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(57) Abstract

has a particle size ranging from 0.5 to 3 microns. A method for sizing paper using such an emulsion is also described.

(54) Title: ASA SIZING EMULSIONS CONTAINING LOW AND HIGH MOLECULAR WEIGHT CATIONIC POLYMERS M

ASA sizing emulsions containing low and high molecular weight cationic polymers are described. An ASA sizing emulsion of the
invention contains 25 to 99 percent by weight water, 0.003 to 60 percent by weight ASA, 0.003 to 50 percent by weight of a cationic
polymer mixture, and O to 2 percent by weight of a surfactant. The cationic polymer mixture contains 75 to 99 percent by weight of an
ionene polymer and 1 to 25 percent by weight of a high molecular weight polyethyleneimine polymer. In the sizing emulsion, the ASA




the pulp fiber. Brief Description of the Drawings Figure 1 depicts the
results fr /358 ul es Size Test using an ASA sizing emnmul sion hawng'6

m xture of cationiC polyners according to the invention. FNIBE3
PCT/ US97/ 10493 -2- Summary of the Inven¥ton The invention answers the need
for inproved ASA sizing emul sions by providing an ASA sizing enul sion which
di sperses well and gives efficient sizing of the finished paper product.
Additionally, the invention provides a nethod of sizing paper using an ASA
sizing enulsion of the invention. Mre specifically, the invention provi-des
an ASA sizing enul sion conprising water, ASA, a cationic polynmer m xture,
and optionally, a surfactant. The cationic polyner mxture contains a | ow
nol ecul ar wei ght i onene polyner and a hi gh nolecul ar wei ght cationic

pol yner. Detail ed -Description of the Invention The invention provides an
ASA si zi'ng enul sion which disperses. well and gives efficient sizing of the
finished paper product. An ASA sizing emulsion of the'invention contains 25
to 99 wei ght percent water, 0.003 to 60 weight percent ASA, 0.003 to 50

-wei ght percent of Faguf&ﬂuﬂgscmtaafrbmﬂmms SizeTegh(H8T)i oni c pol ymer and - -
a hi gh nol ecul ar wei ght cat.iopi ¢ pol yner, .and 0 to 2 percent by weight of a '
surfactant. An ASA sizing PR armed on haadsheet.ion i s particularly well
suited for use as an. |nternal 3|ze in papernaklng Such a mater-based
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contain solids (e.g., ASA and cationic polyner mxture) ranging fromlevels
as low as {y@eye0ees by weight and to levels as high as 75 pepg@RisoYosss

wei ght. Enmul si ons havi ng about 50 percent by weight are preferred. In the
ASA si zing enmul sion, the ASA has a particle size ranging fromabout 0.5 to
3 mcrons. Preferably, the particle size ranges fromabout 0.8 to 2.5 -
m crons and nore preferably is about 1 mricron. ASA material, as is known in
the art, represent a class of chem cal conpounds having t he foll-ow ng
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al kenyl, aral kyl, or arakenyl group. However, any ASA nmaterial may be used
i n an ASA sizing enmul sion according to the invention. Sources of- ASA

Fncl ude, fw&_&ﬁ%rmrl e Corporation, Baton Rouge, Louisiana and
D xi e Chem npany, uston, Texas. WO 97/ 49865
PCT/ US97/ 10493 -Bhe presam ir\GAtich rslatgs snethwisions of alkényl swvemi¢ amhydrilee ASA nay

be present from0.003 to 60, weightpercent. Mre preferably, the ASA is
present 10 GASARnIhesuss©rsizsRaPEh MeBY Rariicwardy. dbn ipventiom tolstes 40 2p ARt ght
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conponent an ASA sizing emulsion of the invention is a mxture of a
wat er - sol ulBakgonedoo{|tind Inventidmvi ng a wei ght average nol ecul ar wei ght bel ow

15,000 and a wat er - sol ub] . oI et hyl eni m ne ( PEI avi.ng .a_wei ght average
nol ecul ar wei ght% Bs& Af‘%&ﬁ’“&@}%@@,”@@@?‘é\%&%ﬂ ‘geﬁ%%ktegrmt‘xgnp %00, 000.
Nos. 3,102,064; 3,821,069; 3,968,005; and 4,040,900. Though they have been widely

used in the papennalc{ng 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.



The cationic polynmer mxture may be present in the enulsion in anobunts
rangi ng from. 0. 003 to 50 wei ght percent. Preferably, the el | ymer
rﬁxturevlvggﬁ(f’%séént in anounts from 10 to 35 wei ght percen?,é&.}é%g%%r%e)
preferably from15 to 25 weight percent. Wthin the polynmer m xture, the
I onene polyner is present from75 to 99 wei ght percent on a dry pol yner.
basis and the PEI from|l to 25 wei ghtspercent on a dry polynmer basis. The
pol yner m xture preferably conprises &2.5. to 97.5 wei ght percent on a dry

pol ynmer ?si s_of Ade ivonene polymer and 2.5 to 7.5 wei ght percent on a dry
pol ymer Basr - mol ecul ar wei ght i onene polymer or mxture of
such-ionene pOIRdREENHIRYanIRerd $RInded fOY Biprdved ASA SiZip/&RhikRAs byyonene

pol yners have often been used to as mcrobicides to control or prevent
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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.



| ow nol ecul ar wei ght ionene polyner is a |linear polyner. The ionene pol yner
has a weig e nol ecul ar wei ght of |ess than 15,000, p Bﬁ ess
t han 10, oog}o ﬁsggre preferably has a wei ght average nol ecuﬁg%ﬁ{*gp ?J
rangi ng from5,000 to 8,500. The ionene polynmer has a charge density at pH
7 of greater than 5 neq/g, preferably ranging from5 to 10 nmeqg/g, and nost,

preferably 6-7 megq/g. A first preferred3type ef ionene poI ymer conprises.
the repeating unit of formula 1: [err] . nlIn this
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Cerr]-Cerr]-al kyl enearyl - er ! CJerr]-al kylene. Preferably, "B" is WO
97/ 49865 from 0.003 to 50 welght percent. Preferably, the cationic polymer mpr(gqrpmﬁ%493
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percent. Within the polymer mixture, the ionene polymer is present from 75 to 99

weight percent on a dry polymer basis and the PEI 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 irrrpart their biocidal properties to an ASA sizing emuision of the invention.

~ Ionene polymers may be classified according to the repeating unit found in the
_polymer. The repeating unit results from ﬂ}c reactants used to make the ionene
polymer. Ionerre polymers or poly;nerie quaternary axrxrrxonium 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,



arylene-Clerr]-Clerr]-al kylene, or CJerr]-(err]

al kyl enearyl-Cerr]-Cferr]-al kyl ene. Most preferably "B" is

-CH err] COM2w49865CH err ] CH err] CH err] - CH err] CH err] CH er rRGCHAPIKTAP493or
-CH err](CH err])[err]CH err]-. The counter ion, Xerr],is a dival ent
counter ion, two nonoval ent counter ions, or a fraction of a polyval ent
counter ion sufficient to bal ance the atlo.nic charge in the repeating unit
whi ch. fornms the ionene pol ynmer backbon Preferably, Xlerr] is two
nnnovalent anlons selected frqoqm a allde anion.and _a trihaljde ani on and
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One nethod is to react a diamne.of the forrru

Rl er ] R[ emdrivpifompblyrie Rwsighit awetage mommmmmmﬁmm t8/60R. | onene
polyners vi.ng this repeati uni t . and ds fa e|r e tion are

descri bed, Fé‘? é’ﬁ%’l’%ﬁeﬁﬁ é;% 3%&58}113& ﬁ‘:?t 45@75 ’i&%f

4,025, 627 dlsclosures of which are

[ ncorporatmné‘% g% rg@ﬁ lﬁgﬁﬁ?ﬁgﬁe |onené§ ol yners with a repeati ng

unit of formul eAﬁrst@re;fa&éd@péafiomemptﬂymeecbmmmm&xepeﬂamgunﬁof
pol y[ oxyet hyl ene- (di et hyl i mi ni o) et hyl ene(di net hyl i m ni o) et hyl ene

di chl ori déormuladhi s i onene polyner of fornula I, Rerr], Rerr], Rerr] and
Rl err] are each nmethyl, Ais -CI—|[err]CI—|[err]OCH[err]CI—|2-, Bis

-CH err]CHerr]-,and X[err]- is 2 (Jerr],and the average nol ecul ar wei ght
is 1,000-5,000. This iofiene polyngrik is avail aRBe Tjrom Buckman Labor atori es,
Inc. of Menphis, Tennesgsee as Bus?n[errx] 77 pfodugt or WBCP[err] product,
which are each 60% aquepus di sper i ons“of thejpolynmer. Another particularly

preferred i onene pol ymef hayi Jepe | it of farmula | is the
%{ﬁieﬁ], ﬁa%I rri nd_‘]li[err] arégéach met hyl , A

i onene pol yner where
-,Bis- [err]Cl-l[erri-,and Xerr] is 2 Cl[err]

is - CHerr]CH OH CH ery]
This ionene polyner is reacti onjproduct of
N, NN, NNerr]-tetranet hy] -1, 2- et hah&di am ne w

(_dhlnoromet hyl ) - oxirane,

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,,
alkcnylene C,-Cy, 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 diy_alent C,-C; alkylene,
C,-C; alkenylene, Cz-Cs hydroxyalky}ené, or symmetric di-C,-Cs-alkylenether, 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



and has a wei ght average nol ecul ar wei ght of 1,000-5,000. The polymer is

avai | abl e woN9/486519865 97/1049
PCT/ US97/ 10493 - 6- from Buckman Laboratories, Inc.as Busan[ er r(IT"/J product

and WSCP[err] 11 product, which are each 60% aqueous sol utions of the

pol ymer. A second type of ionene polynmer conprises the repeating unit of
formula I'l: [err] In formula Il, the defisnitions of Rlerr], Rerr], and A
are the sane as those defined above for fornmula |I. X is a nonoval ent

counter i on,CdDgalkylehe, d,-@; dlkehled] CLOURYEbxyMlerd aldneact i on of a

pol yval ent counter i on sufficient to balance the.Catronic charge of the
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alide or tr
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oo o, o 0 AR B

R[err]R[err]Nvat oeboxi’ e suc rin.  lonene

havi ng the rdraetbhbfapolyvaleht dountelich dufficient 16 dalanidmed cafiific EXRpPlrethei N U. S.
Patents ‘Nos. 4,111,679 and 5, 051, 124, the di sclosures of whi-ch are .-

i ncor por at edensating Byit Wi oras thepprane pobaner baelhe npoP;ﬁf@ﬂ@YhX?/uhgw he.
:nee?ﬁsfl ng\ :.Inl t of ffrrrul %ﬁ;ﬁiﬁﬁh%&ﬁ@m&%’ga‘g%ﬁ%“ b_wgée each
obt ai ned as ?eféx%.BEyt cRIdriRg Bﬁibh‘bim@é Tonehd Bk R Habitg %ﬁihde counter ons are

(chl or onet hyI )oxi rane, and has a wei ght” aver age rml ecul ar weli g'h of

2, 000- 10, OO@escribed m[l;ﬁré”ratent Nav3,778 476, the disclBsirk pwhichlioimbfyorated hésec. as
t he Busan] es)y | el(_)é'l?é'a:epr oduct, a 50% aqueous di spersion of the pol yner.

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



Anot her preferred ionene polymer having the repeating unit of formula Il is
obt ai ned as a reaction product of dinmethylamne with epichloroh dr| n, Wnere
Rlerr] an¥ORFEP46; are each nethyl, A is - CH err] CH( OH) CH e®CIUSEH

Clerr]. This ionene polymer has a WO 97/ 49865

PCT/ US97/ 10493 -7- 5,000 - 10,000 average nol ecul ar weight, and is

avai l.abl e from Buckman Laboratories, Ipc. in a 50% aqueous sol ution as the
Busan[err] 1055 product. A third type of ionene polynmer conprises a

15 el ot ' S G o o, 5 11

-CHerr] - c%réi%eghqg(ﬁﬁé %—@%Fﬁ&nsgt-%? TIr"|CH(O_|) CHerr]-, or

(CHR[err] err err| e group B is

{-[CH err] - CH( GHjecthd typeof Mnene péllyarer bortifiilids ehier fep fating Junitidf Gor@)uldH] -

X[err]] or {- [(CHR[err])[err] Nerr]Rlerr]-CHerr]-CH OH) -CH err]]-

“X[err]). The variables n and p independently.vary from2 to 12. Each Rl err]

is independently hydrogen or a |ower ahkyl group. X[ err] is a divalent

counter ion, twe nonoval ent ynte}: ions, or a fraction of ‘a polyval ent
n,

‘counter-ion-suffici.ent {to bal‘ance {f he gationi-c charge in the group R

X[err] is a nonoval ent |counter i0 . 0ng hal f of a I val ent counter ion or a
fraction of a polyval € At er-NonsuTTi ci ent ¥ ’bal arce t he cati oni c
charge in the group Blerr]. Preferfably,} R err] is hydrogen or Cerr]-Cerr]
alkyl,nis 2-6, and p ils 2-6. Mbst

2preferably, Rlerr] is hydrogen or
-~ n

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 ionene polymer has a

-
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- 8- rrethyl and pis 2. Preferred counter ions for X Tusafgosds €r r ]
are the sane as Sf‘%ose di scussed above for fornulae I and I1. %ﬁzze s%o?‘mners :
of fornmula Il are derived by known nethods from bi s-(di al kyl am noal kyl)

ureas, which are also known as urea diam nes. |onene polyners of the
formula 111 and nmethods of their preparagion are described in U S. Patent
No. 4,506,081, the disclosure of which is incorporated here by reference.
Preferred i 9366¢ 1890805, élﬁrs;eagxa}ta:exgherﬁﬁa';mmmtﬁoq{sm&ﬁma 111 are
those where R I's urea dlanlne and B[errjis CHerr]CH(OH)CH err], and X err]
is Clerr]. Daisirhiohies he.mu SB%ciquecus sobriontas theeBusah®cl 055 ABIAIELpr oduct and
BL[err] 1090 product are 50% aqueous di spersions of this |onenengolyner
The i onene pol yndérthird typsiofiipranc pelyamner cawIPHSHH AEBERHES Upit of formula
NN[err]-bis-[I-(3- (di met hyl ami no)- propyl)] urea and epichl orohydrin, such
i onene ‘pol yner having a wei ght average nol ecul ar wei ght of 2,000- 15, 000,
preferably 3,00Q-7,000. The fronene polymers conpr|5|ng the repeating unlts
. of. fornulae | 11 -or 111 : Bo-beBC .¢IIIhave a specific end
group. Capplng may be achi e ed by means kn N |n the art. For exanple, an
" excess of -either reactant used to nake the:iBnene pol yner can be enployed,
to provide a capping group. Al ternatively, a-calculated quantity of a
monof uncti onaf- tertiary “am ne or nonofunctional substituted or . .
unsubsti'tuted.al kyl" hal'i de can be reacted wi-th an i onene pol yner: to obtain”
a capped i op@gRiPRIiyNer.. | onene pol'yners can be capped at one or both ends.
Capped i onene pol yners -and their mcrobicidal-properties are described in
U S. Patents Nos. 3,931,319 and 5,093,078, the disclosures of which are

i ncorporated here by reference.

CH, . CH,3

X2- CHs / \ CH
N+ Q N+ or \N+ '<

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
dlvalent 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 dxvalent counter ion or a fraction of a polyvalent
counter ion SUfﬁClent 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



A particularly preferred i onene polyner for the ASA sizing emulsion is the
reaction of epichlorohydrin and di net hyl am ne havi N

aver age n‘gf)gg’gﬁﬁ wei ght of about 8,000 and a charge densi ?’%@gﬁ}ﬁ%g 6- 7
meq/g at pH 7. This ionene polyner is avail able from Bucknman Laboratories
| ncor porated, Menphis, Tennessee under the BUFLOC[ err] 186 tradenane. The

BUFLOC[ err] 186 product is a 60 perceng. by wei ght solution of that ionene
pol ymer in water. WO 97/ 49865

o el gnt BYSVEALR fifien TR TR on R OB MR P MY (e er

than 1, 008iséM¥sed Mbwsie for Rirmuik/Ivndthe (PEl) -has a wei ght average nol ecul ar-
wei ght of about 1,400,000, The PEI[err] may be crosslinked or
-uncr ossl'i nked. TREPOB %Qﬁmmmm@ﬂ%ﬂomﬁﬁw%ﬂﬁmom many sources

and i-ncl ugde RPO.YM N. po d. LUPASOL[.err. et hyl eni m ne)
avai | abl e ‘Fr@gp@g&ﬁé&b %15%%°%ﬁ%?ﬁb1agﬁéﬁ?nqﬂ%é’ € ncl ude, but
are not naki on. .
por v n PENEERE R &5@9%?%“?*5? %@%gg%fé?%”ﬁ?gf%ﬁ%‘emm%mt HRDS Rave

wei ght avPstagieNoDd,506)081, thedxg:ﬂbsmrabfwbmhhs ifsOrpotided Herphy teferenae.l y preferred

PEl is the BUFL err] 595 product av abl e, from Buckman _Labor at ori es
- I ncor por at ed, Q%P%IOD‘F% pRlixmsEs h aBE)SL‘&{@F?‘}“%%“&B’Hﬁ‘él?m@“?@"ﬁeercent by

vt ot adygalon Sk URRAL aREl: SOREHOKSRHIER £LOK IR SR char g
density OBua&ﬁa'ﬁ Labdratdries, th pNsTAmoaudmﬁA BLD 10590 ﬁ‘o@uct'ﬁfb 8% si zing

emul si.on of the invention may al so contain fromO to 2.
aqueous dispersions of this tonene polymer. The ionene polymer is obtamed asa

reaction product of N,N'-bis-[ 1-(3-(dimethylamino}- propyl)] urea and
epichlorohydrin, such io”nene 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 preferréd ionene polymer for the ASA sizing emulsion is the
reaction product of epxchlorohydnn and dxmethylamme havmg a wexght average
molecular weight 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'n?;ne polymer in water,



percent by weight of a surfactant. Preferably, the surfactant is present I n

about | pekrgEBhadays Wei ght. The surfactant for the ASA sizingg Emsﬁ?
be an anionic, cationic, nonionic, anphoteric and zw tterionic sur ant

and m xtures thereof Pref erably, the surfactant is anionic or nonionic or
a mxture thereof Mst preferably, the surfactant is an anionic surfactant.
Exenpl ary surfactants which may be used-9-n the ASA sizing enul sion are
described in U S. Patents Nos. 4,040,900, 4,606,773, and 4,657,946, the

di scl osures of
Mt CUTCHEON' S, D\é@rERgéNT% AND %ﬁg@?&%ﬁﬁ%gmg& ﬁ%ﬁuﬁé&%ﬁ iR ®by Allured

Publ i shi ng rfﬁbieqadmamlgh‘(, gmtjter:ﬂllmin; §00, ﬁ?%rmeﬁemb@d%rbmeﬂiay lr(ﬁ)[)ﬂ?ﬁnhbst Exerr}:)l ?HS/

e a ether s es et her carboxyl ate
and ol kyl - GREFOpi S RIS WP bt ASSEe BrPT DT S8 ot abeh GO0 Fhfat ant
+s an al kylp SI@}:H:? e,foé}B Foramdc ?x?ssﬁx'ﬂ?%a. PEIRLAPERGL £L E&H&'erc?éli}c’&%h%l@

Phosphate € e genera

. R CHerr] ﬂ%rﬁﬁfahl'%)x[cmddaﬁtmé PULAIVIN pbly(éthplegittige)aind TUPALOLTR i s an
alkyl or allcyla group,’ n is the nunber -of noles aof et hyleneoxide, and-M
is hydr ogemoly(ethy\é'xgmmapaaﬁable from BASF Corporation. Suitable polyethyleneimines

thi s gener s B ggﬁﬁbfegeﬁboiﬂpréﬂw@fﬁkeh%@@{ﬁgip%ﬁ rﬁif.s o
I8 S8y UndRiorigiBHC O;%P%@@mMP%X&%mS 1igg 0d uct_

ASA si-zing e I nvention ' may b€ prepare u5| ng tec n| ques

“known in t hﬁd&ﬁteﬁb@hﬁﬂt@eﬁﬂﬁlcﬁﬂ&hﬂghﬁﬁab@m%@;mg hmartiautirdyls conponent s
descri bed above and then_enul sifying the m xture. The enul sions should

preferably pbefem@a’ﬁbxsdhem?l&@@r596mcba‘eplableémna?nﬁﬁeauzb%tonewe| may
decrease letxcr})qtnora ed, Memphxs Tennessee. BUFLOC® 595 product is 25 percent by weight

aqueous solution of PEI 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,

o cationic, 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 rcference

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 the.gcneral formula RO(CHZCHIO),,PO3M2 In‘the gencral formula, R is an alkyl o~
or alkylaryl group, n is the' Aumber of mqjés of ethayleneoxndc, and M is hydrogen,



To size paper using an ASA sizing emul sion the enmulsion is usually added
before the paper_ sheet formng step in a papermnaki ng process. The sizing
emul si on "H& 7’%§6%d_ded as far back.in a papernaking processpﬁg’u§?17é‘°f‘ﬁ ck
stock but is nost often added just before the head box of a paper machine.
As is known in the art, a sizing enulsion should be added in such a way _to
I nsure proper distribution on.the fibgps. To insure proper distribution, a
sizing emulsion is conmmonly diluted to about 1-3 % solids, then added

before the screen r_fan.pu hust. prigr tao.t.h ulsp.slurr ntering the
head box. ofRiER & Paiep roU g PR, Eicss e tsm et tin Etprelietuilp el o or 1 an
punp ai dSphthined Hbofrl RHéRBoul&R, EraibBity, A0 Jérsdy drilleAERIFODAFACr M
di sttibution on the paper fibers. The followng exanples illustrate the
pr epar at i tpadenanie,foe exdmpls, REODAPACRRA10 pioductaccor ding to the invention.
The exanpl es describe the_preparation of hand sheets using_ a, standard ASA
si zi ng emul si oASAndizing smulsionspithe InveRfion mey-beRrepaod uolng fechimques exanpl e
denonstr p ' . of -+ hzd NG ' ccording to
~“the’ i nver _|°§“r’111.i H’el'—‘T(})'rQ E@O%lglt; mgltli).S r‘ng%ﬁ?%gg%fs?’h%%f %é%%f’%‘#@#@%ﬂ%& I
current  yasdabédabdve aRd BRhGikdi166/iag theisturs ETheemalsival Eidilld preferiigs ur e
sizing efficiency, the Hercules .Size Test:lnk # 2 was enpl oyed. For these
tests, a papsedprompty afierheing prepared.yasithaisizing leyel may deweaseovithetimer s ( OCC)

diluted to 0.5% consi stency, was,used al.ong-wW.th the ml|’ rocess Water.
A retontion af 40 SHOREDRIUSKTE anghoA SoRe AHUINGE e emutnon Brsualiadiedor - st udy

BUFLOC] eryle. 590, R eSrmin %?e%‘é s - The sig: R
PCTI US97/ ﬁ#ﬂ%%ggﬁﬁlg%ﬁéﬁtg n po‘% g}%?{zéé | ngalémg gﬁcgsnsl cmgcsr%ll?%?nmalemoél opol yner
w th cat i miaybeddaal 34 fat Back in a papermaking process as.the thick stock but is most

often added just before the head box of a paper machine. Asis knownintheart, 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 invention. Fm: gorppatison purposes, an ASA sizing em_ulsion as
) -’c-u}renﬂ'yfm'aﬁ;: ;n ;he paj-).er.maldnlg ar} w;ls use;i asa c<~>ntﬂr.ﬁl. To measure sizing |
efficiency, the Hercules Size Test Ink # 2 was employed, For these tests, a
pape-rgxillzs,fznrﬁsh of recy_c_led old corru_gated:_.‘c;ontainers (OCC), diluted to 0.5%
ébnsit;ftency, was used 'along ‘with the ;ﬁli’s process \yager. A tetention aid,

'BUFLOC® 590 product was used in this handshezt study. BUFLOC® 590 product is

Y



groups having a nol ecul ar weight greater than 10 mllion and is available
from Buckmag, q.;,pggg ories, Inc., Menphis, Tennessee. For this

study, the ol ased BUFLOC[ err] 590 product was |et down inP&g’?]ggp%%an

m xing and diluted to 0.1% solids before use. ASA sizing enulsions were
made by m xing the conmponents listed in the table belowto arrive at 1.25 .

wei ght percent active ASA. The m xture. wag. enul sified for one m nute using
a high shear Utra-turrax Type 45--58 emnul sifier, manufactured by Janke and

Kunkel 1ka - . C.nGl nnati_,
Chi 0. The arpon Loel Bofime RevRKa coohif s Rimide LR AR ol iy fate,
BUFLOC] er r] gadépsthavinlgi omoleoulir treighb gredtes hﬁatxs.mimmmhrﬁiheabﬁlm Romr essed
once at 50 psi _and dried at 250[err] F for 8 mnutes. For the cationic

pol ylrrer t hSBuskmandiabomieriasainee higTeanessee. drprabisandshdes-studyt Heail| at e
BURLOL er 1| P BURREICE 280 Bindlhl et B vt Pecar it piting e 1086 0 e

as the PEl iggligdwetbRidggi ng anpunts: 99 percent: by weight and.l1-percent. by
viei ght, "97. 5. percent by wei ght and 2.5 percent” by wei ght’, “and 92,5 pércent -

by wei ght and 7. SAfé&isizing ethylsions glete madshentiting the cohonents listed s tlidteble
vari ous ASA_sj zi ng enul.sj on conposition and the .hand sheet test Eesults.
Tabl e 1 Enulbglognto arrive at 1.2%weight percent acpm@ﬁér The mixture was emulsified fogt % ASA

Zg-r Control 408 mmute:ﬂszx%ga.kggli Bhear v gm?éér)@g 45 ‘5?89 emtﬁs%eﬁgnanufacjﬁggg bys - 2 6..9 g
3:%5¢9 'Jam& 20K unke} Tka La%8ﬁe&5ﬂ<, and a‘vallaialezéom Telqn%@@oﬁﬂaany N A

3. 20g 293. 05¢
’ _ Cincinnati, Ohio.

The amounts of sizing and retention aid used were ASA 6 lb/ton, and
BUFLOC® 590 2 lb/fbn 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.

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




WD 97/ 49865

PCT/ US97/ 10493 -12- From a recycled corrugated contai ner stock, three hand
sheets, MORJM988% C were formed. The hand sheets were preBaFESOHMA% di ng
to the procedures as described in Exanple 1. A Hercules Size Test |Ink #2
was performed twi ce on each hand sheet Wth the results of each test and

. the average of the two tests reported Eel ow in Tabl e-2. The conposition was
the sane as described in Exanple 1, except the cationic polyner mxture

cont ai negﬁw Ber;cent by weight BUFLO([err] 186 product as the ionene
- pol yner cent by weight BUFLOC err] 595 product as the high _ _

rcr:DI ecul ar wei gptf%x?gg%c g@?gﬁnﬁ%ﬂ@d‘%x&iﬁ@ﬂsm& three hand shébts, AB (%dc B

1. 547 were formed. . Pitohahtl shiéeks were prepared Sa:brding to the procedur%@% described
202.0 257.8 #2 HST 32 232. 3
209.5  inExampleiy AQngleﬂgze Test Ink #2 wmr@nned twice on egcichand sheet

0B ocHh el R A RS S R R B S S R B 0 e
'perforﬁedmwcs §itiBA Was e i W elesoMbel if Eﬁaxﬁgl%bﬂ Eﬁce?_fth@%ﬁﬂ'bﬁx@ﬂ -and the

average of the fwo tests reported below in Ta he conposition was the
same as dpsigmebaixture Wﬁpm bpweighs BLRLOGRC] 86 girgdnet asithet ur e

" contai.ned 97.5 percent by wei BUFL 1 duct .as .t’he.ionene
pol-yner aidgene BRlymeE wil 3 B?CGE &1 %{% gl%?%ﬁa%gg @atmhlaé the hi gh
ol ecul arm\A’fécﬁﬂ}“PFngBI - -

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 int 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
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PCT/ US97/ 1 - 13- Tabl.e 3 Hand Sheet A

C %%29\7’4%%& Viéi ght (g) 1.725 1, ad’sFT’Usg"”&‘”

1. 604 1. 646 #1 HST 313. 4 191.9

176.1 227.1 #2 HST 232.0 175. 6.

164.0 190,5 Avg. HST -13- 272. 7 183.8

170. 1 208.8 The hand sheets were prepared and eval uat ed using
the same procedures as described TabBdample 2. A Hercul és Size Test |Ink #2
was pe--e+red—i-w-ce-ror—each—hard-sheet—w-th—the—+esut-s—of Tae-h—t—e-s-t—-a-nd

t he avé r}maS(hbctt he tvvo t esAs repo\rted bBI ow | n Tabl eC4. The conmetageon yas
t he sape—as—descrrbgd—n t)ﬁjrllpl e it—except—t frercati-ome pUl. eErRTXe e

cont ai ned YWaghtgtent| by vieldfht BUFLOC] 649 186| pr odli6®4 as t he i Oh&AE -
pol ymer—ard—_ LU _percgnt Dy _Wel gnt burLeﬁHerrJ SPp58 prouuct ay tne n| (I;n
nol eculjar \ﬁéi%ﬁ PEI|. Tablé4 Hand Sh 176

.C T TR .e_rage.V‘m (9) 1. OAZTT T L.{/73™ _ .
1.'595 #2H3T 7 623 #F Eu@r | 17;5&2 17164005750 5 1988 A
158.1 223. T - 5.6 : 209. 2 . ‘
156.2 |__Ave-HSTood 3 AP?QE 5HQT | 183893 g 1701 “of, 2088 :
157. 2 221.9 This exanpl e denonstrates various catiohic polymer

‘m Xt ur for .yse in_an ASA sizing emlsion according to the invention. The
catlonrﬁxﬁﬁml%#er m xtures used were -m xtures of BUFL([ err]” 186 and

BUFLOC] er r] Q558 %hai0ies ﬁr@ﬂar!@kﬂf'é\)aluatcd 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 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

Example 5

This example demonstrates vanious catignic polymer mixtures for useinan .
g ! : ] . _

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 EOUNES

- . e . _- >
~ . . » e -.‘ e -
v o e * -



97.5% 95% and 90% of BUFLOC[ err] 186. respectively, with the bal ance

bei ng BUFLOC[ err] 595. The mixtures are shown in Table 5.

WO 97/ 49865

PCT/ US97/w045R98684- Table 5 Weights of polymers for the nalkenpss?/ie4az ASA

enul sion polynmer. M xture BUFLOC[ err] 186
BUFLOC[ err] 595 (grams) (grams) #1

3.12 #2 . . 3.04 -14- 0.16 #3
2.88

of additi drable 3:ap/engtie pf pdlgmiers fpotlmlmakeap@fmelmarmxwm polviner.oughly to
15g-handshest-s i

0.32 The paper stock was prepared by mxing 1714
g of 3.5% consistency OCC stock to yield 60 g oven dried (OD) pulp. This
paper stock was diluted to 0.5% consistency with the addition of 10.286 g

for

SA T NeE . composli.t-l on wag m xed at gh speedF or 45 se’c&%s to forman

emul gi on. A-flo ul ent _was |pre ared B¢"%wei ghi n g of BUFLOC err]

" br ea Lp.any f.ibers cl LIPS Egot-.gach.--bat-ch-offive 500 g
of thin stockmﬁrmeeded [he ASABURDOGRABs( 1. 25% actlngM@aes pr epar ed
by filrst wei ghing out 293. (ﬂS g of water in a 600|{m beaker. To the water
the required anounts of BUFLOC err] (&®8sland BUFLQC] err] 5@sam#re added| The
Watel/pw YITET M XTUT € Vs ynen St rrg TO dI 5SSOl Y€ the_ por rs. Tiro the
wat erf* To t-hi §” Wt er /pol-yigr m xt'ureé 4275 g of .A$A was added’® After "adfli ng
t he A

594]into

198 d water. Thhs m xture \ was t hen erﬂ.gssﬁled by |m xi ng inongraun m Xer

xactly. 20

to 180 g water, and mixed for 30-60 seconds to form 2 0.1% mixwre of flocculent in

Y

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

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 handsheets. 0. 90 2 of 1% ASA emulsaon

. .were added, After adding the.ASA emulsjon. wenty scqonds passed 10 allow for )



seconds. After standing for one hour. 20 g of the flocculent/water m xture
wer e added \{R,?)O%ﬁgsg water and m xed for 30-60 seconds to forma 0.1 %

m xt ure of ¥2nt in water. The handsheets were pr epar edW"m"’éﬁgﬁg
out 1500 of 0.5% consistency stock and stirning it in lab mxer. For 1.5

| b/ton ASA handsheets. 0145 g of 1%JASA emul sion were added. For 3.0 I b/tan
ASA handsheets. 0.90 g of 1% ASA emul si on were added. After adding the. ASA
enul si omikieNtTY thig oSl HaRBH8& 7 5 @ FhthOw ¢

PCT/ USOT/ 10403 180 ronupee T & sﬂgsgvir@nﬁcgﬁg\ggméﬁg@@ B0 1%

-1 occul-éR4t. 4 satvpicacryiBuide@Guision p&grer having & oright acsrygeublteulerul si on

pol ynmer erage mol ecul ar wei ght ranging from5.000.000 to

havi ng. a wei ght av
7, 000, OUG}W@%@‘%’H%‘% @quogélp@rﬂ@@) Wiereaddsd s Shirysegpndswerer i XI ng The

randshe kel g RERRTRSER, e hata L 3ot R s b B el (10 P ve
handshees maké\i®e €5 e drivthanddhebs Wekd cd%nE%M(ﬁp% ekl Oved to

equi i brate for at | east “hour. befare runni. -ng the HST .size tests. For each

of ASA &Qﬁ?@@ﬁ@hmsdﬁsBEdmae driedat Q40i°B o9 patires endralidwed® 1, 2, and 3

handsheet s re.made with 1.5, and 3:0 on .of ASA size added. After

thirty - ﬁﬂ‘ﬁhg\e foéﬁﬁ?ﬁ%rlwbﬁ@WSé@%gs IBf#8le to denonstrate the

stability of | 7 the invention . Typically ;
FODEcR! mg@ﬂ nagroﬁ{&?.wgﬁg cEn? e Byt ks

as. enul si ons age, e = and form
much | aag!aB ltknd;ﬂeetswerhmemmgl srmdssl (le:m@n@lﬁWSlA Mz@ﬁddehe Ao kiSO,

- Rurther: the ASA may itsélf hydrolyze. As £the dat.a, bel ow denonstiates. " ASA .

si zi ng EHUHES- GRYNEE Set RERTNASRARS wﬁremwaiﬁimgm@mwbalw of ASA |

sizing emuisions according 10 the i mvenuon Tvplcallv. as-emulsions age, the

emulsion droplets began to group together. and form much larger droplets. lessening
the sizing ability of the emulsion. Further. the ASA may itself 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




enul sion stability,
aging for thirty m nutes.

good chem cal

Tabl e 6: wo6A78pswsng Enmul sion Wth Cationic Pol yner

M xt ur e PCTR:IH 18P et

stability and good sizing efficiency upon
The results are shown in Tables 6 through 17.

5,

A B C Avg HST 1.5 1b ASA #1 HST
129.1 146. 3 87.0 120. 8 #2HST )
136.5 129. 2 . 83.f. 116. 4 Avg. HST 13278
137.8 85.3 WD 97/ 49865 o L o |
Vot ur a0 s SEpa PRk YART achl bt Blte'l Andr 3Nt 4"

%20. 2 | Hand Sheet 111§.|01#g°~1HgTASq ! TET gola AveT 11 s
105. 6. 1A/ ABST 92.7 124.0 | 111B.9
e Ll e S S S TN LAY
Thvo WGRHST 3odEe - piG T ngsto o - 086,007 e
_ I?langsé};@ézw Errul.5|§¥_17A\(V.t.h Cat i om‘,(c_O"Pgl yn?r Mxdgre 1, r‘Aﬂ €51.80 MNZSEJESH-ST
| _ Table 8: ASA Sizing Emulsion With Cationic Polymer Mixture 1. .
| Hand Sheer . A B L c T Avg HST.
{30ASA | . | B
- [#1HST 13132 326.0 262.1 300.4
#2 HST - 293.0 1336.8 253.1 12943
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 12457 252.4 328.0 275.4
# HST | 2443 257.9 334.8 279.0
Avg, HST 245.0 255.2 331.4 277.2
Table 10: ASA Sizing Emul'sion' With Catioriic_ Polymer Mixture 2
Hand Shee! A B C Avg. HST
1.51b ASA - . -
BUHST - | 128.1 1073 99.5 111.6
#2 HST 100.8 104.6 88.4 97.9
Avg HST _ ° | 1145 1060 . 940 . [loas. !



3.0 I b ASA #1 HST

275. 4 #2
279.0 Av

Tabl e 10: ASA Sizing Enul sion

HST
g. MOIP/49865

245. 7
244. 3
245.0

252.
257.9
255. 2

4

Wth Cationic Polyner

328.0

334.8
331. 4

PCTIUS9Y % 2

M xture 2 Hand Sheet

A B C -17- Avg. HST 1.5 Ib ASA #1 HST -
128. 1 107. 3 99.5 111. 6 #2HST 100. 8
104.6  Table 11: ASY8 Sdzing Emulsion Wit Tafloriv Golviifel Mixmre 2, Aftér 30 Minutes 106.0
94.0  _\\D 97/ 49865
PCT/ US9 h;g Tabl e 14: ASA|Si zi nggEnul sifon Wtp Cati ohi c sRel yagr
M xure 2 ‘??ﬁc‘t% Mi nut es Hand Sheet A e ABV%M@?
C 15ibmHST 1.5 I b ASA #1 |HST 106. 9 . 68.6 -
198.0 bl P ST 95— 75— +95-
122. 1 Ay§1 HSIT 10683 68.61.8 - 198.0196.8 | 1245 123.3
Tabl e 12+—ASA-SrzTmo] ' FrhCat T onT T POy e NMRruT e 2 HardTSheet™)
B BHSTC A 1957 Avg. HST B0 1b ASA #19%T - ¥l 5 '
222.5 77T T 3.2 ST . 27/5.6 . 727
237 0 | Ave HSTpa7 3,01.3' 187 " 196.8 1233
Table 12: ASA Sizing Emulsion With Cationic Polymer Mixture2 . -
‘| Hand Sheet A "B, C. -7 | " Avg. HST
3.01b ASA - |
| #1HST 272.5 222.5 2440 2473
#2 HST 275.6 227.8 237.9 247.1
Avg. HST 247.1 226.7 241.0 247.2

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

Hand Sheet A B C Avg. HST
3.01b ASA

H1HST 257.2° 228.8" 221.0 2343

#2 HST 257.0 200.7 234.0 230.6

Avg. HST 257.1 21238 227.5 232.5




Avg. HST 247.26.7 241.0 247.2 Tabl e
13: ASA Sizing Emul sion Wth Cationic Polynmer Mxture 2, After 30 Mnutes

Hand SheewoO 97/49865 A B C PCT/US97/10493). HST
3.0 I b ASA #1 HST 257. 2 228.8 221.0 ‘

234. 3 #2 HST 257.0 -18- 200. 7 234.0

230.6 Avg. HST 257.1- 212. 8 227.5

232.5

PCT/ US97/ 104593%31’%&@? AF%%IS@EQE%AM’S%%QW g‘?}mc\?ﬂ‘ﬁm@& i oni ¢ PoI yner

M xt urg 3 FandSnee! .
Avg. HStand Sheeh AsAl #1 HSP 10B 3 G7.0 Ave, HST7.9
82.1 #p 1 -80.7 - 91.3 70. 2 807
Avg HSTLE@JASA 91 79.2 74. 1 81.4 Tablle
15: ASAuStming Enul $i Wth Catii@ninc Pol ynmer ure 3, Afjtggr; 30 M nut gs.
Hand ¢ Aﬁ%{gqﬂ Wﬂ% : %O'OC_ R (“Mﬂg m HST 1. 511D
ASA #1| }EEST 8d9.8 9180. 7 702 53.8  |s07 103§ #2
l_lST ] /'8 O- ~ - gg—r":_ LA A2 Q2 2 I\\lcl T .
162.4 | Avg HST . 84. 491.0 : 4590 7498. 5 Tabl e |18:.4 ASA Si zi ng
Emul si or~=¥ttr—Cattormrc-Potyrmer—txtore—S—HamdStreet 7
B - C Avg. HST : L

Table 15: ASA Sizing Emuision Wﬂh Cationic Polyvmer Mixture 3, Aﬁcr 30 Mmutcs

HandShcet 1 A _'_é et e T aw HST'

151bASA N - |

#1 HST 176.8 - 80.7 538 103.8

#2 HST 148.0 88.1 434 S jes2 *

Avg. HST 162.4 84.4 48.6 98.5

Table 16: ASA Sizing Emulsion With Cationic Polymer Mixture 3

Hand Sheet A B C Avg. HST
3.0 Ib ASA _

#1HST  [209.0 [ 203.6 2295 214.0

#2 HST 12035 212.7 | 2376 - 217.9

Avg. HST =~ (2063 208.2 233.6 216.0




3.0 | b ASA #1 HST 209.0 203. 6 229.5
214.0 #2 HST 203.5 212. 7 237.6

217.9 [ er r VOR749865sT 206. 3 208. 2 PCTIUSITAY436
216.0 WO 97/ 49865

PCT/ US97/ 10493 -19- Table 17: ASA Sizing Enul sion Wth Cationic Pol ymer

Mxture 3, After 30 M nutes Hand SA&et A B

C Avg. HST 3.0 | b ASA #1 HST 190. 9 198. 8
163. 7 Table 17: ASA SigingsEmplsiggTWith Cationic Polgmegr Mxxtuch After 39 Minutes

170.0. e =4 S ST I ISR 18 194 .1

=]

1 6.9 HandShcet 181t 8 TheAbar graph ing-igurejl deplcgts t he regu%tﬁs'forr
Tabl es 6-17.[err]. As can be seeph in Figure 1} as the-anmount of PEI

(BUFLQQ-@Hr ASBO5) ifs increased fhe time it takes for the rleflectance of

the paper )~ 10 O[,0p.T0 85% O orTot na varoe - uropsT T e second—g et
of bars#loﬂé{he gr aph {%‘ﬁ%w t he re:&éég froma 4888dd set of |Héddsets whi dh

were n ter the I'sion wap owed to. gLl T.0r 30 mHn AS The |. .
aver a %Pm for thgfngES Ib/ton ?r?éd%res of - I\W&O and M;ﬁgé show' it.~ - .-
appearie t-he s | evel . ly increg fTer That Q mnute | -
wait. | I}%T ? 9 Qea:_ fr %:llahI&Q 10 .‘jﬁﬁg 1_and fl’jﬂkgi Les 14 dnd -

15, the average tines for the handsheets for each of these nixtures showed

Zedonas ‘i 5o ey e S 0ne ! s o Rl Wi Tl 17 gl ™ O 120 %

m szure 1,as the amoum of PEI (BUFLOC® 595) s mcreased the nme it takes for -

!

the reflectance of thc paper (HST) to drop 1o 85% 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 time,s 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
éecc'mds. Sﬁrﬁlar results were seen for .Mixture.#l which ﬁa’d arange of 48.6 to 162:4
with a weight ;werage'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.



seconds. Simlar results were seen for Mxture #3. which had a range of
48.6 to 162.4 with-a wei ght average of 98.5 seconds. Based on the results
shown aboY¥® 89865 Figure 1, Mxture #1,. the 2.5% BUFLOC] RFTUSYHOMIt ur e,
gave nore effective sizing. WD 97/ 49865

PCT/ US97/ 10493 -20- The clainmed invention is: 1. An ASA sizing enul sion
conprising: 25 to 99 percent by wei ght_ﬁiater, 0.003 to 60 percent by wei ght
ASA, 0.003 to 50 percent by weight of &’cationic polymer mxture, the

m xture. r1.Si gqli?S 10.99 percent by weight of a | ow nol ecul ar wei ght

i onene pol VEHOBAS her cent by weight of a high nol ecul ar wei ght
pol yet hyl enei m OB, . per cent by weight of a surfactant. 2.
An ASA si ?l?ng e% SI oﬁl%gifgeé@ggﬁ?f?ﬁgﬁ%@gi n the | ow nol ecul ar wei ght ionene
pol ymer has a Vs @9 peresmby waigleovdtery wei ght of | ess than 15,000 and the
hi gh ol ecul ar wei ght pol yet hyl eni m ne. pol yner has a wei ght average

mol ecul ar wei gr@-‘)@?tﬁ(gﬁﬁéwtmwm 3. An ASA sizing emul sion of

T G S A R A 11,
CRlerr] ar e duigntd LM 10099 ﬁér&éiﬁ'b?ﬂ%i%!ﬁ%%%ﬁ nfcbi0dr Obi fHt Gfekle pblydier bndl €1 1 |

al kyl optionally substituted wit af |east one_ hydroxyl* . group, and benzyl.
opt i onal | yl 26 percent by weight of a high molecular weight polyethyleneimine polymer, '

.and 0 to 2 percent by w‘ei'ght'of a surfactant.
2. An ASA sizing emulsion of claim 1, wherein the low molecular weight 1onene
| polymer has a weight average molecular weight of less 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
g
A N+ B——N+ (D)
R2 R4

wherein: .

" RLRL RS, and R* are identical or different, and are selected from H, C,-C,p 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 *



stituted on the benzene noiety with at |east one C[err]-C[err] al kyl group;
WD 97/ 4986 .

PCT/ US97/ 13'4%?37/4-9%5- A is a divalent radical selected from C[ err 52 leoﬁ?

al kylene, Cerr]-Clerr] al kenylene, Cerr]-Clerr] alkynylene, Cerr]-Cerr]
hydr oxyal kyl ene,” symmetric or asymmetric di-Cerr]-Cerr]-al kyl enether, -
arylene, arylene -(ferr]-(err]-al kyl eng.-or
Cerr]-Cerr]-alkylenearyl-Clerr]-Cferr] al kylene; B is a divalent radical

sel ected fromgfes dﬂval@h@faﬂicaﬁée‘l%b’te%’”f?om@ & ¢ hiklAege rd,-@! %ﬁd&)ﬂ/ﬁﬂé’ Cz‘Cto

Cerr]-Cerr] alkynylene, (err]-(err] hydroxyalkylene ary

ar yl ene- ([ eslkynylems, -Gy, hydreryalkyleneChyntetrid orrasymaiekryd leEe.aC)éLa]kyleneﬂler,
-Cerr] -qerrlﬁl‘\al |yl ene; and X[err], is a divalent counter ion, two

m)][l]?ya! ent Flmecayieans:-Go-alkvigngcan GrCotaliylensesyl-&iny alkylereier i on -
Che :S'ngﬂfa Rt L R PR SR R e CRER MR S aier o 1

_the low m'ﬁ%ﬁéﬂé"@,@mhy&ﬂﬁiﬂqﬂ&tdﬁﬁﬂmﬁoﬁldnﬁﬁ -¢ palkyRReasr ng uni t of

.formula I}{: [ekr} Wherein: R[efr] and R er are |dlent|cal or_different,

and are sel @cCaﬁlalkybman-C[ ErordlkyEns; ajld allyl optionall y subst'i tut ed with at
| east - one hydr and hénzyl tiomal |y sub- stituyted the '

benzene noi et \M’?ﬁ Htaij %‘{mfﬂ'r’f%n’@"@r’? H%P}@F?‘i"“&feﬁwnsg? t%Qn 2 di v.a-I ent !
di cal | ) '
20 <ol sl A SR O BB e R e

asymet ri ¢ whicBlfefhd theliemsnk poliindr daekithae., aryl ene,

arylene-Clerr]-Clerr]-alkylene, or -(Jerr]-Cerr]-alkylenearyl-Clerr]-Cerr]
al kyl ene; and Xferr], is a m)noval ent count'er ion, or a fraction of a

polyval ent b4 O'ﬁm XEA' é’é‘m&‘éfn IO clain 2, wherein the low molecular weight ionene

polymer comprises the repeating unit of formula II:

A N+ (II1)

- whereirt: .

R' and R? are identical or different, and are selected fiom H, C-C,, alky!l
optiortally 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 O 0 S



to bal ance the cationic charge in the repeating unit which forns the ionene
pol ymer backbone. WO 97/ 49865

PCT/ US97/ WQeOR98682- 5. An ASA sizing enul sion of claim2, VIEESN10488 | ow
nol ecul ar wei ght i onene polymer conprises a repeating unit of forrmula II1:
[err] n wherein Ris [err] Qis -(CHR[err])[err]-,-CHerr]-CH=CHCH err]-,
-CH err]-CHerr]-OCHerr]-CHerr]-, - err]-CH(OH)-CH err]-, or
-(CHR[err])[err]-NHC(O-NH(CHR[err]) F€rr] Blerr]is

{-[CH err]-CHOH)-CH err]-Nerr]Rerr]-(CHR[err])[err]-NHC(O-NH -,
Xerr]} or {-[(CHRlerr])[err]-Nerr]Rerr]-CHerr]-CHOH)-CHerr]]-,

X[err]}; and paqi . : ﬁl?{ LS ¢ endent |y
hydr ogen (r)br &%&%ﬁ{%ﬁ{g}yoryu%y%eiﬁ rR)]gyél}e;Is?n gh%dl%%a en %goﬁ%l?gérlgﬁ%%, t wo
nonoval entp&ﬁﬂat&;mérgehrq{eaﬁngﬁﬁgbfmgfam; pol yval ent counter ion-
sufficient to balance the cationic charge in the group R, and X is a
nonoval ent caunterion, one half of a divalent counter ion or a fraction of
a polyvalent counter ion sufficient to balance the catjonic charge in the
group Bferr], .- ' ' v T -

R—B ' I

4

wherein R is

" CHg\ /——\ CH
. . . 3
N+ Q N+ oxr 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 . . - , -

AL



WO 97/ 49865 PCT/ US97/ 10493
-23- 6. An WaA7abgdsng emul sion of claim2, wherein the | ow i ght
% S Kt thelfo

i onene polyner has a wei ght average nol ecul ar wei ght of I|ess

and the high nol ecul ar wei ght pol yet hyl enum ne pol ynmer has a wei ght average
nol ecul ar wei ght of greater than 1,000, 000. An ASA sizing enulsion of claim
6, Wierein the | ow ol ecul ar wei ght ionep polymer has a charge density of
greater than 5 meq/g at pH 7 and the high nol ecul ar wei ght pol yet hyI eni m ne

pol ymer has &E%Sérﬁ Wﬁggf Zi ng
enul si on of sgl g??n(%gsv\h relrﬁsltB of ow nbl ecu rﬁtp@&%\?ghﬂequgaﬁgﬁéggﬁ‘ &’ Is the
reaction pr gdlymherdas ememglitavnbgainhbtbcﬁnﬂwéigmebﬁhéksiﬂmhﬁ% aod aﬁdlﬁ:ehrh

nol ecul ar wei ght _pol yet hyl eni m ne_polyner is crossli nked with et yl ene
oxi de. 9. Amogiesalayweight nolyethyilenimine p,qlmlmhas aveight ayerage moledudartweighti s an

ahi oni c surf A si zing enul sion of claim2, wherein the ASA
has a partlc?gs%éh%glng%@sromo 5to 3 mcrons. 11. An ASA si zi ng

.emul si.on of, claim 1, wherei-n the ASA.has a partlcle size ranging fromO0.5
to 3 nmicrons. 12. A method*for sizing paper: conprising-the. steps of. '
contacting.§. pﬂhm%mmggmulhomnfﬂsmﬁ; Whﬂ@uﬂﬁqllcﬁvml&blaﬁwght%mﬁed

: form ng the pul printo a paper:’sheet-’ “A_met hod for sizing paper.

conpri si ng Pﬁb’“ﬁé‘ﬁ%aﬁkﬂgﬁﬁ%w pﬁgreateﬁehaa Smeg/gpt pHth aa%ﬂmshglshmlmlar
emil’si on of wce @ltgbﬂye&@mum ryoﬂgnérrﬁs Q%Qrgeﬁ xt?' d%agout SSmgc?/tg atpH 7. ’

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, wherem the ASA hasa parhcle 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 emplsion 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.

- .. . o
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