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| nventi on This invention relates to the

enmul sification and col |l oidal stabilization of rosin sizing
agents, and is directed to a stable rosin sizing conposition or dispersion,
a nmet hod of maki ng the stable sizing dispersion, a nethod of
using the sizing conmposition 1 t o produce _sized paper. and sized
paper, including papekNodMMEIERRYSLEM FOR K( L AGENIR onposi ti on.
Background of the Invention Wiile there are a

nyriad of details for manufacturing paper, the paper 15 manuf act uri ng
procgss conventionally conprises tWﬂWps: (1) form ng an
aqueous suspension of cellulosic fibers, comonly known as pul p; (2) adding
vari ous prgQgessi ng. an apen enhanegi nat.er ial syeh as

st rengt heni ng and/ or g‘if%ﬁ&er%&xé?lﬁ%sg?ﬁmemﬁmﬁc&%n(%dc Hgb@ ﬁ‘@g %‘?ﬂ% ng

the fibers }qid arikpagts @t difdcdd % stableRosiPéiging thmpBsitioh 'b?ﬁis?_&gion, a
the web to provide various desired characteristicsS to the resultling paper,
i ncl udi ng smethodefiaking the stablel sizing dispersionsa niethpdefiusingthe sizingicanpositidee .
Sizing materials are typically .in the form,f aqueoug solutjons, ..

di sprsi onste P%Q%?FQR?P%E%%%@ wARe iBe1eding papETboar élﬁlpw&eema wi t h
the sizing éomposi’ n agent, nanely sized paper, resistant to the
penetration or vve’tl? I'ng by an aqueous |iquid, I ncl udi ng ot her
treatnment additives, printing inks, and the |iKke.

Background of the Invention

While there are a myriad of details for manufacturing paper, the paper

15 manufacturing process conventionally comprises the following steps: (1) forming an
aqueous suspension of cellulosic fibers, commonly known as pulp; (2) adding various
processing and paper enhancing materials, such as strengthening and/or sizing materials;
(3) sheeting and drying the fibers to form a desired cellulosic web; and (4) post-treating
the web to provide various desired characteristics to the resulting paper, inciuding surface

20 application of sizing materials, and the like.

Sizing materials are typically in the form of aqueous solutions,
dispersions, emulsions or suspensions which render the paper treated with the sizing
agent, namely sized paper, resistant to the penetration or wetting by an aqueous liquid,
including other treatment additives, printing inks, and the like.

25 Sizing agents are internal additives employed during papermaking or
external, surface additives employed at the size press that provide the enhanced
characteristics. There are two basic categories of sizing agents: acid and alkaline. Acid
sizing agents are intended for use in acid papermaking systems, traditionally less than
about pH 6. Analogously, alkaline sizing agents are intended for use in alkaline

30 papermaking systems.



25 Si zing agents are internal additives enpl oyed
duri ng papernmaki ng or external, surface additives enpl oyed at
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about pH 5.5. tain properties of sizing agents
are i nporthardnge of acidisizes. Howevérgdue to the limitations imposed by alum chemistry, the

15 efficiency of rosin-based sizes decreases above about pH 5.5.

Certain properties of sizing agents are important to control for their
efficient and economical use in making paper. One important property is sizing
efficiency, i.e., the degree of sizing obtained per unit of sizing agent added. Sizing
efficiency is determined by the amount and cost of materials used in making the sizing

20 agent to obtain a desired sizing characteristic or group of characteristics. A more efficient
sizing agent results in the desired characteristics at a lower amount or a greater efficiency,
and thus, improved papermaking economies. Excess sizing agent can result in significant
decreases in the paper quality by creating deposits on the papermaking machine, causing
defects in the paper. Such deposits also reduce the production rate.

25 Sizing characteristics are affected by the type of sizing agent used, the
type of paper to which the sizing agent is applied, and many other factors which have
been the subject of a great deal of work in the past and a continuing body of work
presently by those in the paper treatment industry. The present invention relates to sizing’

agent compositions in the form of emulsions or dispersions, cationic colloidal coacervate
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efficient and econonical use in maki ng paper. One inportant property is

sizing | efficiency, ie., the degree of sizing obtained per unit
of ‘sizing a%sh7283Hed. Si zi ng efficiency is deter PEEYSHPIRTE
anount and cost of materials used in making the sizing 20 agent to

obtain a desired sizing characteristic or _grou'p of characteristics. A nore
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b Uso7/ SRl solidify and o siting AlspErdioh results. The process needs an emulsifier and o
agents, astabflizer insorderitb peiscess welhk Upgn apyslication ¢ the wet end of thielpapértsakiiiig ng

conposi tions and dispersions. The term"emulsion" (liquid in liquid) is
sdfet i mes PIssss, the Raméclesgfthe sizingperald along yithalumraz itseguinplent ascdeserbad cal | y
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tenperature at whic
becomes less wetting, i.e., sized.

Polymers have been used in the past to help with the emulsification and

15 also to promote interaction of the sizing particles with cellulose fiber suspensions.
Starches and water soluble Ipolymers such as polyamidoamines have been used in this
context.

Various sizing compositions comprising sizing agents and dispersion aids
have been previously disclosed.

20 ' U.S. Patent 4,240,935 (Dumas), the disclosure of which is incorporated
herein by reference, discloses a paper sizing composition comprising a ketene dimer, an
anionic dispersing agent such as sodium lignin sulfonate, certain water-soluble cationic
resins and water. The cationic resins are composed of the reaction products of
epichlorchydrin and an aminopolyamide derived from a dicarboxylic acid and a

25 polyalkylene polyamine having two primary amino groups and at least one secondary or
tertiary amine group. Another group of cationic resins is the reaction product of
epichlorohydrin and the condensates of cyanamides or dicyandiamide with a polyalkylene
polyamine having a given formula including such compounds as polyethylene

polyamines, polypropylene polyamines and polybutylene polyamines.
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the sizing agent is in aliquid form Upon cooling to anbient tenperature

the enul sion - droplets solidify and a sizing dispersion results.,
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| east one secondary or ertiary am ne group. Another group of
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R e CNE N NI T A e
POl yanm Nggps 28 aidRIo3Y hivBfviRtne Hakititar 2aomie!stit HisParSingQlgkasl nes.
U.S. Patent 4,657,946 (Rende ef al.), the disclosure of which is

15 incorporated herein by reference, discloses paper sizing compositions comprising alkenyl
succinic anhydride sizing agents in an emulsion including cationic water-soluble vinyl
addition polymers and surfactants which may be anionic, non-jonic or cationic where one
of the cationic emulsifiers can be poly(diallyldimethylammonium chloride).

U.S. Patent 4,861,376 (Edwards et al.), the disclosure of which is

20 ' incorpbrated herein by reference, discloses stable, high solids dispersions of ketene dimer
using water-soluble carboxylic acid with cationic starch, sodium lignin sulfonate and
aluminum sulfate. In some instances, commercial embodiments include the post addition
of poly{diallyldimethylammonium chloride), as a promoter, rather than in the
emulsification system.

25 U.S. Patents 5,318,669 (Dasgupta) and 5,338,407 (Dasgupta), the
disclosures of which are incorporated herein by reference, disclose a process and
composition for enhancing the dry strength of paper without substantially reducing the
paper’s softness. Added to a bleached pulp furnish, separately or together, are an anionic

polymer and a cationic polymer. The anionic polymer may be various guar materials and
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t he enmul SUfS. Patene 5,399 382 (Nak@mura ef al.), the disclosure of whith& Patents
5, 318, 669 (Dasgupta) and 5,338, 407 (lDasgupt_a) , the di scl osures
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and an epoxy compound. The rosin-epoxy compound is dispersed in water with the aid

20 of an emulsifying and dispersing agent. The emulsifying and dispersing agent can be
various kinds of low-molecular weight surfactants, polymer surfactants and protective
colloids such as casein, polyvinyl alcohol, or modified starch, used singly or in
combination.

Despite the efforts of the industry to develop cost-effective and efficient

25 paper sizing dispersions having the appropriate desired properties, there are still many
problems that have been encountered. Many polymers which are used to make'sizing
dispersions have limitations. If, on one hand, the molecular weight is too small, no final
stabilization is possible because the steric effects are not there. On the other hand, if the

molecular weight is high enough for a good steric effect, then ionic contamination can
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paper's softness. Added to a bl eached pul p furnish, separately or together,
are an anionic pol ynmer and a cationic polyner. The anionic

pol ymer miyo bfagég | Ous guar naterials and 101274
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conpri setendencyt tpcirisiger Sizivgdispersions mustbe keptiay law solids sontsats toprevent
soluble, |i ngar, hiaph nol.ecul ar weight, |ow charge density cationic pol yner
havi ng ahtgh theological propefties;; ed r educed specific viscosity and charge
density, and at | easi: P L Q4 r having a
charge density Ies:ﬁ{]%g{r?ggﬁ@r{e‘%ea.%%# e cat?ilg%cf “p?)???g?&ﬁﬂé?%w

i ncl ude pYRERS e miXed iesucha Propotion ap produee a thitd systent, andatienicicolibiddl ng

copol yners of . .acrylamde with diallyldfnmethyl apmopi ym chlori de.
Ani oni ¢ coansovate twhigh functiens asan emulsifier and gtg) !éefrtlsgﬁﬁp?rﬁ HHang

unbl eached pul ps., C s. sol ubi l.i .bi.gni . . .

heni cel | ﬁgggﬁsag@ﬁig‘ﬁgﬁ Whi oY nﬁeg?xg,thgﬁg bﬁf?\"cf%gg?%%}mc%lﬂef/ is observed fud t ur al
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an effective anion. . S. Patent 5, 393, 337

( Nakamur preventzd. At théisami time othe partisfe cliargd; which plays an important role in

particle deposition on cellulose fiber, can be more precisely controlled, by controlling the

ratio of the oppositely charged i)olymers making up the coacervate. The highly charged
particles provide for better retention of the size in the pulp. Rosin-coacervate sizing
15 agents of the present invention have enhanced sizing efficiency and are stable over

anticipa"ted periods of use and storage.

Summary of the Invention
One aspect of the present invention relates to a dispersed rosin sizing
20 oompésition comprising rosin stabilized by a cationic colloidal coacervate dispersing
agent, the coacervate dispersing agent comprising an anionic component and a cationic
component, the anionic and cationic components being present in a proportion such that
the sizing composition has a zeta potential of at least about 20 millivolts.
Another aspect of the present invention relates to a cationic colloidal
25 coacervate dispersion composition comprising water, a lignosulfonate as an anionic
component and poly(diallyldimethylammonium chloride) as a cationic component, the
anionic and cationic components being present in such proportion that the composition is

cationic.
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inéorporated herein by reference, discloses a rosin emulsion sizing agent
f or, paper maki ng conprising a fortified or unfortified

rosi n- epoxy WMIHI obt ai ned by reacting a rosin
conpound. The rosin-epoxy conpound is dispersed in water
of an enulsifying and di spersing agent. The enulsifying ar
agent can.be.. . Yetaﬂé%ﬁéx(&?géfbﬁﬁﬁ ﬁéseh@iﬂv@iﬁhﬁﬁ‘élaiés 0% ,
pol ymer surfactants and protective col | oi ds such as casein,
pol yvi nyl cdtionicaiosinsizing dispersnsiomprisinguresid asd agolloidal ¢coacervate dispersing
conbi nati on. .. CGerman Paje Publ i cat | No. 4,412,136 Al
(PTS Papi ?8cbthg fecthod comprisigg;the ﬂegﬁn@ Bégangmﬁptdoaﬂmscem% g paper

si zing co L L0 L, S ' s | fonat e,
but t her o Wbk bR GATRS o} dochent and 2 caionic oDlrRfihe i Gadr R LE)

cqoager vat efo@ihirigﬁ @Pdispersion of fosiPinaé colloidsladatstvatd othp divpersiorn huvaig | on.
U.S. Patent 3,677,888 (Econonou) discloses a process for manufacturing
paper haviazets ppteptiddpf@t eastabont2dmillivoltsy as t he strengt hening agent an
ionically self- 30 .y _CEOSS| i nk normal ly cgacervatjng i.nsol uble.liguid
anmphol ytic pol ysal t '§Bﬂﬁ8§é’&rﬁ$’°&° ¢ present "FHﬁP‘PMﬁ‘F@‘P-g%- ‘ﬁn}ﬁﬂfﬁ‘ﬂ
pol yani on 3 r St se3

- 5- CP@Q{' doitp nﬁﬁg ﬁﬁyg’é@c‘gﬁdgﬁ C po gﬁ%’ﬂrz'&@ﬁh&gra %erdg[s1fxxe1%§?m ns‘émglfl such
pol yrer s i comaprivhagkrosinestabilized ey a ddtionic colloidal coacepvatedigpérsing agemtgthet , havi ng
at | east one weak gl ectrol ye conmpgnent would not be able tq |

hal® t he Mﬁmﬁeéﬂ%’eﬁé‘?&a%f S?WP%WB“&%‘P%%%P%WI@F’W@“@M@@B@E si ng

agent  Capae Gnionic and cationic components being present in a proportion such that the sizing

composition has a zeta potential of at least about 20 millivolts.
A further aspect of the present invention is sized paper sized with a rosin
sizing composition comprising rosin stabilized by a cationic colloidal coacervate
15 dispersing agent, the coacervate dispersing agent comprising an anionic component and a
cationic component, the anionic and cationic components being present in a proportion

such that the sizing composition has a zeta potential of at least about 20 millivolts.

B . E n - I L3 { tl D 53
20 Figure 1 is a graph showing the sizing efficiency of two different preferred

products of the present invention. The amount of product used is graphed against the

sizing efficiency as measured by the Hercules Size Test described below.

25 This invention encompasses cationic coacervate systems which can be
used to emulsify and stabilize rosin sizing dispersions. In general, these systems
comprise a mixture of an anionic component and a cationic component, which, when
mixed properly and in the right proportions in water, yield a cationic colloidal coacervate

in an aqueous phase. This colloidal coacervate aqueous phase is then available for

[ A
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of stabilizing rosin in a rosin sizing conposition used to size paper. 5
Sovi et Uni on Patent Publication No. 1,694,484 di scl oses a nethod of

puri fyi nowayespeys ef fl uents containing |ignosulfon | ution
of _ pol ydi met hyl di al I yl ammoni um chl ori de {tTHISUSHEET IHAS'BEEN

contai ning |ignosul fonates, m xing and | eaV| nggpmgm xture to
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a suitabl ot ent | ' Afihe i fying
agent, aP §‘pm’§ naang@ge&snglr% e@%éetﬁ?err@&\tl&ri]ﬁgﬁ%%per ?l’g zx?ng

conposi t ,Afin the aqueous medmm occurs. Further Fﬂﬁ:&ﬁsiﬁge forexaiple) upén edolingeori ndustry
to devel op cost-effective and efficien ga per sizing dispersions

havi ng t solvenextaction; changes thisemulsion intp adlispersion(sglié insliquit). nihg,

C5 g 1otcervats afsaBatig g ﬁa”t@errﬁﬁw%{fytbﬁgrz‘wrﬁsﬁhqw' o %&ﬁ%‘“ﬁg A

mol ecul ag, wel,glbe %(ﬁteés indile é‘?’fc ﬁﬁ&mcreas thev1s§5 igk iRt face dnd

possi bl e“"because ects are not ere he ot her hand, if

t he yielding exoellest stabilitye I’Ighfcoa&d'atghsedﬂm}ycohmosmogm oﬂﬂmtpecsent ef f ect,
then ionlic contam nation can ticle, bri dgl ng

~and ensu im'gnmmmhdgtsdher dﬁﬁ@m@f@na !}ﬂl“ﬁdlf‘éﬂlé‘rlaﬁ’emm}?"’rm @gmu sion

as in th of ,nat ur enive | ecul ar
~wei ght i erh charge on %3@ ‘F@lsgﬂgg%ﬁ\épg & 58%]%?1 ese 'hlgg%% Hi] S have
ébm ted W@SPH&Wmém&nﬁﬁﬁ%mponents that mak@ﬂﬁ&ﬁ%a&&vﬂél dge. Sizing

I spersions nust be kept at |ow solids contents to prevent 5 hi gh
rheol ogi cal proper tEaels of the anionic and cationic components dagisinot havectatbeavaterses a

coacervat e concept osi t
soluble, as l%ng as they aP ter-ﬁ

other soluble. Because no true surfactants (i.e. micelle forming materials) are necessary,

ersxb?e. gfeor example, one can be colloidal and the

even though they can be used, the sizing compositions of the present invention are more
15 hydrophobic and can also be of larger particle size. The sizing compositions thereby
have better stability and less foaming than prior, surfactant-based rosin sizing agents,

with the desired viscosity and sizing characteristics.

Rosin
20 The rosin useful for the present invention can be any rosin suitable for
sizing paper, including unfortified rosin, fortified rosin and extended rosin, as well as

rosin esters, and mixtures and blends thereof.
The rosin used in this invention can be any of the commercially available
types of rosin, such as wood rosin, gum rosin, tall oil rosin, and mixtures of any two or
25 more, in their crude or refined state. Tall oil rosin and gum rosin are preferred. Partially
hydrogenated rosins and polymerized rosins, as well as rosins that have been treated to
inhibit crystallization, such as by heat treatment or reaction with formaldehyde, also can

be employed.
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pol ymers are m xed in such a proportion to produce a third system a
cationic coll oi dal coacervate, which functions as an enulsifier
and st abi | | WE¥9¥28311dj sper sed rosin sizing agent s, RETHSI VM2 Y
technique, very little bridging between rosin particles is |o$i8rSHEETAHAS BBEN
thermal cross-Iinki ng of cationic resin adsorbed on nei ghbgring REpLACED

particles is also rified {nq&gﬂ,? ﬂfiﬂuﬁhvéﬂlﬁn%ﬁfeéddﬁ&re

charge, which plays an |rrpor ticle 3 position on
cel | ul ose fdstirand m@ew&mm@ﬁhgﬂmnt roll ed, by cont rolling the
ratio of the oppositely charged pol ymers maki ng up the coacervate. The

hi ghly char ged é l.cles provide for better retention of the

Si zg in the pul p. Rosi n- HAte sizi ng 15 agents of the present

i nvention have enhanced Sizing efficiency and are stable over

anti ci pat egroRplan@3Sdeved by rédtting réxin@®d the acidic compound at elevated temperatures
Summary of the Invention One aspect of the
present i nvﬁﬁOmcaboutelﬁl"@stotabOdHloé'ﬁersed rosin sizi ng 20 conposi tion

concervare o ™ hgampuntotas i emps P RS e Ge G it
COMP | 1 NGy 1Y A6 ORATRBAGing imabout 19 to abour 8% B EighPBPARRRIed € he

ani oni ¢ an ni c conponents belng present In a proportion
sugd that adidicoripognd bﬁstdmtth@wdgamﬂhz ﬁhmﬁpd)msm i Methakds of piepanng about 20

| | f th
U ————— 1A G
t
ggggﬁlen![ Ogﬁﬁl%g%{ Wa‘?egfn d Héshl%/% :l: I:Z; lélb%. @%Jﬁd i‘%gg,?oé‘ the Hiscc,l[osures of

conponent, whfb?:aremcorporatedﬁ&b%)ﬁre?é?éhc@at'0”' c conponents being present in
such proportion that the conposition is cationic, the

conposi tion havi ng aExamplesof eciticaiompounds doataivingBlaut 20 ni |1ivol ts.
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group that can be used to prepare the fortified rosin include the alpha-beta-unsaturated
organic acids and their available anhydrides, specific examples of which include fumaric

20 acid, maleic acid, acrylic acid, maleic anhvdride, itaconic acid, itaconic anhydride,
citraconic acid and citraconic anhydride. Mixtures of acids can be used to prepare the
fortified rosin if desired. Thus, for example, a mixture of the acrylic acid adduct of rosin
and the fumaric acid adduct can be used to prepare the novel dispersions of this invention.
Also, fortified rosin that has been substantially completely hydrbgenated after adduct

25 formation can be used.

Various rosin esters of a type well known to those skilled in the art can
also be used in the rosin-coacervate dispersion of the present invention. Suitable
exemplary rosin esters may be rosin esterified as disclosed in U.S, Patents 4,540,635
(Ronge et al.) or 5,201,944 (Nakata ef al.), the disclosures of which are incorporated

30 herein by reference.
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Yet anot her aspect of the present invention relates to a nmethod of naking a
cationic rosin sizing dispersion containing rosin and a col | oi dal :

coacer vat syglypmsisi ng agent, the nethod conpri sppgnissfofagPs:
(a) formng a colloidal coacervate dispersing agent conpri sing

an anioni c conponent and a cationic conponent in water; and (b) 5
form ng an aqueous di spersjon of rosin in the colloidal coaceryvate, the

di spersion having The unfortified o fortified pesincen fosin estersican beyextended if dgsired
mllivol ts. St .l I, anot h aspect, of the present
I nventi orPyi ‘%‘°§"‘f@i‘?ﬂ5‘8‘%ﬁ‘"§¥°&é‘b‘é\ ‘ﬁgw%’ﬁef °ulaﬁlypat 1n ﬁ'&g@f‘acorrpri Si I?\g

enpl oyi N@nicfockyRalTROWhRE hidecabor RRintlidQ iﬁglﬂﬁfse@eﬁ’:v&i RontpéRsidinhi ON
conprising rosin emulsified and stabilized by a cationic coll oi dal

coacer vathyddicarbens andjtetgenes; and thpclite, THieiscasacmplished byi mplkt bisndingge nt

cqpri sing, an i oni ¢ conmponent and _a_catignic conponent, the
am oni ¢ ;;%hmeaﬁm Vbl Ternsr furagd msagﬁ{n 9 1033 AbERGIOBRA t ha
the si zi ng.;GRMPASH bh Wk WaFneor6LiR op%rﬁﬁhﬁ ?:lkjsri fofdhe éz&@li:%erabom 20

mllivolts: ) _ _ rurcher aspect of the present
invention is sized RARE®lends Lfbrifiddrosin' i vifortified rosin; andsbléhdidofCfor®fMed t i on

conprising rosin enulsified and stabilized by a cationic colloidal 15
coacer vatresigi wyertified gosingnsin estars andgosin extendeticapdbesised; Blpnds of forgifiedi ng an
o000 o e TR BB SR kAT AN G
T 174050 B R SR OB i s o
t he Dr awiextender may comprise, for example, about 5% to 45% fortified rosin, 0 to 50% rosin,
and about 5% to 90% rosin extender. |
The rosin component of the rosin-coacervate sizing composition of the
present invention may vary depending on the type and grade of paper or paperboard being
15 sized, the equipment used and whether the size is an internal or surface size. In general, it
is preférred to use about 10 wt% to about 60 wt% of the rosin component, more’
preferably about 20 wt% to about 55 wt%, and still more preferably, about 35 wt% to
about 50 wt% of rosin based on the dry weight of rosin in the aqueous rosin-coacervate
dispersion composition.
20
Coacervate Components
The coacervate dispersing agent is used to form a stable dispersion of the
rosin in water. The components must be able to form emulsions and dispersions of
sufficient stability such that there is no separation adversely affecting use of the
25 coacervate component or the rosin-coacervate dispersion. '
For the rosin sizing agents discussed above for use in the present invention
which contain carboxyl groups, both the anionic component and the cationic component
used to form the aqueous colloidal coacervate dispersing agent preferably should have an

acidic pH. The pH preferably should be sufficiently low to avoid ionizing the carboxyl
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Fi éure 1 is a graph showi ng the sizing efficiency of two different

preferred products of the present invention. The anount of
product use¥@Ebhed agai nst the si zi ng ef fi ci SCHfU$G/01274
measured by the Hercul es Size Test described bel ow 25

Det ai | ed Description of the Preferred Enbodi nents

Thi s i nventy | QN '

used o omer e SFRRTBERIE ST kil REEIeale MiScRin Wikl 001 6000EE. The .
systens  pH also prefezablp shaiid de Bufficisntlydbwao asvidfonainpoasincipableat a
cationic conponent, which, when m xed properly and in the right

pr opor t i ongestabiliging the disparsion. Asmiternls thapl of the corapensnisafthggoacervate | n~an
AQUSOUS. PNg5gers T e el S RSN b A o RS g B ©

interface ge RsiMRindIRe ERENaRIdispRPdifg St pref@dbly shidhidbdRRiftained in an acidic
phase. Upon shearing the rosin and agqueous phases together, enulsification
of the rosiange, that is, with a pH belowabbiti 7) ant prefexabbyat anpH iofiabout 2 tosabolati 71 dndr

processi ng, for exanple, upon cooling or sol vent
extracti on,m‘{‘,'ﬁﬁi’?;@?blb’rﬁ U apoghb.i nto a di spersion (solid in liquid). The
S coacervat e aqqQlithrdherdtfisedth i B chdlerVAe EQIAhal disperlifg Abént 2N0

aqueous phases as a
will now be described, other than water. It ispreferred to use the minimum amount of

10 water that will allow for ease of handling and efficient formation of the coacervate and
the paper sizing dispersion product.

Although the coacervate has two oppositely charged components, the
overall charge on the coacervate and the sizing composition is cationic with a zeta
potential of at least 20 millivolts (hereinafter "mvolts"), for reasons explained below.

15 This means that there is enough of the cationic component to form a coacervate and also
an excess of the cationic component to make sure that the final product is cationic. In this
way, this process produces sizing dispersions which have higher cationic charge than
most other processes. Such charge characteristics, if applied properly, can enhance the
sizing efficiency of the product for sizing paper, including paperboard, with rosin, and

20 particularly acid processed paper.

Anionic Component

The anionic component of the coacervate can broadly be any one ora
mixture of anionic colloid or polyelectrolyte or surfactant, individually all of a type well

25 known in the art. Examples of anionic colloids are clays, silicas or latexes. Examples of

anionic polyelectrolytes are polycarboxylates (e.g., polyacrylates, carboxymethy!
cellulose, hydrolyzed polyacrylamides), polysulfates (e.g., polyvinyl suifate,
polyethylene sulfate) or polysulfonates (e.g., polyvinyl sulfonate, lignin suifonates).
Examples of anionic surfactants are alkyl, aryl or alkyl aryl sulfates, alkyl, aryl or alkyl

- 11 -



mul titude of soft gel atinous particles, thereby increasing the viscosity at
that interface and yi el di ng excellent stability. The -
coacervagwpogsgdii N the conpositions of the present inventi ogpcrsiia t he
di ffusion of one liquid droplet into another, while in the enulsion -
form The charge on the col l oi dal sizing agent particles can be controlled

by controlling the ratio of the anionic and catjionic
conponefyd cahaxylatesor gpcyﬂmm@élgfl @uxlsulfonates. Preferably, the alkyl moieties

col ubl cbCRILT U SoAl s Grect, e ARTREBER e ShollES i o2 Ao EiaRl

col | oi dg éﬁ? aﬁ!emoxe(tjlef Pave about 7 to abodt BB bt'.?:em gﬁﬁlpg wduld'Be

sur f act ant form ng materi a S are ne,ess

even t hptoplyl, thineyl, hexyldecyl dddedthnhsnylx hgmzyd:ambhnbarmniamfchedl alkyt benzane

i_nventiqQn_are no hobi ¢ and can al so be of |arger

Eart i cl ée‘%‘{')a}'léfcs ﬁ&eﬁaib‘?ﬁl%%ﬂﬂ@?ﬁw have
ot U011 R B oSSR RS S 7

char act.gélysilfsifates. More preferréd is a polysulfonate, preferably a lighd-eor 1§ sulfcfnﬁtd for
the present invention can be any nodified unnodi fi ed

rosi n ssidhasithe S@mumsg-ltn@lgap'esat ammommmgaltmmsalwre@mmmsalt ortified

rosin and rosi.n, as wel |l in e and
mi xtures and bI en A p{qqu%pom prePe anionic tomponent is soditim 1t nosﬁi'ﬂq@t

€ osin
lgsed [ nx’hﬁﬂ rpﬁbxﬁﬁﬂzé ¥o&fm§ rgﬂagerm ally avail abl e
05|n suc

types o rosin, gumrosin, tall oil rosin, and m xtures
of any two or nore, in their crude or reflned state. Tall

oil rosin and gun1rosin are preferred. Partially
hydr oge pol yneri zed rosins; as well as rosins that have
been treated to

{reatnent or reactiSi® %OWCPWF’&@E%J: ﬁ%%%cea%nlﬂraﬁl&%@aﬁgﬁgoﬁ by heat

enpl oy eghixture of a polymer, a colloid or a surfactant, individually all of a type well known in

15 the art, as long as its or their use would result in a coacervate having the appropriate zeta
potenual discussed herein. Cationic polymers are preferred, such as polyamine,
polysulfonium or polyamidoamine polymers. The polyamines may be primary anunes,
secondary amines, tertiary amines or quaternary amines or may contain a mixture of
different strength amine groups such as polyethyleneimine.

20 | The polymers which are particularly useful for this invention include
homopolymers and copolymers having weight average molecular weights greater than
about 5,000 as determined by size exclusion chromatography. Preferably, the polymers
have molecular weights below about 500,000 and more preferably on the order of about
125,000 to about 350,000. The polymers should contain at least about 20% cationic

25 functional groups, and preferably, 100% of the functional groups should be cationic.
Preferred exemplary polymers are a quaternary polyamine, such as -
poly(diallyldialkylammonium chloride) wherein the alkyl moiety has 1 to about 6

carbons; a polyvinylamine; and the like.
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A fortified rosin useful in this invention is the adduct reaction pr oduct
of . . rosin and an aci di ¢ conpound containing the

[err] WO 9728314 oup and is derived by reacting rosin and lf‘ﬁ%’"ﬁ??l’%?@
conpound at el evated tenperatures of from about 150[err]Cto
about 210[err]C The anmount of acidic conpound
enmpl oyed wi |l be tha# present morevpreférred type of cationic compoment ika quatemaryed rosin
cont ai ni ng from about 1% {q_about 16% by wei gmq of addugt ed

10 .
aci di ¢ coPgiyaminesich as a polyidialhddiaicy ridelwhersin theauﬁﬁmmstyém

i I h killed i h
P P2 ee 1 Jojgbout 6 carband ‘h%ﬁﬁ%ﬁ%&%ﬁ*ﬁéﬁﬁéﬁ ekafBBAL (105 oK i bed T

U. S. Pat epdlg(dial n%tﬁylﬁhﬂmoﬁuﬁﬁéhﬁﬁﬂe) isbmetihres kefettéd o Wrein as whi ch
are i ncor porat ed ‘herein by reference. Exanpl es of
ackdic cormé!(w % Pther suitable uatemary polyamines include, for example, \

CCC0/ . t hat the fortified

rosin i ncPQ}{ﬂ@Lfslﬂfgagf')ﬂﬂmg&O%Pa Cg@on‘&e'(i‘im&,g[ggﬁ{g ac?dsogmij !tﬁei r
il b| | ude f 20

avail a c}gffmnﬁ'!ﬁfﬂ%in e| : M%q i nclude fumaric

aci d, nalelc aC| acryli’c aC| I taconic acid, itaconic
anhydrl deacryloyloxyethylmmeﬂtyhmnnmmchloadd, citraconi c anhydri de. M xtures of
aci ds can be used to pr fortified rosin if desired.

Thus, formetha @1°%Yeﬁhﬂ€m%hﬂﬂm@“§6r°§4qf@eam d adduct of rosin

R0, AR Aib AR SR BRBREGE 1 1L 0 SPer ST o

subst ant i ﬂhﬂa&cﬁﬁﬂh@b@pﬁtﬁﬁﬂﬂ@%ﬂﬁbﬁﬁxﬁéﬁleﬁd@dﬂu Gcldding cationic ESFdRxhERN Can
be used. Various rosin esters of a type well known
t o t hose efldcrylantiderwith quatexnaryapolyamines.
The preferred molecular weight would be chosen according to the final
coacervate viscosifying effect. The preferred polymeric cationic components of the
15 present invention, and especially the poly(DADMAC) polymers, preferably have an
intrinsic viscosity of about 0.1 dl/g to about 2 dl/g, more preferably about 0.5 di/g to
about 1.7 dl/g and even more preferably about 1 dl/g to about 1.3 dl/g. This corresponds
to a broad range for a solution viscosity of the cationic polymer of about 50 centipoise
(cp) to about 5,000 cp, preferably about 100 cp to about 5,000 cp, and more preferably
20 about 1,000 cp to about 3,000 cp, alf measured at 20% solids. (Brookfield viscosities
measured at 60 rpm at room temperature, about 25°C).
The presently preferred cationic component is poly(DADMAC) available
as Reten® 203 from Hercules Incorporated, Wilmington, Delaware. The Reten® 203
product is viscous enough to yield a Brookfield viscosity of about 2,000 cp in a 20%
25 solution.
To make the proper coacervate, one preferably should use all or as much
of the water available for the aqueous phase make-up. While the order of addition of the
components forming the coacervate is not believed to be critical, it is preferred that the

least viscous of the anionic or the cationic components be added to the water first. In the
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al so be used in the rosin-coacervate dispersion of the present invention.
Sui t abl e exenplary rosin esters may be rosin esterified as .
di scl osed weyohasyy Pat ents 4, 540, 635 (Ronge et al)pgf ng,-g&;ﬁ
(Nakata et al.), the disclosures of which are incorporated 30 erein
by reference. The unfortlfled or fortified rosin

or rosin esters can he extended if desir.ed known extenders
t her ef or c33cWhere thganienic gamponant ks Sogiyen Hgnosutfonats, sam;nmes referred to herein

m crocr yglag) §9GnlaNd catidif BfFoRER if folyASADMALY! Hst.§ ??&n&%%\ﬁ?ﬂg rom

petrol eum
WO 97/ 283ater first to form a first mixture. The parameters associated with mixin, g the coacervate
PCT/ US97/ 01274 The unfortified or fortified

rosin or comppRens aenot crticabasdongasdbey are suffigiens do result in a substaggialty own

" extenders therefor such Wwax.es art i r araffin wax and
Pcrocry %%mej‘mﬁm%%g Fﬁ“%ftgpﬁg' ) MH@?&'@ cPH@‘écé“g@r‘P%d from
trol dthe lik This i

petrol eu m%“gmfengﬁmﬂ?'ﬂtz%mﬁ“ﬁﬁ%g‘“ penes; an e like. isis

acconpl i she ndi ng or solution blending with the rosin

or fortified rosin Onerthafisumitiife iswelmiked 10 bésulystantially homogenedwght , based
on the weight of rosin or fortifjed rosin, of the extender.
Al so bl eﬂw the mast vispousompenent shepld be sdded: with vigorgus: azampxbtloénag aof

ext ender SRS TrE ATk iy 8 oo bl phRBeR-E R AR AR, oo

1 1:3 Commé&xoﬁ@toﬁ?péimh?s SIadand théutidric 0oHpbkint isfpogemmm@m; 10
about 75%to 5% unfortified rosin. Blends of fortified rosin, unfortified

rosin, apdly(BADMAC) is added seconde e senmgd mixte imsy, visually eppeap nm,te about 5%to
g)S(EA)eLS(r; hﬁ)ﬁfgmggchlegus }(:)utt»\gll gg/oonrag xsnlore colloidal and homogenegt?soéﬁnnS% to 90%rosin
homogenization with the rosin. One can also run the coacervate through a homogenizer
by itself to render it more homogeneous if desired.
15 The zeta potential charge on the coacervate dispersing agent will depend
on the ratio of anionic and cationic components making up the coacervate. Likewise, the
zeta potential on the final dispersion composition comprising rosin and the coacervate
dispersing agent will depend on the ratio of the anionic and cationic components of the
coacervate, as well as any residual charged functional groups on the rosin.
20 The coacervate and rosin-coacervate dispersion charge cannot be zero or
close to neutral. Such systems do not work. To form an effective stable dispersion, the
charge must be moderately to highly cationic. The zeta potential plays a strong role in
the stability of sizing dispersions. The zeta potential is the potential across the interface
of solids and liquids, specifically, the potential across the diffuse layer of ions
25 surrounding a charged colloidal particle which is largely responsible for colloidal
stability. Zeta potentials can be calculated from electrophoretic mobilities, namely, the
rates at which colloidal particles travel between charged electrodes placed in the

dispersion, emulsion or suspension containing the colloidal particles. A zeta potential

value of zero to 10 mvolts will be an indicator of poor stability. A zeta potential value of
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The rosin conponent of the rosin-coacervate sizing conposition of the
-present |invention may vary depending on the type and grade of r or
paper boar d BeQ 9283861 si zed, the equi pnent used and wheth E’rgﬁ TR8274 | 5

an internal or surface size. In general, it is p UBEE: )
about 10 wt % to about 60 wt % of the rosin conmponent, nore Tﬁfgsﬁ;ﬂgﬂg N

5wt 0 o 101 mehe BB be b bt Rl Bl iy 7Rt poremeat

rosin
i n the aguafiSof Alédit ZOAROILS,3ind preferably 25 to 41 mpdmsan imticqrioni dfiaanodezfre
Coacervate Conponents coacervate dhgperm ng

agent is qumsomsa&ﬂx@mézatammabwlewfsrsatﬂﬂmmw Ph wat er.

Th t le t
sufe (o encmgsattily SEidRes el SR AR Thogih B8 rcaREl rseF‘ .
y g
uses of t heygpnosition confptfsiight Post AR %a&i'vdté‘ﬁmglq{dvé aZeRGRtehtiabof at least

di spersi on. For the rosin sizing agents discussed
above for 2Gmvohs.t Thuspitds preferredthat the noacervate and rosmﬁmmr'wndapcrsmw boxyl

ﬁéiﬁrioh?ﬁén'%ée?éo&%%%ém%° eheplaavith s Pl e paisuial A BHERS Yalsend
shou
suffici eﬁrﬁ?‘ﬁ?ﬁnﬁfe{%‘%\% nﬁ%%d\irtlsg thle ca?‘ﬂxﬂ{&ﬁ GatB obdy iitrfostific

- 10- colloidal stability of W8 ffhal p2dddt. The highly cationic coacervate produces a final
PCT/ US97/ 01274 groups of the rosin to such an extent that the

red@l ti ng stablpdispersionmvhich irgerapts most strenglyrplgctrically with the getlulgss pulpy fibess.ap| y
should b ffici -
o e sutficient Jl'lvxt: lat%\évuxtxtg a%g ?aln%sfo {hrg angomc anci ct:ati% c%%lmeponfents used in the

coacervate dispersing agent may vary considerably in view of the different types of

(D-b

anionic and cationic components. Factors include the molecular weight and intrinsic
viscosities of the components, their respective charge densities, the particular type and

15 amount of rosin to be dispersed in the final rosin-coacervate composition, the desired zeta
potential, and other factors relating to stability, processing ability and performance, all of
which can be determined empirically without undue experimentation in view of this
disclosure.

The final viscosity of the sizing composition should be such that the

20 composition can be easily pumped without any coagulation at about 10% to about 50%
solids in the dispersion. The final viscosity of the rosin-coacervate sizing composition
should also be sufficient to prevent stratification of dispersed solid components. Alum
can be post-added to reduce the viscosity of the dispersion. This is especially useful
when producing higher concentration compositions whcih ten to yield higher viscosity.

25 Within these broad guidelines, a preferred final rosin-coacervate composition viscosity
should be from about 6 cp to less than about 250 cp Brookfield viscosity (measured at 60
rpm) and more preferably, less than about 200 cp. In formulations of the rosin-coacervate

composition having 2 solids content of about 35 wt%, the viscosity preferably is about 15
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destabilizing the dispersion. As a result, the pH of the conponents of the
coacervate di spersing agent, the coacervate dispersing agent
itsel f angyd éymsspnposition conprising 5 t he rosi n anpCcrASYn@maTer vat e
di spersing agent preferably should be nmaintained in an acidic

range, .that is, with a pH bel ow about 7, .and preferably at a pH of about 2
to about. 7, and o nor e preferably about 4 to a

The conptosheut4Qiepwhers therampositionhasarsolidecontent of amm(ﬁosw»stgwsag%m |
will now b?gadﬁ‘slgsréb%”g{ig? ?kl}?é‘fk n water. It is preferred to use the mnimm

amount of" all ow for ease of handling and efficient

formation of the C?ﬂesﬁm&&aﬁaﬁatm ofmecoaceﬁiteceﬁp%exﬁsaseagomaacaqnsl on
product. hough the coacervate has two

opposi t ekdacehatedad beeeqiilydetesmirieddy back-calculatmg;ﬁmrmdumm@sged imtheifinal
coacervate and the sizing conposition is cationi c with a zeta
pdt ent i arosis-capcenvatestispEEsion. | | vol t s (hereinafter "nvolts"), for reasons

expl ai ned bel ow. 13‘3 (%aé(gaczg{:évgﬁgﬁgftrsﬁﬁtagtsﬂtq{apﬂdgsth@mxﬂ gr%éﬁﬁﬁsat i onic

corrponent to form ervate an an exces

cati oni CEeRse  Edtbin! theMidhicSeonipdnéat is pheferabgire@nothi i athourtaf 0dnéoc. I n this

way, this process produces si zing dispersjons which have higher cationic
char ge t biout 2 parts by weightythe catignic cqmpansstis prefexably meqngm anameantafiGst i cs,

:o]; oggglt | fe‘gﬁlb%’?ggﬁég gﬂ'gh?, s ﬁiﬁ%&iﬁg‘gbbgﬁ@e cmnpﬂn%ﬁ C' enc of the
_Lli%r ticul grl ¥na #}E-Qﬁg ?fenﬁ théB&hnce being about 33 to JN&'\@% ﬁa@l??%@ht of

he ani oni c conporte e coacervat roadly be any ‘one or a

M Xture e TRE catichid toinibmi¢ camporentsare plefdrsedao be présant inra ratio grbatérdual | y
all of a type well 25 known in the art, Exanples of anionic colloids
are cl aythanabputdhk obtheicgtienie sompaneny fathe gpionic component. 5 onj ¢

pol yel ectrol ytes ar 0 t Moutet hyl
cel 1 ul ose, hydrol y#® Ao o%%&‘@ﬁé%ﬁ%&‘? is&%&fmggg ‘ét%gé%}‘ga%‘“”ww ny!

sul fate, 15 pars by wexglﬁ‘ﬂﬂéﬁiolﬂid @sponent, ct 0P topBLSIS bmﬁbﬁm@u of,

pol yvi nyl sul fonat e, lignin sulfonates). npl es of anionic

5 f act acatiorde eom;bon;m, the hlanse baingyaboutrdf togbpma%%emahwﬂghm JYater al kyl

The cationic component to anionic component ratio is more preferably about 0.6 to about

3.

A still more preferred coacervate dispersing agent contains about 0.4 to

about 0.6 parts by weight of anionic component, about 0.6 to about 1.3 parts by weight of
20 cationic component, with a cationic to anionic component ratio of about 1.2 to about 2.6.
The balance is water in amounts of about 44 to about 64 parts by weight.

Once the aqueous coacervate phase is formed, then the rosin (either
dissolved in a solvent to form an organic phase for a solvent process or melted in a high
témperamre process, typically using high temperature high pressure homogenization) can

25 be homogenized into the aqueous phase. The coacervate will perform the emulsification
and stabilize the resulting dispersion.

The general techniques of forming a paper sizing composition of the
present invention comprising rosin dispersed in the coacervate will now be described,

although the coacervate dispersing agent and the sizing agent including the rosin and the
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PCT/ US97/ 0 aryl carboxyl ates or al kyl, aryl

sul f onat es%éémlébl y, the al kyl noieties have abou(f'ﬁ{fg"il7|
18 carbons, the aryl noieties have about 6 to about 12 carbons, and
the all aryI noi eti es have about 7 to about 30 carbons. Exenplary groups

woul d be coacervate dispé eﬂ!%zbyl 5‘$re§&&d by ahy btheelprieess suitablety makeaheyl and

| i near or branched al ky enzene derivatives of the carboxyl ates,
sul f at es desirediproducat es. The preferred anionic

conponents are polyc | f at ... pol | )
More preferred Ps g%ﬂe@ﬂb Fﬁﬁﬁts%leoﬁypég‘ﬁﬁgﬁfeé’e na? '&ﬁ&°"’6’?s’|“i°§%fﬁésj{’hre ;'? Z,
such as t%eﬁaghmoﬁﬁjz&asﬁﬁi Hﬁ@%)aé%solhh Rhéfstn archr om um
salt. ent nore erreg ani oni ¢ conponent

| s 5s0di UMokgamtOsoINen® fririsciile in water\/fu fohnhn&rgmﬂc please; (i) fornaihg aecgquedds sodi um
hydr oxi de. Cati oni ¢ Conpongent

The
cationic pbmmféhﬁ catfoniqeolloisial epaggrvate dispessing agant b& mixingowith syatey the

t f i.d f |
nel | - knowdmiontegponenf g tg fatondd odinRtEh i 0% prapRfiots 48 With Alfficlly & ¢ YPe
a coacerv §{)§ar b&Ydrhia EtonSPRIIBRIaY 8ddR eARER (1) homogemzﬂ@ttl%‘éﬂgﬂhlcfﬁh%%@&ﬁ d

her ei n. ionic polynmers are preferred, such as pol yan ne,

pol ysul fo Mammbum&an%a&mmMsmxygmgm torfoempaml qzmdsmasamb@vmnmvmgar y
ami nes, secondary. am nes rti am pes nes or
nmd$ cont athe ereanigsolventfrom the emulsxondp? éﬁé‘?&"%tﬁ‘&?ﬁﬂ ‘B&@J@a@%ch as

pol yet hyl nPQs'siﬂg% par e

parti cul a%%lggﬁﬁf&?gfd?ﬁ ss!lnlulrﬁilneercl’t"‘?"l 'nhi[orc veng‘r é"“%@otr’%%m ymers and
copol yner r&b%wixy CORfiSius Prevesing 604 esthbiastiowsthgiebs greater than

about 5,000 as determ ned by size exclusion chromatqgraphy, Preferably, the

pol ]Ymer EI ' ) Hgozc sp}gﬂﬁﬁdlh in prspaytng:the enutous Fotih dSPETstIOhS or e
refera n.t
Bol ymer s é‘h‘%&?‘ﬂn EES (r?\li"affeqr%veg’t‘ P%&g%‘z thesgsip i é‘é ﬁf  LodRRthrda bl %ann}-@e

15 solvent, such as benzene, Xylene, methylene chloride, chloroform, or 1,2-

OUt

dichloropropane. Other solvents compatible with the desired end product and paper
sizing operation can also be used. Mixtures of two or more solvents can be used if
desired. The selected solvent will also be non-reactive with the components of the
aqueous dispersion to be subsequently prepared.

20 A mixture is prepared with the organic phase rosin solution and the
coacervate aqueous phase dispersing agent of cationic and anionic components. The
essentially unstable aqueous mixture is then subjected to sufficient shear to provide an
essentially stable emulsion. Sufficient shear is conveniently accomplished by means of a
homogenizer, although the coacervate dispersing agent of thé present invention allows the

25 use of considerably less sophisticated equipment, such as a Waring® blender.
Nevertheless, on a commercial scale, passing, at least once, the unstable aqueous mixture
through a homogenizer at ambient temperature under a pressure on the order of from

about 7 kg/cm? (100 p.s.i.g.) to about 560 kg/cm? (8,000 p.s.i.g.), preferably about140
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25 functional groups, and preferably, 100% of the functional groups

shoul d be cationic. Preferred exenplary polyners are a quaternary
pol yam nexy@ yiissef pol y(di al | yl di al kyl anmoni um chlﬁli,?@,m%rei n
the alkyl noiety has | to about 6 carbons; a pol yvinylam ne; and
the |ike. . -12-

WO 97/ 28311 _

PCT/ US97/kel@a’(2,000 p.s.i.g.) to about 210 kg/cm? (3,008 pos.kg 2 mill ponddparéssentiallyt ype of
cationic onent is a quaternary pol yam ne such as a

pol y(di alﬁ%%ri%f‘g WA moni um chl oride) wherein the al kyl noiety has

1 to about 6 car borgbrﬁ%ng I@Ep&%ﬂ?@%ﬂ&hﬁkﬁ@& &’tﬁsreﬁng&t@gi Gemoved

pol y(di al | yl di met hyl a sonetimes referre ereln as 5
" pol y( DAGNTEhe' erfiblsion, as byt sttipping wsing vaguympdistiliationcand thete isprovided axanpl e,

pol ymers of acryl oxytrinmethyl amoni um ¢chl ori de (ATMAC),
met hy| acrepsessaghly méwmmﬁmrﬁm pErasitpartigienCy hese procedural steps are

ot hacr y BYTRYD BTb B at550 M 4P of which s hereby incorporated by

met hacr ylrefekaneget hyl t ri met hyl anmmoni um net hyl sul fate or
met hacryl am dopropyl tri met hyl anmoni um chl oride al so including cationic
copol yners The grinerat techniqud ased for the highrtemperaput proviesseer method

Th f d | ecul ar ' | d.be cho according tp the final
€ pre ev[n'rllenownge geslcj:riged &B}Inga?ctmgmﬁllé sgzmg compggxtnlono e plre nt z%vent?on in e

10 form of a dispersion. This general method comprises the steps: (i) heating the rosinto a
temperature sufficient to melt the rosin; (ii) forming an aqueous phase of the cationic
colloidal coacervate dispersing agent by mixing with water the anionic component and
the cationic component in such proportions and with sufficient shear to form a cationic
colloidal coacervate; (iii) mixing the molten rosin with the aqueous coacervate dispersing

15 agent to form a mixture; (iv) subjecting the mixture of step (iii) to sufficient shear to form
an emulsion; and (v) cooling the emulsion of step (iv) to form the dispersion. Steps (i)
and (ii) may be reversed in order or done simultaneously and mixing step (iii) m;y be
combined with emulsifying step (iv). Moreover, processing may be batch processing,
continuous processing or a combination thereof.

20 More specifically, in preparing dispersions of this invention by the high
teniperamre process, the rosin is heated past its melting point, preferably to at least about
135°C, and more preferably to about 165°C to about 180°C, where it is less viscous.
Preferably, the molten rosin is pumped, as is the coacervate, to 2a homogenizer where they
are intimately mixed and emulsified at a temperature of from about 80°C to about 195°C,

25 preferably about 125°C to about 145°C, to form an essentially stable aqueous emulsion.
Sufficient shear is conveniently accomplished by means of a homogenizer. Thus,
passing, at least once, the mixture through a homogenizer under a pressure on the order of
about 70 kg/ecm? (1,000 p.s.i.g.) to about 560 kg/em? (8,000 p.s.i.g.), and preferably about
140 kg/em® (2,000 p.s.i.g.) to about 210 kg/cm? (3,000 p.s.i.g.) will provide an essentially
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coacervate viscosifying effect. The preferred polyneric cationic conponents

of the 15 resent invention, and especially the poly( DADVA
pol ymers, pﬂé% H/ have an intrinsic viscosity of P %ﬁ%’r"ﬁ"ﬁt‘
dl/g to about 2 dl/g, nore preferably about 0.5 dl/g to about

1.7 dl/g and even nore preferably about 1 di/g to about 1.3 dl/g. This

cor r espondgiable emulsion wHi¢h forkis @tabl@ 8B ersioh upofi @oblih@N The predsireseletted!lis
cationic polynmer of about 50 centi poise (cp) to about 5,000 cp,

pr ef er abl ywithinithe skl efthe artabout 5, 000 cp, and nore preferably 20

bout |, 000 t baout 00 [ 1. d t 20% lid Br pokf.i el d
SPonost1ies P 1O AP cnoNine RiatoR FrIpkt 1 hrrapias: BesHly BipReed

25 0.

o o fmbodiment in which the anionic cc °°"%“ @W ﬁé@?f%% fas
Her §ul es | Mﬂmﬁ ISafieth Lighbm’,clgUSlA VargenySweder, Mdlilﬂy(QNDMA€§;3uchas

product is_viscous enou to yield a Brookfield viscosity of about 2,000 cp

in a 20% 2Beten® 203; fiom es Incorporated, Wilmington, Delawqr@ and ha g gper
coacervate efer abl. .shoul d LS
wat er avai F%}l#e % sB 'lﬁa‘b/ L}Bhe W?’P‘@ cpﬂpoepxatépa%ge B'Efaﬁti on

of the manamourﬁmqnﬁ%ftofaﬁéﬂi'ﬁﬁﬁh&&tﬂ@%&idﬁ&%oin?gcous ofbt GertO be

critical, 1t 1s preferred that the | east v e anionic
or the cat from abonofylomdfteatmmt Sdsid6, and thérmtivaifeatiénic componentito anionic

) ) . WO 97/ 28311 . .
pcjfﬁ US97/ 0%emponent is greater than ege@ Qni #ssm FRaY-be Rt in Ap smonnt pLaboutii(

| 1 gnosul T opadeG, 4 ﬁ%d &}F%y (%{AW p&%ﬁﬁlﬁ é{e;%lculated on the bakis %ﬁhz‘?‘i}ercgﬂggé he

cationic corrponen iI's pol 'S m Xxe
wat er firsbfthe drpweight bf fiRicomponefitin O aQRBUS BRI ESackPrate tdthpekitho.h M Xi ng

t he coacervate

Preferred amounts are about 0.2 wt% to about 1.5 wt% of the anionic

component, about 0.2 wt% to about 3.5 wit% of the cationic component, at a cationic to
15 anionic component ratio of about 0.6 to about 3.0, with rosin present in an amount of
about 20 wt% to about 55 wt%.

More preferred amounts of the ingredients are about 0.4 wt% to about 0.6
wi% of the anionic component, about 0.6 wt% to about 1.3 wt% of the cationic
component, at a cationic to anionic component ratio of about 1.2 to about 2.6, with rosin

20 present in an amount of about 35 wt% to about 50 wt%.

The amounts and ratios may change based on the use of anionic
components other than SLS and cationic components other than Reten® 203. Use of
these ingredients in the indicated ranges and ratios should produce a stable emulsion at
sufficient viscosity for efficient homogenization and production of a stable rosin-

25 coacervate dispersion composition. By using a lower molecular weight poly(DADMAC),
such as one having an intrinsic viscosity of about 1.0 dI/g, higher cationic polymer
contents can be obtained without having viscosity problems. This provides the ability to

produce more cationic systems.
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conponents are not critical, as long as they are sufficient to result in a

substantially 5 honogeneous m xture. Typically and preferably,. the,
m Xi Ng | Swapshasied at room tenperature (about 2p&uReHeidi ent
pressure. Once the first mxture is well mxed to
be sub-stantially honbgeneous, then the nost viscous conponent
shoul d be added with vigorous agitation to forma : second

m xture. As bef or e, Emhlstication with thisicoacenvatesystan isaisaauiteansreetigallyhi s case
where 10 the aniQnic nent is SLS and the cationj.c c onent is
oy aAerable. Evert s Wiidee BIERAG A stie e iR 1F B iAo, SREBGH |

m xture s bt %fterd dé &monstrated usin prél&ﬁsfmmsg&'ﬂey ndr Decore
nore col | ol ggfﬁan(fl%vgan%ene%ﬂs dur?nrfg © g onogeni za% i ogévlsn% h the
rosi n. . OCempany ACincimmati, Ohio) and eeen/iter vding a dardor:Gaolipe® hoarogenizer by
itself to render it nore honogeneous if desired. 15

The zet a(pBVGaulin Ingp Y Bmington, Masselussttsht ¢ di spersi ng agent will depend

on the ratio of aniQnic d cationi i u oacervate.

Li kewi se, the Ot Ry, f)‘g?'gﬁﬁ‘%?%qﬁ%&?%gfg%}ys g%frogﬁgﬁs’ conposi tion
conpri si Bihcidas iafid dflfer phefAAOSES, ¥@i Be added to the rosiflicoBeiredte dispérgidvh ofithd depend
on the ratio of the anionic and cationic conponents of the

coacer vapresentinvasitionds amopntseaddsing techaiques knewn to thase inghe papermakinge r osi n.

20 . The coacervate and rosin-coacervate di spersion
char ge cidystYbe zero or close to neutral. Such systens do not
ygrk. To form an ef : {BE ForhPOs the @ o i loved 34 fife Nust be
noderately to hi ghl@ﬁggwgﬁ%ﬁg#ﬁ%‘gzet a?potent%aﬁpgﬁsgyslsa tolygng role-in

t he st abidantifactire of papeg t6/bé piaed indththe ddmposition, patieallyiaslaniadditive tpat ent i al
across the interface solids and |iquids, Sigqﬁd fically, the
r

pO][ fanft gapamgtfﬁgﬁ& !:?édé@ m@ygcm the sized P3Per. HOWRVEFr'ek FRIMPRPIBOSH ged
rabi | 1 SrBRRtent s b e RE BPeaiaR ARARAL run8in b Yl eBia izing agent by

nobi | i ti gsplyingTeio/the!sifface of the paper aftédthé paper'idiforined & & Sizél ptespar bther es
travel between charged el ectrodes placed in the di spersi on,

éful si onsuitableiapplicatiomequipmentising applicatinn tothniques vl ksiowa toAhosstskilledt ent i al
value of ,zero to 10 nmvolts will be an indicator of poor stability. A zeta
pot enti af PR&RAfe of . -

14 - As noted above, rosin-based sizing compositions are used with

papermaker's alum or other equivalent aluminum compounds. The alum or its équivalent
can be incorporated into the sizing composition of the present invention or, more

20 typically, the alum or its equivalent can be applied as a separate component to the pulp
when the rosin-coacervate dispersion of the present invention is used as an internal size or
when it is applied as an external, surface size. When the alum or its equivalent is mixed
with the rosin-coacervate composition of this invention, the alum or its equivalent may be
present in amounts up to about 50 wt% based on the weight of the rosin-coacervate

25 . composition including the alum. The amount of alum or its equivalent to be used is
determined based on the type of alum or its equivalent used, the grade of paper being
treated, the amount of sizing agent being applied, and other factors well known to those
skilled in the art. In unbleached papermaking systems, for example, when added to the

pulp as a separate component, alum or its equivalent is normally used at addition levels
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10 to 19 mvolts is an indicator of sonme, but usually insufficient
stability. A zeta potenti al val ue of at |east 20

preferably YO @838 miolts is an indication of a noderate P&P}u&&mﬁ?ﬂ
charge with good stability. A zeta potential value of greater than 40 to
100 nvol ts or nmore normal |y indicates excellent stability.
Thus, in tBe RS WY, bavedtipofithe dfyowsiphtioTehe pulp, and typieallysit tévels afabpai si ng
the rosin and the coacervate nust have a zeta potential of at |east

20 nvol t s.0.Tma% toiabouts0.pva¥erred that the coacervate and rosin-coacervate

LN G AL o R
| east 40 , ] - : A ’
€as 3 uﬁf P%;;H ?P‘Q{Pﬁ%é}?rﬁ@ E{Zﬁ‘éﬁgﬁ‘ﬂﬁ"? f18e cﬁ*t@ﬁﬁ:f, @epétidirtg upon the

col | oi dal ‘stabi I na The highly cationic coacervate

pragluces arefphived dégdee of sizing,ithbprade of papes,ithetypeiof ipulpfuemisic nsedrto swaketthong| y
electrically with the cellul gse pul p fibhers.

. . Th
anount s arphpenandothst facters aelldmown:and easily datermineseropisically by thpse skillgd in ©
te, di ' t C ' | Vel ' 2 - f t

Cypes of theat: Th genl” filtas Bodof s aef Bkelq 10 onthiB e hesindl sl 0"

mol ecul ar eibghbigRd intrinsic viscosities of the conponents,
their respéctive charge densities, the particular type and 15 . anount
of rosin to be di speMées theisizing compasitionis appliod esan internaladditiverdusing t he

desired zeta . .. poteptial,_ an er. factors relati t tability,
prHessi ngpapsrmakipg.dhis M%??@ép"‘é‘l%-gﬂ‘“% 16 Shour “"/Jﬁ Sﬁ;ﬁ%&.}gsgry

determ ne | [ 4 wi t hout undue experinmentation in view of this

di scl osur &v?x@ﬂi&ftﬁ@blx%. The final viscosity of the sizing

conposi tion shoul d byisuahe édtapositith ihe present doventish tis emploged bcarpragernyl
punped w t hout any coagul ati on at about 10% to about 50% sol i ds

)t
in the di spueface size, irisepreferrad toussabont 0 bm%erie abouy ¥ of thessomnpoasitionhased

conposition . ould al so be sufficient to prevent stratification
of di sper sSFHthesiry H”’&S’ﬁﬁgﬁﬁrﬂa@?’ ")stlhm

15

=

Hercules Size Test
One well-recognized test for measuring sizing performance is the Hercules
Size Test, described in Pulp and Paper Chemistry and Chemical Technology, 1.P. Casey,
Ed., Vol. 3, p. 1553-1554 (1981) and in TAPPI Standard T530, the disclosures of which
20 are incorporated herein by reference.. The Hercules Size Test determines the degree of
water sizing obtained in paper by measuring the change in reflectance of the paper's
surface as an aqueous solution of dye penetrates from the opposite surface side. The
aqueous dye solution, e.g., naphthol green dye in 1% formic acid in Example 13
described below, is contained in a ring on the top surface of the paper, and the change in
25 reflectance is measured photoelectrically from the bottom surface.
Test duration is limited by choosing a convenient end point, .., a
reduction in reflected light of 20%, corresponding to 80% reflectance, in Example 13
described below. A timer measures the time (in seconds) for the end point of the test to

be reached. Longer times correlate with increased sizing performance, i.e., resistance to
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can be post-added to reduce the viscosity of the dispersion. This is
especi al |y usef ul when produci ng hi gher concentration ,
conmposi ti eycowtysen tend to yield higher viscosity. 25 RV floaRESE
broad guidelines, a preferred final rosin-coacervate conposition viscosity
shoul d be fromabout 6 cp to | ess than about 250 cp Brookfield viscosity
(nmeasured at 60 Lo rpm and nore preferably, |ess than about 200
cp. | n fovaten penetsationoincrenses, ibmeépmmﬁwwally fail at 0 secopdpdightly sizedavi ng a

. o . : ;
O 05 ppEritP gl el B Hotd abdf 1 6 5627 ob el Shofely i e ®

PCT/ US97/£5kg d8out 21 to about 150 seddhds R hattDsifddl yipeF RoinlioGOTPOR dboflf2,006 2
solids content of about 40 wt% the viscosity preferably is about
30 to abaetords. cp. The amounts and ratios of the

coacervate conponents used to make the coacervate can be readily
dex er ni ned by back-cal cul ati ng the anbunts desired in the final 5

rosi n-coacervate di spersion. To make a coacervate
di spersing agent having the benefi Wr_t i es - di scussed
herein, the anioni cTikOpre@REHivehtforPWRl B6vA BE MedetiBe® Withirbferdhce@ihet of 0.1 to
about 2 parts by weight, the cationic conponent is preferably present in an
anmount offollowing specific, non-limitingdixanplesar t s by wei ght, based on the dry

wei ght of the conp nt in the agueo 0 coacervate dispersin

agent, the bal anceo‘gﬁfﬁg"@me '?9%4[ ’Sﬁ%éﬁ?’n@ﬁs’ﬁ% f?‘%?%ﬁvﬁfﬁwg’fp“m"%

iy er . Thﬁasé;?&ﬂa?éﬂ Bask® off teXNivent PRHREREAS HE?&i‘b@d BbVeS r'!“lﬁ%tégg Wife BAFRERI | N 2

rati o great than about 0.1 of the cationic nponent to the
ani oni ¢ @b nguon esmaperature (about 25°C) and ambient pressurk, axcept #8 atherwissihatedicer vat e

di spersi ns% agent contains,_about 0.2 to about |, 1.5 parts by wei ght
of ani oni ee%ﬁ«mmmg details, where impostant arespscifiad.as aps the@pgraprigie 15

cationic ent,, [ about 80 parts by wei ght
of wat er _p‘i(?ﬂg}&& dhd reﬁvﬁkgg?@gﬁas?%ﬁ?%ﬁceg%gﬁtggﬁx@%p&% oni ¢ conponent ratio is
nore preferably abonsuédfn tie BR@files, all percentages of components are weight

15 - percentages of the components on a dry basis, of the aqueous rosin-coacervate

composition, unless otherwise noted. Percentages of water are by weight based on the

weight of the aqueous rosin-coacervate composition.

Example 1
20 Preparation of a rosin size with a coacervate containing
- SLS and : sing a Ma g .
Organic phase rosin; 307 g of 2 6.5% combined fumaric acid (CFA) rosin dissolved in
450 g of methylene chloride.
Aqueous phase coacervate: 5.3 g of SLS (sodium lignosulfonate, Wanin® S, from
25 LignoTech USA, Vargon, Sweden), 65.3 g of Reten® 203 polymer (19.3% solids,

intrinsic viscosity 1.3 dl/g and 600 g deionized water.
The SLS was dissolved first, thén the Reten® 203 polymer was added. -
The pH was 4.2. The aqueous phase was mixed using the high setting on a Tekmar®
homogenizer (laboratory model No. SD-45) while adding the organic phase. This took
30 15 seconds. This pre-mix was then passed through a Manton-Gaulin® homogenizer
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3. A still nore preferred coacervate di spersing
agent contains about 0.4 to about 0.6 parts by wei L, oni c
conponent, W6 to about 1.3 parts by weight of 20 g&@%&'ﬂ@?ﬂp
conponent, with a cationic to anionic conponent ratio of about 1.2 to about

2. 6. The bal ance is water in amounts of about 44 to about 64
parts by \Agxh No. 15MS TBA) twice af 210k cm? (3,000 8.51i)) préxgure0 Sonendinfionavater
phase is f Q&%‘ othgn tﬁg r)(g‘glln g/ ( P r)(i’dl ssol ved in a sol vent

t o form anwasgstroducedashkelp suartaheshd»meg&mm o¥be resultingsimudsion was treatgd in 2

t enperature process, typically using_ high.te ature hi ure,

ho g geni z aﬂPth) W;‘H?Faﬁgx"? removegge e ‘{%PE) yephat aatﬁﬁg’ﬁfé‘“ ﬁ§%° it e
coacervat e& gj | pﬁ)?rgt r‘% iy hﬁe‘%@&{hﬁﬁé LfidfsioR was cooleg to roorft ¥n t ec*] laf S/hidhe

resul ting enera ni ques of

forging a Wro%i%éd&eﬁmeﬁl&ﬂwai fdrived that had the followﬁﬁgepmpemaznt I on
conprising rosin dispersed in the coacervate will now be descri bed,

al t hough t he codatalsalids:263fer si ng agent and the sizing agent including the

{,\%S Igg / ggglahe Particle size: 578 nm (after passing through a 100 mesh sieve) - 16-

PCT/ US97/ 01274 Il!ﬁ aﬁg!ﬁ% éji spersing agent may be prepared by
any other process swglyabl €10 na desi red product.

Generally, in the solvent grocess 2 nethod, the conposition of the present
inggntion is formed as a dixspersiggg conprising the steps (i) dissolving the
rosininan 5 organygc solvedg immscible in water to forman organic
phase; (ii) formng an aqtﬁebo phase of the cationic coll oidal
coacervat e di spersing agent by mx1 ng with water the

pH: 2.8
The rheology data indicate that the dispersion has good stability, based on
15 the small difference between the highest and lowest viscosity readings at the various xj:m
levels. Comparison and quantification are readily performed by taking the logarithm of
the ratio of the lowest to highest reading. In this case, log(49/70) = -0.155. The
calculated value can vary from zero to -1. The closer the calculated value is to zero, the
more stable the product is. Values less than -0.3 (that is, values such as -0.4, rather than
20 values such as -0.2) indicate that the dispersion may exhibit instability problems.
A sample of the sizing dispersion prepared in this Example was aged in an
oven at 32°C for 4 weeks and the viscosity was measured each week. The following 60
rpm viscosities and pH were measured using a Brookfield® LVT Viscometer (Brookfield

Engineering Laboratories, Inc., Stoughton, Massachusetts) and a pH meter:

25
1 week 2 weeks 3 weeks 4 weeks
visc., cp: 47 47 42 39
pH: 2.8 2.8 28 28
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ani oni ¢ conponent and the cationic conmponent in such proportions and with
sufficient shear to forma cationic colloidal coacervate; {iii)
honogeni Ay 97h4¥1 or gani ¢ phase and t he aqueous preesEMAdes vat e
di spersing agent to forman enulsion; and (iv) renoving 10 t he
organi c solvent fromthe enmulsion to formthe dispersion. Steps (i) and
(i1) may be reversed in order_or done sinultaneously, Myreover,

processi ng may be Bhesedower viscosity respits indicate,good- #ability; o ¥EEPPY or a

conmbi nat,i Qqn thereqf. . ‘s . . ©More b , in
prepar i n‘&a‘Fﬁ'«?sMﬁ?ﬁ%‘%@s‘?@&ﬁ%m?‘bwe(f?s?magmws mﬁstﬂg(&isple%\%dn%i on by the
sol vent ﬂﬁlgfa%%s ehﬁroﬁ 4Ry 4 ' Storage ooditichsa Wat er-immi sci bl e organic
15 S vent?ﬁs chgiltsdi%%%zéee}l{e’éde;yl ene, met1 hylsene chloride, chloroform
or 1, 2- The cldrge apthesizing pBticles is te.dispersion wasidetermingd:as thee

g e oMo SR 1 P KB L7
e o0 oMoy Tk T8 SREAEBE L o OPOE Sl 1

m xture {00 mMisoTalefchizddiwatéh@dadiiRting i i evittoNaOHser Hﬁ$©g ta ik vdves
coacervat e agueous phase dins}gersi ng agent of cationic”and anjonic

conponenindicatedbelow, except for pit § $awhigh yas thepkhefths sompesitionwithauti s t hen

subj ected,to suffjcient shear.t rovi de . _.essential stabl e

emul si on?dJWFPE‘P’Qﬁ@'BWéE?”r g’f&ﬂ@%ﬁ?’&ﬁf@&a@e%‘ﬂ? cafioe §§“‘ﬁé‘§§‘%%# a
nogeni ol t Hﬁg e ' | B {00 A6

?ﬁvent [ oﬁf‘ﬁ?\ﬁs& e g@ﬂ me%ﬁ@tg%%%ge%gyf gs'fssalfé%phi sti ca?ggf

equi pnendcid 6tibdseas a Waring[err] bl ender. Nevert hel ess, on a

commerci al scale, passing, at |east once, the unstable aqueous m xture
t hr ough PHhonogeni zeddat i e ter%rata&e under a pressure on the order

of from t erk .S.1.0.) to about 560
kg/ cn er;]P"('%‘,"t}b"O H%EQ%JE&)%%% era 153(/%6% | 40
-17-

As can be seen by the positive Z.P. readings, the sizing particles are

A

15 cationic, even in the alkaline range. The Z.P. readings indicated good to excellent
stability of the dispersion. Also, no post addition of alum or any other dispersing agent is
needed to preserve stability. - B

Example 2

20

The same techniques were used as in Example 1.
Organic phase rosin: 307 g of a 6.5% combined fumaric acid (CFA) rosin dissolved in
450 g of methylene chloride. |
25 Aqueous phase coacervate: 5.3 g of SLS (Wanin® 8), 32.6 g of Reten® 203 (19.3%
solids) and 600 g deionized water. The SLS was dissolved first, then the Reten®
polymer was added.
The following properties of the rosin-coacervate product were observed:
Total solids: 30.3%
- 30 Particle size: 557 nm (after passing through a 100 mesh sieve)
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WO 97/ 28311

PCT/ US97/ 01274 kg/cmerr] (2,000 p.si.g.) to about 210
kg/cnierr] WOB84 s.i.g.) will provide an essentially PCT/USI7TRRZY)| o
enul si on. Subsequently, the organic sol vent
conponent of the emulsion is renoved fromthe enul sion, as by
stripping usinggyacuum di still akl d there is provided an 5
essentially stag;ﬂg) §&EOUMSM rosin particles. These procedural
steps are descrg bed ingg S. Patent No. 3,565,755, the disclosure
of which is hereby incor p%rzat ed bys reference.

wi |l now be described for ki ng tJle sizing conposition of the present
invéntion in the 10 m of di spersion. This general nethod

conprises the s 2 1cbi L t:] ?ﬁg Lbitigy tenperature
sufficient to rr%%ﬂ’ﬁg}roés{?ﬁ’;lh??? %{r’cgnefgn%‘.”a aqueous phase of the cationic

col | oi dal coaceppa®e di spersing agent by mxing with water the anionic
conponent and the cationic conponent in such pro&grt,i ons and’
with sufficient shearA samplewasagedin aneyen at 32°C for 4 wegks andithe Viscasiy wase;

Sgent 1o BEATECAPRAEY. (s tollbghe ot YREO ST BECPH] efs BT |ilfsle

sufipi ci ent .shiiBhe i{i@r:m an emul sion; and (v) cooling the
f step%ﬁ:/ to formthe di
ce

The general technique useﬂ{gjior th i gh tenperature process or nethod
r

emul'sion o spersion. Steps (i) and (ii)
may be reversed in orddeeelor dorfeweeksil t andwweeky and 4mweeksg step (iii) may
be - . conbined with emulsifying step (iv). l\/bgfgover, processi ng nmay
be batch pVMS€e8Bing, 33 nti nuous Pt ocessi ng?ér a conbi nation

t hereof . 20,,. More spagd fically,5gn preparing

di sper si ongHOf this i r%vsenti on by2§ he hi gh 23 %‘grrperat ure process,

the rosin is heated pRseichhdgs ofithé palticlesiwis depsrmiigsdodsl the béta poiendalstimedsared
135[err]C, and nore preferably to about 165[err]C to_ about 180C, where it

i s IBess vi wituaslazer Zee® Meter odeli0db This was dorg by dtiluting hor 3 dpapspfdhe as i s
the coacervyate,.tq 0 izer where th . . ) y 0 _xed
and enul si ﬁ*sggs%ﬂn ’?ﬂpg #‘éﬁﬁgwegfwﬁ%?rcﬂﬂdﬁ?ﬁnngé{‘%Pﬁ%ﬂ?ﬁ%% ﬁgg%er C,
25 it o DEURHAP reeuftO O bl ChbficRP 8F thedok Szl ConigdshidhMRE Z.P.
essentially stabFe aqueous enul sion. Sufficient shear is
conveni ent rsadits @ritérshariddin the acidicdange, therraypgn idesired foh this particular sizing
passi ng, at |east once, the m xture through a honpbgeni zer under a pressure
on the or depmpesition, indicated excellent stability.

20 pH: 34 4.6 80 20

ZP.,mvolts +453 +440 +204 +]79

Example3
No polymer. rosin only
25 An attempt was made to emulsify rosin only, as in Example 3, but without
Reten® polymer, anionic component or alum. The product failed rapidly. The emulsion
broke quickly into 3 layers immediately after being made and could not even be stripped

of solvent.
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about 70 kg/cnferr] (1,000 p.s.i.g.) to about 560 kg/cnferr] (8,000
p.s.i.g.), and preferably about 140 kg/cnferr] (2,000 p.s.i.Q.).

t o about mMerr] (3,000 p.s.i.g.) will provide an es
- 18- Wb WD 87/ 28311 PERSHI ks

PCT/ US97/ 01274 stabl e emul sion which forns a stable

di spersion upon cooling. The pressure selected is within the
skill of the art. WThefolloNnginforn&tion
relates to an exenplary presently pref erred . enbodi nent i n which
t he ani oni ¢ conponerkIePSIalioer AR 188 BRERE as

Wanin S, fromlLi gn Tech U vaede uch as
Retenlerr] 203, {r OnioRNE of tei e B PFas Wﬁ%@%’@wgm Vi
havi ng 1ﬁe38@nuquesof5xam§1é|1' UPhe fMowiflg fothlulatfinGvashie@si ty of 1.3-1.5dl/g.
The ani oni ¢ conponent may be present in an anount of 0.1 wt%to

about 2 Oegranicophase hesiwdB36@wia §.4%pcombinedfiymaric anid sosirt dissolved in 204.5 g ofn
about 0.1 vvt%taygbogﬁ?éqﬂa/\ﬂ% and the ratio of cationic conponent to
ani onic 10 S s greater than about 0.1. Rosin may be present

[ bout 60 wt% All ht
ngrggn?s Qﬂée c&‘ha‘%m%l% tr?mtmhzeo?'b(c}sgl35‘;’)'\'t(§?/ﬁaﬁeaptca)lchent age i el g of the

dry weight of %08.3q0dgionieed watert he aqueous rosin-coacervate corrposition.
Preferred anounts are about 0.2 wt% to about 1.5 wt % of the anionic

corrponent about4g. gZOf/\iﬂ%»tablIEbout 3.5 wt% of the catronr c conponent, at a

tioni ani onent at of, .abou 3.0, with
ﬁgm n pr ‘%uthTgﬁ R %P& r Was mixed g fei %rzﬁ WaFB igﬁﬁﬁo&s%hﬁt %
More pr eio?&ﬁcﬁﬂwﬁs"?ﬁﬂ.t %t Wis Ib%réd\%r@ﬁ WaIHSN M(Q. AheWatd phatd wad Ri@aaukh 0. 6
the organic phase and passed through a Manton-Gaulin® homogenizer. The emulsion

destabilized while stripping off the solvent at 70°C.

15

An attempt was made to form a dispersion of rosin sizing agent and
Reten® 203 without the lignosulfonate anionic component following the general
techniques of Example 1, as follows.
20 Organic phase rosin: 300 mls methylene chloride and 409 g of a 6.5% CFA rosin
Aqueous phase: 807 g deionized water
14 g Reten® 203 (19.3% solids)
A. Emulsification was attempted in a Manton-Gaulin® homogenizer
using two passes. The solvent was stripped at 60°C and a sizeable quantity of rosin
25 material separated out. The system failed while standing.
B. A similar experiment was run using the Tekmar® homogenizer and
some alum in the water phase:
Organic phase rosin: 205 g of 6.5% CFA rosin in 136 g methylene chloride

Aqueous phase: 403 g deionized water
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Wt % of the anionic conponent, about 0.6 w%to about 1.3 wt% of the

cationic, conponent, at a cationic to anionic conponep |

about 1.2 toVP3B@M 6, with rosin 20 present in an ano %fbgy’ﬁﬁg'{]t
35 wt%to about 50 wt % The amounts and rati os may
change based on the use of anionic conponents ot her than SLS and
cationi c conponeng Retdn®203 (BB%BebHAs)203. Use of t hese
ingredients in the indicated ranges and rati os should produce a stable

enul si on at 44.5 g of 0% aloment vi scosity for efficient honogenization and

production of a stablg rosin- 2 coacervate dispefsi C sition.
By using a | ower nol emwi@a?‘lﬂfﬁ‘ﬂ? ,eﬁomogemgecfm Ogﬁqﬁ one

havi ng an i | RS ier V4 {ﬂtsﬁ, %}pﬁ“ %M&,ﬁ@iﬁl}@* at §sg.c pol yner
contents can d ootéigg%avﬁ\nt gf}%o avi negg‘\xfi scosity pro I“el%s. Thi s provi des
the sbility to Comppting/ Exgmpies ¢ andt5, imExamplsdethe. pH was lowered to what
-19- WD 97/ 28311 )

PCT/ US97/ 0 Mabelieved to be a more preferred pH. In Example §; the i o8 wasipot adiusted.

ar 1 nol or 1 1060% FaenPieR SRRl P By Ricet Boadk withqus the amion B KBhBBAEn o ©

honmogeni zatdgyle WOr ks better, as denonstrated using a Tekanar[err]

N

honogeni zer ( Tekmar Conmpany, Cincinnati, Chio) and even better
using a Manton-Gaulin[err] honogenizer 5 (APV Gaulin Inc.,

W I m ngton, Massachusetts). Ot her additives, such
as W um used to reduce viscosi ty, defcﬂf?&-ﬂ“ﬁ'ﬁ—6 bi oci des and ot her

preservatives, can be added t%ﬁc@@rﬁ&%&%ﬁ?ﬁf@iﬂ&hﬁeﬂ spersion of the

A statistical experiment was run with two variables: the SLS (Wanin® S)
and the Reten® 203 (19.3% solids) concentration. Otherwise, the techniques used in this
15 example are those used in Example 1, except as otherwise noted.
Organic phase rosin: 307 g of 6.5% CFA rosin in 450 g of methylene chloride
Aqueous phase: The SLS concentration was varied from 0.5% to 3% and the Reten®
polymer concentration from 0.6% to 1.2%. The mid-point was 1.75% SLS and
0.9% Reten® polymer.

20 The following results were observed:
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pr esent
paper ma

I nvention in anmounts and using techni ques known to those in the

ki ng

i ndust

ry. 10

The si zi ng

conposi ti e dypgsiie formof the dispersion is enployed in theeTusee1274

manuf acture of paper to be sized with the conposition,

additive to a

typically as an

paper maki ng furni sh used to manufacture the sized

paper. Heweyrer—the—gorpPosi-tror—oaf THRe—presentrRvert+ercan
al so bejappli ed as alsurface trewg mernt or external sizi ng agent by
applyinP it to the surface off Regn@ager after{th&igasey | Diad@er i a size
press of o oz g t bl pplti c qui p t us pplicdgtion

- techni ghes_ue bggé{‘a’ltﬁ)nm/\ éng? mjr-\ ?l??l;ﬁd RE&I{NI @ ?@ni‘
As notefl abovey rosir-baped i zi cqm@sblel ops are;sused Mt hyogs
paper nmakes q}“m or lothe? edui \gﬁen.ﬂ ke LIhe alumgr its
gqui val gnt B caps be {i ngog por conpggi tidn of
t he prepeht—i-RvanrtioHr . IToIeT SIS
equi val gnt carcbe apfliegd as|a gepard ul p
when thr S5-R—E-0a6efrate—ei-gpersontoi—t +eh—5—us4d as an
internal sizeDr en2t ifs fdiledi eyl as an exte nal , surfgce
si ze. V\rer—+fe—atte tHy-e-er—s—a-ce ~t=t—r—t-re—
rosi n-cpacervd@ e congositiAsonjof i s {i ndessti op, t he0al um pr i34equilval ent
may be prgsent injamounts %Hl@ abput 50 wt % bpsed on thj wei ght
of the kesir—ecoacervwite—25 SORPOSH- A B b anmount
of alumor its equivalent to be used is det er m ned based on the
pype of alum or %f'edp fbfe
treated, the armun"?s‘gigl sf% ngﬁ?fgent rlgel ngq%pp of} 6%8 caQ cQ act ors well

known t eoinpofients of the coacervatd fdringkingthie hesiasize cﬁspewiﬂﬁseﬁcﬂiie @hmﬁeﬁ maki ng
.as a separate

syst ens,

for exanpl e,

when ad

ded to the

conponerHthongly ik weuld seera ghat the M8 wouldplaythe rple fithe am
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25

r¢ it éthe datal s

coacervate, at the proper ratio and concentration of the cationic and anionic components,

which ultimately controls the final stability and the emulsification action. Using 3% (dry

basis) SLS did not produce stable systems. Even using 1.75% SLS was only marginal.

Using too much cationic polymer (Reten® 203) produced unacceptably viscous systems.

Other experiments showed that the more preferred lower limit of SLS using SLS

(Wanin® S) and Reten® 203 as the coacervate components is about 0.4% SLS to still

produce effective emulsification. Other types and/or molecular weights, degree of

cationic charge and viscosity of the components could be used to obtain the desired final

properties without undue experimentation in view of this disclosure.

Example 7

Effect of varied Reten® 203 concentration
Following the general procedures of Examples 1 and 6, samples of rosin-

coacervate sizes were made at 0.5% SLS (Wanin® S) and 0.5, 0.4, and 0.3% Reten® 203,

as indicated in the following table:
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WO 97/ 28311

PCT/ US97/ 01274 | ess than 1 wt% based upon the dr vve ht of
the pul p, aWW@INA83Hal |y, at |evels of about %

0.8 Wt % - The rosin-coacervate corrposr tion of the
present invention is used in anDunts based on the desired sizing
requirenents of the custoner@.S¥eRete 0d% Reten 3% Reten required degree
of sizing, the grade of paper, the type of pulp furnish used to nmake the

paper, an r tors wel I and id v det ed enpirically by
t hose skil al, t ast anmount of sizing
e’&s F#)t he de % *1%22‘3

agent is us srzr Speci fications.

Vhéh t he srﬂpﬁéy on is plled a n |nterﬂéP additive during 10
papermaking, it is preferred to use about 0.025 W% to about 1 wt % based on
the dry  Aqueous baseyei ght of the pulp. When t he

conposi tion Wfanirl@S RSESENt invams on is enPs oyed as 1dt$ ext er nal

surface Si z? ®3ngf3%)r ed tgppise about9. 01 vvt%sta about 1% of the
E

osition he dry ght of paper web. 15
Hercul es d water M Vﬂﬂ 44ecogn| zed test for

rreasurl ng ng perfornmance |4‘s63t0r7e Hercé?&é Si ze Test,
described in Pulp and Paper Chem stry and Chem cal Technol ogy, J. P, Casey,
Ed., Vol . %WSLS. (ca15)53 1554 (198DS€nd in TP Stand&F T530, the

di scl osur &%Refen®{cak) 20 .56 i ncor pobAsed her eidB4oy reference. The
Heyscul es Reten@®Kedlcr SIS EHiones tihe degree 08 0.6 water sizing

obt ai ned i, Qp(g l%lsmsurl ng3ide changgsign refl ecgmpce of the paper's
surface as an aqueous sol ution of dye penetrates fromthe opposite surface

side. The Aapueentratidy of GA%JRetnr@ 203gwas thallﬁwmm@pwmwa 1%
formc acid in Exanple 13 tgrlbed 1qﬁlow 1,S conltl lci
ring on th@“ﬂ@-ﬂafs‘maf’%@e@s??ﬁ@gﬁ&ﬁ@r“s gagregients whic would give

reflectance is by fromthe bottom surface.
Test duratiino?tmlﬂg1 S%ﬁ?@g%&gﬁ%gﬁf%%g onveni ent end point, e.g., a

ction in reflected |ight of 20% corresponding to 80%ref|ect ance, in

Exarrpl e 13 descri bed below. A tiner neasures the time (in
seconds) for the end point of the te :
Eff  higt »lid

Two formulations, A and B, were made following the general techniques
of Examples 1 and 6, using the Tekmar® laboratory bench homogenizer at the higher
25 Reten® 203 concentrations and having the components and amounts as indicated below.
The target solids were 40%. The following characteristics of the dispersions were

achieved:
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be reached. Longer tinmes correlate with increased sizing performance, ie.,

resi stance to - 21 -
WO 97/ 2834 PCT/US97/01274

PCT/ US97/ :?297?8311 wat er penetration increases. Unsized paper
will typically fail at O seconds, lightly sized paper w ||

register times of fromabout 1 to about 20 seconds, K noderately sized paper
from about 21 to about 150 seconds!iand har dsi zed ;hper from about 151 to
about 2, 000 seconds. 5

EXAMPLES 0X% Reten k2% Refeni on will now be

describ nt .erence to the  grams f ol | onigeamspeci fic, non-limting
%anpl es. 102dsess ot herw sgpoted in the Exanples,
the rosin- coace v sition was pr red based on the

sol vent proce Zégegﬂ’ ged abovegoThe st eps wergggarri ed out

at room (about 25[err]Q_and anbi ent pressure, except as

ot herwi se not ¥anin® S(SLS)  gspeci file?drocessi ng defgg where inportant,
are speci fi edRetes®2203 (§9.3%ppr opri 408 rt ies and results of
tthe studi es i deioniakd whtet he Exanpl 459,15 l&ﬂ.]ﬁ As used in

the Examphgp, all percentages of qogpgnents are wgpgbt 15
percentages of the conponents on a dry basis, of the aqueous

rosi n-co r conposi 6qN: unl ess ot h@gx\n se not ed.
Per cent ag’ %&Sr are by wei ght gaﬁed on the wei ght of the

1.52

agueous rvate conpositio
1§I Reten®lSLS ratio (calc) i 1.2 24

Total % Solids (calc) 38.7 39.3

Particle size (nm) 1981 2143

Viscosity (60 rpm-cp) 54 140

The higher concentration of the Reten® 203 in this Example caused the

20 viscosity to increase substantially but the samples were acceptable and stable to heat

aging at 32°C for four weeks.

Example 9
Effect of neutralized SLS
25 . The techniques of the previous Examples were used, except as noted, to
determine the effect of using a neutralized SLS product, rather than the acidic SLS
(Wa.nin® S) product used in Examples 1 through 8.
The 0.5% SLS and 0.6% Reten® 203 system was prepared using different
SLS products (Lignosol® SFX-65, Ufoxane® 2, both from LignoTech USA, Rothschild,
30 Wisconsin). Lignosol® SFX-65, when dissolved in water, had a pH of 7.2, which shows
that it is a pre-neutralized product. Ufoxane® 2 has an even higher degree of

neutralization (SLS/water pH of 9.0). Other components and amounts are listed below:
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20 Preparation of a rosin size with a coacervate

cont ai ni ng 0.5% SLS and 1.2% Reten[err] 203 |
Mant on- GaulWﬂ’%%beni zer Organi ¢ phase rosin: 307&3*'@%%"5%

conbi ned fumaric acid (CFA) rosin dissolved in 450 g of
met hyl ene chl ori de. Aqueous phase coacervate: 53 g of SLS

(sodi um lignosul fonate, Wanin S, from 25 Li gnoTech USA,
Vargon, Sweden), 65.3 g of ,Rete 03 pol r 3% sol i ds,

intrinsic viscosity 1.3 dl ei oni M

The SLS was di ssolved first, then the Reten 203 pol yner was added.

The pH was 4.2. The aqueous phagmmsas m xed usgrags he hi gh setting on a
Te§mar rosin (6.5% CRAPgeni zer (D2RSratory nod@d2B6. SD 45) whil e adding the
organi ¢ phRueylendihforidok 30 150 15 seconds. 13@pi s pre-m x was then passed
through agpRnton- Gaulin[err] honpgeni zer 1.75

-22 - o, VO 97/ 283110

PCT/ USQ?/WZ(B (19.3%) ™ = [ JY88 15%1% twice at 210 kg/cnferr]
(3,000 p. Seionizedwater, ;o Sone £8%&iti on wat e was introduced to
hdPp st ar Totdhe honogeni zer. Th¥3X&sul ting e?IB$H8on was treated in a

rotary evaporator to renove the nethylene chloride solvent at a tenperature
above it S%SLS (calc) boi I i ng popr® (40[err]C) 0.4%he resulting enmul sion was
cool ed t oo qend rature, at pigch 5 bisge a rosin-coacervate

di sper si oR ya® &QES had tlhf follow ng preperties:
Tﬁﬁal sol ﬁﬁ%ﬂ)yé % ) i
t ?

0 Particl i ze: 578 nm (after passing
Qhdseals), 30.0 30.0
The Tekmar® homogenizer was used to make the emulsion. The
emuision had poor stability while stripping and large amounts of solids could be filtered

ough a

out. When this experiment containing Lignosol® SFX-65 was repeated with a pH
adjustment of the aqueous phase to pH 4.0, instability was still encountered. The
20 composition using Ufoxane® 2 also failed.

It is believed that the neutralization of the SLS causes the rosin's carboxyl
groups to ionize, resulting in a lower zeta potential on the rosin-coacervate particles
produced using neutalized SLS components. When the pre-neutralized Lignosol® SFX-
65 product was later acidified, a salt was formed which results in an unstable product.

25
Example 10
Lower mojecular weight poly(DADMAC)

A lower molecular weight poly(DADMAC) having an intrinsic viscosity

of 1.0 dl/g, 20% solids, pH of 6, viscosity at 20% solids of 700 cp, was used instead of
30 Reten® 203 to make a rosin size. Other than as indicated, the techniques in the
experiments of this Example were the same used in the previous Examples. The amounts

of components were as follows:
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ogEmeER 0 e T e B S

Rheol ogy: rpm viscosity. ep 6

70 10 12 65 ]
30 800 97128311 60 US97/01274
pH. 2.8 The rheol ogy data |nd| cate t at t

di spersion has good stability, based on 15 the smal | dlfference

between the highest and | owest viscosity adi at the various rpm

| evel s. Conmparison ,and quantification arem%erforned by taking the

| ogarithm oﬁlﬁm&ﬂhﬂﬁﬁ the ratio of the | owRfBEo hi ghest reading. In this
case, | og(49/ 7a9sin (6.6%1GBA) The cal 40236ed val ue can vary from
zero to -1. Thenethylene chlosideal cul ated val ue i$560 zero, the mor e

st abl e the - Values less than -0.3 (that is, values such as -0.4,
rather than 2 anin® & s such as -0.2) indi que that the di spersi on may

exhi bit instabi I 0. A sanpl e of the
si zing di spers r#(bpﬁﬁ rt‘li“‘r)lA'tsign’lh(sis)Exarrpl e vvai%iged In an oven

at 32[err]C fo R’éat%rnd the viscosity was asured each week. The

fol | owi ng 6CT°ta rpmviscosities and pﬁvaere measured using a
Brifokfi el d LVT Visconeter (Brookfield Engi neering Laboratories,
I nc., Stought ossSMgade)husetts) and a pH net er.585

1 week 2 WeRESn® (calc)® Weeks 4 weeks ¢.77 visc., cp: 47
‘217 o 24%eten®/SLS ratio’(calc) pH: 154 2.8 2.8
' otal % Solids (calc) 30.5

15 In this case, test tube scale experiments demonstrated that emulsions could
be made rather easily at 0.6 to 1.0% poly(DADMAC). Using 0.5% Wanin® S SLS and
0.8% of the lower molecular weight poly(DADMAC), a stable 29.6% solids rosin sizing
dispersion could be made with a Tekmar® homogenizer, by mixing the aqueous phase

-23

using the high setting while adding the organic phase. This took 2 minutes.

20
The same procedures, except as noted below, were used in this Example as
in the previous Examples. Samples having the components and amounts listed below
25 were made at a constant coacervate cationic/anionic component ratio of 1.2, but at

increasing total coacervate concentrations to see the effect on product processing and

characteristics.
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PCT/ US97/ 0 These | ower viscosit
i ndi cate g(])%§ AR, | ty. The | ower viscosity i ndi ca?giﬁfs#%ﬁpﬂere

i's no bridging between the rosin particles and the dispersion is

punpabl e. The product did not gel under storage_conditions.

The charg zing particlés iB t & d&pe&l on was determ ned as the
5 Zeta potentlal (Z. P ) rreasured with a Lazer Zee[err] Meter nodel

501 (Pen Grafhs$ | gramBlepyaniar This was done by

diluting 1 or gfﬂ e d 2921 2921100 m s of deionized
vat gr and adj ustl llé E/@fCliﬁt) %g%gg—P% ”%}Br % ezr9r ]43to t he val ues

i ndT cat ed bel ow, cept?chpor ich was t e pH 6f the conposition

wi t hout R‘357@3"5-"S§%ust ment W|th acid or base. The follow ng results show
the cationic chWamin®8 ELS)he 125 05 WS zln coh%ésmlon The high
zeta potential Reten®203 pH 5.8 1.85due3dd b6@ddé-22on %

base. de¢ibhized water 68991 67.18 §5.38%6137 63.52 9.0

Z. Py, mvolTgalr36.0 +43.2 +52.21435. 5 18. 3143 142.8 142.75
be seen by the positive Z. P. readings, the sizing particles are 15

acid or

As can

cationic, | he al kal i negr. ge . r I ndi cated good to
excel | ent &&i’&(‘ Qlci cit ability §ﬁn 0spe on gg p%ﬁo post addition of
al um or ang‘RﬁfW@( AYper si ng a = 9 ln d 'é to preserve

st abi | i t y. Reten®/SLS ratlo (calc) 12 1.2 Exanpl e 2 20

Pr &par atlo'ﬁotaf%eSolwl(cale) ze wi 8.8 cb&&ermﬂe c6&|t5a|3ﬁ.(hg 0. 5%

SLS and 0. 6% Ret en, 203 n nt on- Ga .err] honogenj zer

The sam ¢ Do hopsTilons e Taad 3 BOut g pppdnie phase i the aqueBg BRAE ST e
rosin: F ved in
450 g of n%:ghgfx%%ggng fé@%@%&ﬂeﬂ%iﬁueous %Eg?el%ggger %t%gés 5.3 g of
SLS (Wani nhcﬁhoge’ﬁi?zeﬁ for Dmimats nThe fHllAGing (pkSdudcharacteristics were determined:

20

Designation:

A

B

C

D

Diameter, nm

1900

1659

2926

2056

973

Z.P. mvolts

+29.0

+30.0

+28.0

+30.3

+29.7

Viscosity, cp

13

18

32

29

37

25 The zeta potential measurement was a simple one point measurement of a
drop diluted in 100 mls of deionized water. The pH of such a measurement was normally
5.6 which is not a more preferred pH for this cationic rosin sizing product. A more
preferred pH is about 4.5 to 4.8. This measurement does show good control, however, by
keeping the coacervate component ratio constant.

30 All these systems were quite stable and only the viscosity was increased
within acceptable limits by going to higher coacervate concentrations. This demonstrates
that the amounts of the components may be varied within the appropriate ratios discussed

above.
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solids) and 600 g dei oni zed water.

S

a 100 nesh sieve)

Ret en
f ol.l owi ng
Tot al

sol i
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6
30

| 0g(33/60) = -0.26 mwe@;@éﬂtﬁu
A sanpl e was aged in an oven a 32[err

60
36 5

WO 97/ 28311

The SLS was dissol ved first,
pol ymer was added.
es of the rosin-coacervate product were

Particle size: 557 nm (after pasa%}g;“

rpm vi scosi ty,

c%%bhtdem as in Example 11, except
for 4 weeks and the vi SCOSI ty was

t hen the

?%rough

RHhigher8

measur ed cemhcfaewmc coimpoineht ratip igused. Thecomponerits ardsamonntp in ther e obser ved,

| nd| cati ng exctel |l ent stability: _ 1 week
Sveeks € mPSS‘RQBEEFaS lows:eeks visc., cp: 33 34
35 H: 8 2.8 2.8
2.8 E‘mﬁm P The charge on The p%rticl%s vvasEdet erm ned as
the zeta potentials measured 15 with a Lazer Zeel err] Meter nodel 501.
Thi s ms&&%@mmtln 1 or 2 oFEEs ofLafl§e grams grams
rosin (6.5% CFR) 43.82 4382 43.82 43.82 43.82
10 methylene chloride 65 65 65 65 65
Wanin® S (SLS) _ 0.38 075 113 15 1.88
Reten® 203 4.66 933 1399 18.65 2332
deionized water 101.14 961 9106 8603 8098
15 Total 215 215 215 215 215
%SLS (calc) 0.25 050 075 1.00 1.25
%Reten® (caic) 0.60 120 180 240 3.00
Reten®/SLS ratio (calc) 2.37 240 239 240 2.39
20 Total % Solids (calc) 30.1 30.9 31.8 326 335

“The results of measurements like those in Example 11 are as follows:

Designation: A B C D E
Diameter, nm 2407 1720 2021 2483 3067
25 Z.P., mvolts +28.5 +34.2 +489 | +484 | +49.5
Viscosity, cp 22 33 49 75 95
This particular ratio still forms good emulsions but is more sensitive to
viscosity. A higher cationic charge can also be obtained as indicated by the zeta potential
30 values. |
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di spersion in 100 m of deionized water and adjusting the pH w th NaCH or-
H err].SO er follow ng results show the cati Ogi":frrﬁ% er
of the new g%?v-rgg*ggonposition. The Z. P. readi ngs greater t{?gir\#40
in the acidic range, the range desired for this particular sizing

conposi tion, indicated excellent stabjli tg. io pH: 3.4

4.6 8.0 9.0 Z P., 5.3 +44.0 +20.4 +17.9
Exampl e 3 - . No polyner. rosin only
25 An attemtmewlsify rosin only, as in
Exanpl e 3, but wi t hoThe sizing efficiendyovsy mpasuyed using'a pilut dabaatoey paperor al um
The product failed rapidly. The enul sion . broke quickly into 3
| ayer s i mfetminganschise, of tweproguets o thepresestinyentien having the eampegitiens noted
of sol vent,. -25 -
W0 57/ 283 Below:
PCT/ US97/ : Low Reten® High Reten® Exanpl e 4
Prepar at i OE&EI?R!&PH arfure) without the anionicC conponent ™
i : grams grams
rosin (6.5% CFA) 306.75 306.75
10 methylene chloride 450 450
Wanin® S (SLS) _ - 525 525
Reten® 203 32.64 65.28
deionized water 600 600
15 Total 1394.64 1427.28
%SLS (calc) 0.56 . 0.54
%Reten® (calc) 0.67 1.29
Reten®/SLS ratio (calc) 1.2 24
20 Total % Solids (calc) 33.7 332

Fine paper was run using a 70/30 hardwood/softwood bleached blend at 40
pound basis weight. The rosin-coacervate sizing agents of this invention were added to
the pulp at the wet end of the machine. Alum (aluminum sulfate) was added separately in
an amount of (.75 wt% based on the dry pulp weight. Sizing level was varied from 0.2%

25 to 0.5% on the pulp fiber and the sizing efficiency was measured using the Hercules Size
Test described above. Two sizing samples were tried, one with a lower cationic/anionic
component ratio (1.2) of 0.6% Reten® 203/0.5% SLS and one with a higher
cationic/anionic component ratio (2.4) of 1.2% Reten® 203/0.5% SLS.

It is important for understanding the concept of this invention that one

30 realizes that a strong effect on sizing efficiency is relatable to the coacervate portion of
the product. There may be other important variables, but according to this invention, the
coacervate can play a major role in the final efficiency of the product.

The results are shown in the graph of Figure 1.
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A sanple of rosin size was prepared using the solvent process foll ow ng
the techni ques of Exanple 1. The follow ng fornulation was used: 5
Organic p in: 136 g of a 5.4% conbi ned fumaric acid in_dissolved’
in 204.5 g‘?‘g?”{‘*gﬂ met hyl ene chl ori de {’8'?)&&%%5‘
phase: 21 g Reten[err] 203 (19.3% solids) . 403.3 ¢

dei oni zed wat er . 44.5 g of 50% al um 10 Procedur e:
The Reten[err] pol yHas lowes, dashedding anithe geaplishews aselatively dowerhbutstillof t hi s

solution was §.75. .1t s lowered, to 4.2 wth 5N HC.. The water phase was
i xed i afeeptable Sizing efiRigney Wit 10y Aiout AT Clb ForipRagt & used,

Mant on- ' r ki %a}@ﬁ SHeHicher sizi i eld whi | e
strippi %do it‘ahtg]ﬁéé(; en’t?.Ha gta q% rr eﬁcﬁ}& 1gﬁg o SIZng efﬁcm%@? bf e ﬂr&&ﬂ:t
Exanpl e ®f the present invention using a higher amourit%ffthe eationic jontthehti Ik & balietedit

ani oni ¢ conponent attempt was nmade to forma

. g s An
didsper si dhatdhe grsater sizing effjcigneyrxhibited by the product with the greaterpropertioniafe

t echn qudle ShoaBl it i R8R ios s0kn B8 cBHodl e iSiofin concervate af he 55 1 <
met hyl engyrédehOmbvextich Khvitioa Righér catibnie Ubare aBSrbébetter on the fiberAiib@galsSt Phase:

807 g deioni zed water [4 g Reten[err] 203 (19. 3% solids)
A. Enul sithé pulpito rendse thetpapenhyddophobis. Mant on- Gaul i n[ err] honogeni zer

usi ng two passes. The sol vent was str'b g\%g al 60[err] C and, a sizﬁ‘%ble
quantity of rosin 250 present yephionmay g pdigd i, pthes- °$‘sf°é'i‘??f"ﬁ BY while
sieandi ng. : . s ; el i; t i ng
ek 5P, Stom the spiri o essential atfibuts MeRloind HeBIIARY, refffondefiohd
Organi ¢ [Yeansiertoshaappefifiediclaimspratiér thah toake foregoind Spegifioation) rindicdtingy i de

Aqueous phase: 403 g dei oni zed wat er
-26 - the scope of the invention.
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i'5'g o sosoarom _ |IHI NN "’ or i ¢ "ang aqdeciebameze

44.5 g of 50% al um The organi ¢ and_aqueous phases

wer e honogeni zed in a Tekharferr]® honogeni zer .
| ooked fine Qut failed during st r| pping at 55[err]C. 5 ﬁ(ﬁ‘g@#&k%s BEEN

Conpari ng = ‘es 4 arid 5, in Exanple 4, the pH was Iowen.ad_t_omcm

was believed to be a nore preferred pH I n Exanple 5, the pH of 5.8 was not

adj ust ed. These Exanpl es denonstrate that enul sions made wi t hout
t he ani oni ¢ conponent larAedispérsed rosin sizing sérapdsition chhthcterized by rosin stabilized
Exanpl e 6 Factorial (statjstical)
exper i ment by a cationic colloidal coacervate dlspcrsmg agcntoﬁhesgg‘enéqt@ mpgzxggnts, zi ng

enul si ons tat . St.i

vari abl es: FqTRPriSiag ﬂ\ﬁwoﬂ'[cé:f’ﬂp"%?m d aaticnic ?mp?rh%gr %re glﬁtoxéllg%n{ifgg y.th two
sol i ds) congdifipdrthtsBei t@ﬁhﬂnsﬁpr Ebﬁmh%ﬁmwﬁﬁwwﬂp&ﬂ&%azem

- exanpl e are those used 1n except as ot herw se noted.

Or gani ¢ phapﬁemﬁn%nﬁatlemabomﬂoanﬁmuh% rosin in 450 g of nethylene chloride
Aqueous phase: The SLS concentration was varied fromO0.5%to 3% and the

Ret en pol ymer concentration fromO0.6%to 1.2% The

m d-point was 1. 75% Sh5 188 domposition of claim 1 whefkis? the ZidiHic B0t is"Riected

The follow ng results™were
from the group consxstmg of an anionic colloid, polyelectrolyte and surfactant.

3. The composition of claim 2 wherein the anionic component is an

anionic colloid selected from the group consisting of clay, silica and latex.

4. The composition of claim 2 wherein the anionic component is an
anionic polyelectrolyte selected from the group consisting of polycarboxylate, polysulfate
and polysulfonate.

5. The composition of claim 4 wherein the anionic component is an

anionic lignosulfonate.

6. The composition of claim 2 wherein the anionic component is an
anionic surfactant selected from the group consisting of alky! carboxylate, alkyl sulfate,
alky! sulfonate, aryl carboxylate, aryl sulfate, aryl sulfonate, alkyl aryl carboxylate, alkyl
aryl sulfate and alkyl aryl sulfonate, the alkyl moieties having 1 to about 18 carbons, the
aryl moieties having 6 to about 12 carbons and the alkyl aryl moieties having 7 to about

30 carbons.

This Sheet Has Been Re ﬂ
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_ 7. The composition of claim 1 wherein the cationic component is selected
from the group consisting of a cationic polyamine, a polysulfonium and a
polyamidoamine, the cationic component having a weight average molecular weight of at

least about 5,000 and containing at least about 20% cationic functional groups.

8. The composition of claim 7 wherein the cationic component is a
cationic polyamine selected from the group consisting of a primary amine, a secondary

amine, a tertiary amine, a quaternary amine and mixtures thereof.

9. The composition of claim 8 wherein the cationic polyamine is a

quaternary polyamine.

10. The composition of claim 9 wherein the quaternary polyamine is a
poly(diallyldialkylammonium chioride), wherein the alkyl moiety has 1 to about 6

carbons.

11. The composition of claim 10 wherein the quaternary polyamine is
poly(diallyldimethylammonium chloride) having an intrinsic viscosity of about 0.1 dl/g
to about 2.0 di/g.

12. The composition of claim 1 wherein the rosin is selected from the
group consisting of rosin, acid adducted rosin, fortified rosin, rosin ester and extended

rosin.

13. The composition of claim 1 wherein the anionic component is present
in an amount of about 0.2 wi% to about 2 wt% and the cationic component is present in
an amount of about 0.1 wt% to about 5 w1%, ail wt% being on a dry basis of the
component in the composition, the cationic and anionic components being present in a

ratio greater than about 0.1 of cationic to anionic components.

-38- This Sheet Has Been Reﬂlaced
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3 worgen (RN IlllLllllLlMlli we e
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HIS SHEET HAS BEEN

1.75 0.9 | ess : 3174

stable .0 As can be seen, there are r ef er REBLAGED os
of the anionic and caé %mmmsxtlonofcmriam@néhemmr@mnt/m@mun
maki ng t he hrs.rn Al t hough it
woul 0 seenof ABRURenE & A 60 SR 1 1 00 tpeis B B toSimun e somagsitien. 0 P
t ot al coacervate, at the proper rati o and concentration of the
cationi c and ani oni ¢ conponents, which ultimately controls the:

final stability and tlfe 'Elmdoniﬁoknhhioﬁnlaknﬂﬂovherﬁnitkgro@%is@rqseﬁtinanammxiti
SLS di d not _produce st abl gétems Even, using 1. 75% SLS was only margin

Usi ng t 0o ﬁﬁe‘m&f).wewy optheamionic sompenent;is sadivanlignasuliepatsp y

Vover 1 m PreSPRiin an gyt %i“g‘m?b 2D I F.3 Va0 g Nariohe AR EL ) ¢
coacer vat e psRA@anfdifeth§lanttoiu@ cAféridewith afiliktrihsic viscosity of 4wt 0Sedl/g to

effective emulsification. O her types and/ or nol ecul ar wei ghts, degree of

20 eboutdni dl/g presens inan amognmﬁabputﬁ 2wt% toabpoﬁ’eﬁm%;@hﬁ cationiaandd t o
obtain the desjred final g | es \6/|6t yye experinentati on
in view of 2NORIC cpmpanents being present in'a ra o of about out of cationic to anionic
Exanple 7 p%%ents Effect of varied Reten[err] 203
concentr at | on Fol | ow ng the general procedures of
Exanples 1 and 6, sanples of rosin- coacervate sizes were made at
0.5% SLS (Wanin §) and Q.5, 0.4, and 0.3% Reten 203, as indicated
in the foll owi ng tabllé: The composition of claim 1 wherein the zeta potential is at least 25

millivolts.

17. The composition of claim I wherein the zeta potential is at least 40
millivolts.

18. A cationic colloidal coacervate dispersion composition characterized
by water, a lignosulfonate as an anionic component and poly(diallyldimethylammonium
chioride) as a cationic component, the anionic and cationic components being present in

such proportion that the composition is cationic.

19. The composition of claim 18 wherein the lignosulfonate is sodium
lignosulfonate and the poly(diallyldimethylammonium chloride) has an intrinsic viscosity
of about 0.1 di/g to about 2.0 dl/g.

~ 20. The composition of claim 19 wherein the anionic component is
present in an amount of about 0.1 wt% to about 2 parts by weight and the cationic
component is present in an amount of about 0.1 to about 5 parts by weight, based on a dry

Sheet Has Been R lace -39-
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I-Dé% US97/01274 ' muy rujglﬁllilﬁi‘i " ,m 0.5% Reten 0.4% Reten
0. 3% Ret eRvo 9728311 grans

grans rosin 102. 25 . 55
met hyl ene chiloride 150 150 1 J us

base: Vaninfert] S (SLS) 1.75 1 7REPLACED "1 7
Ret en[ er r pasipof the gompgnent in the gpmposition,the gationic and anignicigomponents being
ggg?g;zedp%}% gtatio greatgggxlaﬁ 2bout 0.1 opcoatxongféegntocgg? E?mponcnts. Total 0.56
0. 56 0. 57 %Reten[err] (calc) 0. 56 0. 45
0.34 15 Retengerr]/(calc) SLS ratio 1.0 0.8 0.6
Total (calc) % Sol i @. The composition of c]a1n320 wvherein the @dosic component is

A concentratiqn of O. 4% en ntration in t

parti cul aPreﬁ'%lﬁé’éNm“% ﬁé?gﬁ(ﬁgvﬁagaetﬂla fng W@@@S@M%’é‘méﬁmé?gﬁ@ nts

whi ch woultlir#iN&e viscosity of abGit (24THl/g t&&bdﬁ(i‘ 1941 £hd "R 'préeht A'dnanufef b UP-
about 0.2 to about 3.5 parts by weight, the cationic and anionic components being present-

in a ratio of about 0.6 to about 3 of cationic to anionic components and such that the

composition will have a zeta potential of at least about 20 millivolts.

22. The composition of claim 18 wherein the zeta potential is at least 25

millivolts.

23. The composition of claim 18 wherein the zeta potential is at least 40

millivolts.

24. A method of making a cationic rosin sizing dispersion characterized
by rosin and a colloidal coacervate dispersing agent, the method characterized by the
steps:

(a) forming a colloidal coacervate dispersing agent comprising an anionic
co;'nponent and a cationic component in water; and

(b) forming an aqueous dispersion of rosin in the colloidal coacervate, the

dispersion having a zeta potential of at least about 20 millivolts.

25. The method of claim 24 wherein the anionic component is selected
from the group consisting of an anionic colloid, polyelectrqute and surfactant, and the
cationic component is selected from the group consisting of a cationic polyamine, a

polysulfonium and a polyamidoamine, the cationic component having a weight average

This Sheet Has Been R, Iaced
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2ot o syonagerg oMM A1 I Tuo.Tor mlat ga

were made f t he*gehertal ™ ec¢hnkques of
usi ng the Tekmar | aboratory bench honogeni zer .at the hi ghr

203 concentrati ons and havi ng the conponents and anounts &s_l At

bel ow.  molecular Weight of ajdeastabiouti §,000rand Lontaining at W@Mh@%ﬁ&ﬂﬁ%&rl stics
of the dl%.m sions were achi eved:
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26. The method of claim 25 wherein the anionic component is an anionic
polyelectrolyte selected from the group consisting of a polycarboxylate, polysulfate and

polysulfonate, and the cationic component is a quaternary polyamine.

27. The method of claim 26 wherein the anionic component is an anionic

lignosulfonate and the cationic component is poly(diatlyldimethylammonium chloride).

28. The method of claim 27 wherein the rosin is present in an amount of
about 10 wt% to about 60 wt%, the anionic component is sodium lignosulfonate present
in an amount of about 0.2 wt% to about 2 wt%, and the cationic component is
poly(diallyldimethylammonium chloride) with an intrinsic viscosity of about 0.1 dl/g to
about 2 dl/g present in an amount of about 0.1 wt% to about 5 wt%, all wt% being on a
dry basis of the component in the composition, the cationic and anionic components
being present in a ratio greater than about 0.1 of cationic to anionic components, and

wherein the dispersion has a Brookfield viscosity of up to about 150 cp measured at 60

pm.

29. The method of claim 28 wherein the rosin is present in an amount of
about 20 wt% to about 50 wt%, the anionic component is sodium lignosulfonate present
in an amount of about 0.2 wi% to about 1.5 wt%, and the cationic component is
poly(diallyldimethylammonium chloride) present in an amount of about 0.2 wt% to about
3.5 wt%, the cationic and anionic components being present in a ratio of about 0.6 to

about 3 of cationic to anionic components.

30. The method of claim 24 wherein the rosin contains carboxyl groups

and the anionic component and the cationic component both have an acidic pH which is

-41 -
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A
Reten mi% Fet %ﬂ!l!lj NIl e Prose g,

met hyl ene °C
Waninferr] S (SLS)
203 (19.3%  10.88 "

159. 15 sufficiently low to w¢6idddnizing the carboXyltgroups of the ros

424. 03

150
1.75
21.76 10

1

150
75

dei REPLACERVL ef

W Ry 7 UTE R SRR DTS T el R

0. 6%

0. 64 the coacervate fongezggx step (a) will no%@;tgﬁif( qﬂtﬁ% PH 1é)sufﬁc1ently high too 77
%‘ot5§| 105@ avpid dforrﬁﬁ%eﬂ’%ftrt{a%b% of §§§15}ﬁ11£ﬁ§ 6 dispersioft: 39. 3

size (nm
rpmcp)

1981

2143

Partlcl e

Viscosity (60

The hi gher

concentration of th?bl I:&meméqfﬁlﬂmlw‘ﬂiﬁ%I@EH%é@P%@aE@(b) is below

Vi scosi ty tO *ncrease sub

stable t&
Exampl e 9
25

Exanpl es t@ a abewt tdugh 8.
203 system was prepared using different
SFX- 65, Ufoxane 2, both from LignoTech USA, Rothschild, 30

W sconsi n). Li gnosoi3, Sfpe Methowdflaim A0k v@einithe dishdtsion faning Blapb) i6.a2,

whi ch shows

solvent method characterized by the steps:

stantially but the sanples were acceptable and
aging at 32[err]C for four weeks.

Ef fect of neutralized SLS
The techni ques of the previous Exanpl es were used,

except as noted, tad32. The methodddichimi J1eshdreinahé pHtin stepsitd) agd gb)isaboutl2 zed
SLS product, rather than the acidic SLS

(Wanin S) product used in

The 0.5% SLS and 0. 6% Ret en

SLS products (Lignosol

(1) dissolving the rosin in an organic solvent immiscible in water

to form an organic phase;

(if) forming an aqueous phase of the cationic colloidal coacervate

dispersing agent by mixing with water the anionic component and the cationic component

in such proportions and with sufficient shear to form a cationic colloidal coacervate;

coacervate dispersing agent to form an emulsion; and

dispersion.

(iii) homogenizing the organic phase and the aqueous phase

(iv) removing the organic solvent from the emulsion to form the

34. The method of claim 33 wherein step (b) (ii) further comprises mixing

in water the least viscous of the anionic component or the cationic component to form a

first mixture; mixing with the first mixture the more viscous of the anionic component or

the cationic component in a manner to form a second mixture, the cationic component

being present in excess compared to the anionic component; and homogenizing the

second mixture in a homogenizer to form a cationic colloidal coacervate.

eﬂlaced
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that it is a pre-neuty oxane[err] 2 has an even higher
degree of wog-mg:,n n*ﬂ!‘l ﬂH"I HWHHS/ water pH of 9.0). O g‘pts_
and anounts are-. 45 -ed THIS SHEET HAS BEEN

- 30.- ; V\D 97/ 28311 _ _ o

PCT/ US97/ 01274,, ._. -35. The method of claim 24 wherein the dispelfs'igg OrgHRg S

Uf oxanef err}.27. «-

grams 5 hx%tempéﬁﬁir@n(e@hﬂ/el%emdbythesteps 102. 25 102. 25

nmet hyl ene lorid 150 SLS

1.75 1.75 (@) heatmg the Rsincto azempemﬁue%)fﬁcxentto melt thé résin;

10. 88 dei oni zed \Qza 238.8 10

Tot al (1) 3@98@8 aqueous phase Ofébgcmmc colloidal coacexyats
calc 9Ret enl er

Ecal cg dispersing agsnt bg mngnéanth water thsaglgmc c%mdp%nent anﬂ eq’%ﬁ?‘é %‘E’%" %dtl o

(calc) luPsuch proportions and with dufficient shear to form a cationic colloidal coaoervate,
(iii) mixing the molten rosin with the aqueous phase coacervate
dispersing agent to form a mixture;
(iv) subjecting the mixture of step (iii) to sufficient shear to form
an emulsion; and

(v) cooling the emulsion of step (iv) to form the dispersion.
36. The method of claim 35 wherein steps (iii) and (iv) are combined.

37. The method of claim 24 wherein the zeta potential is at least 25

millivolts.

38. The method of claim 24 wherein the zeta potential is at least 40
millivolts,

39. A method of producing sized paper comprising employing in the
manufacture of the sized paper a sizing composition characterized by rosin stabilized by a
cationic colloidal coacervate dispersing agent, the coacervate dispersing agent comprising
an anionic component and a cationic component, the anionic and cationic components
being present in a proportion such that the sizing composition has a zeta potential of at

least about 20 millivolts.
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15 Total % Sol i ds cal 30.0

The Tekmar honogeni zglllm “ ke the ermul si on. The

emul si on \Qﬁdg M st i ppi ng and | arge anounts of sol i ds
coul d be out.” Wien this experinent c

SFX- 65 was repeated with a pH adj ust nent of th s HAR BEEN
pH 4.0, instability was still encountered. The 20 0s REPLACERB | ng
Uf oxane[err] 2 al séOf5hémtthodofclaim39whereinﬂmepapersizingcom OIEISE

the neutraljzatjon of the S causes,jhe rosin',s r box groups
o oni ARPIOFE i3 Foett suiliRal 1 BOYds o RIRiBH 985 SLSHPBoacer vat o
particl produced using neutalized SLS conponents. Wen the
pre-neutra |ze5 Es'gnosol [err] SFX- 65 product was | ater
acidified, a salt was formed which results in an unstable product. 25

Exanmpl e 10 Lower mol ecul ar wei ght
pol y( DADVAC) 41. The method of claim 39 whereinethe papes sizing campasitionis| y ( DADVAC)

havi ng an_i,ntrin SIC VIS 20% sal | ds pHof 6,
vi scosi t§mRleY 8? %ﬁﬁ&}SWgtng&&t%Ng%g%g%p gh ftﬂ?@ten[err]
203 tonwra r05| n S|ze Q her than as indicated, the techniques in the
experiments of this Exanple were the same used in the previous Exanpl es.

The amounts of conponents were as foll ows:

-31 - WD 97/ 28311 , ) .. e
PCT/ US97/ 01274 42. The method of claim 39 wherein the paper sizing composition is

o

employed as an additive to a papermaking furnish used to manufacture the sized paper.

43. The method of claim 39 wherein the paper sizing composition is

applied to the surface of the paper after the paper is formed.

‘44. The method of claim 39 wherein the anionic component is selected

from the group consisting of an anionic colloid, polyelectrolyte and surfactant.

45. The method of claim 44 wherein the anionic component comprises an

anjonic colloid selected from the group consisting of clay, silica and latex.

46. The method of claim 44 wherein the anionic component is an anionic
polyelectrolyte selected from the group consisting of polycarboxylate, polysulfate and
polysuifonate.

47. The method of claim 46 wherein the anionic component is an anionic

lignosulfonate.

48. The method of claim 44 wherein the anionic component is an anionic

surfactant selected from the group consisting of alkyl carboxylate, alkyl sulfate, alkyl

This Sheet Has Been Re!ilaced
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For mul ati on gr ans
rosin (6. 5% é9nss11 “llmﬁmmmﬂﬂﬁﬂll 102. 25 met hyl ene
chl ori de ¢ L 180 °s5 Aqueous phas THI y
Vanin S (SLS) 1.75 %%’}EFEBM%@EN
(20% sol | ds& dei onj zed Jlater LACED
Tot al fonate, aryl carboxylate aryl sulfate, aryl sulfongte, ajkyl aryl carboxylate,
(cal c) ten,(cal )
0. 77 sulfate and alkyl nateI ,hgl_agqg n?o%txegé:grmf 1 to about 18 ?f/gﬁ%s thge lc
Total % Sohidietidshaving 6to about 12 carbons and tiealkylldyl moieties having 7 to about 30N this
case, test tube scale experinents denonstrated that enul sions coul d
be nmade raF#@Pn%asHy at 0.6 to 1. 0% pol y(DADVMAC). Using 0.5% Wanin[err] S
SLS and 0.8% of the | ower nol ecul ar wei ght pol y(DADMAC), a stable
29. 6% solids rosin sizing di spersi on coul d be made wth a
Tekmar [ err] honogeni ger ihsr%,g he
hi gh setting while ad743| r-llg;gt éeﬁﬁ(?rggcgla%%%g,ggﬂ &c%m onen xesl';@‘zu -
Exanpl e 11 from the group consisting of a catl’&rﬁtslbxﬂydmiﬁe,teﬁol?ﬁﬂfoﬁhﬁihﬁd hO systens,
ratio 0.6/ 05 = 1.2 The sane procedures, except as
noted bel oRP Yﬁ@i@% the,catignic commepert haying a molecular waighhef atdeast abaut
Exanpl es. Ot nt I i st ed bel ow 25
wer e nmade a’[ a conéll?‘xn é(}ggaé)?%q&gacat&sﬁ{'}?@h onent ratio of 1.2,
but at increasing total coacervate concentrations to see the
ef fect on product processing and characteristics.
0. The method of claim 49 wherein the cationic component is a cationic
polyamine selected from the group consisting of a primary amine, a secondary amine, a

tertiary amine, a quaternary amine and mixtures thereof.

51. The method of claim 50 wherein the cationic polyamine is a
quaternary polyamine.

52. The method of claim 51 wherein the quaternary polyamine is a
poly(diallyldialkylammonium chloride), wherein the alkyl moiety has 1 to about 6
carbons.

53. The method of claim 52 wherein the quaternary polyamine is
poly(diallyldimethylammonium chloride) having an intrinsic viscosity of about 0.1 dl/g
to about 2 dl/g.

54. The method of claim 39 wherein the rosin is selected from the group

consisting of rosin, acid adducted rosin, fortified rosin, rosin ester and extended rosin.

is Sheet Has Been Re{ilaced
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PCT USO7/ 01274 \N"ml lﬂg’m‘“uj“ml A ¢ D E

Organi c rams grans gram grams rosin -
(695% CF%Wég-é%” 1 29. 21 29.21 29.21 29.21 5 PCTA’M}&‘_’gne
chloride 43 43 43 43 43 Rl SHEET 448 BEEN |
Wanin S (SLS) 0.25_ 0. 0.75 1 1. 25 RE LACED
Reten[err] 203 §55§hen§ﬂ!pﬂ°fdmw9wlaeremthemsmspres

g1, 0! 22t 10 yave B35 60 luvh Jhne §RioRl: comiponentig pistpatinan smorel 3} S
0.25 0.69 wt%)tomaout 2»\@% andthe eationic componentis prekft inlan(dfdunkt of about 0.0 30

0. 60 0. 90
wi% to about S wt%, all w1% being on a dry basis of the component in the composition,

the cationic and anionic components being present in a ratio greater than about 0.1 of -

cationic to anionic components.

56. The method of claim 54 wherein the rosin is rosin present in an
amount of about 20 wt% to about 50 wt%, the anionic component is sodium
lignosulfonate present in an amount of about 0.2 wt% to about 1.5 wt%, and the cationic
component is poly(diallyldimethylammonium chloride) with an intrinsic viscosity of
about 0.1 dl/g to about 2 dl/g present in an amount of about 0.2 wt% to about 3.5 wt%, all
wt% being on a dry basis of the component in the composition, the cationic and anionic

components being present in a ratio about 0.6 to about 3 of cationic to anionic

components.

57. The method of claim 39 wherein the zeta potential is at least 25
millivolts.

58. The method of claim 39 wherein the zeta potential is at least 40
millivolts.

59. Sized paper sized with a rosin sizing composition characterized by
rosin stabilized by a cationic colloidal coacervate dispersing agent, the coacervate
dispersing agent comprising an anjonic component and a cationic component, the anionic
and cationic components being present in a proportion such that the sizing composition

has a zeta potential of at least about 20 millivolts.
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12 So IR = 0 "7 g

di spersi ons were nmade by peurtngst organi ¢ phase into t

under : hrgh shear using a Teknar honngenlzer as

Each sanpl e was- ho ut es.

characteristics wer e@&%ﬂ%@%‘a&é 5 whérelh ér'ﬁ?&?%ﬂmﬂon Is¢€ F(') 650
B t

B 26 ﬁ2%nS a6mount s@ﬁiment o provide a pre%etgmlﬁscgi?é{@é 6f sxz?ﬁ@cbi?gtegw&r?) 0.0

+28. 0 +30. 3 +29 7 Vi scosity, cp 13 18

32 29 The zeta potenti al

measur enment was a SI ﬁﬁt ﬁSﬁ@ﬂiﬂﬂ ofi claippi wherein themsizing composmonxsremplwelrdlut ed
re S _nor ma
56 whi oh an @RbGReE B S vl WD) b Becd BRI WEEBLpr e apry

product. A nore preferred pH is about 4.5 to 4.8. This

measur enent does show good control, however, by keepi ng t he
coacervat e conponent 62affhesizetpapenof claiin 59 wherein the sizing compoéitiontifiese

systens were e stabl.e and onI the ISCOSI was 1. ncreased
vmyt hi n acc?ﬂ?@gf’é deé é‘lﬂ%‘r" mpanufacturethe sized Papes. Thi s

denonstrat es that the am)unts of the conponents may be varied
within the appropriate ratios di scussed above.
- 33 - 63. The sized paper of claim 59 wherein the sizing composition is applied

to the surface of the paper after the paper is formed.

64. The sized paper of claim 59 wherein the anionic compbn‘ent is

selected from the group consisting of an anionic colloid, polyelectrolyte and surfactant.

65. The sized paper of claim 64 wherein the anionic component is an

anionic colloid selected from the group consisting of clay, silica and latex.

66. The sized paper of claim 64 wherein the anionic component is an
anionic polyelectrolyte selected from the group consisting of polycarboxylate, polysulfate
and polysulfonate.

67. The sized paper of claim 66 wherein the anionic component is an

anionic lignosulfonate.

68. The sized paper of claim 64 wherein the anionic component is an
anionic surfactant selected from the group consisting of alky! carboxylate, alkyl sulfaté,
alkyl sulfonate, aryl carboxylate, aryl sulfate, aryl sulfonate, alkyl aryl carboxylate, alkyl
aryl sulfate and alkyl ary] sulfonate, the alkyl moieties having 1 to about 18 carbons, the
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Const ant witebasahey '] - Stratios systens, ratio
This is essentially the sarre experinment as in Exanpl

cationi c/anionic conponent ratio is used. The conmpong t he
2 3 Bfetied BviRh % 45 SbbiR1224ons and mﬁlb%l%?'@nrgh
grans gRcRboky, aNs  grans gr ans r osi n (6.5% CFA)
43. 82 43.82 43.82 43.82 43.82 10 met hyl ene chl ori de
65 65 65 65 65 Aqueous phase:
Wanin[err] S (SLS) Q.75 5 1.88
Reten 203 69. The sxze%aaper oficlam 591@%11 ﬂlesca@smc cpmponent is
Tot al

.7l e o s ol B

0.25 ﬁblﬁ&mdoﬂmi’x& thelcaﬂﬁmc coﬁxpaﬁent having a mof’é?ﬁhﬁﬁe Pfat least about

0. 60 1.20 1.80 eten/ SLS ratio (calc)
2.37 %00Mand Qom&mngmtmst abom Wmtmmc ftmctimalagro@psSol i ds (cal c)
30.1 30.9 31.8 32.6 33.5 The results of
nmeasurenents |ike those in Exanple 11 are as follows:

Desi gnat on: 70. Thé'sized paper Bf claim 69 wierein the catibnic componerkt is a

cationic polyamine selected from the group consisting of a primary amine, a secondary

amine, a tertiary amine, a quaternary amine and mixtures thereof.

71. The sized paper of claim 70 wherein the cationic polyamine is a

quaternary polyamine.

72. The sized paper of claim 71 wherein the guaternary polyamine is a
poly(diallyldialkylammonium chloride), wherein the alkyl moiety has 1 to about 6

carbons.

73. The sized paper of claim 71 wherein the quatemnary polyamine is
poly(diallyldimethylammonium chloride) having an intrinsic viscosity of about 0.1 dl/g
to about 2 dl/g.

74. The sized paper of claim 59 wherein the rosin is selected from the
group consisting of rosin, acid adducted rosin, fortified rosin, rosin ester and extended

rosin.

75. The sized paper of claim 71 wherein the rosin is present in an amount

of about 10 w1% to about 60 wt%, the anionic component is present in an amount of
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Vi scosity, 75
Thi s partlcul ar ratio still forns good enulsions but is

viscosity. A hi qher cationic charge can al so be obtai ned
the zeta [#bout@.lwt%itp about 2 wiipandithe cationic component is presentmanamomto

;Dg'. / [JSQ? | #boyt,0.1% to abouY\QA?Z{l % 1ﬂmng on 2 dry basis of the component in the mle 13

Si zi ng ef fdomipRi3Rion, the cationic and anionic componEA® beirg Prdseil in & rRNCYred@s than
nmeasured, using a pilot |aboratory paper

about 0.1.

Di. N 2 21 2483 3067 25
2 oo smen NN, "o as's

76. The sized paper of claim 71 wherein the rosin is rosin present in an
amount of about 20 wt% to about 50 wt%, the anionic component is sodium
lignosulfonate present in an amount of about 0.2 wt% fo about 1.5 wt%, and the cationic
component is poly(diallyldimethylammonium chloride) with an intrinsic viscosity of
about 0.1 dl/g to about 2 dl/g present in an amount of about 0.2 wt% to about 3.5 wt%, all
wt% being on a dry basis of the component in the composition, the cationic and anionic
components being present in a ratio about 0.6 to about 3 of cationic to anionic

components.

77. The sized paper of claim 59 wherein the zeta potential is at least 25

millivolts.

78. The sized paper of claim 59 wherein the zeta potential is at least 40

miltivolts.
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form ng machi ne,

of two products of the present
conpositions noted 5

Low. Reten[@br,]mssn Hi gh Reten[err]
gra

i nvention having the
For mul ati on
Organi ¢ phase: PCT/USY7/01274

bel ow

gr ams rosin (6.5% CFA)
306. 75 306. 75 10 171 et hyl ene chl ori de 450
450 Agueous phase: Wanin S (SLS)
5.25 5.25 Reten 203
32. 64 65. 28 _ dei oni zed wat er
600 600 15 Tot al
1394. 64 1427. 28 ~ U8LS (calc)
0. 56 0.54 %Ret en (cal c)
0. 67 1.29 Reten/ SLS ratio (cal c)
1.2 2.4 20 Total % Solids (calc) 33.7
33.2 ' Fi ne paper was run using a 70/@ :
har dwood/ sof t wood bl fached bl end at 40; pound bas wei ght. The
rosi n-coacervate sizjng agents of thls inventi oh were added to
the pulp at the wet pnd of the machinei Al um (afuninum sdlfate) was added
separately in an ambunt of 0 75 Wt % based on the dry pul p weight.
Si zing | evel \was var edfromb 2% 25 to 0.5% t he puipflber and the
sizing effi y wap USTTg The "HeTCul es %ﬁ Test
descri bed Twoy si zi Rg sarrpl es were tied, oneWwith Power
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under st andi he co1cep:b of X his invention that % 30- . realizes that
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PCT/ US97/ 01274 "~ : The | ower{ dashed |ine jon the
graph shows a relatively lower, but still ackg PEBLIGTsi zi Ing
efficiency when a | ower anount of the cationic conpohent is used,

conpared to the upper, solid line representing the]jhigher sizing effjciency
of the product of the present invention usinq a_higher..agbunt of

TFi G oncy. AR RRPRat ben ey Sl BAC i Robmer bR gl o7 Siorst e nd
h
oo ho baber SATRGRE Habite GA9RRAE ol RGP E8Rh o HElerb Pt vaius

cationic char;@eyxﬁdswith&pmwrdfydﬁﬁ the fiber surface of the pul p

to render the paper hydropho The present
i nventi on may be enbodiléd ?%efétﬂr@é‘ﬁ 49pdemithy theodiggosyre plowhich ¢s incorporated

d f h f d
FoFor ehoa shal by Ferkhde, Bl 888 aRbnBosbh ohHicld BERRpiRL e RTSRAEIRSE Y

the f fr egoi Ngap@afade fEcth b of Afbleshes FbkRYand especially thosd ®neERE bRk 1id8or.

i nventi on.

The composition comprises a polyelectrolyte complex comprising at least one water-
soluble, linear, high molecular weight, low charge density cationic polymer having an
indicated reduced specific viscosity and charge density, and at least one water-soluble,
10 anionic polymer having a charge density less than 5 meq/g. The cationic polymer may
include synthetic polymers such as copolymers of acrylamide, including cbpoiymers of
acrylamide with diallyldimethylammonium chloride. Anionic components may include
those normally present in unbleached pulps, such as solubilized lignins and
hemicelluloses, synthetic anionic polymers and anionically modified natural polymers.
15 Sodium lignin sulfonate is mentioned as an example of an effective anion.

U.S. Patent 5,393,337 (Nakamura ef al.), the disclosure of which is
incorporated herein by reference, discloses a rosin emulsion sizing agent for papermaking
comprising a fortified or unfortified rosin-epoxy compound obtained by reacting a rosin
and an epoxy compound. The rosin-epoxy compound is dispersed in water with the aid

20 of an emulsifying and dispersing agent. The emulsifying and dispersing agent can be
various kinds of low-molecular weight surfactants, polymer surfactants and protective
colloids such as casein, polyvinyl alcohol, or modified starch, used singly or in
combination.

- German Patent Publication No. 4,412,136 Al (PTS Papiertechnik

25 Beteiligungsgeselischaft mbH) discloses a paper sizing composition comprising rosin,
starch and lignosulfonate, but there is no disclosure therein of the formation of any
coacervate or the appropriate zeta potential used in the present invention.

U.S. Patent 3,677,888 (Economou) disclbses a process for manufacturing
paper having improved dry strength, using as the strengthening agent an ionically seif-

30 crosslinked norrhally coacervating insoluble liquid ampholytic polysalt composed of

normally water-soluble liquid polyanionc polymer and and a normally water-soluble

5. AMENDED SHEET
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polycationic polymer, where at least one of such polymers is a weak electrolyte, The
strengthening agent, having at least one weak electrolye component would not be able to

have the appropriate zeta potential to act as an emulsifying and dispersing agent capable

- of stabilizing rosin in a rosin sizing composition used to size paper.

Soviet Union Patent Publication No. 1,694,484 discloses a method of
purifying aqueous effluents containing lignosulfonates by adding a solution of
polydimethyldiallylammonium chloride to an effluent containing lignosulfonates, mixing
and leaving the mixture to settle, and separating the clarified liquid, followed by other
steps. There is no indication that a coacervate is formed, or that there is a suitable zeta
potential for using the mixture as an emulsifying agent, a dispersing agent or a stablilizer
in a paper sizing composition. _

Despite the efforts of the industry to develop cost-effective and efficient
paper sizing dispersions having the appropriate desired properties, there are still many
problems that have been encountered. Many polymers which are used to make sizing
dispersions have limitations. If, on one hand, the molecular weight is too small, no final
stabilization is possible because the steric effects are not there. On the other hand, if the

molecular weight is high enough for a good steric effect, then ionic contamination can
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I claim : 1. A dispersed rosin sizijng Compositi on
characterized by rosin enulsified and stabilized byja caﬁ'%qfﬁ's: | ©i gdal
toacervat e di spersing agent, the coacervate dispersi ng ag nt- cohpri $i hg an
ani oni ¢ conponent and a cationic conponent, the ani qQnite—are-—eat+oni
conponents being present in a proportion such that tthe sizing conposition
has a zeta potential of at |east about 20 mllivolts: 2.
The conposition of claim1 wherein the anionic conponent is selected from

t he group coneiuse paticlstoridgingrand snsuingitheolagicapploplemsaiuring ytoeaggndin many seesant .
3. The conpositjon of ¢lajm erein the anjonic conmponent i.S an anionic
col Lor d-sel ectitt e Gin B G PR bR BPlyinern G 38 iy O s ieclecsr Feeflds 2ot

4. The CO”poséz{shg'afﬂiolfagﬁ:'dﬁa%hé’é’@?&&‘ﬂo@oltl&ﬁs ﬁﬂe%hi@ed%?ﬂ@&%%oftﬁei?g eaf!l ont ¢
pol yel ectrol yte sSelected fromthe” group consisting of polycarbox Tate,

pol ysul f at e arddarlyys biidgmaBiging dispersions must be kept 5t loWselidoapnaits iogrewnt cl ai m

4 wherein the anionic _conponent is an anionic |ignosulfonate.
6. TheSconposhighsheodgieal arapettieiher ei n t he ani onic conmponent is an ani onic

surfactant selected fromithe ar. onsi st of _al kyl carb. | ate, . al kyl
sul fate, al kyl sul fonat ,lsé?vfﬁ{l%gﬁsc?%)?y 3<Eeé§/aqg??nce§tu:‘[¥x§ ‘gﬁp"a%y c@ﬂg?donat e,
al kyl aryl capazm}saatr@mi@kiku lsudl &/ propoittionlts prsdticéh Kiidd s35téh, & vatodnaéloiddne

al kyl noieties having 1 to about 18 carbons, the i L
"~ coacervate, which functions as an emulsifier and stabilizer for dispersed rosin sizing

agents. Using this technique, very little bridging between rosin particles is observed and
10 thermal cross-linking of cationic resin adsorbed on neighboring rosin particles is also
prevented. At the same time, the i:article charge, which plays an important role in
particle deposition on cellulose fiber, can be more precisely controlled, by controlling the
ratio of the oppositely charged polymers making up the coacervate. The highly charged
particles provide for better retention of the size in the pulp. Rosin-coacervate sizing
15 agents of the present invention have enhanced sizing efficiency and are stable over

anticipated periods of use and storage.

ummary of the Inventio
One aspect of the present invention relates to a dispersed rosin sizing
20 composition comprising rosin emulsified and stabilized by a cationic colloidal coacervate
dispersing agent, the coacervate dispersing agent comprising an anionic component and a
cationic component, the anionic and cationic components being present in a proportion
such that the sizing composition has a zeta potential of at least about 20 millivolts.
) Another aspect of the present invention relates to a cationic colloidal
25 coacervate dispersion composition comprising watér, a lignosulfonate as an anionic
component and poly(diallyldimethylammonium chloride) as a cationic component, the

anionic and cationic components being present in such proportion that the composition is

cationic, the composition having a zeta potential of at least about 20 millivolts.
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aryl noieties having 6 to about 12 carbons and the ajk P ACEVEDISEF Es
having 7 to about 30 carbons. :
- 37- 7. The corrp_osition of clal m{8 WM®r @99 thel
cationic conponent is selected fromthe group consistihg of a cationjc

pol yam ne, a pol ysul fonium and a pol yam doam ne, the |
having a wei ght average nol ecul ar wei ght of at |east about 5,000 and

containing at |east about 20% cationic functional grou
8. The corrp03|t|on of cY%tuanpthemmﬁ@mthwe%eat mdﬁmtt,oncrs ﬁeﬁmet@d&f@mrmc

ocondary. anioaaon rodf Feind i SHeh SRRERE kit fa Eediloid ko Ak BhisRrsing,  oor
9. The CO”DOSdgEhtofheQﬁetﬁécﬁbdﬂmﬁus\M},BﬁhS isiep:n@) C@Pd’xfh@'ac‘con&ldﬂ%'af@vd@ dBpersing

guaterrnary pol yam ne.
agent comprising an anionic component and a cationic component in water; and (b)

S forming an aqueous dispersion of rosin in the colloidal coacervate, the dispersion having
a zeta potential of at least about 20 millivolts.

Still another aspect of the present invention is a method of producing sized
paper comprising employing in the manufacture of the sized paper a sizing composition
comprising rosin emulsified and stabilized by a cationic colloidal coacervate dispersing

10 agent, the coacervate dispersing agent comprising an anionic component and a cationic
component, the anionic and cationic components being present in a proportion such that
the sizing composition has a zeta potential of at least about 20 millivolts.

A further aspect of the present invention is sized paper sized with a rosin
sizing composition comprising rosin emulsified and stabilized by a cationic colloidal

15 coacervate dispersing agent, the coacervate dispersing agent comprising an anionic
component and a cationic component, the anionic and cationic components being present
ina pr0portion'such that the sizing composition has a zeta potential of at least about 20

millivolts.

20 Brief Description of the Drawing

Figure 1 is a graph showing the sizing efficiency of two different preferred
products of the present invention. The amount of product used is graphed against the

sizing efficiency as measured by the Hercules Size Test described below.

-

25 Detailed Description of the Preferred Embodiments

This invention encompasses cationic coacervate systems which can be
used to emulsify and stabilize rosin sizing dispersions. In general, these systems
comprise a mixture of an anionic component and a cationic component, which, when
mixed properly and in the right proportions in water, yield a cationic colloidal coacervate

30 in an aqueous phase. This colloidal coacervate aqueous phase is then available for
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; dbout 6 carbons. 11. The conposi ﬂﬁ%ﬂ@ﬁn&ﬁ&’{ erein
the quaternary pol yam ne is poly(diallyldinmethylan F ch-ert+-ee) havi ng
an intrinsic viscosity of about 0.1 dl/g to about .0 dl/g.

12. The conposition of claim1l wherein the rosin ig sej‘l&gﬁa B mit He group

~consisting of unnodified rosin, fortified rosin, rps{n ester_and.gxtlended

. rosin. ' ' 13. The conposition of clajm I wherein the ionic

- conponent is present in an amount of about 0.2 w%tg abaout 2 t he

cafionic conponent is present in an anmount of about 0.1 wt%to about 5 wt%

~all w%being on a dry basis of the conponent in the conposition, the
~cationic and anioni c conponents being present in a ratio %re ter than about

0. 1 of cati onadsorptionat tha liquiddiquisrinwerface of a molten rosin or rosin dissolved in gn orggpic

. iti f_claim 13 wherein th in i | . ;
100t % t o abour D UPe SHAL Y piteld BhthispuRlef et EpEARUEbr o fosBPOu!

within the aqueous medium occurs. Furiher processing, for example, upon cocling or

solvent extraction, changes this emulsion into & dispersion (solid in liquid). The
5 coacervate adsorbs at the surface or interface of the organjc and aqueous phases as a
muitituds of soft gelatinous particles, thereby increasing the viscosity at that interface and
yiclding excellent stability. The coacervate used in the compositions of the present
@ invention inhibits the diffusion of one liquid droplet into another, while in the emulsion
form. The charge on the colloidal sizing agent particles can be contralled by controlling
10 the ratio of the an_ionic and cationic components that make up the coacervate.

Each of the anionic and éationic components does not have to be water-
soluble, as long as they are water-dispersible. For example, one can be colloidal and the
other soluble. Because no true surfactants (7.e. micelle forming materials) are necessary,
even though they can be used, the sizing compositions of the present invention are more

15 hydrophobic and can also be of larger particle size. The sizing compositions thereby
have better stability and less foaming than prior, surfactant-based rosin sizing agents, "

with the desired viscosity and sizing characteristics.

® Rosin

20 - The zosin useful for the present invention can be any modified or
unmodified rosin suitable ftr-sizing paper; including unfortified rosin, fortified rosin and
ext'endt:d rosin, as well as rosin esters, and mixtures and blends thereof.

_ The rosin used in this invention can be any of the commercially available

types of rosin, such as wood rusin, gum rosin, tall oil rosin, and mixtures of any two or

25 more, in their crude or refined state. Tall oil rosin and gum rosin are preferred. Partially
hydrogenated rosins and polymerized rosins, as well as rosins that have been treated ta
inhibit crysiallization, such as by heat treatment or reaction with formaldehyde, also can
be employed.
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15. The conposition of claim 14 wherein the rosin ps—present—tnjar anount
of about 20 wt % toabout 50 wt % the ani oni c conpophent EE s%u
D Bo .

["i gnosul fonate present in an anobunt of about 0. at b8 _ _vvt'% and
the cationic conponet is poly(diallyldinethylanohiumchloride)llwth an
intrinsic viscosity of about 0.5 dl/g to about §.7 dl/g present ip an

anount of about 0.2 wt%to about 3.5 w4 the catt -
conponents being present in a ratio of about 0.6 to about 3 of cationic to
anioni ¢ conponents. A fortified rosin useful irbthisTineentionpothi bidduct ractidraprodict of

wherein the zeta potenti.al is at Jnceast 25 mllivolts. 17.
The conposi ti GASIBARE AR AGHIE cRmpPId copERIning e notential is at |east 40
mllivolts. y 18. A cationic colloidal coacervate

di spersi on conposition charatt@g=ped by water, a |lignosul fonate as an

ani oni & conponent and pol y(di al | yl di met hyl anmoni um chl oride) as a cationic

t, th I oni.c ,and .cationi c conpopents being present in such
br opor t 1 on 1 hEFOURARLIS AFTEH DY GFAoHE Kasih B4 Be atiis copgud sielavaiedemperatusest a
potential of %¥f#0ﬁ?’§;0ilgp%¢b t%%bg\"txtlﬂlb“@! ts. 19. The

conposition of claim erein the lrgnosul fonate is sodiumlignosul fonate
and the poly(diallyl di mitheyh@omistiaditicedrsduie empesed will BE Hab Sin6uMiwiGes Wity

of about 0.1 dl/g to about 2.0 d]/g.
provide fortified rosin containing from about 1% to about 16% by weight of adducted
10 acidic compound based on the weight of the fortified rosin. Methods of preparing
' fortified rosin are well known to those skilled in the art See, for example, the methods
disclosed and described in U.S. Patents 2,628,918 and 2,684,300, the disclosures of
which are incorporated herein by reference.

Examples of acidic compounds containing the

et

group that can be used to prepare the fortified rosin include the alpha-beta-unsaturated

15

organic acids and their available anhydrides, speéiﬁc examples of which include fumaric
20 acid, maleic acid, acrylic acid, maleic anhydride, itaconic acid, itaconic anhydride,
citraconic acid and citraconic anhydride. Mixtures of acids can be used to prepare the
fortified rosin if desired. Thus, for example, a mixture of the acrylic acid adduct of rosin
and the fumaric acid adduct can be used to prepare the novel dispersions of this invention.
Also, fortified rosin that has been substantially completely hydrogenated after adduct
25 formation can be used.
- Various rosin esters of a type well known to those skilled in the art can
also be used in the rosin-coacervate dispersion of the present invention. Suitable
exemplary rosin esters may be rosin esterified as disclosed in U.S. Patents 4,540,635
(Ronge et al.) or 5,201,944 (Nakata ef al.), the disclosures of which are incorporated
30 herein by reference.
The unfortified or fortified rosin or rosin esters can be extended if desired
by known extenders therefor such as waxes (particularly paraffin wax and

microcrystalline wax); hydrocarbon resins including those derived from petroleum

AMENDED SHER
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20. The conposition of claim19 wherein the anioni d ce#p
an anount of about 0.1 wt%to about 2 parts by weight aq% Egﬁ

conponent is present in an anount of about 0.1 to apolt ts
based on a dry basi s of the conponent in thelconpos v .
cationic and ani oni c conponents being present in a tatio greater tha about
0.1 of cationic to anionic conponents. e conposition

of claim 20 wherein the ani gnj.c conponent is preseni .in an . amount of about
0.2 w%to abdbto i? @vakt%s aamﬂ%@' of gomenbt ugeAHyOREHHCIRRStability n#y 744 petential

vy scost 1 o SRRuhe 1A s IROH ol 9514 490 PR B BB

Cormonent s bethgg @Miﬁg@&d stabxatyrauaagbteebﬂuiam oﬁ”g&&t@bmmo&oqbow(ﬂ@rurc to
ani oni ¢ conponents and such that the conposition will have a_zeta potenti al

of at |east abwnen@mahy mdmtﬁswgcellent stability. Thus, in thezzzresemmvenmghqmngof
clalm§8 wherein the zeta ti aJ

i t. 25
a0 T come o opsiiost cobee Tae {4 Bt re St TRut bt 2424 Boteptial of et leags

mllivolts.  20mvolts. Thus,itis preferred that the coacervate and rosin-coacervate dispersion

charge should be highly cationic, with a preferred zeta potential of at least 25 mvolts and,
more preferably, at least 40 mvolts. This would correspond to better electrostatic
colloidal stability of the final product. The highly cationic coacervate produces a final

10 stable dispersion which interacts most strongly electrically with the cellulose pulp fibers.

The amounts and ratios of the anionic and cationic components used in the

coacervate dispersing agent may vary considerably in view of the different types of
anionic and cationic components. Factors include the molecular weight and intrinsic
viscosities of the components, their respective charge densities, the particular type and

15 amount of rosin to be dispersed in the final rosin-coacervate composition, the desired zeta
potential, and other factors relating to stability, processing ability and performance, all of
which can be determined empirically without undue experimentation in view of this
disclosure.

The final viscosity of the sizing composition should be such that the

20 composition can be easily pumped without any coagulation at about 10% to about 50%
solids in the dispersion. The final viscosity of the rosin-coacervate sizing composition
should also be sufficient to prevent stratification of dispersed solid components. Alum
can be post-added to reduce the viscosity of the dispersion. This is especially useful
when producing higher concentration compositions which tend to yield higher viscosity.

25 Within these broad guidelines, a preferred final rosin-coacervate composition viscosity
should be from about 6 cp to less than abou{ 250 cp Brookfield viscosity (measured at 60
rpm) and more preferably, less than about 200 cp. In formulations of the rosin-coacervate

composition having a solids content of about 35 wi%, the viscosity preferably is about 15

-15- AMEHDED SHEE?
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24. [ihg a cationic rosin sizing dispersi L rzedhn
thatmmﬂmmmﬁm ontains rosin and a col |l oi dal coaceﬁﬁg%@@&s e?@ﬁtﬂg
‘agent* the wetthod characterized by the steps: . : (a) formngia
col | oi dal coacervate dispersing agent conprising an anijorji C{goFPRMe9% 4and a
cationic tclapmnent in water; and (b) foriming an aqueous

di spersion of rosin in the colloidal coacervate, the dilspersiomrtaving-a
zeta potential of at |east about 20 mllivolts.

25. The

et hod of cl ai m 24 WIAIGaiglrskd fositNiilf SorfRRRQkrabitei sl S M chRMANE 0T OUp
PO

consi sting of an anionic colloid,

yel'ectrol yte and surfactant,

and the

cationi c ewhgebilizad Hys catipaic coldcidal gpacetvateglimngrsingngents thersgagstvate cat i onic

pol yam ne,. a | ysul f onj ol vam ] . L.an G..C

o) ng o iePeipe ¥t s Y o LokABARAR dmioclf o FAIE freGUR
and cont apsid @giofic cofpahentdinitig ptoddnriatal proportidn sieh it tle sRidMposition
26. The nethod of claim25 wherein the anionic conponent

onent
But 5, 000

I'S an ani onic

pol yel ect k#f 8/7cta patential elptigagtaborte Ogpidliplsonsi sting of a pol ycar boxyl at e,
pol ysul fate and pol ysul fonate, and the cationic conmponent is a quaternary
pol yam ne.

2. The composition of claim 1 wherein the anionic compoenent is selected

from the group consisting of an anioni¢ colloid, polyelectrolyte and surfactan:.

3. The composition of claim 2 wherein the anionic component is an

anionic colloid selected from the group consisting of clay, silica and latex.

4. The composition of claim 2 wherein the anionic compornent is an

. anionic polyelectrolyte selected from the group consisting of polycarboxylate, polysulfate

and polysulfonate.

5. The composition cf claim 4 wherein the anionic compounemnt is an

anionic lignosutfonate.

6. The composition of claim 2 wherein the anionic component is an

anionic surfactant selected from the group consisting of alkyl carboxylate, alkyl sulfate,

alkyl sulfonate, aryl carboxylate, arvl sulfate, aryl sulfonate, alkyl aryl carboxylate, alkyl

aryl sulfate and alkyl ary! sulfonate, the alkyl moieties having 1 to about 18 carbons, the

aryl moieties having & to about }2 carbons and the alky! aryl moieties having 7 to about

30 _carbons.
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27. % I m26 wherein the anionic conponent is an anionic

| gnH@[!ﬂmmﬂl mlﬁmﬁe cationi c conponent is poly(diallyldinethylanmmoni um
¢hl or+ LM s % 28. The nethod aof claim27 wherein the rosin is
present in an anount of about 10 wt % to about 60 wt% the anionic conponent
i s sodi um I i gnosul f orratTheRbRpedtion 4 ciimaAr@AERSin Be AHONE componbkts becifioUt 2
w % and the cationic conponent is poly(diallyldipethylanmmoni um chloride)

with an i nti¥emdhesors Re offa catienie polyamige, apalysulfpeiyin ad@l / g present in an

amount  of igoajmi\%,%é Bt ‘&%méoﬂ%g/ﬁav aw%'%ﬁttﬁ@ Rx@ie@ulgwei?ﬂ%ggt of the
conponent in e conposition, the“catloniC and anionfc conponehts bei ng
present in least albdud3H0 andecontaining atieast alidul 209 catidnicofunetidnel grmipani ¢
conponents, and wherein the dispersion has a Brookfield viscosity of up to
about 150 cp neasured at 60 rpm 29. The nethod of claim 28
wherein the rosin is gormeebinpbsitcH bR Mwikeid BRULtGH: WMpdnemabeut 50 wt %
the anionic conponent is sodiumlignosul fonate present in an anpunt of
about 0.2 fagenio pelyemine selsciod fpmahigrong canaistingoion primep pevire, 2 secondary

pol y(dial |yl di met.hyl amoni um chl oride) present in an.anount of about (1.2
W% to abolf™3%2 % 5 T Be,@é;tupm%ﬁe%ﬁe%nges ﬁ‘uents bei ng present in
a ratio of about 0.6 to about 3 of cationic to anionic conponents.

30. The nethod of claim 24 wherein the rosin contains carboxyl groups and

>

the anionic conponent- a8 SPRBOsitAn of slaim 8 shertin e cAUANic pRlyamiaRisaci di ¢ pH
which is quaternary polyamine. -41-

10. The composition of claim 9 wherein the quaternary pclyatnine is a
poly(diallyldialkylammonium chloride), wherein the alkyl moiety has 1 1 about 6

carbons.

11. The compeosition of claim 10 wherein the quaternary polyamine is
poly(diailyldimethylammonium chicride) having an intrinsic viscosity of abour 0.1 dVg
10 about 2.0 dl/g.

12. The compasition of claim I wherein the rosin is seiected from the

group consisting of unmodified rosin, fortified rosin, rosin ester and cxiended rosin.

13. The composition of claim 1 wherein the anionic component is present
in an amount of about 0.2 wi% to about 2 wt% and the cationic component is present in
an armount of about 0.1 wt%% to about 3 wt%, all wt% being on & dry basis of the
component in the composition, the cationic and anionic components beiny present ina

ratio greater than about 0.1 of cationic to anionic components.
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suffi idionizing the carboxyl groups of the rosin to such
an exﬂmmltlmmIWMMHMEervate formed in step (a) will not be stable, and
t he pH" s sufflﬁleﬁtly high to av0|d form ng a sal t capabl e of

destabilizing the dispersion. 31. The nethod of claim 30
wherein the pHin steg‘s 'Kl&)wmm@r}omamxelhmwahemsmxspresentmanamount 32.

about 7" SfabuPld% 4 S RRESS Sy e e o B oo "G er 0 on

formng step (b) is a solvent nethod charact erized by the steps:

(i) dissolving the ro I n an qr.ganj ¢ soI vent imm scible in water to form
an organi ¢ phase; f§ Drh" composition of claim 14 ) %PMQS%#MM@GM% of

the cationi or o8 ) Wk i ARGLI0/RE, il MAGKS bOfpGRAN prop@l bk vater the

ani oni ¢ conponent and the caboni c conponent rons and with
suf ficient prhseat mtamaﬁmumdabaun{bhm%amhbm Sl wit and theatirbonic component is

oo e A e 5 N S RIS 085 ©
renmovi ng t heboRf 02AY/E phsebnt Skn A&t bh@oo%ffb'.b. W9 tolaBodt AT I ish Se cationic and

anionic components being present in a ratio of about 0.6 to about 3 of cationic to anionic

components.
16. The composmon of claimn 1 wherein the zeta potential is at least 25
millivolts.
17, The composition of claim 1 wherein the zeta potential is at jeast 40
millivolts.

18. A cationic colloidal coacervate dispersion composition characterized
by water, a lignosulfonate as an anionic component and poly(diallyldimethylammonium
chloride) as a cationic component, the anionic and cationic components being present in
such proportion that the composition is cationic, the composition having a zeta potential
of at least about 20 millivolts. '

19. The composition of claim 18 wherein_mc lignosulfonate is sodium
lignosulfonate and the poly(diallyldimethylammonium chloride) has an intrinsic viscosity
of about 0.1 dl/g to about 2.0 dl/g.

20. The composition of claim 19 wherein the anionic component is
present in an amount of about 0.1 wit% to about 2 parts by weight and the cationic

component is present in an amount of about 0.} to about 5 parts by weight, based on a dry
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di sper si 34. The nethod of claim33 wherein step (b)
(i) fu”!“m"mm'mmﬁﬁm xing in water the |east viscous of the anionic
conpone c conponent to forma first mxture; mxing wth
the first mxture the nore viscous of the anionic conponent or the cationic
conponent gmgg ent
bei ng pres QI gﬁgggegé&gg%{p%goﬁ ot emg)r%géntlﬁ% corrf)&o'ﬁéeér?'?ﬂB Ea%%geni Zi ng
t he second pusehunerauo grestonthape shane. 1 tof cétiomin ta apinicowmponaitd. oi dal
coacervatc. 35. The nethod of claim 24 wherein the
di spersion formng step (b) is a high tenperature nethod characterized by

the steps: 21. The compomﬂon(df):la!&ﬁ@b"ﬁlﬁxéﬁ‘&eraﬁﬁ)hfb Joﬁxfpﬁnén?f@er ature
sufficient to nelt the rosin; orm ng an

aqueous phasesenifinan ameunt ofabeut O Wb tuaboubhs avtiiaeed ti gyém epagent hasy

m xi ng wt I n such
proporti ongn\zg%‘hgglcE%g%swfqg#@ﬁ?%ﬁ%qgg%ﬂpor nqgmgg% one:&k:&col :aﬂgql

coacer vat e;about 0.2 to about 3.5 parts by weight( thisichtioHix antianidic cophgonents Belhgpiokdnb t he
aqueous phase cpacervate dispersing. agent to forma mxture;

(iv) subj eddpmjior{abartdéiosbept %?féﬁ“‘(‘?‘? o aniepie earpponients and sch that hef or m an
enmul sion; ap Llposmon will have a zeta potential of & deat ABbit 8 dhilifofREU! ST On of step (iv)

o

to formthe sper si

22. The composition of claim 18 wherein the zeta potential is at least 25

millivolts.

- 23. The composition of claim 18 wherein the zeta potential is at least 40

millivolts.

24. A method of making a caticnic rosin sizing dispersion characterized in
that the dispersion contains rosin and a colloidal coacervate dispersing agent, the-method
characterized by the staps:

(a) forming a colloidal coacervate dispersing agent comprising an anionic
component and a cationic component in water; and

(b) forming an aquecus dispersion of rosin in the colloidal coacervate, the

dispersion having a zeta potential of at least about 20 millivoits.

25. The method of claim 24 wherein the anionic component is selected
from the group consisting of an anionic colloid, polyelectrolyte and surfactant, and the
cationic component is selected from the group consisting of a cationic polyamine, 2

polysulfonium and a polyamidoamine, the cationic component having a weight average .
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}@ wg“ muﬂ“g I m24 wherein the zeta potential is at |east 25

II| 38. The nethod of claim 24 wherein the zeta
potentlal S at Ieast 40 mllivolts. 39. A nethod of
produci ng sized paper conprising enploying in the manufacture of the sized

E;p:rc:t Isl)ﬁ#‘@g o%fé ‘2??1\? éﬂb’?i!btg [n1l SI£ ed and st abilized

dlsper3|ngﬁ@gggﬁﬂ%gﬁﬁgJS|ng an anlonlc conponent and a catlonlc conponent,
the anionic and cationic conmponents being present in a proportion such that
the sizing conposition has a zeta potential of at Ieast about 20

mllivolts. . e th 9 wherein the
paper sizing conposi r? o.ﬁh‘?ﬂﬁhﬁ Pfccl?)’f?pjfgl)‘évg%@g‘r{ﬂ% gr?%n%%oun a%‘%‘blﬁbl e of
form ng an palyetmsifeseiitadom the group consisting of a polyca:boxylate polysulfate and

mlmBS wherein steps (iii) and (iv) are combined.

polysulfonate, and the cationic component is 2 quaternary polyamine.

27. The method »f claim 26 wherejn the anionic componeat is an anionic

lignosulfonate and the cationic component is poly(diailyldimefhy{anunanium chioride).

_ 28. The method of claim 27 wherein the rosin is present in an amount of
about 10 Wi% to sbout 56 wi%, the anionic component is sodium lignosulfonate present
in an amount of about 0.2 wt% to about 2 wt%, and the cationic componeat is
poly{diallyldimethylammonium chioride) with an intrinsic viscosity of about 0.1 dl/g to
about 2 dl/g present in an amount of about 0.1 wi% to about 5 wt%4, all wi% being on a
dry basis of the component in the composition, the cationic and anionic components
being present in a ratio greater than about 0.1 of cationic to anionic components, and
wherein the dispersion has a Brookfield viscosity of up to about 150 cp measured at 60

Ipm.

29. The method of claim 28 wherein the rosin is present in an amount of
about 20 wt¥% to about 50 wt%, the anionic component is sodium ligrosulfonate present
in an amount of about 0.2 wt% ia about 1.5 wi%, and the cationic component is
poly(diallyldimethylammonium chloride) present in an amount of about (1.2 wt% to about
3.5 wt%, the cationic and anionic components being present in a ratio of ubout 0.6 to

about 3 of cationic to anionic components,

- 30. The method of claim 24 wherein the rositi contains ca-boxyl groups

and the anionic component and the cationic component both have an acidic pH which is

s
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41. The nethod of claim 39 wherein the paper siZzZing conposition is enployed
in an m‘lﬂmﬂm(l"“ﬂﬂﬂtll .025 Wt % to about | wt % based on the wei ght of the
paper .} THIEE HEH REE i 42. The nethod of claim 39 wherein the paper sizing
conposition is errpf oyed as an additive to a papermaking furnish used to
nmanuf act ur guififenil JRetoRABRY ionizing the carboxyl groups of e rb8ia toRicRQf eRfentthai m 39

wherein the paper” sizing conposition is applied to the surface of the paper
after the [agpesacéryate frmed in step (2) will not be stable, angd thapl in@ificienthyrhigh @ m 39

i oni 0 cortaRdoruioy § SIEABAIL of S<ARMSRESE: dpble O 0up conststing o oY

met hod of claim44 wherein the anionic conponent conprises an anionic

Rl s S W el S« AT WWE eSS AR AW e LA TR S IF AN
—t a4

colloid selected fromthe grog‘g c&ar}si sting of clay, silica a{gﬁl | at ex.
46. The method of cl al-nTaumeghed of Flamil whereiithe pIiE inurRs(2) 98 (BHS BelPHni ¢
pol yel ect r%x&?_sel ected fromthe group consisting of polycarboxyl ate,

pol ysul f at e and -.pol ysul f onat e. 47. The nethod of claim 46
wherein the anionic conponent is .an anionic |ignosulfonate.

32. The method of claim 31 wherein the pH in steps (a) and (b) is about 2

10 about 7.

33. The method of claim 24 wherein the dispersion forming step (b) is &
solvent method characterized by the steps:
' (i) dissolving the rosin in an organic solvent immiscible in water
to form an organic phase;

(i) forming an aqueous phase of the cationic celloidal coacervate
dispersing agent by mixing with water the anionic component and the cationic component
in such proportions and with sufficient shear to form a cationic collcidal coacervate;

(iii) horogenizing the organic phase and the aquevus phase
coacervate dispersing agent wo form an emulsion; and

(iv) removing the organic solvent from the emulsion to form the

dispersion.

34. The method of claim 33 wherein step (b} (ii) further comprises mixing
in water the least viscous of the anionic component or the caticnic component to form a
first mixture; mixing with the first mixture the more viscous of the anionic component or
the cationic component in a manner to form a second mixture, the cationic component
being pr;.sent in excess cbmparcd to the anionic component; and homogenizing the

second mixture in 2 homogenizer to form a cationic colloidal coacervatc.
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48. T m 44 wherein the anionic conmponent is an anionic
surfa HI@ IBE’"E Hﬂl mlom t he group conS| sting of al kyI car boxyl ate, al kyl
Sul fa -44-

sul fonate, aryl car boxyl ate, aryl sulfate, aryl sulfonate, alkyl aryl

car boxyl ate, al kyl aryI sul fate and al kyI aryl sulfonate, the alkyl

noi eties having 1 to ut 1 L han e a Joieties having,6.to about
12 carbons and the aﬁgyfh Vg"‘grﬁﬁ"gf W lea,d &m@ %Bb

49. The rre Peﬁh@éﬁl@&iﬂﬁﬂc@r&d&e&@%@m c conponent is select ed from

the group consisting of a cationic polyanne, a polysulfoniumand a

pol yani doamni ne, the cati ofi) be%mﬁ&mmmanmWP%—@mm el garosit. at

| east about 5,000 and con | east t i ncti.onal

o oups. 3 Biride L paBRR P o 6 SRS (bR 01
conponent  idfsparsinglag@ilbg niing WithVar&eheadi@tlc tomparehtargrine patiefit Tompbigir Of a

primary amine, a secondary anming, a tertiary ampne, a quaternary anine and
m xtures t e sushproportions and with sufficient shear to form a cationic colloidal coacervate;

(iii) mixing the molten rosin with the aqueous phase coacervate
dispersing agen: to form a mixmré;

(iv)' subjecting the mixture of step (iii) to sufficient shear to form
an ernulsion; and '

{v) cooling the emulsion of step (iv) 1o form the dispersion.
36. The msthod of claim 35 wherein steps (1ii) and (iv) are combined.

37. The method of claim 24 wherein the zeta potential is at least 25

millivolts.

38. The method of claim 24 wherein the zeta potential is at least 40
millivolts,

39. A method of producing sized paper comprising employing in the
manufacture of the sized paper a sizing composition characterized by rosin emulsified
and stabilized by a cationic colloidal coacervate dispersing agent, the coacervate

dispersing agent comprising sn anionic component and a cationic component, the anionic
and cationic components being present in a proportion such that the sizing composition

has a zeta potential of at least about 20 millivolts.
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51. The-nmethod of—ctai-m 50 wherein the cationic polyamne is a quaternary
52. The nethod of claim51 wherein the

pol yam .
duat er ngliu‘w(ﬂwgmmﬁlum pol y(di al I yl di al kyl anmoni um chl ori de), wherein
t he al kyls [ s 1 0 about 6.carbons. . 53. The net hod

of claim52 wherein the quaternary polyamne is
pol y(di al I'yl di met hyl ammoni um chl ori de) having an intrinsic viscosity of
about 0.1 dl/g to abodf. Thelinethod of claim 39 wherein the papér sizing compdsitipndrthdrai m 39

wherein the rosi.n is sel.ected fromth r .consisti.ng of . unnmodi fi ed
Fosin, 1 or ¢ FPRBHE 8 AlinipR Fompeund cantblc Gf foing a pijinifiin Fosinat

55. The nethod of claim39 wherein the.rosin is present in an anount of
about 10 wt % to about 60 _wt % _the anionic conmponent is present_ in an anount

of about 0.1 wt%to afbulTheomethod afelaienid whareigdherapensidng ReMPeSitiondsent in an

f % 0 | 9 i f th
conponent | Sy Bty B Pt g Rl PR RO B SRS, 1 T

present in gapeeti 0 greater than about 0.1 of

42. The method of claim 39 wherein the paper sizing composition is

employed as an additive to a papermaking furnish used to manufacture the sized paper.

43, The method of claim 39 wherein the paper sizing cémpositian is
épplied to the surface of the paper after the paper is formed.

44, The method of claim 39 wherein the anionic component is selected

from the group consisting of an anionic soiloid, polyelectrolyte and surfactant.

45. The method of claim 44 wherem the anionic component comprises an

anionic colloid selected from the group consisting of clay, silica and latex.

. 46. The method of claim 44 wherein the anionic component is an anionic
polvelectrolyte selected from the group consisting of polycarboxylate, po'ysulfate and
polysulfonate.

47. The method of claim 46 wherein the anionic component is an anionic

lignosulfonate,

48. The method of zlaim 44 wherein the anionic component is an anionic

* surfactant selected from the group consisting of alkyl carboxylate, alky! sulfate, alkyl
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cati on M’"ﬂ oni ¢ corrponents 56. The nethod of claimb54 .

wher ei Uu IHIesent I n an anmount ,of about 20 wt % to about 50 w %
tthe an s sodium i gnosulfonate present in an anmpunt of

about 0.2 W% to about 1.5 % and the cationic conponent is

gol y(di a"Yéuﬁb@é%}l%%lh'@ 'sﬁ!ﬂt@%ﬂ!uffbnﬁé‘alﬂ}lﬂyﬂédxﬁoﬁ?ai&%l&ypf about

1 dl/g to about dl / resent i n an anount of "about O %to about 3.5

w % al | wtsuifeteiang alyl wbsu}fomnbe dky!tnhaetmﬂnpmerhtto Bbput & cgborpothietaidn, t he

oL, 2B T g MUBRAT St WA el e B £

cl aim 39 whatteing. the zeta potential is at least 25 mllivolts.
58. The nethod of claim 39 wherein the zeta potential is at |east 40
mllivolts. 59. Sized paper sized with a rosin sizing

conposition char acter Z?ﬂe%ﬂoﬁ%‘f@laﬁ:?yb ﬁgieﬁadthé‘@gxoﬁﬁ E‘L oﬁ?xﬂx@éie% e(aat i onic

col | oi dal coacervate di spérsing agen € coacerva SpPersing agent

conpri si ng fedin & GOLL o@mmmcaﬁmdcpolgahinempmmtﬁoﬁiwﬁmat he ani onic and
cationic co nents belng resent in proportjion such that the sizing

conposi ti or? ﬁ?‘f’&‘l’m&?m&?hq"@’&satm%‘sﬁﬁ%’ weish ot at It alous
5,000 and contmnmg at least about 20% cationic functional groups.

50. The method of claim 49 wherein the cationic component is a cationic
polyamine seiected from the group consisting of a primary arnine, a secondary amine, a

tertiary amine, a quaternary amine and mixtures thereof,

51. The method of claim 50 wherein the cationic polyamine isa

quaternary polyamine.

52. The method of claim §1 wherein the quaternary polyamine is a
poly(diallyldialkylammonium chloride), wherein the alkyl moiety has 1 to about 6

carbons.

53. The method of claim 52 wherein the quaternary polyamine is
poly(diallyldimethylammonium chioride) having an intrinsic viscosity of about 0.1 di/g
10 about 2 dl/g.

34. The method of claim 39 wherein the rosin is selected from the group

consxstmg of unmodified rosin, fortified rosin, rosin ester and extended re:sin,

REPLACEMENY SHEET

45-
18 FEB 1999




By Ve PAANZELTAY AVEINGIERII WYY e e OT BP0 0 L8O 1 <lo o6/ LGYl- +i9 88 208944058 #14

60. Th ' of claim59 wherein the sizing conposition further
conpri Qﬂ'g&@,ﬂgﬁﬂmﬁ, onpound capable of form ng an al um num rosi nate.

61. Thes Si cl aim59 wherein the sizing conposition is enpl oyed
in an anmount of about 0.025 wt%to about 1 w % based on the weight of the
paper . [ faclalle rej I zi ng
conposition is enpl oyesa' g’gegi-#%égzﬁﬁlﬁxs%ﬁ?gﬁém%aﬂaﬁ maki ﬁ%’%?‘ﬁ%ﬂmﬁ‘gga?t o]
manuf act ur e dbbet X0 wdbltoEbper 60 wtds, the anionic componefitds prelent & @redinqup ef abohit cl ai m

59 wherein the sizing ¢ sition is applied to the surface of .the paper
after the pappEW%§°Flg?“ﬁgg}.%%‘“dth°““°m° cgmponeghl_quqqgntgqx 3% EmpuH of abut B-Ilai m 59
wherein the Q@) RineuCORREE % §eﬁ€$@£&&%3§i§9ﬁ%@€m§5&ﬁ?irpﬂ@§bxﬁﬁésﬂ% of _an
anionic colloid, polyelectrolyte ahd surfactant. 5 The
si zed paper thé cationicrand dninhiccemponents taingpnésentdo apativegreatersthamatznt @iiof col | oi d
sel ected from,t heéér;rouxp consisting of clay, silica and | atex.

66. The si zdFPURE 2P FURRARENSwher ei n the ani oni c conponent is an anionic
pol yel ectrol yte sel ected fromthe group consisting of polycarboxyl ate,

pol ysul fate and pol ysul f onat e. '
56. The method of claim 54 wherein the rosin is present in ap amount of

about 20 wi% 10 about 50 w1%, the arionic component is sedium lignosulfonate present
in an amount of about 0.2 wt% 10 about 1.5 wt%, and the cationic component is
poly{diallyldimethylammonium chloride) with an intrinsic viscosity of about 0.1 dl/g to
about 2 dl/g present in an amount of about 0.2 wi% to about 3.5 wit%, all wt% being on a
urv basis of the component in the composition, the cationic and anionic components

being present in a ratio about 0.6 to about 3 of catioaic to anionic components.

57. The method of claim 39 wherein the zeta potential is at least 25

millivolts.

58. The method of claim 39 whercin the zeta potential is ut least 40

millivolts.

59. Sized paper sized with a rosin sizing composition characterized bv
rosin emulsified and stabilized by a cationic colloidal coacervate dispersing agent, the
coacervate dispersing agent comprising an anionic component and a cationic component,
the anionic and cationic components being present in a proportion such that the sizing

composition has a zeta potential of at least about 20 millivolts.
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67. mmuﬁmuﬁmﬁﬂl f claim66 wherein the anionic conponent is an anionic
l'ign 68. The sized paper of claim64 wherein the -
ani onf ¢ Torpoflent i% an anionic surfactant selected fromthe group
consisting of alkyl carboxylate, alkyl sulfate, alkyl sulfonate, aryl

carboxyl ate, aryl sulfCatldwe sizged papenpf cieim &0 wherrip/the:siging compesitiansfugheral ky|
aryl sulfate and al kyl t l Leties .hayving 1 to about
18 carbons, 1 :xsesanMm_ﬂﬁmwohg&&$§?l§&§%ﬁ&@q&%%vgn%§ about 12

carbons and the al kyl aryl noieties having 7 to about 30 carbons.
69. The sized paper of c¢laim59 wherein the cationic conponent is selected
fromthe group consi <l ddesizedpapst phslaim Fhwhaeinthe siging sepaasitanis um and a

pol yam doanj %Ft]g l.QQ Qe qﬂgo L ght ~of at
| east abou{g@,ﬁ% araé%cnlgn 'aolqr??ng gigwgég?%%&t bbbggg%?ghﬁ}/{gé urﬁ’g onal
gr oups. paper. 70. The sized paper of claim®69 wherein the
cationic conponent is a

62. The sized paper of claim 59 wherein the sizing compositien is
employed as an additive to a papermaking furnish used to manufacture the sized papef.

63. The sized paper of claim 55 wherein the sizing composition is applied

1o the surface of the paper after the paper is formmed.

64. The sized paper of claim 39 wherein the anionic component is

selected from the group consisting of an anionic colloid, polyelectrolyte and surfactant.

65. The sized paper of claim 64 wherein the anionic component is an

anionic colloid selected from the group consisting of clay, silica end latex.

66. The sized paper of claim 64 wherein the anionic component is an
anionic polyelectrolyte selected from the group consisting of polycarboxylate, polysuifate
and polysulfonate. '

67. The sized paper of claim 66 wherein the anionic cém}ment isan

anionic lignosuifonate.

68. The sized paper of claim 64 wherein the anionic comyponent is an
anionic surfactant selected from the group consisting of alkyl carboxylat::, alkyl sulfate,
alkyl sulfonate, ary) carboxylate, aryl sulfate, ary] sulfonate, alkyl aryl carboxylate, alkyl
aryl sulfate and alkyl aryl sulfenate, the alkyl moieties having 1 to about 18 carbons, the
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cationic el ected fromthe group consisting of a primary am ne, a
'sec uﬂlwr m E‘Iiertlary am ne, a quaternary am ne and m xtures thereof.
) f claim 70 wherein the cationic polyanine is a

quat er nary poI yam ne. 72. The sized paper of claim71 .
wher ei n t haryl ricieahavinb yeatione] 2 crtiong ehd/the iatkly! advtinaietisd haningi¥itagbeRl or i de) ,
wherein the alkyl noiety has 1 to about 6 carbons. 73. The

si zed pape|3 6#beR%i m 71 wherein the quaternary pol yani ne i S

pol y(di al | yl di met hyl anmoni um chl.oride) having an intrinsic viscosity of
about 0.1 dl/g to about 2 dl/g. 74, The sized paper of
cl ai m 59 wherein the6$%. oﬁmm&dmr@(fpbunﬁ?mhéfhgﬂmm%ﬁmﬁg of

dified fied
e TE R TR S e Y L
of about 1 o%nﬁdo@mﬁho% cafloniié 86mpdaentHaviag iatndlenie Mvefiht bfat peadssdodr i N an

amount of about.0.1 W %to about 2 wt % and the cationic conponent is
present in Smommntmgmg at least about 20% cationic functional groups,

70. The sized paper of claim 69 wherein the cationic component is a
cationic polyamine selected from the group consisting of a primary amine, 8 secondary

amine, a tertiary amine, & quaternary amine end mixtures thereof.

71. The sized paper of claim 73 wherein the cationic polyamine is a
quaternary polyamine.

72. The sized paper of claim 71 whercin the quaternary polyamine is a
poly(diallyldialkylammonium chioride), wherzin the alkyl moiety has ! 1 about 6

carbons.

73. The sized paper of claim 71 wherein the quaternary polyamine is
poly(diallyldimethylammonium chioride) having an intrinsic viscosity of about 0.1 di/g

to about 2 dl/g.

74. The sized paper of claim 59 wherein the rosin is selected from the

group consisting of unmodified rosin, fortified rosin, rosin ester and extended rosin.

75. The sized paper of claim 71 wherein the rosin is present in an amount
of about 10 wt% to about 60 wi%, the anionic component is present in an amount of

about 0.1 wt% to about 2 wi% and the cationic component is present in aa amount of
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about O. 1% wt % being on a dry basis of the conponent in
the conpo iﬁmigmﬁﬁﬁ ni c and ani oni ¢ conponents being present in a
ratio gre 76. The sized paper of
claim71 wherein the rosin |s present i n an anmount of about 20 wt % to about
50 wt % t hgboa).0% 1@ 2bOWSOh atitwi¥sbe npibr amndtyi tasis sfithe compenept inthert in an anount
of about 0.2 wi%to_about 1.5 W% and the catlonlc co onen
pol y(di al |mqmcﬁy%ﬁﬁﬂwwd@m°&f‘msww being prosent DA 1%?8‘85% of about
0.1dl/g f,ﬁ?ﬁ 2 dl /g present in an anmount of about 0.2 wit%to about 3.5
w% all eing on a dry basis-of the conmponent in the conposition, the
cationic and anionic conponents being-present in a ratio about 0.6 to about

3 of cationic to ani onents., . . .17 si zed, paper
of claimb59 wherein ﬁ: ﬁ'f %Bﬁﬁﬁeéﬁ?‘i’ia‘lm Bt wprgindhs Tosip 13 BYES gﬂ%ﬂ“ﬁ“&‘

| east 25 mid dhoMO3d §1% 1o about 50 wi%, the aniorfi8 corhBéhebt & 96diRARIZhoRifosdtal M 56
wherein the zeta potential of the sizing conposition is at |east 40

m | | i vol t spresent in an amount of about 0.2 wt% to about 1.5 wt%. and the cationic component is
poly(diallyldimethylammonium chloride) with an intrinsic viscosity of about 0.1 dl/g to
about 2 dV/g present in an amount of about 0.2 wt% to abour 3.5 wt%4, all wt% beingona
dry .basis of the component in the composition, the cationic and anionic components .

being present in a ratio about 0.6 to about 3 of cationic to anionic components.

77. The sized paper of claim 59 wherein the zeta potential of the sizing

composition is at least 25 millivolts.

~ 78. The sized paper of claim 59 wherein the zeta potential of the sizing

composition is at least 40 millivolts.
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