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progression into the inverter phase. This stepwise progression is formed by positioning a plate
containing a plurality of holes of progressively larger size which serve to distribute the internal
phase stepwise in progressively greater total amount into the external phase before the
resultant mixture reaches an outlet. Emulsions provided by the system disclosed by Mertz et al.
25 are described as being useful in the pharmaceutical, food, cosmetic, and firefighting industries.
It would be an advance in the art to provide a simple means of preparing HIPR emulsions.
The above-cited references do not suggest that HIPR emulsions can be used to
prepare artificial latexes. Artificial latexes are conventionally prepared by the steps of:
1) providing a solution of a polymer or copolymer in a volatile organic solvent; 2) emulsifying
30 the solution with water and an aqueous emulsifier; 3} removing the volatile organic solvent
from the emuision; and 4) adjusting the solids content if desired. Preparations of artificial
latexes are described in U.S. Patents 3,360,599; 3,503,817; 4,123,403; and 5,037,864.
In the emulsification and water addition step of the preparation of the artificial
latex by a phase inversion process, water and emulsifier are typically slowly added to a polymer
35 solution with high shear until a prescribed ratio of water to polymer solution is reached,
generally in the range from 1:10 to 4:1. Continuous processes are also known. For example,
European Patent Application 0283247 A2 discloses a continuous method for dispersing a
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a) continuously merging into a disperser and in the presence of an emulsifying

20 and a stabilizing amount of a surfactant, a continuous phase liquid stream having

a flow rate Ry, and a disperse phase liquid stream having a flow rate Rz; and

b) mixing the merged streams at a mixing rate sufficiently constant to form the

high internal phase ratio emulsion without phase inversion;
wherein R;: Ry encompasses a range, the lower limit of which range being defined by a point

25 where the volume average particle size of the high internal phase ratio emuision begins to
show an inverse dependence on Ry: Ry, and wherein the upper limit of which range is just less
than an Rz:Rq where a phase inversion of the high internal phase ratio emulsion takes place,
with the further proviso that the mean average particle size is not greater than 1.9 microns.

Monodisperse submicron particles can be prepared using the process of the

30 present invention.

Figure 1is a profile of the particle size and polydispersity of particles of an HIPR
emulsion prepared from the process of the present invention, as a function of the ratio of the
rates of the disperse phase to the continuous phase, Ry:R¢, where the continuous phase is
water, the disperse phase is ENGAGE™ KCB852 ethylene-octene elastomer (a trademark of The

35 Dow Chemical Company, 24 weight percent in toluene based on the total weight of the
copolymer and the solvent), and the surfactant is 4 percent by weight sodium oleate, based on
the weight of the elastomer.
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of the el ast OMer gorm the HIPR emulsion. Forthe purposes of this invention, the term "continuous phase liquid
"2 20 Stream"” is used to denote a flowing liquid that becomes the continuous phase. Similarly, the
term "disperse phase liquid stream" is used to denote a flowing liquid that becomes the
disperse phase.
The continuous phase and disperse phase liquid streams are sufficiently
immiscible with each other to be emulsifiable. In one aspect of the process of the present
95 invention, Ry:R, is defined by a range where the polydispersity of the particles of the HIPR
emulsion is not greater than 3. For the purposes of this invention, the term * polydispersity” is
used to denote the ratio of the volume average diameter and the number average diameter of
the particles, or D,/Dy,. The term “particles” is used herein to denote particles or droplets.
Referring to Figure 1, point A on the graph represents the point where the
30 volume average particle size of the HIPR emulsion begins to show an inverse dependence on
R;:Ry until avirtual minimum, represented at point B, is reached. Point A represents the lower
limit of R2:Rs. The region encompassed by points A and B on the graph is where the mean
volume average particle size and/or the polydispersity of the particles of the HIPR emulsion
decrease with increasing Rz:Ry. Atpoint B, a virtual minimum is reached, and from point B to
. 35 pointC, the particle size and polydispersity are substantially independent of Ry:R¢. This region
represents the preferred operating range of Ra:R;. Atan Ry:Rq greater than the Rz Ry at
point C, a phase inversion takes place, as manifested by the rapid increase in particle size and
polydispersity of the HIPR emulsion in the region from point Cto point D. The preferred ratio
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the HIPR emulsion is not greater than 2 microns, more preferably, not greater than 1.5 microns,
and most preferably, not greater than 1.0 micron.

The preferred ratio, Ry:R4, depends upon several factors, including the
composition of the phases, the type and quantity of the surfactant used to form and stabilize

25 the HIPR emulsion, and the temperature at which the emulsion is formed.

The continuous phase and the disperse phase are liquids that are sufficiently
immiscible to form a stable HIPR emulsion in the presence of a sufficient quantity of a
surfactant. For the purposes of this specification, the term "liquid” is used tomeana
homogeneous solution that can be pumped through a conduit. The liquid may be neat (that is,

30 aliquid atroom temperature), molten (that is, a liquid at a temperature above room
temperature), or a solid or unpumpable liquid dissolved in a solvent.

Preferably, the continuous phase is aqueous and the disperse phase contains a
polymer and optionally a solvent for the polymer. Suitable solvents include, but are not
restricted to, toluene, cyclohexane, and methylene chioride. An example of a class of polymer

35 suitable for the practice of the method of the present invention is a triblock copolymer
containing a polymer block of an alkenyl aromatic hydrocarbon and a polymer block of a
conjugated diene. Triblock copolymers are well known and can be prepared by any suitable
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%r fef erably fipopreparatioh of HIBR dmulsions By the@ietiiatidf Yierésentinvention. Preferred olefinic
eferring to Fj ' I,

cont 1 nuous - PaYErs ichi3f bAlaFRiGh fdiel Ryjeting LFFY REEEGnBIARFad Red s

preferably to I3vdensity polyethylene (LLDPE) such as3QWKEX polvathiienn resin (3 tradpmankof Thg  ed

rati o of the dpepahemical@mpanyd; HettPogeRtdush bfinthed ultrd16v@ fikeal ddnkity (ULOPE such as
preferably 25: %

DE R[err] 33 "E%'gﬁii&r‘%"sf i{antf?dgmf rrkg &%‘?W 8?“”?%55%%“&%%{%%%%’% éféﬁfﬁ:?gh y)
i s usedast hadi dpear sthylene/golefin copplymepssuchas TAFMER]! (advaddnark ofMitsuiRetroClieraicals
preferred CBinpanydimitddpanti EACTS & tRidRMErklo? EAxBR CéMidal CunipaRy) B Ecahbef I OM
6:1, preferabl \érgpgt%@agatg's%ﬁbetd 9:1 l}.é Pgibnt%gﬁﬁfgﬂ ggﬂ?‘é)gleXeo]ﬁ%):’ I::Lr'anched. substantially linear
ethylene/a-olefin polymers such as AFFINITY™ polyolefin plastomers and ENGAGE™ polyolefin
elastomers (trademarks of The Dow Chemical Company) which can be prepared, for exampie,
20 byaprocessdisclosed in U.S. Patents 5,272,236 and 5,278,272; and high pressure, free radical
polymerized ethylene polymers and copolymers such as low density polyethylene (LDPE),
ethylene-acrylic acid (EAA) copolymers such as PRIMACOR™ (a trademark of The Dow Chemical
Company), and ethylene-vinyl acetate (EVA) copolymers such as ESCORENE™ polymers
{a trademark of Exxon Chemical Company), and ELVAX™ (a trademark of E.l. du Pont de
25 Nemours & Co.).
The preferred substantially linear ethylene/a-olefin polymers have a density
{measured in accordance with ASTM D-792) of not less than 0.850, moare preferably not less
than 0.855, and most preferably not less than 0.860 g/¢cm3 and not more than 0.965, more
preferably not more than 0.880, and most preferably not more than 0.875 g/cm3; a weight
30 average molecular weightto number average molecular weight ratio (My,/Mp) from 1.5 to 3.0,
a measured melt index (measured in accordance with ASTM D-1238 (190/2.16)) of not less than
0.1, more preferably not less than 0.5, and most preferably not less than 1 g/10 minute, to not

. greater than 500, more preferably not greater than 100, even more preferably not greater than
70, and most preferably not greater than 10 g/10 minute; and an I3/l of 6 to 20, more
. 35 preferably to 14 (measured in accordance with ASTM D-1238 (190/10)).

Other examples of polymers that are suitable for the practice of the present
invention include diblock copolymers of alkenyl aromatic hydrocarbons and conjugated dienes,
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unpunpabl e | i qsi preférablyoiatexbaserd, anct,mmemferablythe continuous phase lsmteeheqeémpgthert he
conti nuous phase “ﬁe@ggggmgseghe di sperse phase contains a pol ymer

and optionally a sol vent o |.e sol vents . i.ncl t
are not restricted t 'f%?'\!@ﬁg‘ ¥g§8ﬁ%ﬁﬁj§'§a‘3“‘5§%m#m ggﬁlc%"r‘fg”

An exanpl e of a Hk@sﬁe&ﬁtmfﬁlmmaﬁ& wnirelied] for examplehy spivent addition®r teriperatise hod
of the present Iaaiﬁd%ér&npar%xanﬂé Iala&ﬁrdﬁaﬁ&ﬂ&luxearaﬁpumpablegeghaﬁiw.daesébrﬁss rH&ET

D o e b R BB e i G by,
any suitable polymer. lt may also be possibie to render pumpable a sohd or an otherwise unpummbl
fiquid by adjusting temperature.
The surfactant used to form the HIPR emulsion may be anionic, cationic, or
nonionic, or combinations thereof. Generally, higher surfactant concentrations resuit in
25 smaller diameter particles, but surfactant concentrations that are too high tend to
deleteriously affect the properties of products, such as films, made from the emulsion. The
surfactant concentration is sufficient to form an emulsion and subsequently stabilize it, and is
preferably in the range of 0.1, more preferably 0.5, and most preferably 2, to 15, more
preferably to 6, and most preferably 4 weight percent based on the weight of the disperse
30 Pphase. The surfactant may be added initially to either the continuous phase or the disperse
phase prior to mixing of the two phases, or added separately to the mixing device as a third
stream. The surfactant is preferably added initially with the disperse phase prior to mixing of
the two phases, .
An exam bie of a class of a suitable surfactant is a sulfate of an ethoxylated phenot
35 represented by the formula: X-¢p-O~(CHz-CHZ-0),-S03Z* wherein X is a Cg-Cys linear or '
branched alkyl group, preferably octyl, nonyl, or lauryl, more preferably octyl or nonyl, most
preferably nonyl; ¢ is phenylene, preferably p-phenylene; n is from 4 to 32, preferably from 4
10 12; and Z is sodium, potassium, or ammonium, preferably ammonium. Many of the
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WO 96/ 39461
PCT/ US96/ 06293 means such as described in U S. Patents 3,135, 716;
3,150, 209; 3, 496, 154; 3, 498, 960; 4, 145, 298; and 4, 169, 115.
Exanpl es of al kenyl aromatic hydrocarbons include al kyl -substituted
styrenes; wienedsieferred are styrene, [err]-nethyl styrenkCT/as86/06293
vinyltoluene, with styrene being nost 5 preferred. Preferred conjugated
dienes are CJerr]-Cferr] conjugated dienes; nore preferred are
1, 3-but adi ene, ipsdpretand ndréprefierred wyfategpf;tmw@ﬁﬁphenpls aypcammerdaily available,
ol yol of | 15 SUC o e R ek b o

| ene, polye ne copol yner.s ere d
bl ends t hereof, as 'We'['I""gtg‘e'gk’/?ﬁee‘?f’égﬁ'f’%ﬂqféﬂbg'thé%gb“[tgrreg'gké?%'fts?fﬁ%{? %ali{ng%p
useful for the f@tymcsisalitssushanalidliretpiolentesiand serratesy peiroxsethyiens nonianies alelis ent
i nvention. Pref grdigithupi Sifatls QuaternaRRiniiiBHidm butfaktdA; aliialt atal Mli@bend@mtSubinates
pol yet hyl ene "(HDPE) ; het e&o eneousl ranched | i.ne | o .dsnsity
pol yet hyl ene (LL‘Y)'EI??_ soditen, é"%?ﬁ?%‘@&"fmpﬂ%*meﬁ?a?seﬁ F}?wtfﬁ P %emar k of
The Dow Cheni cal Conpamplps ofidispersegmuitahle fair thelformatioreef tivé HIPR ednulsioh inglude,

density (ULDPE) . T,
Chem cal Conpany %FQJ% 8 %?)regﬁggﬁs&l gigirtg'% %%13%%5 ‘tﬁv%{eygg %{' 3%1%%%25?%33?{ n

copol yners such shaiintiicFatant4;123,403; a highmwhgag stator 1tersan exisuderiREASAR

Conpany Li ni tgd)puipcheaXACT[err] (a trademark of Exxon Chenical Conpany),

whi ch can be R tha3nliptEhdgshd 1 U S. Patent 3,645,922

honogeneously b 5 C I near ethylene/[err]-alefjin

pol ymers such as AFFI NI TA{atexisprepsr aHIER smyigjprbycombiging Ision with a

Eg I ygl efin d&hasﬁwmm b1 thelitpidwiieh @hstites {he vortinasus pbdse quithany Jiquidwbith is
n be prepared, . , 0 ' ' :

5,272, 236 and 5,?%ﬁé@@ﬁ‘%‘%’?tg‘ﬁg%‘}eshggseﬂf‘g,i‘;i'ﬁur'?g&?'gﬁﬁtég{g'eu’"% ‘“ﬁ@?@’n’éf?fz"é%

et hyl ene pol yiserrartidles. Whpremaresjsshesoptinupys phase. harlatex i typically etapgred iy sdingopgter

$th gy IDg \rllved';lg ;n yli ?Eﬁiaéiﬂ(’m&lsiﬁﬂmkirdﬁﬁlf&alﬂwﬂhlﬁsx PRaAACORI e udusfahion g directikg of

ca

Conpan t - \(] : : I
such as ESCO?ENI%P%F"PFEB'(‘)’FPHErc}swatgﬂ%r“?‘gntxbgsgga%érﬂmg?%?ﬁﬁé]% clglf&?o YIErS
Conpany), and ELP«M)E{-W] (a trademark of E.|. du Pont de 25 Nenmpurs & Co.).
The preferred substanti alftye dispaesphaeé Shth€RPR braGiEibn ipforhed byaisyiving 8 sdiidve a

density 20 Viscous liquid in a suitable solvent, itis usually desirable to remove the solvent after the [atex s
formed. However, if the disperse phase does not contain a solvent, a latex can be formed by
simply diluting the HIPR emulsion. In this case, the latex is formed much more efficiently than
by conventional methods, because the steps of removing the solvent and readjusting the solids
content are unnecessary.

25 It is also possible to prepare latexes having a muitimodal distribution of particles
by combining HIPR emulsions (or latexes prepared therefrom) of different mean average
particle sizes. Latexes having muitimodal distribution of particles are useful particularly when
it is desired to increase the solids content of the latex, while maintaining low viscosity.

It is also possible to prepare latexes having a multitude of disperse phases.

30 It has been found that useful films can be made from latexes derived from the
HIPR emulsions prepared by the process of the presentinvention. For example, a su bstantially
linear olefin polymer as described herein is found to form a film having substantially uniform
thickness across a substrate. This film has useful physical properties, such as a high tensile
strength, and can be prepared at any temperature suitable for integral film formation,

. 35 generally in the range from 25°C, more preferably from 50°C, to 150°C, more preferably 100°C.
The latexes derived from the HIPR emulsions prepared by the process of the
present invention can be used for applications normally associated with latexes. For example,
the latex may be used to coat floors, wood, cars, metals, fabrics, or paper; or applied to a mold

-7-



(measured in accordance with ASTM D-792) of not |ess than 0.850, nore
preferably not |ess than 0.855, and nost preferably not |ess than
'0.860 g/cnferr] and not nore than 0.965, nore preferably not nore than
0. 880, and nost preferably not nore than 0.875 g/cnferr]; a weight 30

aver age nol ecwppégadspy ohtt o nunber average nol ecul ar wei ght retTius96/06293 -
(Merr]/Merr]) froml1l.5 to 3.0, a neasured nelt index (rreasured I n
accordance with ASTM D- 1238 (190/2.16)) of not |ess than nor e
preferably not [temakeagipvesrs congqr. Metepmafaésp&swmadhms-m% sqahgmw@lks
mnute, to not orcarpeBbéckiryl than 500 nore preferably not greaterthan 100,

even nore preferably not S

greaterthan 10 g/10 m nu&h%g’w E'rsF "Iu eart'r ?BQPH% é"(IJ’P W?@ge%ﬁg)q mit
preferably to 14hf{ﬁqm§tﬁﬁwn\mtl%cor dance with ASTM D- 1238 (190/ 10)).

G her exanpl eg vaﬁéésifbﬂheﬁr rﬂWbMté%nﬁﬂlﬁumlé‘;ﬁsi&e of the

present s Tnie O e R Bl ool ORPL TR B Y Ul BB o
-5- WO nieké 8 24ne¢ight percent solution, based on the total weight of polymer and solvent. Sodium

PCT/ US96/ 06293 oleate Smh@&r&h’é’%ﬁsedSﬁﬂe%@ﬂtﬁﬁ@é]&cﬁ&%&étﬁ&%ﬁ&@@ﬁe

pol ystyrenes, ethe

t t
Napht heni ¢ and ten: TF“‘E‘H F’B%lﬁfg 2 %ﬁsi@gﬁﬂeﬁéBPﬁWg%%ﬁg&qu@é of

t he presefy throughndn asm.of5 1.27 cm L.d. stainless steel thbéfittei ke 3 0asorsantreteeh be
prepared using i34, E&Qeé cglfrerknﬁuﬂéﬁﬁ\%%nﬂh{w&gﬁ sguﬁnf,éhthﬂ‘aﬂﬁgﬁa‘?ﬂ%? of

pol ynmers. For exan'g vent s "havl | ownat er - m sci such ast ol uene,
met hyl ene chl or % "E?E'th'é' ing torthesy EU’rﬁ%mt’%te“é‘&ng'B?‘ﬁlwwte“
enul si ons wi t h VEB5@rminute. ThetwioRBeansvere mergalandnigadabgetiter ahder onditions aficheat at e

monomer s can begﬁ'ﬁi KA UTLZS TURRAX™ | m-lmes&%r&gpﬁaix%ﬁ'ecéﬁ%%ﬂﬁﬁéﬁmses

are interchange
.15 stainless steel tubmg. and operated at 7400 rpm. A useful HIPR emuision was formed in the

range where the ratio of disperse phase to continuous phase was 10: 1 to 60:1 {that is, where
the flow rate of the water was constant in the range of 0.5 g/minute to 3 g/minute). The HIPR
emulsion was diluted with water, and the particle size and poiydispersity were measured using
a Coulter LS 130 light scattering particle size analyzer. The toluene was removed from the

20 resultant latex by rotary evaporation, and particie size and polydispersity were measured
again, showing substantially the same results. The solids content was adjusted to 55 percentby -
the removal of water in vacuo.

25

30
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10 stream and an oil stre . xed together in the presence of a
‘sui tabl e surfactant at ﬂm uaﬂ "ﬂ!ﬁw rate ratio of 20:1 may produce
d,

an oil-continuous system a wat er -stream and an oil
stream nmerged and m xed together in the presence of the sane or anot her
surfactant, mwededoadll y anot hersurfactant, ata waterto oil fPOWUSHHOE293at i O
of 1:20, may produce a water-continuous system Although the continuous
phase orthe disperse phase is 15 preferably water-based, and nore
preferably theCbMM5St nuous phase is water-based, neither phase need be
wat er - based. The viscosity of the phases is sufficiently

| ow to be punped through a gonduit Vi scosities of the phases nay be
control l ed, for exanpl e{ﬂ bf@ﬁ'ﬁ%ﬁftprwp?Fﬁ'ﬁﬁWe'f‘ﬂﬁngEﬁt'ﬂl"g’" slon ‘&'Bféé’lgrfgﬁt.
For exanple, astep$ofd or an ot herw se unpunpabl e pol yneric di sperse phase

may 20 be r &N dered pumgBifinBdusl inefdthd/ it didersBidnY %*ngﬂce%ffa;\ Eﬁ}x@iﬂ{i%g

quantity of "a solvent for, the 0 r.. It may als e possj bl e .
render punpable a sol i P ’?ﬁ“‘ﬂ?ﬁlﬂ?‘gﬁﬂé%ﬂﬁﬁb@bﬁ ntinuous phass fiqyid iream Fadrg ng
t enper at ur e. a flow rate R4, Eind adlispérsaphasuliquitiatieanchaving mfibiveatelRPRand

enul si on may be ani oni Olﬁ gﬁﬂé%??%@rge@&mamsatmmn Ht@sufﬁ&enﬁ?m%tﬁafztig%ﬁﬂ 'ihfer

t hereof. Cenerally, high actant concentrafions result sma
di aneter particles, buthighintemel phase @tio emusipnwithont phasginversienit oo hi gh tend to
del et eri ouslqy sfHesir R Ky@npsnipasedd range)theltiva limitof whidtRngebelrg defined By dintom
t he emul si on. . e N ' amf' ' . an
emul si on and su ?‘é"‘q‘l’}_‘é‘ﬁ?‘ﬁ'ﬁ& %%%?P%?QQQ% A}g\%&#@m&&' pr Q’?@r %ﬁﬁ&%}&?ﬁl@&&% range
of 0.1, nore pragveayByersariegendsncg ofBa:R.apdwvherginithe ypperlimitiof whighrange is just less
preferably to @harinR iR} Wheftlaphsse 2ivbisioft ofthe Bigh iternaiphise PaRRMHuUBRNILEIRS PRIt Nt
of the disperse 30 phasg. Tﬁag.n?e&l{Jd%? I @ﬁ‘%eﬂ%:id.‘} d r%rgiew:%le' the %@yzﬁ#ﬁﬂ?&o
the continuous phase or the disperse phase’ p}_l or m X1 ng e
phases, or a&d®fthedgeticies af the high intmnalphisa patigemulsion isdesgthamd. ¢ stream
The surfactant is prefeabl meaddﬁﬂ of Bitlidr of ¢lyimeén bR whtPeisiRSMAE i Q r4ge Where the
priorto m xing . el . o . AN a
Pl hes of & sur FarEpemieS iRt A neh mpamalprassretio AP i R Sp e
represented bytmrahypivmeaversgeperticesige is opyaseatprtiam L miaoty [ err] - Sl err] Z[ err]
vvhe][ ei nblx is a I(:[ err]- I(:h.er r ‘]T;elnidﬂﬁleofﬁﬁy ofCIaim?ftaBﬁfl&‘?eilakJ.(llwis igaeaugelmere the
preferably oct n ~.or |a [ [ y octyl or nonyl, nost
preferably rfdn %T%an[@@r“f a?’%“%‘rféﬁi‘*é%%@%‘?%’?%?’a‘ﬁ{”ip "p'x?)’ﬁe nylene; nis from4
to 32, preferably from &  Themethoriof apyef Caims! tedavherein thetoatinuqusphase is
ammoni um  pr ef elgaddue. ammoni um  Many of the
- 6- 6. Themethod of any of Claims 1 to 4 wherein the continuous phase is non-
aqueous.
25 7.  Themethod of any of Claims 1 to 6 wherein the disperse phase comprises a
copolymer of a polymerblock of an alkenyl aromatic hydrocarbon and a polymer block of a
conjugated diene; an epoxy resin; a poly[ethylene-acrylic acid]; a polystyrene; a '
polyetherimide; a polycarbonate; a polyolefin; or a polyurethane.
8. Themethod of Claim 7 wherein the polyolefin comprises a homogeneous
3¢ random partly crystalline ethylene-a-olefin copoiymer having a narrow molecular weight
distribution, or a substantially linear ethylene/a-olefin copolymer having a density from about
0.850 to about 0.965 g/em3, an M,,/M,, from about 1.5 to about 3.0, a melt index of about 0.1
to about 100 g/10 minute, and an ly¢/I; of about 6 to about 20.
9.  Themethod of Claim 8 wherein the ethylene/o-olefin copolymer is an
35 ethylene/1-octene copolymer having a density from about 0.855 to about 0.875, and a melt
index from about 0.5 to about 70 g/10 minute.
10. The method of either of Claims 8 or 9 wherein Ry:Ry is in the range of 10:1

10 60:1.



WO 96/ 39461

PCT/ US96/ 06293 pref el‘m\mm“i‘uﬁ“ﬂ“)‘mf erred sul fates of ethoxyl ated
"al kyl phenol s are conmer ci al y x for exanple, poly(oxy-1
, 2-ethanediyl) [err]-sulfo-[%rf](honyl phenoxy) anmoni um salt.
O her suitabhkgoegsges of surfactants include, but are not pemUsIs06283 t O,
al kali netal fatty acid salts such as alkali netal ol eates and
st earates; pol yoxyethyl ene nonionics; alkali 5 metal |auryl sulfates,
quat er nary ammoni um sur¥lact Hetmethad dt amy of Glaimsi8 to] Gwtiesein RaRds io tihe rangetof 20: 1
such as sodi umsdesiecyl benzene sul fonate; and al kali nmetal soaps of nodified

resins. anpl.es di rsers suitable forthefornmation
of the HI PR emul sion intt ud®® modagglaygﬁﬁ@n%ﬂsmr& cgmprises 3 toRpl/mE
shaft within a ofbecmertbjork otiirsiiengiaromatic hytberarbobed by \VVar ner et al. in
U S. Patent4; 123, 403; &ay3hi OhweHiiRRdd of Ciin?i2 WHeRiin thé Eopolyer S/ polyter Block of an
centrifugal 10 urr@- head. Lat exes Prepared fromH PR Ifrml SI ons
Alatex is pred&e@ WWWW“MP%%%‘WW&“FH@'%@W"WQ h a
sui t abl e anpuntRR istirithe rangebfitonhtodd: iconsti t ut es t he conti nuous phase
liquid, or a liquid whigh i Refolriarigl AW | RU e . but
whi ch does not | nterfer@'vﬁ?ﬁqﬁ% i ntgtgd{?{t?a')(%%?@h&g%tg??figh?g?'tls%edrfe

water is the cAtti®®d®ds phase, the latex is typically prepared by adding
wat er t ofghe HI PR emsl sihe.mdibddmf Qlaih Bivhdikill theldBPers@piade dompiissian dpbxya

cont i nuousf ashi L | J PR enul sion and water through any
sui tabl e dil ut irg%»gﬁtli?z,.l{xgﬁéﬁﬂggnggoé%ﬁ??PHJ? al _punp- head.

| f the disperse phase o6t htheypatiodaiglaig pyhereinthe sqRhags comprises prlystyrens)  d
or 20 vi scous |dndRb:®,isihthe Rbgd elaba teeb:vent, it is usually desirable to

renove the solvent aft t I ' . rgﬁgi X\gv LI Iﬂﬁ di_ sperse
phase does not cont ai.n'eg"so \;ﬁf&&a&'ﬁaggz‘a&%ﬁt e '(‘)ér;%e _%{'{ﬁa&am Sl rr'pg%sé
di | uti ng t hetsH Pmbingtienafsyrfactantsselpged frere anienic catiapisend nonienicaufastenth nor e

effici entltK than b;e.cmamﬁwbnmm?;amb@ﬁmaamwaﬁﬁaﬁman
renovin e SO a . . n [
nnecessary. arsatian/ il L6 bR i ToRRt &8 py pesi ARl sE) Epusrroen

havi ng a nul t i rASBeNIY srfaptent amdtkalimetal aikyibenzane sulfonates, o amalkali mejalispaprf a
enul si ons (or |rabdificErediy, obdontbirdakion tiefedft) of di fferent nmean average

20 19. The method of any of Claims 1 to 5 and 7 to 18 which further includes after
step (b) the step of diluting the high internal phase ratio emulsion with water to form an
artificial latex.

20. The latex of Claim 19 which is applied to a substrate or amoldtoforma
floor coating, a wood coating, an automotive coating, a steel coating, a paper coating, a glove,
25 acarpetbacking, an adhesive, a sealant, a caulk, or a condom.
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particle sizes. Latexes having nultinodal distribution of particles are
useful particularly when it is desired to increase the solids content
of the latex, while maintaining | ow viscosity. It is

al so possible to prepare | atexes having a multitude of disperse phases. 30
It has been fwomessbiat useful filns can be nade from | at exepctgssgossdsf rom

t he H PR enul si ons prepared bythe process of the present invention.

For exanple a substantially | i nearol ef i n pol ymerasdescri bed herein

i sfoundt of orm afi | m havi ng substantially uniform t hi ckness across a
substrate. This filmhas useful physical properties, such as a high tensile
strength, and can be prepared at any tenperature suitable for integral film
formation, 35 generally in the range from25[err]C, nore preferably from
50[err]C, to 150[err]C, nore preferably 100[err]C: The
| at exes derived fromthe H PR enul sions prepared by the process of the
present invention can be used forapp onsnor mal | yassoci ated with

| at exes. Forexanpl e, the | at ex#&?@ ¥d to coat floors, wood,
cars, netals fabrics, or paper; or applied to a nold

-7- ' WO 96/? 461
PCT/ US96/ 06293 make a gl ove or a condom The |atex may g#so be used
f oradhesi ves paints, skal ants, caul ks, or carpet backing.
The foll ow ng exanpl e Aor iIIustrative purposes only aggd i g not neant to
limt t he scope ofgppthe invention. 5 Exanple %5 PrecCessfor the
Preparation of aWatey- ti nuous Di sperS|on B0
et hyl ene-octene el a profiled in Figure 1 wa"dlssol ed ijn toluene to
make a 24 wei ght gpercefjt {sol ution, based on the tptal ght qf polyner and
solvent Sodium § ol efitq (4 melght percent, based on £he wei ght of the
el astoner) was tggen ad to the solution. THis &olution E@e
di sperse phase. ‘ghe di rse phase was punped contihuously 10 {T®rsugh an
armof a 1.27 cm].d§ nl ess steel tubefltte,blto aT, at alcongant rate
of e g -
© ] [ [
K] ! S s
t ! @
f —-—
@ o
E - ] Ris
— ‘
o t R
>
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Concurrently, water (the continuous phase) was punped through

30 g/ m nute.

an arm of 0.318 cmstainless steel tubing fitted to the T, at a
constant rate ranging from6.0 g/mnute to 0.35 g/mnute. The two
streans were nerged and m xed together under conditions of shear usi ng

an | KA UTL 25v0utRaé1[ err] in-line stator rotor m xer connecPETIUSYS0E92 T

using 1.27 cm 15 stainless steel tubing, and operated at 7400 rpm A useful
H PR emul si on wasforned in the range where the ratio of disperse phase
to continuous phase was 10: 1 to 60:1 (that is, where the flow rate of

the water was constant
H PR
pol ydi spersity were neasured using a Coulter L5 130 light scattering
particle size analyzer.

by r.otary evaporati on,
agai n, showing substantially the same results. The solids content was

and particle

in the range of 0.5 g/mnute to 3 g/mnute). The
emul sion was diluted with water, and the particle size and

The tol uene s renoved fromthe 20 resul tant | atex
392 nd | ydi spersity were neasured

adjusted to 55 perCﬁBL_by t he renoval of water in vacuo. 25 30
35 * 10
J
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WO 96/ 39461

PCT/ US96/ 06293 CLAI V5. 1. A nmethod of preparing
a high internal phase ratio emul sion conprising the steps of: 5

a) continuously nmerging into a disperser and in the presence of an

emul si fyi ng wo 9639461 and a stabilizing anbunt of apeTwEwmOERNt, a
conti nuous phase |iquid stream havi ng a flowrate Rerr],
and a disperse phase liquid streamhaving a flowrate R err]; and

b) m xing the nerged streans at a mxing rate sufficiently constant to form

t he hi gh internal phase ratio enul sion w thout phase
inversion; 10 wherein R err]:R err] enconpasses a range, the lower limt of
whi ch range being defined by a point where the vol une average particle
size of the high internal phase ratio emul sion begins to show an

i nverse dependence on R err]: Rerr], and wherein the upper limt of which
range is just |ess than an Rlerr]: R err] where a phase inversion of
the high internal phase ratio emnul sion takes place 2.

The ‘met hod of Claim 1 wherein Rlerr]: L(ﬁ? n a range where the
pol ydi spersity 15 of the particles of nt ernal phase ratio
enul sion is |ess than 3. . The net hod of ei t her of
Clainms 1 or 2 wherei n?R : ‘
pol ydi spersity of the p

g icles of the hlgh |nternal phase ratilo emul si on

is less than 2, and thel}; nean volunme average particle size ifs not
greater than 1.9 m cronsgt 4, The net hod off any of
Clainms 1 to 3, erdﬁ*.trﬂ: Rlerr] is in a range where the Z®nean
vol une aver age partlcle ¢8ze is not greaterthan 1 micron
5. The net hod of ﬁ%y off §hainms 1 to 4 wherein the continuous plfase is
agueous. t 6. The nethod of any of Cains 1 t“#ﬁ erein
t he conti nuous ph an- agueous. 25 & 7. e t hod
of any of C ains to 6 erein the disperse pha§e conprises a 5
& ‘
N | -
s 41 h -4 &
® ! *
s 1 L @
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S 3- -3 3
2 L &
=
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copol ynmer of a pol ynerbl ock of an al kenyl aromatic hydrocarbon and a

pol ymer bl ock of a conj ugat ed di ene; an epoxy resin; a
pol y[ et hyl ene-acrylic acid]; a polystyrene; a pol yet heri m de; a
pol ycarbonat e; a polyolefin; or a pol yurethane. 8. The

met hod of Cl aW@%BMeerein the pol yol efin conprises a honbgengengosidzgzandom
partly crystalline ethylene-[err]-olefin copolyner having a narrow

nmol ecul ar wei ght distribution, or a substantially |inear
ethylene/[err]-olefin copolymer having a density from about 0.850 to
about 0.965 g/cnferr], an Merr]/Merr] fromabout 1.5 to about 3.0, a nelt
i ndex of about 0.1 to about 100 g/ 10 mnute, and an I[err]/I[err] of
about 6 to about 20. 9. The met hod of T aim 8 WhHerein
the ethylene/[err]-olefin copolyner is an 35 ethyl ene/ 1-oct ene copol yner
havihg a density from about 0.855 to about 0.875, and a nelt i ndex
fromabout 0.5 to about 70 g/ 10 m nute. 10. The net hod

of either of Clains 8 or 9 wherein R[erp: rr]A4s in the range of 10:1
to 60: 1. FFG 4 -9-
11. The nethod of any of Clains 8 to 10 wherein Rlerr]: Rerr] is in the

range of 20: 1 to 55:1. 12. The nethod of Cdaim7
wherein the di sperse phase conprises _a copolyner of a _polyner -bl ock of
an al kenyl aromatic hy carbon. 5 13. The¢nethodjor Caim
12 wherein the copol yner 4of a pol ymer bl ock of an al kenyl arpmatic
hydr ocar bon conprises a gtyrene-isoprene-styrene tri bl ock}copol yper, and
Rlerr]:Rerr] is in the rlange of 10:1 to 40: 1. 114, The
met hod of either of Caiffs 12 or 13 wherein Rerr]:Rerr]{is in fhe range
of @ 4 -
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25:1-to

di sperse phase conpri ses an epoxy
range of 6:1 to 14: 1.

t he di sperse phase conpri ses pol ystyrene,
i nt herange of 15: '
Clains 1 to 16 mﬂ%[tf

sur f act ant

35:1. 10 15.

The nmethod of Claim7 \Ahere'qW@%’/

gubfe,
PY

resin, and Rlerr]:Rerr] is in

16. The method of CaimJZ wh
and Rerr]: L“,"‘:\
50: 1. 17 The nethod
n the sufFE B mg“%%nbl nati o

SANAHIONAT ASEIERRION PEBLARELUNISER P

18. The &

net al fd@QPMEEFH“§HF¥§h“@9%EIyoxyeth*len :

sul fate] aCO¥kL¥0I,ROLY 1504 ammoni um s t 1ﬁ!§

sul f onajes an alkali netal soap (@ﬂ%@?%{agﬁ‘% 843 %lmﬁ?lg&)
conbi naj a - 1) BLSenle! sl 2 Al i, &tf AQI@ 5

to 5¢and‘h€ %’55 %g?lfj"'ﬁbﬁer |rll’cfu36ls afte)r (:Acmm,mz( A%Kmm;mpmcal;ﬁ%ng
diIuLingﬂDhQMhhyﬂlﬂmt%mmal ph&ﬁ@wﬂ%ﬁ«ﬁﬂ%ﬁnlS|OHEJWRW$ KoLKy LV, MD, MG,
artificjal |atex. 20. The | }%&gﬂsﬁ
appl Fed} ardnityaii rate or a nold toforma @8, m@;mmﬁ patent (AM AZ
coatingj an Q4&0ADt | ve Elmilda@06a5)st eel USqatin .@. q‘

25 a caf pet B&KFhg, anOd¥P(RM4Y sealBit, a ”'zg;c% cxch,]gg
35 m'..m.NB,SN,TD G).
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(54) Tifle: A PROCESS FOR PREPARING HIGH INTERNAL PHASE RATIO EMULSIONS AND LATEXES DERIVED THEREOF
(ST) Abstract T

The present invention is a method of prepanng a high internal phase ratio emulsion without phase inversfon comprising the steps of:
8) continuously merging into a disperser and in the presence of an emulsifying and a stabilizing amount of a surfactant, a continuous phase
liquid stream having 2 flow rate Ry, and a disperse phase Jiquid stream havingaﬂuwratekz;andb)mmgthemcrgedsn'camsvmha
sufficient amount of shear, and with Rx:R) sufficiently constant, to form the high internal phase ratio emulsion without phase inversion or
stepwise distribution of an internal phase into an extemnal phase; wherein R2:R) encompasses a range, the lower limit of which range being
defined by a point where the volume average particle size of ¢the high internal phase ratio emulsion begins to show an inverse dependence
on Rz:R1, and wherein the upper limit of which range is just less than an RzRy where a phase inversion of the high intemnal phase ratio
emulsion takes place, Monodisperse submicron particles can be prepared using the process of the present invention. Useful latexes can be
prepared from these high internal phase ratio emulsions.




