl monomer of the formula:
CH2=CR4-CONH; {[)]
20
wherein Ry is a hydrogen atom or a methyl group, and
(3)  a vinyl monomer of the formula:
CHz=CRsCOQO(CH),OH
Or CH>=CRsCOO(CH2)mCHOHCH,OH (111)
25
wherein Rs and Rs is a hydrogen atom or a methyl group and n is 1
ordandmis tor2
(4) an anionic vinyl monomer of the formula:
CH;=CR;COOR;s )
30
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O CH2=CReCOQ(CH2) CHOHCH 2CH (I11l) wherein Rand Ris

a hydrogen atomor a nethyl group and nis 1 or 4 and
woreeos/od7oor 2 (4) an anionic vinyl nononer of tP€T/US2005/013334

formul a: CH2=CR7COOR8 (I'\/)vvherﬁén R7 is a hydrogen

atomor a nethyl group, and R Ps"a hydrogen atom an

al kali netal ,. ni u rou, (iJi er or_starch

sol ut | on,w}?ﬁ%'“?%;)‘rpsfﬁ)'f‘ "?ﬂf"aﬁwrfar%’%gg'ﬁuﬂa@éé ﬁ§{so%k,

whertgidroddmeator’ sf aiidiinatalpammumiun g@lows. zi ng ef fi ci ency

as con‘par.e.g t%a web rr?a(get_withﬁut t he anphoteric

pol yrer . bwalerestateh sl @M 4 cationi ¢ pol yner

usef ul as(c)afonﬂmgrawdﬁ'frbh\v@id/\bmaistmfldne met hodf )

conpri ses ,copotynerizipng.(1).a vinyl.oon r of the

Formul o WSERie M Bt Bh iy R eiGepRees fimppred

IS aohyweb grieabitioue theaamplidtgric golpmpr. A |'s an oxygen

atom or

grqup, .,nis 2 ar 3, and, R3 are.each a
methyl giup & Metiedsaghg fisatine Rolvmier iRt An @ paper
at onadditider omi ne atom or X' is a nmethyl sulfate ion;
and (2) a,vin

(1) e rdigrotn S ofoprstS coBbBIR0ge: nyl gr oup.
ggzgécga/amdyl l:]mno?ferofdhefdrgwdmrrrul a :) o
(I'1ia) Merg@%%'éé%eﬁwy%g%%?o or a nethyl

group, p is lof, (ChizFOHCHe)NARI)IXCIS 1 or (Ba).

wherein Ry is a hydrogen atom or a methyi group, A is an oxygen
15 atom or NH group, nis 2 or 3, Rz and R3 are each a methyl group or an
ethyl group and X is a chlorine atom, a bromine atom, or X is a methyl
sulfate ion; and s
(2) a vinyl monomer of the formula:

CHz=CR4s+-CONH2 (1)
20
wherein R4 is @ hydrogen atom or a methyl group, and
(3)  a vinyl monomer of the formula:
CHz=CRsCOO(CHz2).OH (li)
CH>=CRsCOO(CH2),,CHOHCHOH  (lila)
25
wherein Rs and Rgis a hydrogen atom or a methyl group, n is
1-4, inclusive, andmis 1 or 2.
26. A method for making an amphoteric polymer useful as a
paper additive
30
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26. A nethod for making an anphoteric polynmer useful a

a paper additive SUBI Ut ALU L! Lo)( 1) a vinyl
wormemeTonf the fornul a: or (CH2=CHCH2) 2N+( CH3PQT/T52005/013334

(la) wherein R is a hydrogen iom or 3 nethyl group,

A is an oxygen atomor NH groU nis 2 or 3, R2 and

R3 are e ha rou r.an thyI group and X is

a chlori 2@ at Bﬁﬁ X’\S’Fg &&Féﬂﬁm‘g is a methyl

?:ﬂz f gtR i iCo(]QIHZa?:jI § Wha wdeﬂmnmm(mﬂzpfmmzkt@rml afl)

gen a or a

met hyl group, and ?73) @mﬁmﬁﬁgﬁ the f | a:

CHz2= CR5COO(CH2 H (III) or CH2= CR6COO(CH2)rrCHO—|CH20—|
[1ia) vvh

n S drogen atom o
Lyl oiBERen Riis 3HVgiSaah B o oathg) OB s St wrvaga

c ogmftomlorr@lﬂ giotm, avisd or®, mmd Iﬁg%r@ leach la)mémyrgraqp aran
vve rogm sai per i.n

VBRI Sb R0 b ohlgnn o 8 BRping ploh. gt 1 & rRethy
anh)sﬂxlfatéepnmnﬂ (K) a cationic polynmer useful as a
paper additiv vin oner _of the formula: or

CHCEE)) ?F‘éﬁ%"&mwpgﬁ%&@?% ‘R is a hydrogen
mtom or a nethyl gCHCRACONHn oxygen at om or (INH
group, nis 2 or 3, Rand R3 are each a nethyl group

or an e
wherein R4 is a hydregen atom or a methyl group, and

(3) avinyl monomer of the formula:
CHz=CRsCOO(CH),OH {1y
15 or CH;=CRzCOO(CH;)nCHOHCH.OH (ilta)

wherein R5 and Rg is a hydrogen atom ar a methyl group, n is 1 or
4andmis 1 or2.
27. A method comprising
20 (a) providing paper stock;
(b) forming a web from said paper stock,
(c) adding to the web a composition comprising:
(i) atkenyl succinic anhydride, and
(fi) a cationic polymer useful as a paper additive (1)  a vinyl

25 monomer of the formula;
CH>=CRy-COA{CH2)n N* RzR2R3 X {)]
or {CHx=CHCH,):N"(Rz)2 X (1a)

wherein Ry is a hydrogen atom or a methyl group, A is an oxygen
30 atom or NH group, nis 2 or 3, Rz and Ry are each a methyl group or an

c|IRSTITUTE SHEET (RULE 26)



A .ethyl group and X is a chlorine atom a brom ne

atom or X' is a nethyl sulfate ion; and (2) a vinyl
wormemeTonf the fornul a: CH2=CR4- CONH2 (I11) wheCPBUR20B2I013334

is a hydrogen atom or a rrethylagroup,~and (3) a vinyl

nmononer of the fornmula: CH =CR CHz)nOH (111) or
Chp= y , :
a hy AT Agous R R e drlofie Ao, & Bome . o xRd b

and sHifate ipnpan®. (iii) water or starch solution. 28. A

met hod c ri sy ek ol er stock; (b)

form ng g%b%‘?%“i@?“ﬁ%é@@%@ap (c) adding to the

web a conposition EPERSCRNHD) al kenyl succi dllk
hydride, and (ii) an anphoteric polymer useful as a

paper additive (1) a vinyl nononmer of the fornmula:

CH2=CRi - Cwipgr is a\hydrogepRtom(ar methypeupHmd

2) SN+(Re)(@) X i) ifi@fdds el iy o 0gen at om or a
met hyl grolp, A 1S an oxygen atom or NH group, nis 2
or 3, RR and R3 ar @*‘lzﬁ@ﬁsgoﬁ?éfﬁﬂy)hoﬂroup or an dilhyl
group an i 1 20 m ne atom X
is a net g?/rlX sa??zate i&oﬁrgl&g%%'%()@azw\s/ﬁnyl rmnonélr'%Zf
the fornmula: CH2=CR -CONH2 (I1) wherein R4 is a

%ﬁggg?no\?ﬁ?ﬁ]gqfﬁ% ?f\nﬂ'ﬁéw hyr4dh atBRES mdthgh Bup, n is 1-4,
inclusive and mis 2 or 3.
(iii) water or starch solution.
28. A method comprising:
15 (a) providing paper stock;
(b) forming a web from said paper stock,
;. (c)-adding to the web a composition comprising:
(i) alkenyl succinic anhydride, and
(ii) an amphoteric polymer useful as a paper additive (1)

20 a vinyl monomer of the formula:
CHz=CR¢-COA(CH2), N* R;RzR3 X ()]
or (CH2=CHCH2)2N+(R2)2 X (1a)

wherein Ry is a hydrogen atom or a methyl group, A is an oxygen
25  atom or NH group, nis 2 or 3, Rz and R are each a methy! group or an
ethyl group and X is a chlorine atom, a bromine atom, or X is a methyl
sulfate ion; and
(2) a vinyt monomer of the formula:
CHz=CR4-CONH; (I
30
wherein Ry is a hydrogen atom or a methyl group, and

SUBSTITUTE SHEET (RULE 26)



CH2=CR5COQ(CHz) nOH (Il1l) wherein Rand Re is a

hydrogen atomor a nethyl group, nis 1 or 4 and mis
wQa2@6/0€7001 (4) a n anionic vinyl nonomer of theP€DURI0E013334

CH2=CR7COOR 8 (IV) wherein st'ég a hydrogen atomor a

met hyl group, and Ra is a hydirogen atom a n al kali

nmetal , ammoni m gr ou [ L tarch sol ution.
29. The pr oc(%f C?éﬂ"gl 'Eé’,“’"v?%‘é ef.'ﬁrf?rmem%aper is further
treated with pol yners G=GR«OO(CHa)«M gr oup (1D
consi sting of aniqpi ¢ ey oly , and
conbi nati ons °f her @E‘Fc%é%ﬁﬂm&% s0M 'Hﬂ%?

wherein Rs and Rs is a hydrogen atom or a methyl group, nis 1 or 4 and
5 mis1or2.

{4) an anionic vinyl monomer of the formula:

CH.=CR;COORs (V)

wherein Ry is a hydrogen atom or a methyl group, and Rgis a
10 hydrogen atom, an alkali metal, ammonium group.

(iii) water or starch solution.
29. The process of Claim 28, wherein the paper is further treated

with polymers selected from the group consisting of anionic polymers,
nonionic polymers, and cambinations thereof.

e g LT (TR S 28
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