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(57) ABSTRACT 

Amphoteric promoter resin that is a polymerization reaction 
product of a quaternary diallylammonium monomer; a dial 
lylammonium monomer; and a unsaturated organic acid as 
Well as compositions containing the amphoteric promoter 
resin and a siZing agent. The method of siZing paper With 
such amphoteric promoter resin compound and a siZing 
agent provides siZed paper With signi?cantly improved 
siZing property characteristics; and the siZed paper exhibits 
superior retention of brightness due to added optical bright 
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AMPHOTERIC POLYMER RESINS THAT 
INCREASE THE RATE OF SIZING 

DEVELOPMENT 

FIELD OF THE INVENTION 

[0001] This invention relates to paper sizing promoter 
compounds, compositions of the sizing promoter com 
pounds, methods of using the sizing promoter compositions 
and paper made using the sizing promoter compositions. 

BACKGROUND OF THE INVENTION 

[0002] In papermaking and paper ?nishing, a sizing agent 
is often employed to provide desirable characteristics sought 
in the ultimate paper product. 

[0003] Sizing, or sizing property, is a measure of the 
resistance of a manufactured paper or paperboard product to 
the penetration or Wetting by an aqueous liquid. Sizing 
agents are internal additives employed during papermaking 
or eXternal additives employed as coating agents during 
paper ?nishing that increase this resistance. 

[0004] Papermaking can be carried out under acidic, neu 
tral, or alkaline pH conditions, and the selection of a sizing 
agent is usually dependent on the pH used. For eXample, 
rosin-derived sizing agents are typically used under acidic 
papermaking conditions. Under alkaline pH conditions, 
Which are Widely used in ?ne paper manufacturing applica 
tions, typical sizing agents include alkyl ketene or alkenyl 
dimers or acid anhydrides such as alkenyl succinic anhy 
drides. 

[0005] The rate at Which the sizing property develops in 
the sized paper is very important. The sizing property is 
advantageously developed as quickly as possible after the 
sizing agent has been added or applied. It is knoWn that the 
level of size development increases as sized paper is dried to 
remove moisture. A fast rate of size development is desired 
for reducing or controlling the Water and additive pick-up at 
the size press of a paper machine. A fast rate of sizing is also 
important for accurately measuring ?nal paper properties at 
the end of the paper machine Without Waiting or additional 
heating. In papermaking processes Where the sizing agent is 
added at the Wet end of the paper machine, the sized paper 
is typically dried to about 0.8-3 Wt. % moisture to obtain 
adequate development of the sizing property before the 
paper reaches the size press; at the end of the size press 
treatment, the paper is typically dried to about 4-6 Wt. % 
moisture. 

[0006] If the sizing property is not fully developed at the 
end of the paper machine, corrective measures must be 
taken, e.g., the paper must be stored for suf?cient time 
(hours or days) until the sizing property develops adequately 
for the intended use of the paper, or an eXcess of sizing agent 
must be used to provide adequate sizing property if the 
bene?t is required (e.g., during the paper ?nishing or con 
verting steps) before the sizing property has completely 
developed. 

[0007] The sizing properties provided by conventional 
paper sizing agents may be improved by the use of sizing 
promoters, also called sizing accelerators. Numerous paper 
sizing promoters are knoWn; see, e.g., US. Pat No., 4,040, 
984; US. Pat. No., 4,764,365; US. Pat. No., 4,772,462, US. 
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Pat. NO. 4,478,682; US. Pat. NO. 4,847,315; US. Pat. NO. 
4,895,621, US. Pat. NO. 5,498,648 and US. Pat. NO. 
5,853,542. 
[0008] Despite the bene?cial sizing properties provided by 
these prior art paper sizing promoters, there is still great 
demand for further improvement. Promoter resins described 
in the above patents are detrimental to the effectiveness of 
optical brighteners that are added to the paper making 
process to improve the Whiteness or brightness of the paper. 
Therefore, a disadvantage in using conventional sizing pro 
moters is that sizing promoters reduce the effectiveness of 
optical brighteners Which are used to brighten White paper. 
That is, paper manufactured With sizing agents and sizing 
promoters Will not appear as bright compared to unsized 
paper each With optical brighteners added. Thus, some of the 
manufacturing advantage of size promoters is offset by 
less-bright paper. 

[0009] Alternately, the interaction of the optical brighten 
ers may inhibit the performance of the sizing promoter. 
Thus, in order to achieve both paper brightness and promo 
tion of sizing more of these agents must be added to the 
paper machine. 

[0010] Cationic polymers and copolymers based on the 
cyclopolymerization of dimethyldiallylammonium chloride 
are Well knoWn for use in a Wide variety of industrial 
applications. Poly(diallyldimethylammonium chloride) 
homopolymers are Well knoWn cationic polymeric com 
pounds that have been used commercially in papermaking 
for a Wide variety of purposes, e.g., for aiding furnish 
retention and additive retention in paper; for increasing the 
deWatering rate of Wet paper Web; for neutralizing anionic 
materials in White Water; and for size enhancement, to 
improve paper sizing ef?ciency and its rate of development. 
Reten® 203 retention aid (Hercules Incorporated, Wilming 
ton, Del.), a product Which contains a diallyldimethylam 
monium chloride homopolymer, is one such product. 

[0011] Copolymers and terpolymers containing dially 
lamine-type compounds, such as diallyldimethylammonium 
chloride (DADMAC), methylaldiallyl ammonium chloride 
or diallylammonium chloride (also referred to as DAA.HCl 
or DAAC), as one of the monomeric components are knoWn. 
Japanese Patent 57 161197, discloses use of copolymers of 
sulfur dioxide and diallyldialkylammonium salts, such as 
DADMAC, or diallylammonium salts, as a dispersing agent 
With a paper sizing agent. European Patent 282 081, dis 
closes (meth)acrylamide terpolymers that also contain 
DADMAC or diallylamine, useful in combination With 
aluminum sulfate for increasing paper strength. Japanese 
Patent 52 47883, discloses copolymers of acrylamide and 
diallylamine-type compounds, useful for producing stronger 
paper. US. Pat. Nos. 4,279,794 and 4,295,931, disclose the 
use of poly(diallylamine) epihalohydrin resins as paper 
sizing accelerators. Japanese Patent 62 99494 discloses use 
of copolymers of diallylammonium salts and certain non 
ionic Water-soluble monomers (e.g. acrylamide) With a 
paper sizing agent to provide improved sizing property 
development. 

[0012] Another approach to improving sizing is reported 
in US. Pat. No. 5,853,542, Here the copolymer of DAD 
MAC and DAA.HCl are reported to enhance paper sizing. 
Since the resultant copolymers are cationic they Would be 
expected to inhibit the effectiveness of optical brighteners. 
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The adverse interaction of cationic paper additives is Well 
documented by William F. Scott in Principles of Wet End 
Chemistry, TAPPI Press, 1996 page 48. 

[0013] Other reports in the literature describe polymers of 
DADMAC and DAA.HCL and optionally less than 20% 
alpha beta carboXylic acids. Japanese Patent Appl No. Hei 
(9) 1997-3793 describes a polymer of diallylamine, meth 
acrylamide—and a critical cross—linking monomer and 
optionally less than 20% of an anionic unsaturated carboXy 
lic acid-based compound polymer system Which increases 
paper strength, improves freeness [measure of pulp drain 
ability], Without disturbing the formation of the paper. Their 
most essential monomers are acrylamide and substituted 
acrylamides Which are not cationic relative to their acryla 
mide functionality. 

[0014] Japanese Patent No. Hei (8) 1996-49193 describes 
polymers derived from hydrophilic vinyl monomers With 
amino groups and/or quaternary ammonium groups and 
hydrophobic vinyl monomers. The hydrophillic vinyl mono 
mers Would function as cations if they are quanteriZed. 
Polymers With up to 5% acrylic acid are shoWn in this report. 
The resultant polymers are used to coat papers to provide 
superior printability. 

[0015] White paper is achieved by adding optical bright 
eners in the form of ?uorescent dyes. These dyes are very 
effective When used With highly bleached pulps. These 
?uorescent dyes absorb light in the ultraviolet region (beloW 
370 nm) and re-emit the light in true visible range (usually 
the blue region). This gives a ?uorescent effect that produces 
a bright White in daylight masking the inherent yelloWness 
of the bleached pulp. [Principles of Wet End Chemistry, 
William F. Scott, TAPPI Press, 1996, page 47]. 

[0016] In Principles of Wet End Chemistry, William F. 
Scott, TAPPI Press, 1996, page 48 Reynolds describes that 
it is critical not to add anionic dyes close to the addition 
point of a cationic additive. 

[0017] The ?uorescent dyes are generally anionic and 
under use conditions their effectiveness is signi?cantly 
inhibited by the cationic siZing promoters. Optical bright 
ener producers such as the Clariant Corporation, Charlotte 
NO or The Bayer Corporation, Pittsburgh, Pa. advise that 
the optical brighteners should be added at points in the paper 
making process signi?cantly removed from cationic chemi 
cals such as the common siZing promoter resins. 

[0018] An attempt at mitigating the adverse effect of 
siZing promoters on the optical brighteners is described in 
US. Pat. No. 5,498,648. This is achieved by paper siZe 
miXtures Which are prepared by miXing an aqueous suspen 
sion of a digested cationic starch With a ?nely divided 
aqueous polymer dispersion and emulsifying a CM-C2O 
alkyldiketene in this miXture at not less than 70° C. The 
patent describes that the digested cationic starch and dis 
persion combine to reduce the negative impact on the paper 
Whiteness. 

[0019] Despite the reported usefulness of diallyl-based 
cationic polymers for a variety of industrial purposes, there 
has not been found any suggestion in the prior art of the 
usefulness of co- and terpolymers of diallyldialkylammo 
nium salts, optionally, diallylammonium salts, and unsatur 
ated organic acids for improving the siZing property char 

Jul. 10, 2003 

acteristics of siZed paper, While not adversely effectiveness 
paper brightness from optical brightners. 

SUMMARY OF THE INVENTION 

[0020] One aspect of the current invention is a polymer 
iZation reaction product of one or more selected cationic 

unsaturated monomers capable of free radical polymeriZa 
tion and one or more selected anionic unsaturated monomers 

also capable of free radical polymeriZation. 

[0021] It Was unknoWn prior to the current invention that 
the compositions of the present invention Which employ 
polymers Which have signi?cant fractions of certain cationic 
components can be employed as successfully as they are in 
the present invention. Speci?cally, it Was expected that the 
use of a polymer With cationic components greater than 50% 
Would interfere With the use of certain other additives, such 
as optical brightening agents, Which, depending on the 
particular market, can be of economic importance. In the 
present invention, these resins Which have anionic and 
cationic components are found to be effective promoter 
resins even When used in relatively loW amounts. These 
resins are called amphoteric promoter resin to denote the 
cationic and anionic properties of their components. And, 
surprisingly, the amphoteric promoter resins do not interfere 
With such additives When the amphoteric promoter resins are 
employed in loW amounts and have considerably less inter 
ference even at high levels versus nonamphoteric cationic 
resins. Additives especial notable are the optical brighteners 
Which are added to Whiten and brighten paper. 

[0022] In the broadest sense the neW polymer amphoteric 
promoter resins are polymers Which include: a) at least one 
type of quarternary amine based segments that improve the 
rate of siZing development and b) at least one type of anionic 
segments that Will offset the effect the cationic portion of the 
polymer has on optical brightening agents (OBA). 

[0023] A subset of the polymer amphoteric resin of this 
invention is prepared from one or more of a quaternary 
diallylammonium monomers, optionally diallylammonium 
monomer and an unsaturated organic acid monomer is a 

novel compound When the molar percentage of the unsat 
urated organic acid is at least 25% on a molar basis and the 
molar sum of the quaternary diallyl ammonium monomer 
and the diallyl ammonium monomer is at least 25% on a 
molar basis. 

[0024] More speci?cally, the composition of the invention 
is of a Water soluble amphoteric promoter resin composition 
that consists essentially of recurring units product of a 
monomer comprising at least one polymeriZable cationic 

amine of formula(I) 
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[0025] Where G is selected from alkenyl, allyl, alk 
enyl, styrenyl, and J, K, and L are selected from 
hydrogen, alkyl, akenyl, allyl, styrenyl or aryl; 

[0026] and at least one polymeriZable organic acid of 
formula (II) 

[0027] Where RX, Ry, and R2, are hydrogen, alkyl, 
alkenyl or aryl and E is an organic substituent 
selected from the group COO‘, S03‘, HSO4_, and 
H2PO4_. 

[0028] and Wherein the mole percent of the cationic 
amine monomer of formula I constitutes at least 25% 
of monomers in the amphoteric promoter resin and 
the mole percent of the organic acid of formula II 
constitutes at least 25% of monomers in the ampho 
teric promoter resin. 

[0029] A more preferred aspect of the present invention is 
a paper siZing promoter that consists essentially of recurring 
units of at least one quaternary diallylammonium monomer 
of formula (III): 

III 

cH2 rlrz cH2 

)k/ N+ X. RiA I RIB 
R3 

[0030] optionally including a diallylammonium monomer 
of formula (IV): 

CH2 R4 CH2 

)k/ X Ric I Rm 
H 

[0031] Where RlA, RlB, Rlc, and R1D are hydrogen or 
C1-C8 straight chain or branched alkyl; R2 and R3 are alkyl, 
alkenyl, aryl, heteroatom interrupted alkyl or alkenyl, 

[0032] Wherein the heteroatoms are selected from the 
group N, S, and O; R4 is hydrogen, alkyl, alkenyl, 
aryl, heteroatom interrupted alkyl or alkenyl, 
Wherein the heteroatoms are selected from the group 
N, S, and O 

[0033] and X“ is a monovalent anion or a multivalent 
equivalent of a monovalent anion; 
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[0034] and an organic acid of formula (II) 

[0035] Where RX, Ry, and RZ hydrogen, alkyl, alkenyl or 
aryl heteroatom interrupted alkyl or alkenyl, Wherein the 
heteroatoms are selected from the group N, S, and O; and E 
is an organic substituent selected from the group COO, SO3, 
HSO4, and H2PO4. 

[0036] In addition, more than one type or species of 
formula (III) monomer, of formula (IV) monomer and of 
formula (II) monomer may be employed to produce poly 
meriZation product. 

[0037] Still another aspect of the invention is a method of 
producing siZed paper With enhanced siZing property char 
acteristics by employing the paper siZing promoter of this 
invention. 

[0038] Yet another aspect of the invention is siZed paper 
containing the paper siZing promoter of this invention. 

[0039] Among the bene?ts of the present invention, the 
siZing promoters increase the rate at Which the siZing 
property develops in paper When the siZing promoters are 
used With siZing agents. SiZed paper made With the siZing 
promoter of this invention eXhibits an accelerated rate of 
siZing property development, and may require the use of less 
siZing agent. Other bene?ts and advantages of the present 
invention Will be apparent herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0040] DraWing 1 is a chart depicting hoW commercial 
cationic promoter resins inhibit optical brighteners. 

[0041] DraWing 2 is a chart depicting that tWo commer 
cially used cationic promoter resins, poly(DADMAC) and 
Poly(DADMAC/DAA. HCL) reduce the effectiveness of 
optical brighteners. 

[0042] DraWing 3 is a chart depicting paper siZing effi 
ciency of the Amphoteric Promoter Resin. 

[0043] DraWing 4 is a chart depicting paper siZing effi 
ciency of the Amphoteric Promoter Resin shoWing the effect 
of different concentration of the Amphoteric Promoter 
Resin. 

[0044] DraWing 5 is a chart depicting paper siZing effi 
ciency of the Amphoteric Promoter Resin shoWing the effect 
of different ratios of the monomer components of the 
Amphoteric Promoter Resin. 

[0045] DraWing 6 is a chart depicting paper siZing effi 
ciency of the Amphoteric Promoter Resin shoWing the effect 
of different ratios of the monomer components of the 
Amphoteric Promoter Resin. 
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[0046] Drawing 7 is a chart depicting paper sizing ef? 
ciency of the Amphoteric Promoter Resin shoWing the effect 
of different ratios of the monomer components of the 
Amphoteric Promoter Resin. 

[0047] DraWing 8 is a chart depicting paper siZing ef? 
ciency of the Amphoteric Promoter Resin. 

[0048] DraWing 9 is a chart depicting paper siZing ef? 
ciency of the Amphoteric Promoter Resin shoWing the effect 
of alkenyl sulfonate monomer components on the Ampho 
teric Promoter Resin. 

[0049] DraWing 10 is a chart depicting paper siZing ef? 
ciency of the Amphoteric Promoter Resin shoWing the effect 
of alkenyl sulfonate monomer components on the Ampho 
teric Promoter Resin. 

[0050] DraWing 11 is a chart depicting paper siZing ef? 
ciency of the Amphoteric Promoter Resin shoWing the effect 
of other monomer components on the Amphoteric Promoter 
Resin. 

[0051] DraWing 12 is a chart depicting paper siZing ef? 
ciency of the Amphoteric Promoter Resin With the optical 
brightness of the ?nal products. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0052] The references in this speci?cation to “paper” and 
“papermaking” are intended to cover not only paper (and its 
manufacture), but also paperboard, molded paper and other 
similar cellulosic-Web based materials (and their manufac 
ture), that are typically manufactured With papermaking 
equipment and procedures and that require additives such as 
siZing agents for modi?cation of the siZing property of the 
resultant product. 

[0053] Before further discussion, de?nition of the folloW 
ing, terms Will aid in understanding of the present invention. 

[0054] PAPER SIZING: Treatment of paper to resist liquid 
penetration, either by means of Wet end additives or surface 
application. 
[0055] SIZE: Any material used for internal, or surface 
siZing, for eXample rosin With alum, starch, animal glue, 
gelatin, lateX, alkyl ketene dimer, alkyl succinic anhydride, 
and the like 

[0056] PROMOTER RESINS: Chemicals added to the 
paper making process Which accelerates the activity of a 
paper siZe. 

[0057] BRIGHTNESS: The re?ectance by White or near 
White papers. It is a primarly a measure of freedom from 
pulp yelloWness associated With the presence of lignin and 
other impurities left by incomplete bleaching. 

[0058] OPTICAL BRIGHTENERS FOR PAPER: Fluo 
rescent dyes that absorb light in the ultraviolet region of the 
spectrum (beloW 370 nm) and re-emit the light in the visible 
blue range (peaking at 435 nm, giving a ?urorscent effect 
that produces a bright Whie in daylight, masking the inherent 
yelloWness of the bleached pulp. 

[0059] The neW polymer amphoteric promoter resins are 
polymers Which include: a) at least one type of cationic 
based segments that improve the rate of siZing development 
and b) at least one type of anionic segments that offsets the 
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effect the cationic portion of the polymer has on optical 
brightening agents. Addition of a third type of segment 
consisting of a units formed When diallylamine hydrochlo 
ride (DAA-HCl) is included in the polymeriZation mixture. 
A preferred embodiment is the use of DADMAC as the 
cationic based segment and acrylic acid as the anionic 
segment and DAA.HCl as the optional third monomer. This 
DADMAC, DAA.HCl and acrylic acid polymeriZation miX 
ture Was found to give a signi?cant boost in performance. 
Other monomers can also be included in the polymer Which 
can be any repeat units provided they do not absorb UV light 
such as to quench the effect of the Optical Brightener Agent 
(OBA) and they do not render the polymer Water insoluble 
and they are not added at a level that brings the polymer 
composition outside prescribed ranges. 

III 

X. 

CH2 R2 CH2 

RlA I RIB 
R3 

[0060] The cationic based segments in the polymer of 
interest are those that lead to promoted siZing. In other 
Words, the cationic based segments of interest are those that 
Will promote siZing Without the addition of anionic segments 
of the current invention. EXcluded from the list of useful 
segments or monomers are those that lead to a polymer With 
a relatively strong absorption of light in the same ultraviolet 
spectrum region utiliZed by an Optical Brightener Agent 
(OBA) to give brightness. Some examples of useful mono 
mer or segments are DADMAC, methyl-diallyl ammonium 
chloride, DAA-HCl, dicyandiamide amine bisaminopropy 
lpiperaZine and ethyleneimine as Well as many derivatives of 
these materials. 

[0061] As With the cationic monomers any anionic mono 
mer that leads to a polymer With a relatively strong absorp 
tion of light in the same ultraviolet spectrum region utiliZed 
by an OBA to give brightness is not desirable for the current 
invention. The anionic monomers may be either based on 
carboXylic acid or sulfonate functionality or other anionic 
functionality that Will reduce the interaction of the polymer 
With OBAs. The anionic nature might also be created by 
reaction of another monomer segment of the polymer such 
as reaction of an acrylamide. The partial anionic and partial 
cationic nature of the ?nal polymer is What is important and 
not the means of getting there. The anionic monomers With 
carboXylic acid functionality are preferred. 

[0062] A paper siZing promoter of this invention is a 
polymeriZation reaction product prepared from at least one 
quaternary diallylammonium monomer, optionally at least 
one diallylammonium monomer and at least one alpha, beta 
unsaturated carboXylic acid. The polymeriZation reaction 
product is preferably prepared from the monomers: 

[0063] quaternary diallylammonium monomer of 
formula (III), 

[0064] and (ii) diallylammonium monomer of for 
mula (IV) 
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CH2 R4 CH2 

dk/lyb X. 
Ric I Rm 

H 

[0065] and 

[0066] (iii) unsaturated organic acid of formula (II) 

[0067] Alternatively, the unsaturated organic acid can be 
an unsaturated carboXylic acid of formula 

OH 

[0068] In formulas (III) and (IV), the R1 radicals R1 A, RlB, 
R1c and R1D are each either hydrogen or methyl. The R1 
radicals are preferably hydrogen. 

[0069] In formula (III), R2 is alkyl, alkenyl or aryl, pref 
erably C1-C22 alkyl, C1-C22 alkenyl, or aryl. Likewise, in 
formula (IV), R3 is alkyl, alkenyl or aryl, preferably C1-C22 
alkyl, CJL-C122 alkenyl, or aryl. 

[0070] In formula (IV), R4 is C1-C22 alkyl, C1-C22 alkenyl, 
aryl or hydrogen With hydrogen being the preferred struc 
ture. 

[0071] In formulas (III) and (IV), the R2, R3 and R4 
structures (other than hydrogen) may be unsubstituted or 
substituted, e.g., alkyl may be hydroXyalkyl, carboXy, 
alkoXy, mercapto or thio. Likewise, in formulas (III) and 
(IV), the R2, R3 and R4 alkyl structures, alkenyl structures 
and aryl structures may include ester groups and may be 
interrupted by heteroatoms, e.g., N or S, or by heterogroups, 
e.g., —NH—CO— or —CO—NH—. 

[0072] In formulas (III) and (IV), the R2, R3 and R4 alkyl 
structures and alkenyl structures may be straight chained or 
branched. The radicals R2, R3 and R4 are preferably unin 
terrupted alkyl radicals With 1-18 carbon atoms, more pref 
erably 1-4 carbon atoms. 

[0073] Examples of suitable alkyl structures for R2, R3 
and/or R4 are n-docosyl, n-pentadecyl, n-decyl, i-octyl, 
i-heptyl, n-heXyl, i-pentyl and, preferably, n-butyl, i-butyl, 
sec-butyl, i-propyl, ethyl and methyl. The radicals R2, R3 
and R4 are preferably identical and are preferably methyl. 
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[0074] Preferred alkenyl groups for the R2, R3 and R4 
structures in formulas (III) and (IV) include octadecenyl, 
heXadecenyl, undecenyl, octadec-dienyl, heXadec-dienyl, or 
mixtures of these. Preferred aryl groups for R2, R3 and R4 
radicals in formulas (III) and (IV) include benZyl and 
phenyl. 

[0075] In monomers of formula (III), the R2 and R3 
structures are preferably selected from, in decreasing order 
of preference: methyl, benZyl, C2-C22 alkyl, phenyl, octa 
dec-dienyl or heXadec-dienyl, octadecenyl or heXadecenyl 
or undecenyl, and other alkyl and aryl. 

[0076] In monomers of formula (IV), the R4 structures is 
preferably: hydrogen,. 

[0077] In monomers of formula (II) and (V) RX, Ry, and RZ 
are hydrogen, alkyl alkenyl, aryl, alkenylaryl and heteroa 
tom interrupted alkyl, aryl or alkenyl, Wherein the heteroa 
toms are selected from the group N, S, and O. 

[0078] In formulas (III) and (IV), X- is a siZing compat 
ible anion. Salts of inorganic acids and common organic 
acids may be used. Preferably, X“ is selected from halide, 
nitrate, acetate, benZoate, sulfate or phosphate. Preferred 
halides are chloride, ?uoride and bromide. More preferably, 
X- is chloride or ?uoride. Most preferably X- is chloride. 

[0079] More preferred monomers of formulas (III) and 
(IV) are those in Which RlA, RlB, R1c and R1D are and R4 
are hydrogen and R2 and R3 are methyl. For such preferred 
monomers Where X“ is chloride, the monomer of formula 
(III) is diallyldimethylammonium chloride, sometimes 
referred to herein as DADMAC, and the monomer of 
formula (IV) is diallylammonium chloride, sometimes 
referred to herein as DAA.HCl. 

[0080] R1, R2, R3 and R4 are limited in that the ?nal 
polymer must be Water soluble. The nature of this limitation 
is that it depends on the chemistry of R1, R2, R3 and R4 and 
the level to Which it is present. 

[0081] More preferred alpha, beta unsaturated carboXylic 
acids of formula (V) are cinnamic acid, crotonic acid, sorbic 
acid, acrylic acid, methacrylic acid, itaconic acid, propiolic 
acid, maleic acid, and fumaric acid. Acrylic and methacrylic 
acids are preferred. 

[0082] In addition compounds such as maleic anhydride, 
succinic anhydride may be used. During the polymeriZation 
these are likely to remain as anhydrides, but under paper 
machine use conditions Would be hydrolyZed to produce the 
requisite acidic form. 

[0083] The polymeric reaction products of the polymer 
iZation of monomer of formula (III), monomer of formula 
(IV) and formula (II) preferably contain only these mono 
meric components in the polymer; and not signi?cant 
amounts of other monomeric components in addition to the 
formula (III) monomer, formula (IV) monomer and formula 
(II) monomer. 

[0084] The portion of the polymer that is derived from 
monomer formula III and formula IV are in their cationic 
state for all conditions anticipated for use in this invention. 
Thus, the monomers of formulas III and IV are described as 
quarternary cationic amines. The groups that make up the 4 
groups substituted on the nitrogen can be hydrogen, alkyl, 
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akenyl, aryl, allyl, and the like. This in this de?nition both 
(CH3)4N+Cl and (CH3)3N+HCl are considered quarternary 
cationic amine. 

[0085] The portion of the polymer that is derived from the 
monomer formula V is anionic under the conditions that is 
experienced during the alkaline paper making process. Thus, 
the combination of the cationic components [formula (III) 
and formula (IV)] and the anionic component [formula (II)] 
produce a polymeriZation product, Which is amphoteric 
under papermaking conditions. 

[0086] Under the condition used to prepare the polymers 
described by this invention, the unsaturated carboxylic acid 
[formula V]. 

III 

OH 

[0087] is in its acidi?ed form and thus unchanged during 
the polymer synthesis. 
[0088] The ratio of monomers or segments With cationic 
amine anionic functionality in the polymer effects hoW Well 
the polymer promotes siZing and hoW little effect it Will have 
on OBA efficacy. The ?nal polymer must consist of, on a 
molar basis, at least 25% total amine based cationic mono 
mer units including the amount of DAA.HCl, if it is present. 
More preferred is a level of at least 30%. Most preferred is 
a level of at least 40%. The amount of speci?c cationic 
groups and anionic groups is best expressed as a percentage, 
on a molar basis, of the total cationic monomer units. Of the 
cationic segments it is preferred that up to 65% and most 
preferably 10 to 50% on percentage of the cationic segments 
are DAA.HCl. There should be at least 33% as many anionic 
groups as there are cationic groups. The more preferred 
range is 50% or higher. The most preferred range is 65% or 
higher. For example, a polymer in the preferred range Would 
be one that consists on a molar basis of 40%, DADMAC; 
20%, DAA-HCl; and 40% acrylic acid. For this polymer the 
anionic molar % based on the cationic components Would be 
67%. 

[0089] It Was unknoWn prior to the current invention that 
the compositions of the present invention that employ poly 
mers Which have signi?cant fractions of cationic compo 
nents can be employed as successfully as they are in the 
present invention. Speci?cally, it Was expected that the use 
of a polymer With cationic components greater than 50% 
Would interfere With the use of certain other additives, such 
as optical brightening agents, Which, depending on the 
particular market, can be of economic importance. In the 
present invention, amphoteric promoter resins are found to 
be effective promoter resins even When used in relatively 
loW amounts and, surprisingly, the amphoteric promoter 
resins do not interfere With such additives When the ampho 
teric promoter resins are employed in loW amounts and have 
considerably less interference even at high levels versus 
nonamphoteric cationic resins. 

[0090] While the use of siZing and the amphoteric pro 
moter resins can be applied to many types of paper preferred 
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papers are those papers used in printing Where contrast of the 
paper and the printing is important. Other preferred papers 
are also those Where high brightness levels are the goal. 
Most preferred papers are those generally classi?ed as “?ne 
papers” used such uncoated papers made for electrorepro 
graphic or ink-jet printing. A very common application 
Where the usefulness of the current invention Would be 
especially obvious is in high brightness cut-sheet copy 
paper. 

[0091] Akey to this invention is the understanding of hoW 
optical brighteners are used to make paper appear brighter, 
or more White. Optical brightening agents (“OBA’s”) are 
discussed for example, in Encyclopedia of Chemical Tech 
nology, Kirk & Othmer, eds, 3rd. edition (1978), John Wiley 
and Sons, NeW York, As noted therein, With the aid of optical 
brighteners, also referred to as ?uorescent Whitening agents 
(FWA) or ?uorescent brightening agents, optical compen 
sation of the yelloW cast (bleached paper or textile has a 
yelloWish color, ) may be obtained. The yelloW cast is 
produced by the absorption of short-Wavelength light (vio 
let-to-blue). With optical brighteners this short-Wavelength 
light is in part replaced, thus a complete White is attained 
Without loss of light. This additional light is produced by the 
brightener by means of ?uorescence. Optical brightening 
agents absorb the invisible portion of the daylight spectrum 
and convert this energy into the longer-Wavelength visible 
portion of the spectrum, i.e., into blue to blue-violet light. 
Optical brightening, therefore, is based on the addition of 
light. TWo requirements are indispensable for an optical 
brightener: it should be optically colorless on the substrate, 
and it should not absorb in the visible part of the spectrum. 
Paper OBA’s are almost exclusively stilbene based, that is 
based on one or tWo stilbene residues. Most are derivatives 

of 4,4‘-diaminostilbene-2,2‘disulphonic acid and in particu 
lar the bistriaZinyl derivatives (4,4‘Bis(triaZine-2-ylamino)s 
tilbene-2,2‘disulphonic acid). In their use in paper they are in 
an anionic form or, at least, partially anionic. Other 
examples of OBA’s are disodium salt of distyrlbiphenyl 
disulfonic acid, 4,4‘-di-triaZinylamino-2,2‘-di-sulfostilbene. 

[0092] As can be seen from the OBA chemistry mentioned 
above, OBAs have a negative charge. Therefore, they are 
electrostatically attracted by cationic polymers. This inter 
action interferes With the ?uorescence of the OBA, often in 
such a Way that the ?uorescence is quenched and the OBA 
loses its effect. For this reason papermakers are careful With 
not only the addition of cationic polymers that promote 
siZing to their papermaking system, but also the location of 
adding these cationic promoter resin relative to the OBA. 
Some cationic polymers are Worse than others and siZe 
promoters have a strong ?uorescence-quenching effect. Fine 
paper, and in particular printing & Writing paper, generally 
contains OBA’s. 

[0093] Brightness is a commonly used industry term for 
the numerical value of the re?ectance factor of a sample With 
respect to blue light of speci?c spectral and geometric 
characteristics. (TAPPI test method 452 om-92). 

[0094] The brightness unit is a relative one. The measured 
brightness is expressed as the ratio betWeen the re?ectance 
factor of the sample (at effective 457 nm) and the re?ectance 
factor of a perfect re?ecting sample times 100%. The 
brightness can be larger than 100% When OBA’s are used 
(they ?uoresce in this Wavelength area, that is, they emit 
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light). Further information on the measurement of brightness 
can be found in “Pulp and Paper Chemistry and Chemical 
Technology, 3rd edition, Vol. V, James P. Casey, ed.”, John 
Wiley & Sons, NeW York (1981): 1828-1833. 

[0095] For ?ne paper a TAPPI brightness loss of 0.5 units 
Would be signi?cant. A siZing composition that loWers 
brightness by more than this amount Would be signi?cant 
detriment, depending on the application. Furthermore a 
promoted siZing composition that exhibits a brightness loss 
of less than 0.5 Would represent a signi?cant advance in 
many applications. In Comparative Example 11 Which listed 
in Example 17, paper Which did not have a OBA in it had a 
brightness of 89.6. With OBA added the brightness is 95.5, 
listed as comparative example 12, Example 17. 

[0096] Other monomeric components, hoWever, may be 
present in addition to the formula (III) monomer, formula 
(IV) monomer and formula (V) monomer Without adversely 
affecting the siZing promoter properties of the polymeriZa 
tion reaction product. The other monomeric components are 
limited to less than 50% of the total monomer mix and must 
not inhibit the Water solubility. Crosslinking monomers such 
as triethylene glycol dimethacrylate (TEGDMA) can be 
utiliZed. If too much crosslinking monomer is used, a 
product Which Would be insoluble in Water Would be formed. 
Thus the amount of of crosslinking monomer is limited by 
the resultant ?nal polymeriZation product Water insolubility. 

[0097] The amphoteric promoter polymers of this inven 
tion are Water-soluble polymers possessing relatively high 
average molecular Weights. The Weight average molecular 
Weight (MW) for these polymers, (not including residual 
monomer) is at least about 10,000 and more preferably at 
least about 30,000. While not Wishing to be bound by theory, 
it is expected that the polymer produced by free radical 
polymeriZation of these monomers Will result in a random or 
alternating polymer. The polymeriZation reaction conditions 
are controlled to facilitate the random distribution of mono 
mers. Experimental strategies to control polymeriZation 
conditions are shoWn in the examples. 

[0098] The most preferred polymeriZation is a free-radial, 
chain polymeriZation that leads to less than 4% residual 
monomers and less than 5% of the product, (including 
monomers) With a number average molecular Weight less 
than 500 g/mole. 

[0099] The monomeric components utiliZed for prepara 
tion of the polymeriZation reaction products of this invention 
are either knoWn and are available commercially (e.g., 
DADMAC from CPS Chemical Company, Inc. (Old Bridge, 
N.J.) and from Pearl River Polymers (Pearl River, La.); 
DADMAC and DAA.HCl from Sigma Chemical Company 
(St. Louis, Mo.)) or may be prepared by conventional 
processes, typically used for the preparation of diallyl-type 
compounds. Acrylic acid is available from many commer 
cial sources, including Rohm & Haas, Philadelphia, Pa. 

[0100] The preparation of the polymeric reaction product 
is preferably carried out by a chain polymeriZation of the 
monomers of formulas (I) and (II). Alternatively the mono 
mers of formulas (III), (IV) and (V) can be polymeriZed by 
a chain polymeriZation in the presence of a free radical 
polymeriZation initiator. 

[0101] The polymeriZation reaction of the diallyl-type 
monomer components and organic acid is carried out in a 
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suitable solvent, polar solvents being preferred. Water is a 
particularly preferred solvent for the polymeriZation reac 
tion. Other polar solvents Which do not adversely affect the 
polymeriZation reaction may also be used. One factor to be 
considered in the selection of a suitable solvent is the 
potential for reaction betWeen the initiator employed and the 
solvent, causing the polymeriZation reaction to be quenched. 

[0102] Suitable solvents also include Water mixed With a 
Water-miscible solvent or solvents and do not adversely 
affect the polymeriZation reaction. 

[0103] The amount of Water or organic solvent used in the 
polymeriZation reaction medium is desirably minimiZed, to 
provide high concentrations of the monomers in the reaction 
medium. The loWer limit for the amount of reaction medium 
is generally dictated by the need to obtain adequate mixing 
of the reaction medium throughout the polymeriZation reac 
tion and the need to provide adequate heat transfer to avoid 
having the polymeriZation exotherm and overheat the run. 
Since the viscosity of the reaction medium normally 
increases as high molecular Weight polymers are formed 
from the monomer components, it may be advantageous to 
add additional solvent during the course of the polymeriZa 
tion reaction to adjust the viscosity of the reaction medium. 

[0104] Preferably, the concentration of monomeric reac 
tants in the polymeriZation solvent is from about 5 to about 
60 Wt. %, and more preferably, from about 10 to about 50 Wt. 
%, based on the Weight of the reaction medium. 

[0105] Before the start of the polymeriZation, it is advan 
tageous to adjust the pH of the reaction medium to bring the 
pH to a value of about 1.5 to about 6. An acid, preferably an 
inorganic acid such as a hydrohalo acid like HCl, is typically 
used for this adjustment of the pH. 

[0106] The polymeriZation reaction temperature 
employed is normally based on the performance character 
istics of the initiator used and is also dictated by the rate of 
polymeriZation and degree of polymeriZation (molecular 
Weight) desired. The polymeriZation is typically carried out 
at a temperature of about 40° C. to about 100° C., preferably 
about 50° C. to about 95° C. and more preferably at a 
temperature of about 60° C. to about 90° C., at ambient 
pressure (one atmosphere). The polymeriZation reaction is 
ordinarily characteriZed by being very exothermic in its 
early stages. The polymeriZation may require many hours, to 
ensure relatively complete reaction of the monomer com 
ponents. 

[0107] The polymeriZation reaction of the monomer com 
ponents is started in the customary manner, typically by 
addition of a suitable initiator, preferably one that is Water 
soluble. 

[0108] Preferably, ammonium persulfate, t-butyl hydrop 
eroxide, 2,2‘-aZobis-(2-amidinopropane) dihydrochloride, 
2,2‘-aZobis-(2-imidaZol-2-yl-propane) dihydrochloride, 2,2‘ 
aZobis-(2-carbamoylpropane) dihydrate or 2,2‘-aZobis-(2 
methoxycarbonylpropane) is used as the initiator. 

[0109] Other suitable initiators, i.e., substances Which 
form free radicals, include hydrogen peroxide, benZoyl 
peroxide, cumene hydroperoxide, methyl ethyl ketone per 
oxide, lauryl peroxide, t-butyl perbenZoate, di-t-butyl per 
phthalate, aZobisisobutyronitrile, 2,2‘-aZobis-(2,4-dimeth 
ylvaleronitrile), 2-phenyl-aZo-2,4-dimethyl-4 














































