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' ASA SIZING _EMi_JLSIONs CQNTAIN_ING_ LOW AND
HIGH MOLECULAR WEIGHT CATIONIC POLYMERS

Fieid of the Invention

The present invention relates to emulsions of alkenyl succinic anhydrides
(ASA) and their use to size paper. More particularly, the invention relates to an ASA
sizing emulsion containing low molecular weight and high molecular weight cationic
polymers and the use of such an emulsion to size paper. ’
Background of the Invention

The use of ASA emulsions to size paper has been described in U.S. Patent
Nos. 3,102,064; 3,821,069; 3,968,005; and 4,040,900. Though they have been widely
used in the papennalc{ﬁg industry, ASA sizing emulsions have some drawbacks. For
example, ASA materials are not water soluble and, therefore, must be uniformly
suspended in paper pulp to permit sufficient contact with the pulp fibers to achieve the
desired sizing effect on the final paper product. ASA must be emulsified before use
as a sizing agent becausb it is an oil based material. Various cationic agents have
been employed to address this drawback and obtain more efficient sizing. U.S. Patent
No. 4,657,946 discloses the use of cationically charged water-soluble vinyl addition
and condensation polymers to provide improved emulsification of ASA sizing agents.
U.S. Patent No. 4,606,773 describes ASA sizing emulsions using a cationic water-
soluble polymer and a cationic starch as an emulsifier. The polymer is used, in an
aqueous system, to help disperse the ASA droplets in an emulsion, and keep them
from coagulating together, and forming much larger droplets. With the increasing use
of ASA sizing emulsions, there remains a need for improved ASA sizing emulsions
which disperse the ASA within the pulp and allow for retention of the ASA size on
the pulp fiber. '
Brief T . f the Drawi

Figure 1 depicts the resuits from a Hercules Size Test using an ASA sizing

emulsion having a mixture of cationic polymers according to the invention.
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The invention answers the need for improved ASA sizing emulsions by
providing an ASA sizing emulsion which disperses well and givés efficient sizing of
the finished paper product. Additionally, the invention provides a method of sizing
paper using an ASA sizing emulsion of the invention.

More specifically, the invention provides an ASA sizing emulsion comprising
water, ASA, a cationic polymer mixture, and optionally, a surfactant. The cationic
polymer mixture contains a low molecular weight ionene polymer and a high
molecular weight cationic polymer.

The invention provides an ASA sizing emulsion which disperses well and
gives efficient sizing of the finished paper product. An ASA sizing emulsion of the
invention contains 25 to 99 weight percent water, 0.003 to 60 weight percent ASA,
0.003 to 50 weight percent of a mixture of a low molecular weight cationic polymer
and a high molecular weight cationic polymer, and 0 to 2 percent by weight of a
surfactant. An ASA sizing emulsion of the invention is particularly well suited for
use as an internal size in papermaking. Such a water-based sizing emulsion may
contain solids (e.g., ASA and cationic polymer mixture) ranging from levels as low as
1 percent by weight and to levels as high as 75 percent by weight. Emulsions having
about 50 percent by weight are preferred. In the ASA sizing emulsion, the ASA has a
particle size ranging from about 0.5 to 3 microns. Preferably, the particle size ranges
from about 0.8 to 2.5 microns and more preferably is about 1 micron.

ASA material, as is known in the art, represent a class of chemical compounds
having the foliowing general formuia: R'-@C(O). In the general formula R
is a dimethyleny! or trimethyleny! group and R! i; a hydrophobic group having five or
more carbon atoms. R' may be, for example, an alkyl, alkenyl, aralkyl, or arakenyl
group. However, any ASA material may be used in an ASA sizing emulsion
according to the invention. Sources of ASA include, for example, Albermarle

Corporation, Baton Rouge, Louisiana and Dixie Chemical Company, Houston, Texas.
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In an ASA sizing emulsion of the inventi;m the ASA may be prcsent ﬁ-om

0. 003 to 60 welght ‘percent. More preferably, the ASA s present 10 to 50 wexght

perccnt and miore prefcrahly from’ 25 to 40 wexght percent The wexght ratio of ASA

to cationic polymer in an cmulsxon of the mvenhon may mnge ﬁ'om 0.5:1 up to 4:1 cm o

a sohds basis. Preferably _tl__xe weight ratio of ASA to cationic polymer is about 2:1.

The catioriic polymer componelit of an ASA sizing emulsion of the invention - - - -

is a mixture of a water-soluble ionene polymer having a weight average molecular
weight below 15,000 and a water-soluble polyethylenimine (PEI) having a weight
average molecular weight greater than 500,000, preferably greater than 1,000,000.
The cationic polymer mixture may be present in the emulsion in amounts ranging
from 0.003 to 50 weight percent. Preferably, the cationic polymer mixture is present
in amounts from 10 to 35 weight percent, and more preferably from 15 to 25 weight
percent. Within the polymer mixture, the ionene polymer is present from 75 to 99
weight percent on a dry polymer basis and the I;EI from 1 to 25 weight percent on a
dry polymer basis. The polymer mixture preferably comprises 92.5 to 97.5 weight
percent on a dry polymer basis of the ionene polymer and 2.5 to 7.5 weight percent on
a dry polymer basis PEI.

Any low molecular weight ionene polymer or mixture of such ionene
polymers may be used to practice this invention. Ionene polymers have often been
used to as microbicides to control or prevent biological fouling in aqueous systems.
Advantageously, in addition to improving its sizing efficiency, the ionene polymers
can irr.xpart their biocidal properties to an ASA sizing emuision of the invention.

Tonene polymers may be classified according to the repeating unit found in the

poiymer. The repeating unit results from the reactants used to make the ionene

polymer. Ionene polymers or poly;nerid quaternary ammonium comj)ounds (ie.,
polymers having quaternary nitrogens in the polymer backbone) belong to a well-
known class of compounds. Ionene polymers, their preparation and biocidal activity,
are disclosed, for example; in U.S. Patents Nos. 3,874,870; 3,931,319; 4,027,020,
4,089,977, 4,111,679, 4,506,081, 4,181,058; 4,778,813; 4,970,211; 5,051,124,
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5,093,078; and 5,41 95897,.Whi_ch are inco.rporagegi_ her_g_by _gefergr_xgg. _ Preferably, the

* low molecular weight -ione_nq_'pdgy‘rner is a-ﬁnt__:ax_" polymer. The ionene polymer has a

weight avérdgs molecular weight of less than 13,000, preferably less than 10,000, and

. more preferably has a weight average molecular.weight ranging from 5,000 to 8,500.

The ionene polymer has a charge density at pH 7 of greater than 5 meq/g, preferably
ranging from 5 to 10 meg/g, and most preferably 6-7 meq/g.
A first preferred type of ionene polymer comprises the repeating unit of .

formula I

Rl R3
X2-
A N+ B N+ (1)
2 4
| R R Jdn

In this formula, R!, R?, R?, and R* can be identical or different, and are selected from
H, C,-C,, alkyl optionally substituted with at least one hydroxyl group, and benzyl
optionally substituted on the benzene moiety with at least one C,-C,, alkyl group.
Preferably, R!, R?, R? and R* are all methyl or ethyl.

The group "A" is a divalent radical selected from C,-C,, alkylene, C,-C,,
alkcnyléne, C,-C, alkynylene, C,-C,g hydroxyalkylene, Symmetric of asymmetric
di-C,-C,,-alkylenether, arylene, arylene-C,-C,,-alkylene, or
C,-C,¢-alkylenearyl-C,-C,, alkylene. Prefera_bly, mAn isa diyalent C,-C; alkylene,
C,-C; alkenylene, Cz-Cs hydroxyalky}ené, or symmetric di-C#-Cs-a]kylenether, and
most preferably "A" is -CH,CH,CH,-, -CH,CH(OH)CH,--or-CH,CH,0CH,CH,-.

The group “B" is a divalent radical selected from C,-C,, alkylene, C,-C,,
alkenylene, C,-C,, alkynylene, C,-C,, hydroxyalkylene, arylene,
arylene-C;-C,y-alkylene, or C;-C,y-alkylenearyl-C,-C,,-alkylene. Preferably, “B” is
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- C,-C; alkylene, Cz-Cs alkenylene, C,-C; hydroxyalkylene arylene,
arylene-Cl C;-alkylene, or CI-C, alkylenearyl- Cl-Cs-alkylene Most preferably "B" is
-CHZCHZ-, —CHZCHICHz-i —CHZCHZCHZC}C-I2 ;0T -CHZ(CH2)4CH2 '

The counter ion, X%, 1s a divalent counter 1on two monovalent counter ions, or
a fractron of a polyvalent counter 1on sufﬁclent to balance the catlomc charge in the
repeating unit which forms the.ionene polymer backbone. Preferably, X is two . .
monovalent anions selected from a halide anion and a trihalide anion and more
preferably, chloride or bromide. Ionene polymers having trihalide counter jons are
described in U.S. Patent No. 3,778,476, the disclosure of which is incorporated here
by reference.

The ionene polymers having the repeating unit of formula I may be prepared
by a number of known methods. One method is to react a diamine of the formuia
R'R’N-B-NR'R? with a dihalide of the formula X-A-X. Ionene polymers having this
repeating unit and methods for their preparation are described, for example, in U.S.
Patents Nos. 3,874,870, 3,931,319, 4,025,627, 4,027,020, 4,506,081 and 5,093,078,
the disclosures of which are incorporated here by reference. Among the ionene
polymers with a repeating unit of formula ], a particularly preferred ionene polymer is
poly[oxyethylene-(dimethyliminio)ethylene(dimethyliminio)ethylene dichloride. In
this jonene polymer of formula I, R!, R?, R and R* are each methyl, A is
-CH,CHJ)CH;CH2 ,Bis -CH;CHZ-, and X* is 2 CI;, and the average molecular
weight is 1,000-5,600. This ionene polymer is available from Buckman Laboratories,
Inc. of Memphis, Tennessee as Busan® 77 product or WSCP® product, which are
each 60% aqueous dispersions of the polymer.

Another particularly preferred ionene polymer having a repeating v .it of
formutla Tis the i ionene polymer where R, R% R® and R* are each methyl, A is -
CH,CH(OH)CH,-, B is -CH,CH,-, andXz is 2 CI'. This ionene polymer is a reaction
product of N,N,N',N'-tetramethyl-1,2-ethanediamine with (chloromethyl)- oxirane,
and has a weight average molecular weight of 1,000-5,000. The polymer is available
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“fromn Buckman Laboratories, Inc. as Busan® 79 product and WSCP® II product,
which are each 60% aqueous solutions of the polymer.

A second type of ionene polymer corripriées_thc repeating unit of formula II:

"'.‘.Rl‘“

Y
A——- N+ SRS (I1)
- RZ J p

In formula II, the deﬁnitj_ons of R}, R?, and A are the same as those defined above for
formulal. X is a monovalent counter ion, one half of a divalent counter ion, or a
fraction of a polyvalent counter ion sufficient to balance the cationic charge of the
repeating unit which forms the ionene polymer. X may be, for example, a halide or
trihalide anion, and X is preferably chloride or bromide.

The ionene polymers having the repeating unit of formula II may be prepared
by known methods. One method is to react an amine of the formula R'R*NH with a
haloepoxide such as epichlorohydrin. Ionene polymers having the repeating unit of
formula 11 are described, for example, in U.S. Patents Nos. 4,111,679 and 5,051,124,
the disclosures of which are incorporated here by reference. |

Preferred ionene polymers having the repeating unit of formula II are those
where R' and R? are each methyl, A is -CH,CH(OH)CH,-, and X" is CI. This
polymer is obtained as a reaction product of N-dimethylamine with
(chloromethyl)oxirane, and has a weight average molecular weight of 2,000-10,000.
'i'he polymer is available from Buckman Labomtoﬁeé, Inc. as the Busan® 1055
product, a 50% aqueous dispersion of the polymer.
| Another preferred ionene polymer having the repeating unit of formula II is
obtained as a reac.:tion- product of dimethjlamine with epichlorohydrin, where R! and
R? are each methyl, A is -CH,CH(OH)CH,- and X" is CI. This'ionené'polymer has a

.
-



WO 97/49865 PCT/US97/10493
-7-

5,000 - 10,000 average molecular weight, and is available from Buckman
Laboratones Inc.ina 50% aqueous solution as the Busan® 1055 product.
A thxrd type of ionene polyrner compnses a repeating umt of formula I]I

- - LS . i ;l' . r '-R..' . -B: -' . __' . o, .
e v R S (IIT)

wherein R is

CH, . CH,3
X2- CHs / \ CH
N+ Q N+ or >X+, <
lH3 ) iH:g

The group Q is (CHR),-, -CH,-CH=CH-CH,-, -CH,-CH,-O-CH,-CH-,
-CH,-CH(OH)-CH,-, or -(CHR'),,-NH—C(O)-NH(CI—IR’),,—. The group B'is
{-[CH,-CH(OH)-CH,-N'R’,-(CHR"),-NH-C(O)-NH}-, X' } or
{-[(CHR"),-N*R’,-CH,-CH(OH)-CH,}-, X'}. The variables n and p independently
vary from 2 to 12. Each R’ is independently hydrogen or a lower alkyl group. X*isa
drvalent counter 1on, two monovalent counter ions, or a fraction of a polyvalent

| counter ion sufﬁcxent to balance the canomc charge in the group R Xisa
monovalent counter ion, one half of a drvalent counter ion or a fraction of a polyvalent
counter ion sufﬁcrent to balance the cationic charge in the group B'. Preferably, R'is

hydrogen or C;=C, alky], nis 2—6 and p is 2-6. Most preferably, R'is hydrogen or
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methyl, nis 3 and p is 2. Preferred counter ions for X* and X" are the same as those
discussed above for formulae I and II. S
The polymers of formula III are derived by known methods from

bis-(dialkylaminoalkyl) ureas, which are also.known as urea diamines. Ionene

: .ﬁolymers of the 'for'mula I and methods of their preparation are described iri U.S.

Patent No. 4,506,081, the disclosure of which is incorporated here by reference

Preferred i 1onene polymers havin g the repeating unit of formula Il are those

* where R.is urea diamine and B' is CH,CH(OH)CH,; and X is CI.. Awailable ﬁ'gm .

Buckman Laboratories, Inc., ASTAT product and BL® 1090"pro§uct are 50%
aqueous dispersions of this ionene polymer. The jonene polymer is obtained as a
reaction product of N,N'-bis-[ 1-(3-(dimethylamino}- propyl)] urea and
epichlorohydrin, such iehene polymer having a weight average molecular weight of
2,000-15,000, preferably 3,000-7,000.

The ionene polymers comprising the repeating units of formulae I, IT, or I1I
may also be capped, i.e., have a specific end group. Capping may be achieved by
means known in the art. For example, an excess of either reactant used to make the
ionene polymer can be employed to provide a capping group. Alternatively, a
calculated quantity of a monofunctional tertiary amine or monofunctional substituted
or unsubstituted alkyl halide can be reacted with an ionene polymer to obtain a capped
ionene polymer. Ionene polymefs can be capped at one or both ends. Capped ionene

polymers and their microbicidal properties are described in U.S. Patents Nos.

3,931,319 and 5,093,078, the disclosures of which are incorporated here by reference.

A particularly preferred ionene polymer for the ASA sizing emulsion is the
reaction product of epxchlorohydnn and dxmethylamme havmg a wexght average
molecular wexght of about 8,000 and a charge density of about 6-7 meq/g at pH 7 |
This ionene polymer is available from Buckman Laboratories Incorporated,
Memphis, Tennessee under the BUFLOC®: 186 tradename. The BUFLOC® 186 - '

Tp,rodug':t is a 60 percent by weight solution of that ip'nene polymer in water.
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A poly(ethylenimine) (PEI) for use in the invention has a weight average
molecular weight greater than 500,000, preferably greater than 1,000,000. Most
preferably, the (PEI) has a weight average molecular weight of about 1 400 000. The
PEI may be crosslinked or uncrosslinked. PEI compounds are commercially avmlable
from many.sources and include POLYMIN poly(ethylemmme) and LUPASOL""M
po}y(ethylemmme) available from BASF Corporanon Suxtable polyethyleneunmes
.;nclude, but are not limited too, POLYMIN_ P and POL.YMIN PS ﬁ:om BASF - .

. Corporation. POLYMIN P and POLYMIN PS contain 1500 ethiyleneimine moieties -
*.and have wei'gh:t average molecular weights of about 750,000. A particularly
preferred PEI is the BUFLOC® 595 product available from Buckman Laboratories

. A

Incorporated, Memphis, Tennessee. BUFLOC® 595 product is 25 percent by weight
aqueous solution of Piil crosslinked with ethylene oxide which has a weight average
molecular weight from 1,000,000 to 1,200,000 and a charge density of about 5 meg/g
at pH 7 and 7 meq/g at pH 4.5.

An ASA sizing emulsion of the invention may also contain from 0 to 2.0
percent by weight of a surfactant. Preferably, the surfactant is present in about 1

percent by weight. The surfactant for the ASA sizing emulsion may be an anionic,

" catiomic, nonionic, amphoteric dnd zthtenomc suxfactant and mxxtures thereof.

Preferably, the surfactant is anionic or nonionic or a tmxture thereof. Most preferably,
the surfactant is an anionic surfactant. Exemplary surfactants which may be used in .
the ASA sizing emulsion are described in U.S. Patents Nos. 4,040,900, 4,606,773, and
4,657,§46, the disclosures of which are incorporated here by reference and in
McCUTCHEON'S, DETERGENTS AND EMULSIFIERS, 1996 ANNUAL,

pubhshed by Allured Publishing Coxporat:on whxch is mcorporated here by reference

g rExemplary anionic smfactants mclude a.lkyl ether sulfates, alkyl ether '

carboxylates and alky] ether phosphate esters. Most preferably, the anionic surfactant

- isan alkyl ether phosphate estey such as branched alcohol ethoxylate ghosphate esters ..

of thegeneral formula RO(CHZCHIO),,PO3M2 In‘the gencral formula, R is an alkyl
or alkylaryl group, n is the Aumber of ‘mejés of ethyleneoxide, and M is hydrogen,

~
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sodium, or another counter ion. Phosphate esters of this general formula may be
| :obtaihe_d fxom Rhone Poulenc, Cranberry, New Jersey under the RHODAFAC
. tradenaﬁme, for éxampie, RHODAFAC RS-610 product.
| ASA sizing emulsions of the invention may.be prepared using techniques
known in the art. The emulsxons may ¢ be made by mixing the vanous components
- described above and then emulsxfymg the mlxture "The emulsions shoitld preferably
be used prornptly aﬁer bemg prepared as the sxzmg 1eve1 may decrease with time.
| .- To size paper using an ASA sizing emulsxon the emulsxon is usually added
'before the paper sheet forming step in a papermaking ' process. The sizing emulsxon
may be added as far back in a papermaking process as.the thick stock but is most
often added just before the head box of a paper machine. Asisknownintheart, a
sizing emulsion should I;e added in such a way to insure proper distribution on the
- fibers. To insure proper distribution, a sizing emulsion is commonly diluted to about
1-3 % solids, then added before the screens or fan pw.;np just prior to the pulp slurry
entering the head box. This dilution, followed by dispersion by the screens and/or fan
pump aids in distributing the sizing emulsion to achieve uniform distribution on the
paper fibers.
" The following examples illustrate the preparation and use of an ASA sizing
emulsion according to the invention. The exa;mp]es describe the preparation of hand
_sheets using a standard ASA siz:ing emulsion and ASA sizing emulsions of the
- invention. '
Example 1
This exaxhple demonstrates the preparation and use of an ASA sizing emulsion
according to the mvennon For companson purposes, an ASA sizing emulsxon as
-cm'rentlyfmade in the papermalang art wasusedas a contml To measure smng
efficiency, the Hercules Size Test Ink # 2 was employed, For these tests, a
papenmll’s furnish of recycled old corrugated containers (OCC), diluted to 0.5%
consistency, was used along-with the xmll’s process water A tetention aid,

'BUFLOC® 590 product was used in this handsheet stady. BUFLOC® 590 product is

Y



WO 97/49865 PCTUS97/10493

. -11-

an emulsion polymer having a cationic acrylamide copolymer with cationized acrylate
groups having a molecular weight greater than 10 million and is available from

Buckman.Laboratories Inc., Memphis, Tennessee. For this handsheet study, the oil-

- based BUFLOC® 590 product was let down in water ‘with mixing and diluted to 0.1%

ﬁ .

_ ASA sxzmg emulsmns were made by xmxmg the components listed i 1n the table

below to arrive at 1 25 weight percent active ASA The mixture was cmu151ﬁcd for ‘

... one mihute usmg ahigh shear Ulu'a-turrax Type 4558 emulsifier, manufactured by

'Janke and Kunkel Ika Labortechmk, and available from Tekmar Company, o
Cincinnati, Ohio.

The amounts of sizing and retention aid used were ASA 6 Ib/ton, and
BUFLOC® 590 2 lb/ton on 1.5 g hand sheets. Hand sheets were pressed once at 50
psi and dried at 250° F for 8 minutes.

For the cationic polymer, the control used Nalco 7451 product, an acrylamide-
methacrylate copolymer conventionally used with ASA sizing. Emulsions 2-4 used
BUFLOC® 186 product as the ionene polymer and BUFLOC® 595 product as the
PEI in the following amounts: 99 percent by weight and 1 percent by weight, 97.5
percent by weight and 2.5 percent by weight, and 92.5 percent by weight and 7.5
percent by weight, respectively. Table 1 shows the various ASA sizing emulsion

composition and the hand sheet test results.

sohdsbeforeuse S T B I

Table 1
Emulsion |  ASA Polymer Water wt% ASA | HST
Control 3.75g 2.7g 203.55g 125 269
#.. | 3158 | 3208 . 293.05g | 125 239
43 375 | 320g |  293.05g 1.25 300
#4 3.75g 3.20g 293.05¢ 1.25 293
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Example 2 _
From a recycled corrugate_d container stock,. three hand sheefs, A, B; and C, -
were formed. The hand sheets were prepared according to <.the procedures as described
in Example 1. A Hercules Size Test Ink #2 was performed twice on each hand sheet
3 'wrth the results of eaeh test and the average of the two tests reported below in Table2;
__ - The composrtron was t_he same as described in Example 1, except the catzomc
" polymer rmxture contained 97 percent by weight BUFLOC@ 186 product as the.
ionene polymer and 3 percent by weight BUFLOC® 595 product asthe hxgh

[

molecular weight PEL- S o )

Table 2 L o
Hand Sheet . A B C Average
Weight (g) 1.725 1.606 1.547 1.626
#1 HST 3315 239.8 202.0 257.8
#2 HST 329.7 2323 209.5 257.2
Avg HST 330.6 236.1 205.8 257.5

Example 3

The hand sheets were prepared and evaluated using the same procedures as
described in Example 2. A Hercules Size Test Ink #2 was performed twice on each
hand sheet with the results of each test and the average of the two tests reported below
in Table 3. The composition was the same as described itr Example 1, except the

_ cationjc polymer rm'xture contained 97.5 percent by weight BUFLOC® 186 product
as the ionene polymer and 2. 5 percent by wexght BUFLOC® 5558 producl as the hxgh
) molecular weight PEL



WO 97/49865 ) PCT/US97/10493

-13-
Table 3
Hand Sheet A B ) C 7T Average
Weight (g) 1.725 1600 - | 1604 |7 1646
#1 HST 3134 | 1919 - 176.1 227.1
Cw2HST | 23200 | - 1756 - |- -164000 | 1908
‘Ave. HST . | 2727 | 7 1838 1701 . | - - 208.8

Exampled

The hand s'hee-xs _wérépx;‘epared and E%luaféd u‘s‘ingﬂ_‘hthé same prdc;:;durés as
described in Example 2. A Hercules Size Test Ink #2 was performed twice on each
hand sheet with the results of each test and the average of the two tests reported below
in Table 4. The composition was the same as described in Example 1, except the
cationic polymer mixture contained 90 percent bv weight BUFLOC® 186 product as
the ionene polvmer and 10 percent by weight BUFLOC® 5558 product as the high

molecular weight PEL

Table 4
Hand Sheet A : B C . Average
Weight (g) 1542 , 1.773 1.595 1.623
#1 HST 292.1 220.2 . 158.1 223.5
42 HST 2956 209.2 156.2 220.3
Avg. HST 293.9 214.7 157.2 221.9

This example demonstrates various cationic.polymer mixtures for use inan .
. . -

ASA sizing emulsion according to the invention. The cationic polymer mixtures used
were mixtures of BUFLOC® 186 and BUFLOC® 595 ccmtaiﬁing“(bv weight)
97.5%, 95%. and 50% of BUPLOC® 186. respecnvely, wuh the balance bemg

BUFLOC® 595. 'I'he rmxtures arg shown in Table 3 . T

. . ~. . - >

- . . » e '-‘ .‘ -
v o s *
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" Table 5: "Weights of polvmers for the makeup of the ASA emulsion polymer.

Mixmure BUFLOC® 186 ' BUFLOC® 595
- (grams) . | " (grams)

B e E Y B Y ")
w0 | 304 | 016
8 288 o 032 -

The paper stock was prepared by mixing 1714 g of 3.5% consistency OCC
stock to vield 60 g oven dried (OD) puip. This paper stock was diluted to 0.5%
consistency with the addition of 10.286 g of additional tap water (12 kgtotal), and
allowed 10 mix thoroughly to break up any fibers clumps. For each batch of five 1.5 g
handsheets. 1500 g of thin stock was needed.

The ASA emuision (1.25% active ASA) was prepared by first weighing out
293.05 g of water in a 600 ml beaker. To the water, the required amounts of
BUFLOC® 186 and BUFLOC® 595 were added. The water/polymer mixrure was
then srirrf.fd to dissolve tﬁe polymers into the water. To this waterpolvmer mixture .
3.75 g of ASA was added. Afier adding the ASA the composition was mixed at high
speed for 45 secdnds to form an emulsion.

A flocculent was prepared by weighing 2 g of BUFLOC® 594 into 198 g
water. This mixmure was then emulsified bv mlxmz ina Braun mxxer for exactly 20
seconds. After standmg for one hour. 20 g of the flocculent/water mixture were added
] to 180 g water and mlxed for 30-60 scconds to form a 0.1% mixture of ﬂocculem n

> T B

water. f

-,

... The handsheets were prepared by weighing out 1500 of 0.5% consistency
stock and styTing it in lab mixer. For 1.5 Ib/ton ASA handsheets. 0.45 g of 1% ASA .
’ cmuls:on were added.. For 3.0 1b/ton ASA handsheés. 0. 90 2 of 1% ASA emulsaon -

. .=were added, After adding the.ASA emulsjon. wenty scqonds passed 10 allow for )
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mixing. To this ASA handsheer. 7.5 g of the 0.1% flocculent in water (BUFLOC®

-- 594. a carionic acrylamide emulsion polymer having a weight average molecular

weight rariging from 5.000.000 to 7,000,000) were added. Thirty seconds were
passed to allow for mixing. The handsheets were separated iﬁto 5 parnts (300 g each)
to make five 1.5'g handsheets. The handsheets were pressed once at 50 psi. Three of
the five handsheets (A.B,C) were drieti at 240 °F for O'miriates, and allowed to

. equih"ﬁraté for at least 1 hour before nmmng the HST sizé tests.

For each of ASA sizing emulsxons containing cationic polvmcr mixtures 1, 2

y ==y

,and 3 handshcets were made wnh 1. 3 and 3 o lb/ton of ASA sxze added Aﬁcr thxrw -

" minuzes. another set of"handsheets were made 1] dcmonsxrate the Stabl.l!W o1 ASA .

sizing emuzsxons according 10 the i mvenuon Tvpmallv. as-emulsions age, the

emulsion droplets bczan to group together and form much larger dropiets lessenmg

‘the sxzmz ability of the emuision. Further. the ASA may 1tself hydrolyze. As the data

below demonstrates. ASA sizing emulsions of the invention maintain good physical
emulsion stability, good chemical stability and good sizing efficiency upon aging for

thirty minutes. The results are shown in Tables 6 through 17.

Table 6: ASA Siziﬁg Emulsion With Cationic Polymer Mixture 1

Hand Sheet A B e Avg. HST
1.51b ASA o |

#1 HST 129.1 146.3 87.0 120.8
#2HST = 136.5. - - 1292 - 83.6 116.4 .
Avg. HST 1328 ° = |137:8 = - |853 - ° 118.6
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Table 7: ASA Siziﬁg_ Emulsion Witi\ Cationic Polymer Mixture 1. After 30 Minutes

Hand Sheet A B . C Avg. HST
1.51b ASA |

#1 HST 1029 - 131.0 120.2 118.0
l#2HEST o fs24 . {m7e Tums - . - 1086,
Avg. HST = 927 124.0 © {1189 111.8

© Table 8: ASA Sizing Emulsion With Cationic Polymer Mixture 1. .

| Hand Sheet - |. . . A SURD - DU S R Avg.ﬁST-

R S A e | -
- fwmEST - 3132 326.0 2621 300.4
#2 HST - 293.0 1336.8 Classr 0 [20a3
Avg. HST 303.1 331.4 257.6 2974

Table 9: ASA Sizing Emulsion With Cationic Polymer Mixture 1, After 30 Minutes

Hand Sheet A B C Avg. HST
3.01b ASA _ |

#1 HST | 2457 | 2524 3280 - 275.4
#2HST | | 2443 257.9 _ 334.8 279.0

Avg, HST 245.0 255.2 331.4 277.2

Table 10: ASA Sizing Emulsion With Cationic Polymer Mixture 2

Hand Shee! A B : C Avg. HST

WSIBASA .« Lo e, e o e

BLHST - |128. 107.3 99.5 |16

#2 HST 100.8 1046 88.4 919

Avg HST " fu4s5 1060, 940 . [l04s
SN L



WO 97/49865 ) PCT/US97/10493

-17-

Table 11: ASA Sizing Emuision With Cationic Polvmer Mixture 2, Afier 30 Minutes

Hand Sheet A B . C . .Avg.HST.
1.5 Ib ASA |

#1 HST {1069 686 1980 124.5
wHST {957 |10 1955 - . |1223

Avg. HST 1013 “Ins . |18 11233

Table 12: ASA Sizing Emulsion With Cationic Polymer Mixture2 . -

‘| Hand Sheet -~ | - A B P Y oL A Avg. HST
3.01b ASA . i ] 1

Hwmast 2725 0 |2225 " | 2440 247.3
#2 HST 275.6 227.8 237.9 247.1
Avg. HST 247.1 226.7 241.0 2472

Table 13: ASA Sizing Emuision With Cationic Polymer Mixwre 2, After 30 Minutes

Hand Sheet A B C Avg. HST
3.01b ASA .

#IHST 125720 | 2288 221.0 2343

# HST . 257.0 2007 . 234.0 230.6

Avg. HST 257.1° © 21238 227.5 232.5
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HandSheet ~ *] ~ A " B C Avg. HST
1.5 b ASA

#1 HST 101.3 67.0 71.9 82.1

#2 HST 80.7 loiz - 1702 80.7
Avg.HST 91.0 79.2 74.1 81.4

Table 15: ASA Sizing Emulsion With Cationic Polymer Mixture 3, After 30 Minutes -

Hand Sheet

.4

A B o 'Avg HST

151b ASA B | |

#1 HST 176.8 - 80.7 538 103.8

#2 HST 148.0 88.1 43.4 932

Avg. HST 162.4 84.4 48.6 98.5

Table 16: ASA Sizing Emulsion With Cationic Polymer Miﬁmrc 3

Hand Sheet A B C Avg. HST
3.0 Ib ASA

#1 HST 1209.0 203.6 229.5 214.0

#2 HST 203.5 212.7 237.6 217.9

Avg. HST 206.3 208.2 233.6 216.0




WO 97/49865 PCTUSY7/10493

-10.

Table 17: ASA Sizing Emulsion With Cationic Polymer Mixture 3, After 30 Minutes

| Hand Sheet A B c Avg, HST
3.01b ASA
#1 HST 190.9 198.8 163.7 {1845
1#2HST® - .f1782- {1894 . (1700 - . [1792°
Avg HST.. 1846 . . - |1941 1669 181.8

.~ The bar graph in Figure 1 deplcts the resuits form Tables 6-17 Ascan be secn ‘
m szure 1,as the amoum of PEI (BUFLOC® 595)is mcreased the nme xt takes for -

the reflectance of thc paper (HST) to drop 10 B5% of its ongxna} vahxe drops The

second set of bars on the graph show the results from a second set of handscts which —

were made after the emulsion was allowed to sit for 30 minutes. - As the average value

for the 1.5 Ib/ton mixtures of Mix #2, and Mix #3 show. it appeared that the sizing
level actually increased after that 30 minute wait. However, as can be seen from
Tables 10 and 11 and from Tables 14 and 15, the average times for the handsheets for
each of these mixtures showed a great deal of variation. Mix #2, which had a weight

average time of 123.3 seconds after 30 minutes, actually ranged from 71.8 to 196.8

seconds. Similar results were seen for .Mixture.#l which ﬁa’d a range of 48.6 to 162:4

with a weight average of 98.5 seconds. Based on the results shown above and in

Figure 1. Mixture #1, the 2.5% BUFLOC® 595 mixture, gave more effective sizing.
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The claimed invention is:
1. An ASA sizing emulsion comprising:

25 to 99 percent by weight water,

0.003 to 60 percent by weight ASA,

0 003 to-50-percent by wexght of a cauomc pclymer mxxmre, the xmxture
compnsmg 75 to 99 percmt by weight of a Iow molecular welght ionene polymer and
1 to 25 percent by wcnght of ahigh molecular weight polyethylenemune polymer,

" and O to 2 percent by welght ofa surfactant

2. .An ASA sizing emulsic;n of claim 1, whércin the low molecular weight 1onene

| polymer has a weight average moiecular wci'ght oé iess than 15‘,000 and the high
molecular weight polyethylenimine polymer has a weight average molecular weight
of greater than 500,000.

3. An ASA sizing emulsion of claim 2, wherein the low molecular weight ionene

polymer comprises the repeating unit of formula I:

~ ‘R1 R3]
g2
A——N+——B—rN+ NG §
R2 R4

wherein: .

' R', Ré, R, and R* are identical or different, and z;re selected from H, C,-C,, alkyl
optionally substituted with at least one hydroxyl group, and benzyl optionally sub-
stituted on the benzene moiety with at least one C,-C,, alky! group;

-
.-

* C L " S *
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A is a divalent radical selected from C,-C,, alkylene, C,-C,, alkenylene, C,-C,,
alkynylene, C,-C,, hydroxyalkylene, symmetric or asymmetric di-C,-C,;-alkylenether,
aryiene, arylene-C,-C,s-alkylene, or C,-C,,-alkylenearyl-C,-C,, alkylene;

B is a divalent radical selected from C,-C,  alkylene, C,-C,, alkenylene, C,-C,,

. alkynylene Ci-Cio ] ydroxyalkylene arylene arylene-C,-Cm-alkerne or

C,-C,D-alkylenearyl-c,—cw alkylene; aitd : |
Xz ,isa dwalent counter ion, two monovolent coumnter ions, or a fractxon of a

) polyvalent counter tonsufficient to balance the catxomc charge in the repeating unit

" which forms the ionene pofymer backbone

4. An ASA sizing emulsion of claim 2, wherein the low molecular weight ionene

polymer comprises the repeating unit of formula II:

A N+ (II1)

- whereio: .

R' and R? are identical or different, and are selected fiom H, C-C,, alky!l
optiorially substituted with at least one hydroxyl group, and benzyl optionally sub-
stituted on the benzene moiety with at least one C;—Cz,, alkyl group;

A is a divalent radical selected from C,-C,, alkylene, C,-C,, alkenylene, C,-C,,
alkynylene, C,-C,y hydroxyalkylene, symmetric or asymmetric di-C,-Cy;-alkylenether,
arylene, arylene-C,-C,¢-alkylene, or C,-C,¢-alkylenearyl-C,-C,, alkylene; and

X', is a monovalent counter ion, or a fraction of a polyvalent counter ion sufficient
to balance the cationic charge in the repeating unit which forms the ionene polymer
backbone

AR
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5. An ASA sizing emulsion of claim 2, wherein the low molecular weight ionene

polymer comprises a repeating unit of formula ITL:

" cn;-\ /——\ CH
. . : 3
N+ Q N+ or N+ <
lng lx—h —

Q is «(CHR'),-, -CH,-CH=CH-CH,-, -CH,-CH,-0-CH,-CH,-, -CH,-CH(CH)-CH,-, or
{(CHR'), NH-C(O)-NH(CHRY), 3 o

B'is {-[CH,-CH(OH)-CH,-N'R’,-(CHR"),-NH-C(0O)-NH]}-, X" } or
{-l(CHR),-N'R’,-CH,-CH(OH)-CH,}-, X'},

nand p independently vary from 2 to 12;

R' is independently ﬁydrogen or a lower 'alk&l group;

X’_‘ is a divalent counter ion, two monovalent counter ions, or a fraction of a
polyvalent counter ion sufficient to balance the cationic charge in the group R; and
. ..X is a monovalent counter jon, one half of a divalent counter ion or a fraction of 2

polyvalent counter ion sufficient to balance the cationic charge in the group B'.

s

3 . . - , -

L]

L M

I
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6. An A;SA sizing emulsion of claim 2, wherein the low molecular weight ionene
polymer has a weight average molecular weight of less than 10,000 and the high
molecular weight pelyeihylenimine polymer has a weight average molecular weight
of greater than 1,000,000,

_.:7 An ASA sxzmg emulsxon of clarm 6 ‘wherém thq lew molecular werght ionene

' polymer has a charge densxty ‘of greater than 5 meq/g at pH7 and the high molecular
' werght polyethylemmme pelymer has a charpe density of about 5 meq/g atpH7. ’

e T

8. An ASAsizing emulsion of claim’ 1 wherein the low molecular weight ionene
polymer is the reaction product of epichlorohydrin and dimethylamine and the high

molecular weight polyethylenimine polymer is crosslinked with ethylene oxide,

5. An ASA sizing emulsion of claim 1, wherein the surfactant is an anionic

surfactant.

10. An ASA sizing emulsion of claim 2, wherein the ASA has a particle size ranging

‘from 0.5 to 3 microns.

11 An ASA sizing emulsion of clau'n 1, wherein the ASA has a ﬁarticle size

ranging from 0.5 to 3 microns.

12. A method for sizing paper comprising the steps of contacting a pulp slurry with an
ASA sizing emulsion of claim 2, and forming the pulp into a paper sheet.

€
[4

13. A method for sizing paper comprising the steps of contacting a pulp slurry with an

ASA sizing emulsion of claim 1, and forming the pulp into a paper sheet.

~ at - - bd
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