METHODS AND DEVICES FOR CONTINUOUS PRODUCTION OF POLYMERIC DISPERSIONS
FIELD OF THE INVENTION 5The present invention is in the field of polymer dispersions, and, in
particular, the present invention is in the field of polymer dispersions that can be applied to the
surfaces of items to provide a physical barrier. In particular, dispersions produced by the methods of
the present invention can be used in the formation of films or for impregnating and coating fibrous
materials, and can also be mixed with inorganic additives such as calcium 10 carbonate or metal
oxides for forming barrier coatings that can be used for paper and paperboard products.
BACKGROUND PolymeVBLHEIS A REN Ik e b A BRMLISrERS iy eRSuspensions 15

without a plasticizer, have conventionathr lpegrvages forrmsudr sunaysof applications, including, for
example, as a protective, temporary film coating, as paint masking, as spray booth coating, for

equipment protection, and for surface decontamination. One conventional method for producing an
emulsion of plasticized polymer-inwater ifEIIVeS BHYINAYANEIOMasticizer, and surfactant to form a
weld. The weld is 20 ixed whj ffici j o an inversi lasticized
polymerin water emuLbT o L e AL AR d e o AL A
2,487,254). Thergiihipvsmioaniulsibn eld ehen! Yoce danmpreotsdhs capdy epphiesuiifdbe stafagasich
protection is degifeehshepahyfoliningRJpyariAlter farmatian siibs Ryehonaisl wilheadilygvaporate

or be absorbed into an adjacent fibrous layer, resulting in a 25 continuous layer of polymer on the

surface. This nfe 6@ HENSTETIHER e Larseh Bt Haraghsmci it St H dremsR i durther

requires the usg aidglabinely haamyl fubieaHiPReERs mixedWifh preedivendioRnishe abevendescribed
method iqi‘jorp%gﬁa,tt)ersl XCeSS %gﬁaot%rdin t{l;)e gnitial ixin% steagi wh{%ht I‘eSLgtS in &)Iiasticized d
polymer-in-water. QUCient Warer s ’fh%%%?&m%v%%oorarf%sd White m&}lﬁa aﬁa%aé’glii%%, resulting in
an inversion topaperedairpdasticized polymer. Finally, water is added back, with mixing and heating,
resulting in a reversion to a final oil plasticized polymer-in-water or an abbreviated oil-in-water
emulsion (see, for example, U.S. Patent 2,532,223). This method uses relatively low amounts of

energy.  Other conventionally used method58fgre&&&ifybolymer dispersions include using an
alkyl aryl alkali metal puj{enateiagensandRRlY A:SiRgIBINEr Siam RS of P EXAMRIRpLhSeBatent

2,611,755), as well as using a single inversion in combination with little or nogalastjciz,er (see, for
example, .. BARSHE 3 P3H:9495. Dave GamsTL BirleY heetritad BF mixifg aure eARBUEHIRY polymeric
materials haveihdedingpfintesainitudingpmetbiods thaboeeystrewaxiidersdatmixsRelynaeric
compounds lacking w. lgrdsee, f(}r example, W000/71608, U.S. Paten 65%22024 and W000/71609)
and screw extrfﬁé%s t(ﬁ)at rcr({\%( 1p%ly8f—% uélg%]%c%r%%%%cr% S sede, ogfué%é;ﬁn%%? Q! Ii—"}fstif)enht 6,613,827 and
W002/28937).  CoRvestisraitivethodfiodowemed wingimeroshsumeinastidiedargyintensive. What

are needed in thearhamvastieds 3o devisrsforLanidiand£eanomisak Rrodiction.of pglymer

dispersions. SUMMARY e present disclosure Is directed to the use of continuous extrusion

. .Th o the i
devices t6ormt iRy ESAM YO NTSIaipERSiBRIdsd fa s driEr aeinade aPlRgipredamlaRGtosure
inject water inténavzone:ohiligh prabbirdtaiupeatve ARt Bea:te, Garsathedapid. Patent

2,487.254). The oil-in-water emulsion can then, for example, be sprayed on a surface for
which protection is desired, thereby forming a layer. After formation of the layer, water
will readily evaporate or be absorbed into an adjacent fibrous layer, resulting in a
25 continuous layer of polymer on the surface. This method, however, requires the input of
a significant amount of energy, and further requires the use of relatively heavy duty
equipment.
An improved version of the above-described method incorporates excess water in
the initial mixing step, which results in plasticized polymer-in-water. Sufficient water is
30  then slowly evaporated while mixing and heating, resulting in an inversion to water-in-oil

plasticized polymer. Finally, water is added back, with mixing and heating, resulting in a



inversion of a weld in less than, for example, one minute, which compares very favorably with
conventional batch methods, which can take, for example. two, o1 more fiours,ta.complete an inversion.
This rapid inversion - a surprising resu?tlglvgn e extended fime fAversion requires In batch processes
- allows for thercaistimuess firocuctivn, &f. polipmer WisEEI8ins his melorkevaspebttithbreo® provided a
method for pr%%?ﬁl@@f@ﬁ)y er dispersion in water in a continuous process comprising: feeding into a
screw extruder a thermoplastic polymer resin, a plasticizer, a surfactant, and water, wherein said
thermoplastic resin i&&gotppvienidnaliy aljecbsieiindang aenite pobragedioietenaiimBight of at least
40,000 Daltropg; mixing-spichpalymernLesiny gaigtsuragiant aid plasticizessand saidyyater in a first
zone within said screw extruder to form a weld; moving said weld to a second zqne within,said screw

extruder; addifFBter{o sAriWeld in <ai: S8 CGHUES SR A AT R ARy TR Y CAEKG Fh Ti¥ersion in
said weld whightrestlis petteifermationohsaigdipaymeaneaispsrsion i water. BRIEF DESCRIPTION OF
THE FIGURES FiQU@ lisa %{a h %(?%yvinlg a articlg size distriblétior? for acpz)rclj&llygnarsglig@gersion. Figure
2 is a graph showing a%%?ﬁé’l GiZE G Fit%’uﬁlolni%rae{lpcc)?f/:nnli)é)}l%%npép&&?ﬁQUre IS a graph showing a
particle size distribrtiomdds aghodmendisgersionsEigure 4isalgraphrshowingea pastigheside
distribution for,g, palvmaLdsersion., Figure 8 b 3 yaph shawig & pactiole size dlisiibutignfor a
polymer dispersion.”Figure 6 is'a gradf)ﬁ sRowing a particle size distribution for a polymer dispersion.
Figure 7 is a grapbestiowitigdepabatiaisipelpistbisat cnaroass (v Felispersitn LRlglirdegtis a graph
showing a parfigle;size distripution gt polymer dispersion. 5 DETAILED DESCRIPTION The present
invention is directed to devices and methods that efficiently produce polymer dispersions in a

continuous process. XeYEBEREIEIALLUH AYHTEFEAGIERHA YD IS L BHIFHEIIER ha Blen
plasticized withrap&iticfomaxample-casipsdikantthen epplsifieddnwateriAspsadharein, a "polymer
suspension" refers to a polymer, which has not been plasticized with an oil, that has been dispersed in
water. Polymepﬂ%grgfgﬂ%%oaﬁde both polymer emulsions and polymer suspensions. Devices of the
present invention include screw extruders that are capable of 15producing the appropriate
temperature, pressure, and shear for gﬂmi%ing of materials, such as single screw and multiple
screw extruders. In preferred embodiments, a twin screw extruder is used. Twin screw extruders are

well known in the art 24§ BEHBE dessiprpeonfijirdadroatharivapl romiasenusibesion serisaisofesmohigh
achieve many desifiedeflecle RSB cxliudem A pIRSEN miERtonpeecRpfigured, in various
embodiments, to allow for the introduction of several separate components that are mixed in a first
zone. In variou’éué?ﬁB’@Eﬁ?ﬁ%‘ﬁ‘té‘,%ﬁ%b@ﬁf&%ﬁﬁ%@??@%ﬁﬂ%uﬁ‘?ﬁéﬂ%ﬁ, Qigithf REr are introduced
into the screw exktar endvane mixedtma fsstzanplclRpyanoysembadimenisplastcizesisiglso
added. In yet further emb%)dg;]ebnts oth%r a%%gggn% %O%Ponent? can be added prior to mixing in

. with conveniio alch,me example, Two more Nours
the first zone. %s Ussd hefeit a"Z6ne an extrideris s Section of the fengt ofTOthe extruder

that is cqnfigure@@@edmémaﬁdscr&aﬁmﬁﬁ@mﬂmm&@smm f'rrsﬂtgiveljlﬁ:sg desudisednthe
function is to thorouahly Jix t06 g5ty Sifagtant. plasticizerdfineiuded, and.infial W%E%EFB?@IO”“ a

weld. A zone can have one or more subzones. for example, in 30which a portion of the function of the
zone is perforrf&gcEBmexample, the first zone can

In one aspect, there is provided a method for producing a polymer dispersion in water in
a continuous process comprising: feeding into a screw extruder a thermoplastic polymer resin, a
plasticizer, a surfactant, and water, wherein said thermoplastic resin is a poly(vinyl butyral) resin
having a weight average molecular weight of at least 40,000 Dalfrons; mixing said polymer
resin, said surfactant, said plasticizer, and said water in a first zone within said screw extruder to
form a weld; moving said weld to a second zone within said screw extruder; adding water to said
weld in said second zone and mixing, thereby causing an inversion in said weld which results in

the formation of said polymer dispersion in water.

BRIEF DESCRIPTION OF THE FIGURES
Figure 1 is a graph showing & particle size distribution for a polymer dispersion.
Figure 2 is a graph showing a particle size distribution for a polymer dispersion.
Figure 3 is a graph showing a particle size distribution for a polymer dispersion.
Figure 4 is a graph showing a particie size distribution for & polymer dispersion.
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have two or more subzones in which one or more of the components are added and/or mixed to
achieve the desired result. As used herein, a "weld" is the homogeneous dispersion of
water-in-polymer or water-in-oil plasticized polymer formed from the thorough mixing of the starting 5
components. Components can be introduced into the extruder by any suitable, conventional
method. For example, solid materials such as polymer resins can be fed into the extruder through a
port provided with a loss-in-weight feeder, and liquids can be gravity fed or injected into the extruder. It
is usually desired to convey polymer in first and then to 10introduce the plasticizer (if any), surfactant,
and some initial wateF ! SHESdSHigEnMAShatiBga bk Sp sy HBUHR i el Yot PP Ising gravity
feed or under pressuragibe plasticinesnswifaciantRndiptiakwalaionay Resombinggdagan emulsion
to inject as a single f%ed. A;will be described in morf detail below; water Injection points located in
the 15weld inversion Z6he dré Sr@fggéév%}%fgﬂ?’étbc B SR cLviheton Ik Rorsess LR olpecifically,
at a pressure higher ffignrthieip regspheshé theg zopeertinto sidei disthiBuniaiebis being dnjdsteckids used
herein "adging water" includes any conventional method of introducing water into a screw extruder,
and in preferred embodiments, "adding water means injecting water at a high pressure greater than
that of the zone pressure into which 90 the water is added. In various embodiments of the present
invention, the weld inversion zone includggang; e, 5t SR eyERONes comprising one or more
intermediate water injection points. These intermediate water injection points allow for the gradual

mixing of water into tHe WERT SR RIS RAripFiRAv Bk I RS b GHIstsaHE Bedssnd finer

dispersion of 2bwaies digpisispriantethminveIaRBOIAL MNQERLGS argJBmMBELalukes for these
inteimediate water injection subzones can be, far example, the same as for elsewhere within the weld
e D B8 o B RS 6 Bl FBOAER and

inversion zone. 1N Vanous empodimants: a sedt
self-wiping twirkssteifiedxtr oeris Arsestddrethiz: pr Gpelsret thaereseritisfeentcrpdivvaousid0

embodiments, AN BRIBBEASTANE A HaPt, A SR sciew iengihy{namina screw

. er
diameter)) or longer process section, for example, can be used for preparation of & weld and

subsequent fortRABYCBF HpRmvetpebersigrulsionswne apiarGlapRsgitable aspect ratio ((screw
outer diameter)/(screywdtides SiARGIRECHER S athnde RrOheLEMBUMSNIS:3.3igle screw or

counter-r(fgatirrlrge e(>i<truder is used with the methods of the present invention. 5In various embodiments,

for example, the FF e 08 He° GRRT SPRPL A HRFEIHIsy PAE T b Sherl s BRI HEREOAnd pressures of

2 x 106 Pascalmetdii 0fidhascah{R0G:600pbundisnpessesaraing), Theruseraf temparatures lower

than 100C in varioys.embadiments of the P&ggeg}g@v&nti nrgseguce ol eliminate the for ati%n of steam
ItS | ' iete and SHGERt pre If—f?{fhaé? 5

within the extruder. which results i moré comp SCaagmy! &fip&rature, of
course, can be tasbl poaitenrstive efntsetinkiantless number of permutations to achieve many

desired effects.

20 Screw extruders of the present invention are configured, in various embodiments,
to allow for the introduction of several separate components that are mixed in a first zone.
In various embodiments, thermoplastic polymer resin, surfactant, and initial water arc
introduced into the screw extruder and are mixed in a first zone. In various
embodiments, plasticizer is also added. In yet further embodiments, other agents and

25 components can be added prior to mixing in the first zone.

As used herein, a “zone” within an exiruder is a section of the length of the
extruder that is configured to perform a discrete function. In the case of the first zone just
described, the function is to thoroughly mix the resin, surfactant, plasticizer if included,
and initial water to form a weld. A zone can have one or more subzones, for example, in

30 which a portion of the function of the zone is performed. For example, the first zone can

(o8



Higher temperatures and pressures can be used with a thermally stable thermoplastic polymer to
optimize mixing and weld formation. Also, typically a higher temperature can be used for polymers
lacking a plasticizer. Pressure is kept sufficiently high so as to suppress or prevent formation of
bubbles of steam. In examples in which a 15plasticizer is used, comparatively less shearing force is
generally required at the same temperature. Shearing rate can be set at, for example, an average 200
s-1 or higher. The components are generally moved into and through the first zone in the minimum
amount of time required to thoroughly mix the components and form the weld, for example less than
45, 35, or 30 SEESTIAS FORMESHRANTOR SRRk SPeIarimine it M therthald dreriarismoved to a
second zone. Thiedecandzenaciniba agjaeent the first zone, or can be some distance downstream
in the extruder. In Vaﬂgug@g%g%qentglg,iss%efgrredoto grovige some 'stanc_e pe een the first and
second zone, for examp‘lle wi cohve;‘/"i;ng strew e?é?ﬁé%’fsf“\}v iCR Allows for Ié”éé’ﬁ' tbr&tidn of weld
temperature. 28atkeisedbpldstioirs e ynea s ford fitrod toirionatgr topngmbde: fulidiversion, which will
generally ke a&g{hglaggggh which the water is injected at relatively high pressure, for example, at a
pressure greater than the pressure in the second zone. Injection pressures can be, for example, 2.67 x
106 Pascal to 3.33 x $OBIPASER G 2B 1ROU6P At ea tutoebp 488 aNiphie sewvrplisonk is

configured so agtevarerie aaigle3bianmpaEaitaaRIoN PIRSSKHIS Zane:in whichithe meld will.pyndergo
an inversion and then be quickly dispersed or emulsified. In various embodiments, the second zone is

maintained at TERRSEARTESSFASH SRS S 78V Foedh Eee Bty Jorbreap te FOVE Ffi%ressures of
2 x 106 Pascaltizdted 06 Rasgabdeoniiiionadandbscbasennier gshaplan thralow festhe most rapid,
complete,inversi ssible. Components.can be within the second zone fqr any. suitable duration, for
example ]Ig]ss t’l?lal&r(l51 %1 es%c?o%ﬁ%"‘liezgé x%ﬁy ﬁ%rsag&nﬁh%?doﬁrensesu%h%% %‘ﬁ%e?é‘ﬁé%)@ftﬁé er injected into

the second zoeEisdireterablgpticaaiémisdratedacappiondmmaiplg. tenzarevienfperatungidhereby
preventing quepeing. ot tRe:Waldizer, surfdfiReTAan87:520-08 Added d E@M@ﬁfﬁs@gmder' as
y

desired, to provide a convenient method to introduce more water for dilution of the polymer dispersion,
or to 10introduC LGB AT BHfefeedmponents into the final composition.  The product of the screw

gxtrusLon prlocess jusﬁ@a&nﬂﬁ?ég@aﬂyﬂa@(ﬁ%ﬂﬁr $JQB¢D?&?&H£€0§§§9&Q&M@E§QQ§63& as
escribe sewhere herein. The devices rocesses of the present invention can be used to
15 meng AR

weld INversion zane are gpre gigg f(?l éngfg{e\,v@‘}m@ﬁ }f‘égaé?ﬁeeqﬁgﬁ? Eﬂﬁsidered

produce polymer dispersions havin Ext
desirable. For speaifipidlythe 4 presstivo dizbéthiamprbs entssure niidse cancrasullviichahanerndispersions
having most pagigcle diamegtexs lesg faan, Lo microns, 7.5 mictons, or 5 microns, a ith most particle
diameters betv,veerél‘31 5325 and 1.5 microns. Corﬁpgg\s‘%tgﬁslg?t%dgsp%%gﬁ Thven |oﬁn‘|%g l\?d%?thermoplastic
polymer  cofRPBEHIGME Rk dale asarven eoratisr e danmeedrmes smahsidimaettiad dogredsrito a

20dispersion irm\eéai@{nwcaﬂgtWeF‘élﬂ%@ﬂﬁr@é&ﬂf@@f&&?m&&&%@%@i&i%ﬁéﬂfé@éﬁ e Riggent

inventiono%an ?@m rise.any conventional thermoplastic polymer, and in various embodiments, the
polymer Compri ees%ebbﬁ ﬁ@i acetal), such as poly(vinyl butyral), or a polyurethane. Suitable
poly(vinyl acetal)s folsheriractoeodithenpresent prventinr aanhaRbobtainedsitor smmplaasd without

limitation, by r%ﬁg}%f’&l%\é@s!u%lzcgn@s)lgo%&ising one or more intermediate water injection points.
These intermediate water injection points allow for the gradual mixing of water into the
weld prior to inversion, which provides for a more homogencous sand finer dispersion of
25 water droplets prior to the inversion point. Pressures and temperatures for these
intermediate water injection subzones can be, for example, the same as for elsewhere
within the weld inversion zone.
In various embodiments, a segmented, co-rotating, closely intermeshed and self-
wiping twin screw extruder is used for the process of the present invention. In various
30 embodiments, two and three lobe designs are used. A 50 L/D ((screw length)/(nominal

screw diameter)) or longer process section, for example, can be used for preparation of a



partially hydrolyzed polyvinyl ester with an aldehyde. Other poly(vinyl acetal)s, such as the reaction
products of hydrolyzed poly(vinyl ester)s with foitualdehyde, acetaldehyde, propionaldehyde, and
benzaldehyde, also may be used. Among the poly(vinyl acetal)s, poly(vinyl butyral) is particularly
useful. The 30poly(vinyl butyral)s that are used in accordance with the invention may vary substantially
in their composition. Thus, in some embodiments, poly(vinyl butyral)s may be used that have up to
30% hydroxyl groups by weight, calculated as poly(vinyl alcohol), up to 30% ester groups by weight,
calculated as polyvinyl ester, and the balance substantially butyraldehyde acetal. In various

embodiments, B @i gRBtRgHEn Emation §in SR mEnMwERdoXy PEHIOY FEREIHRY but not more

than 25% hydraxyligeespst calcuiateehasdapaidviag Alaebal)Lan hansed) can bAesqrding to further
embodiments of the present inyention, the poly(vinyl butyral) contains 10-20% hydroxyl groups by
weight, calculated asqﬁc?lty ify) 18?\%‘[5?’@5?%@ ?f’é% ARG B LS X RghES Ete AR B Ss
poly(vinyl acetatefhodithfttie balsncesutxstantially butyraldehyde aceH. 10The polyvinyl esters from

which the poly(vinyl butyrans are idely varying degrees of polymerization as
evidenced by the viscosities 8f soﬁ%ﬁ%@ﬁﬁé%&ﬁ ek]gér%ﬁef f:)gcﬂf/ \%ﬁ)? giéaét%) re%grt?%z g{reoﬁ]sed asa

starting materi$imPeREseRicit PO ssd DrsthyEraiis dhdPasetaizhno 1E aseah (FEQEH© poly(vinyl
butyral) may bedised pRHRRRRONMIY TERIBES MBHAN:ERNESRANGIRO] ok YRNEHS L Sembodiments, the

resultant polymer used in the dispersion manufacture process has a weight average molecular weight

of at least 40,088 BTSS! HHE ALsEHIMEHRPPdedicsse shmeratn s fBrotaTe sieam Withitester

groups in the pialyéximyddsLitvirailsaigt sualbtecataRtg wdpsibubthecacaiate graups may be wholly or

partially rg@lacggn bgr%t!ggr (%sctgr éoga%sb%ucg £5 f {énatt?vezg%éggjonate, butyrate, benzoate, and the

like. olymerie TEsINgG can be Iheorporatad into potymer hepeP&iSiis in any suitable amount, with

the end product havirgighpeiweptsbiids avhuestatioramhefosse@xaitipiehérom 40%bie 70% solids or 40%
to 60% solids qReAGIARINRIMRIR! hasis wilhiselids heing.defined asJhe igtalyeight of polymer,
plasticizer, surfactant? anc?qtﬁ{}ﬁ%gen%g 25ZThe plrogportion (!){f]j%he %r{l%l?\llldquasﬁ porznl%%%%%in the total

solids are givelfTRSEIE HEFItthEreer arasy lasinp RMlasticiagn,iBressgstiodian Buifimantvesins are
commercially avaiablesfionpaliias peasnamiagitatotaus dVisseurt), as BUMBIn whickANY

plasticizell'ésuital?le far use Wit? a chosen thermoplastic polymer of the 30present invention can be
u

used. Useful pRataiars st SO BRrsLy Hist Aiiitberte i R A oo refoted iy e Ramsate, butyl
ricinoleate, castonmitaiifoutBhgasttytate can be set at, for example, an average 200 s or higher. The

components are generally moved into and through the first zone in the minimum amount
of time required to thoroughly mix the components and form the weld, for example less
than 45, 35, or 30 seconds.

20 After formation of the weld in the first zone, the weld material is moved to a
second zone. The second zone can be adjacent the first zone, or can be some distance
downstream in the extruder. In various embodiments it is preferred to provide some
distance between the first and second zone, for example with conveying screw elements,
which allows for the equilibration of weld temperature.

25 The second zone has means for introducing water to promote full inversion,
which will generally be a port through which the water is injected at relatively high
pressure, for example, at a pressure greater than the pressure in the second zone,
Injection pressures can be, for example, 2.67 x 10 Pascal to 3.33 x 10° Pascal or 2.67 x
10° Pascal to 4 x 10° Pascal. The second zone is configured so as to create a high

30 temperature, high pressure zone in which the weld will undergo an inversion and then be

quickly dispersed or emulsified. In various embodiments, the second zone is maintained

wn



phthalate, diethyl phthalate, dibutyl sebacate, dibutyl phthalate, triethylene glycol dihexoate, trioctyl
phosphate, Methyl glycol ester of coconut oil fatty acids, phenyl ethers of polyethylene oxide rosin
derivatives, oil modified sebacic alkyd resins, tricresyl phosphate, and the like. Mixes of these and/or
other plasticizers may also be employed. 5Plasticizers can be incorporated in any suitable amount,
including some embodiments in which no plasticizer is used, and these amounts include, for example,
up to 80 phr, up to 50 plu, up to 30 phr, or from 5-80 or 10-40 phi plasticizer. Any suitable surfactant
may also be employed, for example, but not limited to, reaction products of strong bases and soap

forming organi® SRS e, 4P TR 1 8T ate P85HsS0f Suery Bisas usitnddikaantnetals, for

example sodiupeelyaleosiiExord dassiugdy doSHeR 8 UIBTERAsRYEIRX R QF JURIRERSE agmonium
bases, for exagmlg,%}iﬁ%enyl meth Iamn]onium hydroxide, tetraethyl ammonium hydroxide, and the

like, triethanoldmite CmerPHolAER Sn PR fitdPHFERAMRRRIEN P FRRREAL aRe HiaRBid, oleic acid,
ricinoleic acid, eatmitioecids lyriciadt; dodeoy) foerzeneld bsulfonictacitpaticlissatish, FNd the like, as
el as, generaly, gyl A dlkalbmelal silionates b suifasiant that s sombinalion,of n acid and a
base may be reacted in- situ in the first zone of the &xfruder of prior to injectloﬁ. T Varous
embodiments, §BRFTENIA FPPIRtIREtI s ilussd s sitathis mbgrebio osvimgico misindirgobtisrganic acids:
73% oleic acidy3f4 linoleic acid, 6% palmitoleic acid, 3% myristoleic acid, 1% linolenic 20acid, and 9%
C14-C17 saturated carboxylic acids. In various embodiments, the acid portion is an organic acid

having an aliphatic cHAHP6F ZNESet™ br Al iatsHiE 8 BABR RS & JorEsthBrPEIBIfRE as those
given above. Qifisesisiabiaind tactaniseambe:-selested Hamdheasnsm slassobwatesdispersible

surfactanfg which are compatible with a poly(vinyl accta0 resin and 25plasticizer, if any, typical
examplen b wiIBHCRS SSTGIRy P Tt LR S L H AP EHine oxice fatty acid

condensates. A Sifactdnticaiittizesinearparases ipramyssuitablecdbadunt, poshding sfersexample, 0.5
to 30 phi, 0.5 t¢,20 RO QL h 340,10, P gs%grgiggsg- gae surfactant (or cossurfactant if.any) used and
the other components of the d?spers‘_iog][frgOWéter canHBe iﬁgorr?ogét%ﬂ(eé?'thehggafﬁ?ﬁ%%ngf the process

and prior to intFSERIEHOTPIrits tHesArsLYsmESR eapdiativellie pratteanpolnnbrditvesificidnyviogform a water

in resin or watekifQUIGARPRSHIOR Do argUsieRhedimesy: thiraneuatel nijalwater g weld
formationli betw ergi 5% %nd 25% of the, solids Wei%ht. In the second zone, where additional water is
iR Rk

introduced to i BIFTERA PSR theserdioh RobieTdinprstiore Paian mAsbprtigelcast

sufficient to alldiertheinisssiom id egeusns, 7.5 microns, or 5 microns, and with most particle
diameters between (.25 and 1.5 microns.

Compositions of the present invention include thermoplastic polymer
compositions that can conventionally be formed into a weld and then formed into a

20 dispersion in water or another liguid.

The polymeric component of dispersions of the present invention can comprise
any conventional thermoplastic polymer, and in various embodiments, the polymer
comprises a poly(vinyl acetal), such as poly(vinyl butyral), or a polyurethane.

Suitable poly(vinyl acetal)s for the practice of the present invention can be

25 obtained, for example and without limitation, by reacting poly{vinyl alcohol) or a
partially hydrolyzed polyvinyl ester with an aldehyde. Other poly(vinyl acetal)s, such as
the reaction products of hydrolyzed poly(vinyl ester)s with formaldehyde, acetaldehyde,
propionaldehyde, and benzaldehyde, also may be used.

Among the poly(vinyl acetal)s, poly(vinyl butyral) is particularly useful, The

30 poly(vinyl butyral)s that are used in accordance with the invention may vary substantially

in their composition. Thus, in some embodiments, poly(vinyl butyral)s may be used that



5Further water can, of course be added at that point. Finally, any further amount of water, as desired,
can be added prior to final extrusion to dilute the dispersion. Final inversion occurs at a solids content
of, for example, from 65%-95% or from 70%-90%. In various embodiments the minimum water for
inversion is used so as to minimize the energy requirement per unit mass of weld and minimum
dispersion particle diameters. Dilution 10 of the agueous phase is followed-up in a subsequent zone or
outside of the extruder. In various embodiments, aqueous dispersions have a solids concentration in
the ranges given above. In various embodiments, a final solids concentration on the lower end of the

range - for exatATERMOIC AOUAIGE P e Bite mebirsretHnsHn by et ep #36%n can

generally be pesermedratineasit eiapalisaionolihe pabmean Irdisnerioibsianf2tifer agents and
additives can %ption I%ébge ind%iiefj at any suitable stage of processing, including, but not limited to,
fillers, modifyind’%aéa ORI, BIXDUO Rt R GinALS oAty R EH S PR & hke 18R vices and

methods of théfrasentinvantipntprevigetseveral sigriticant 20 aditariages:pyekromentional batch
process m@hog%q g ' The present invention allows for the continuous and relatively
T sy e

extremely rapi _ ymer dispersion. Whereas prior art methods could require two or
more hours of high edexgydiixiiagesisromhedimestsiontiof arovetd ihenprestrtinkéniioh provides

devices and mtiads talaoYy e REN Rceys Wihine At hetehy sianicant reducing
urther adv f

95 both production timeoand energy rec:é;gements. A antage of the invention, as is
evidenced by theSddamP @ h& e N F g haardatd e paisTiBrsster pariib greibaigncohich
allows for the fanwakdalef tapradeskfitnas-and reduces the amount of filtering required to produce an

end prodygt. The present invention includes exiruder devices, and particularly twin screw 30 extruder
devices, ?;18at are conﬁglﬁl%o ALK (li)secc'ltglése “Blse ﬁ%? %ﬁé’ﬂ‘t‘@’b Baﬁélsé’rﬁﬂ?ﬁ?e’ina?’s]bae‘f%ion, which
can be a suspevidion oraneteptsion] pnierdtizaspe aifiedconditipnse viscdiwepegsehitinvention
includes methqgls ofPradugi p % [ dispersion,.comprising using any of the devices of the
present invention to form a é})%ﬁbrﬁ’eg @‘gefsiong.é%%tﬁ?eargrle%%&r%ﬁ%\?%fg Igflst%riﬁlc%g]ees films and

other coatings ¥AHAHpliRER6rS D pMghes ddrsasibastisrotuvetuytite pobthcus dfithelpresent
invention and/%@eaeq%é@fmﬁepg%whm%ﬁwa@sﬁ?@@r%gﬁbﬁcﬁ@ﬁwffﬁ%%é@g twin screw extruder

with aspecﬁt ratio of 1.45 is set up to 10provide a weld formation zone and a weld inversion zone. The
weld fluillition SBREFEEHISHGiF B Hbeat BaB B Iyr i i i nasirn arnyfasaetaiocarbasortion of the
final water weighizhiteaveid inviecsienwzene: isfeonfigLredunth v Ivatenbiniectionsaents. The zone

desirable mechanical properties,
The ester groups in the poly(vinyl butyral)s are usually acetate groups, but the
acetate groups may be wholly or partially replaced by other ester groups such as formate,
20 propionate, butyrate, benzoate, and the like.
Polymeric resins can be incorporated into polymer dispersions in any suitable
amount, with the end product having a percent solids concentration of, for example, from
40% to 70% solids or 40% to 60% solids on a weight per weight basis, with “solids”
being defined as the total weight of polymer, plasticizer, surfactant, and other agenis.
25 The proportion of the individual components within the total solids are given in parts per
one hundred parts resin (phr).
Various poly(vinyl butyral) resins are commercially available from Solutia,
Incorporated (St. Louis, Missouri), as Butvar®,
Any plasticizer suitable for use with a chosen thermopiastic polymer of the
30 present invention can be used. Useful plasticizers include, but are not limited to,

triethylene glycol di-2-ethylhexanoate, butyl ricinoleate, castor oil, dibutoxy ethyi



temperatures for the twin screw extruder are 75C to 95C. The water for injection points is preheated to
65C to 75C. 15Thc following components are added to the extruder and passed through the first zone
in less than about 10 seconds: 101.3 grams per minute But-vat" B-72 Resin. 51.0 grams per minute
castor oil, 20.6 grams per minute Petronate L surfactant (Crompton Corp., Middlebury, Connecticut),
and 20.4 grams per minute initial water. A further 52.9 grams per minute (105.8 total) of water are
introduced under pressure at each water 20 injection point in the weld inversion zone. The weld is
then further dispersed by hand into about 80% water after discharge from the extruder. The

resulting polynidthiiaiedichyhabtialatolibivng wanacels. chianad ehibalae. 45 shalEwrelyith a Horiba

LA-910 partlclqgﬂggogga{y Gty 1%7’_?“? ﬁﬁﬂfé%ﬁ'}ﬁﬁfc@ Ml@fqﬁ%@&ﬁi@& 'Qé“{éﬁtgﬁ% igkeRs for
Cumulative Len th Percent gumulatlve Volume Percent 0% 50% 90% 10% 50% 90% O 199 0.316
0.463 0266 Of polyethylene oxide rosin derivatives, oil modified sebacic alkyd resins, tricresyl

phosphate, and the like. Mixes of these and/or other plasticizers may also be employed.

5 Plasticizers can be incorporated in any suitable amount, including some
embodiments in which no plasticizer is used, and these amounts include, for example, up
to 80 phr, up to 50 phr, up to 30 phr, or from 5-80 or 10-40 phr plasticizer.

Amny suitable surfactant may also be employed, for example, but not limited te,
reaction products of strong bases and soap forming organic acids in general, sodium

10 oleate, salts of such bases as the alkali metals, for example sodium hydroxide or
potassium hydroxide, ammonium hydroxide or quaternary ammonium bases, for
example, triphenyl methy! ammonium hydroxide, tetraethyl ammonium hydroxide, and
the like, triethanolamine, morpholine, and the like, made with such organic acids as
stearic acid, oleic acid, ricinoleic acid, palmitic acid, lauric acid, dodecyl benzene

15 sulfonic acid, abietic acid, and the like, as well as, generally, alkyl ary] alkali metal
sulfonates. A surfactant that is a combination of an acid and a base may be reacted in-
situ in the first zone of the extruder or prior to injection. In various embodiments, a
surfactant mixture is produced in-situ from the following combination of organic acids:
73% oleic acid, 8% hnoleic acid, 6% palmitoleic acid, 3% myristoleic acid, 1% linolenic

20 acid, and 9% C14-C17 saturated carboxylic acids.

In various embodiments, the acid portion is an organic acid having an aliphatic
chain of at least 10 carbon atoms, for example, 10 to 20 carbon atoms, as those given
above. Other suitable surfactants can be selected from the general class of water-
dispersible surfactants which are compatible with a poly(viny! acetal} resin and

25 plasticizer, if any, typical examples of which are aryl alkyl sullonates, tertiary amines,
and ethylene oxide fatty acid condensates.

A surfactant can be incorporated in any suitable amount, including, for example,
0.5 to 30 phr, 0.5 to 20 phr, or 0.5 to 10 phr, depending on the surfactant (or co-surfactant
if any) used and the other components of the dispersion.

30 Water can be incorporated at the beginning of the process and prior to

introduction into the first zone in a relatively small amount that is sufficient to form a



0.405 1.461 These results are shown graphically in Figures 1 (cumulative length) and 2
(cumulative volume). After dispersing by hand the polymer dispersion is sieved through a Number
80 sieve with an opening of 180 microns, and a Mettler Toledo HR 73 Halogen Moisture Analyzer is
used to measure the solids contents of rejects and accepts according to the following table: 5 Wet
Weight (weight percent) Solids Content (weight percent) Accepts Rejects Accepts Rejects 98.64 1.36
2.53 Not Measured Example 2 A Berstorff ZE-25A twin screw extruder is set up to provide a weld
formation zone and a weld inversion zone. The weld formation zone is configured to accept 10
polymer resin, phastitizesirsonfaatant, cihdompostiomofitherfioed evabedveightitiEhenweltoiféision zone

s configured wiin iR AR USSR AR JA 0 RGISIIR I G5 R R AN SEIeW Bl uder are
75C to 95C. The water for mAectlon points Is preheated to 65C to 75C. The tollowing components

are added to tHO®HIWET 2paskealtWFRIgh iHEfiseddnandses iBsrsivariansolyIesdspe@®nthrough the
second zone, apddhgRndiueed s tn SRR 8E€Rast sufficient to allow the inversion to occur.

5 Further water can, of course be added at that point. Finally, any further amount of water,
as desired, can be added prior to final extrusion to dilute the dispersion. Final inversion
occurs at a solids content of, for example, from 65%-93% or from 70%-90%. In various
embodiments the minimum water for inversion is used so as to minimize the energy
requirement per unit mass of weld and minimum dispersion particle diameters. Dilution

10 of the aqueous phase is followed-up in a subsequent zone or outside of the extruder. In
various embodiments, aqueous dispersions have a solids concentration in the ranges
given above. In varicus embodiments, a fina) solids concentration on the lower end of
the range ~ for example about 40% — is preferred to maximize shipping economy.
Further dilution can generally be performed at the point of application of the polymer

15 dispersion.

Other agents and additives can optionally be included at any suitable stage of
processing, including, but not limited to, fillers, modifying agents, starches, clays, natural
gums, synthetic thickeners, and the like.

Devices and methods of the present invention provide several significant

20 advantages over conventional baich process methods and devices. The present invention
allows for the continuous and relatively extremely rapid production of a polymer
dispersion. Whereas prior art methods could require two or more hours of high energy
mixing to provoke inversion of a weld, the present invention provides devices and
methods that allow the inversion to occur within a minute, thereby significantly reducing

25 both production time and energy requirements. A further advantage of the invention, as
is evidenced by the examples, is the desirably small and narrow distribution of particle
sizes, which allows for the formation of improved films and reduces the amount of
filtering required to produce an end product.

The present invention includes extruder devices, and particularly twin screw

30 extruder devices, that are configured as disclosed elsewhere herein to produce a polymer

dispersion, which can be a suspension or an emulsion, under the specified conditions.



polymer, which is sampled at two time points (A and B). The following components are added_to the
extruder and passed through the first zone in less than about 10 seconds: 101.3 grams per minute
Butvar B-72 Resin, 51.0 grams per minute castor oil, 20.6 grams per minute Petronate L surfactant
(Crompton 20Corp., Middlebury, Connecticut), and 20.4 grams per minute initial Wate_r._A fgrther_94._5
grams per minute (189.0 total) of water are introduced under pressure at each water injection point in
the weld inversion zone. The resulting polymer first sample dispersion at lime point A has the
following particle characteristics, as measured with a Horiba LA-910 patrticle size analyzer: 25 Particle
Diameter in Microns forcraetiens iDigniiste trigl Misronthfcs Clipmedative bengthd® digemsiQumulative

Volume Percegh %R0 %Aark086 80 %.A0% 4832869922 0n288H2 Q9 hdnld3

dispersion.
The present invention also includes films and other coatings and applications of

5  polymer dispersions produced by the methods of the present invention and/or devices of

the present invention.

Example [
A Berstorff ZE-25A twin screw extruder with aspect ratio of 1.45 is set up to

10 provide a weld formation zone and a weld inversion zone. The weld formation zone is
configured to accept polymer resin, plasticizer, surfactant, and a portion of the final water
weight. The weld inversion zone is configured with two water injection ports. The zone
temperatures for the twin screw extruder are 75°C to 95°C. The water for injection
points is preheated to 65°C to 75°C.

15 The following components are added to the extruder and passed through the first
zone in less than about 10 seconds: 101.3 grams per minute Butvar® B-72 Resin, 51.0
grams per minute castor oil, 20.6 grams per minute Petronate L surfactant (Crompton
Corp., Middlebury, Connecticut), and 20.4 grams per minute initial water. A further 52.9
grams per minute (105.8 total) of water are introduced under pressure at each water

20 injection point in the weld inversion zone.

The weld is then further dispersed by hand into about 80% water after discharge

from the extruder.

The resulting polymer dispersion has the following particle characteristics, as

measured with a Horiba LA-910 particle size analyzer:

25
Particle Diameter in Microns for Particle Diameter in Microns for
Cumulative Length Percent Cumulative Volume Percent
10% 5% 9% 10% 50% 909%
0.199 0316 0.463 0.266 (.405 1.461

These results are shown graphically in Figures 1 (cumulative length) and 2

(cumulative volume).

10



These results are shown graphically in Figures 3 (cumulative length) and 4 (cumulative volume). The
polymer dispersion samples from time points A and B (initial and after more 5 time) are sieved through
a Number 80 sieve with an opening of 180 microns, and a Mettler Toledo HR 73 Halogen Moisture
Analyzer is used to measure the solids contents of rejects and accepts according to the following
table: Time Point Wet Weight (weight percent) Solids Content (weight percent) Accepts Rejects
Accepts Rejects A 87.32 12.68 11.85 Not Measured B 90.98 9.02 34.44 30.81

After dispersing by bhand, the polymer dispersion is sieved through a Number 80
sieve with an opening of 180 microns, and a Mettler Toledo HR 73 Halogen Moisture

Analyzer is used to measure the solids contents of rejects and accepts according to the

following table:
5
Wet Weight (weight percent) Solids Content (weight percent)
Accepts Rejects Accepts Rejects
98.64 1.36 2.53 Not Measured
Exampile 2

A Berstortf ZE-25A twin screw extruder is set up to provide a weld formation
zone and a weld inversion zone. The weld formation zone is configured to accept
10 polymer resin, plasticizer, sorfactant, and a portion of the final water weight. The weld
inversion zone is configured with two water injection ports. The zone temperatures for
the twin screw extruder are 75°C to 95°C. The water for injection points is preheated to
65°C to 75°C.
The following components are added to the extruder, passed through the first zone
15 inless than about 10 seconds, through the second zone, and then extruded as a dispersed
polymer, which is sampled at two time points (A and B):
The following components are added to the extruder and passed through the first
zone in less than about 10 seconds: 101.3 grams per minute Butvar® B-72 Resin, 51.0
grams per minute castor oil, 20.6 grams per minute Petronate L surfactant (Crompton
20 Corp., Middlebury, Connecticut), and 20.4 grams per minute initial water. A further 94.5
grams per minute (189.0 total) of water are introduced under pressure at each water
injection point in the weld inversion zone.
The resulting polymer first sampie dispersion at time point A has the following

particle characteristics, as measured with a Horiba L.A-910 particle size analyzer:

25
Particle Diameter in Microns for Particle Diameter in Microns for
Cumulative Length Percent Cumulative Volume Percent
10% 50% 90% 10% 50% 90%
0.183 0.286 0.422 0.268 1.202 14.723

11



10A sieved sample of time point B is hand poured into a steel dish, which is placed in a level position.
After evaporation of the water, the cast film formed is examined and determined to be of a quality
approximating that of films folioed from commercially available dispersions. 15 Example 3
(Comparative) Commercially available poly(vinyl butyral) dispersion RS-261 from Solutia,
Incorporated is analyzed and is determined to have the following particle characteristics, as measured
with a Horiba LA-910 particle size analyzer: Particle Diameter in Microns for Particle Diameter in
Microns for Cumulative Length Percent Cumulative Volume Percent 10% 50% 90% 10% 50% 90%
0.186 0.317 0.553 0.314 1.314

These results are shown graphically in Figures 3 (cumulative length) and 4
(cumulative volume).
The polymer dispersion samples from time points A and B (initial and after more
5 time) are sieved through a Number 80 sieve with an opening of 180 microns, and a
Mettier Toledo HR 73 Halogen Moisture Analyzer is used to measure the solids contents

of rejects and accepts according to the following table:

Time Wet Weight (weight percent) Solids Content (weight percent)
Point Accepts Rejects Accepts Rejects
A 87.32 12.68 11.85 Not Measured
B 90.98 9.02 34.44 30.81
10 A sieved sample of time point B is hand poured into a steel dish, which is placed

in a level position.  After evaporation of the water, the cast film formed is examined and

determined to be of a quality approximating that of films formed from commercially

available dispersions.

15 Example 3 (Comparative)
Commercially available poly(vinyl butyral) dispersion RS-261 from Solutia,
Incorporated is analyzed and is determined to have the following particle characteristics,

as measured with a Horiba LA-910 particle size analyzer:

Particle Diameter in Microns for Particle Diameter in Microns for
Cumulative Length Percent Cumulative Volume Percent

10% 5(% 90% 10% 50% 90%
0.186 0.317 0.553 0.314 1.314 5.486

These results are shown graphically in Figures 5 (cumulative length) and 6

{cumulative volume).

Example 4
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5.486 These results are shown graphically in Figures 5 (cumulative length) and 6 (cumulative
volume). Example 4 A Berstorff ZE-40A twin screw extruder with aspect ratio of 1.46, Which is a
larger extruder than the ZE-25A used in Examples 1 and 2, is set up to provide a weld formation zone
and a weld inversion zone. The weld formation zone is configured to accept polymer resin, plasticizer,
surfactant, and a portion of the final water weight. The 5weld inversion zone is configured with two
water injection ports. A third water injection port is located after the weld inversion zone for further
dilution of the dispersion. The zone temperatures for the twin screw extruder are 70C to 80C. The

water for injection poiftSTEEhEERMIEBCHES ¥ seirdss Yalbwmigidetifponkits ahichdvrd to the

extruder and pasgeddhraughhefy trl0zanadn I8 3sdhanahoatl secangsiAN8vidgamgdoer minute
Butvar(r) B-72 ?esin, 205.6 gr ms/miilute castor oil, 83.2 grains per. minute Pctronate L surfactant

(Crompton Corp R SBUH E BRI AAFBE: 6 Jrari bEFRAHIRZAIG AT 6707778 1 grams per
minute are addsdteat thdviirst ssite plajactian miﬁmaﬂgaﬁ@ﬁmip@mh@ dﬁ@ﬁrﬁ@d{; e&i_ ga}&‘th'e}}a.ef(()fnd
water injection PQiRt -4 rams-per minute are added.at the third water 15injection point (for
dilution aftcgr thgl %%?3%%‘?2%? ez(%%e .ﬂDgur Q%%e%?t?ﬁﬁ%oﬁ%%? %i%%rgsr‘si%n lés\}fﬁé:rf%)lﬁce)%%]ng pa}rtlcle
characteristics PA%! i éegsineafigithaweddiby A epaftclersize dhalyzef tPadigerDiaméter in Microns

for Cumulative L iqthmbetegal RAME!GRHABEICHIMICTARS HOF (HEHHEING MQUIP R PRIEGN10% 50%
90% 10% points is preheated to 65°C to 75°C.
The following components are added to the extruder and passed through the first
10 zone in less than about 10 seconds: 408.2 grams per minute Butvar® B-72 Resin, 205.6
grams/minute castor oil, 83.2 grams per minute Petronate L surfactant (Crompton Corp.,
Middlebury, Connecticut), and 81.6 grams per minute initial water. 75.6 grams per
minuie are added at the first water injection point, 113.4 grams per minute are added at
the second water injection point, and 483.8 grams per miinute are added at the third water
15  injection point (for dilution after the weld inversion zone).
The resulting polymer dispersion has the following particle characteristics, as

measwred with a Horiba LLA-910 particle size analyzer:

Particle Diameter in Microns for Particle Diameter in Microns for
Cumulative Length Percent Cumulative Volume Percent
10% 50% 9% 6% 50% 50%
s 0.218 0.361 0.570 0.321 0.592 3.173
20 These results are shown graphically in Figures 7 (cumulative length) and 8

{cumulative volume).
The polymer dispersion is sieved through a Number 80 sieve with an opening of
180 microns, and a Mettler Toledo HR 73 Halogen Moisture Analyzer is used to

measure the solids contents of rejects and accepts accordin g to the following tabie:

25
Wet Weight (weight percent) Solids Content (weight percent)
Accepts Rejects Accepts Rejects
98.93 1.07 41.84 Not Measured

13



50% 90% 0.218 0.361 0.570 0.321 0.592 3.173 20These results are shown graphically in Figures 7
(cumulative length) and 8 (cumulative volume) The polymer dispersion is sieved through a
Number 80 sieve with an opening of 180 microns, and a Mettler Toledo HR 73 Halogen Moisture
Analyzer is used to measure the solids contents of rejects and accepts according to the following

table: 25 Wet Weight (weight percent) Solids Content (weight percent) Accepts Rejects Accepts
Rejects 98.93 1.07

While the invention has been described with reference to exemplary
embodiments, it will be understood by those skilled in the art that various changes may
5  be made and equivalents may be substituted for elements thereof without departing from
the scope of the invention. In addition, many modifications may be made to adapt a
particular situation or malerial to the teachings of the invention without departing from
the essential scope thereof. Therefore, it is intended that the invention not be limited to
the particular embodiments disclosed as the best mode contemplated for carrying out this

10 invention, but that the inveniion will include ali embodiments falling within the scope of

the appended claims.
1t will further be undersiood that any of the ranges, values, or characteristics given
for any single component of the present mvention can be used interchangeably with any
ranges, values, or characteristics given for any of the other components of the invention,

15 where compatible, to form an embodiment having defined values for each of the
components, as given herein throughout. For example, a polymer resin can be formed
comprising residual hydroxyl content in any of the ranges given in addition to any of the
ranges given for plasticizer, where appropriate, to form many permutations that are
within the scope of the present invention but that would be cumbersome to list.

20 Any figure reference numbers given within the abstract or any claims are for
illustrative purposes only and should not be construed to limit the claimed invention to
any one particular embodiment shown in any figure.

Figures are not drawn to scale unless otherwise indicated.
Each reference, including journal articles, patents, applications, and books,

25  referred to herein is hereby incorporated by reference in its entirety.
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41.84 Not Measured While the invention has been described with reference to exemplary
embodiments, it will be understood by those skilled in the art that various changes may 5 be made and
equivalents may be substituted for elements thereof without departing from the scope of the invention.
in addition, many modifications may be made to adapt a particular situation or material to the
teachings of the invention without departing from the essential scope thereof Therefore, it is intended
that the invention not be limited to the particular embodiments disclosed as the best mode
contemplated for carrying out this 10invention, but that the invention will include all embodiments
falling wittisithee scope of the appended claims. It will further be understood that any of the
ranges, values, or characteristics given for any single component of the present invention can be used
interchangeably with any ranges, values, or characteristics given for any of the other components of
the invenlidh™ASIRdPE LB BLR B M YR aR SRR R RTINS of the
componénesiiasitfiverstiencinttitenmiheumoplastsaphpte; wpolymmastssier casbadannaticomprising
residyial Rygsexyheiienidmamesgkihe wanges giveniiadeifanteianaidhesingesgien for

plasticizer, where a priate, to far rp,ermutations that are within the scope of the present
inventionrﬁ)(l)\jyte?ﬁé{v“\%%ﬁ %%%%?n%é%@ﬁ%%xﬁgt 20Any figure reference numbers given within the

abstract or any BIXRSSAEPRIVTIRTISERARRS I B ERSERNb SRIGRIESSRBEIPABERE WEIEHuBH T 3T the
claimed ipuantdtecaswy smadeattiétarsembiodiment shown in any figure. Figures are not drawn to

scale unless OtWSW%M@@g'a second EHIWiETRIeASciBg udingdpurnal articles, patents,
applications, and books, 25referred to herﬂ:‘n is hereb incgvﬁorate et%/greference in its entirety.
a

Claifls 1. A metAISSPBToa SRIAY A BT AT F L FIH AN A i S EOM RUBIR B SEES Lomprising:
feeding intcsaideridwdicrugentis thihveiopratte golgsherivesindigrsaicizaetarsurfactant, and Swater,
wherein said thermoplastic resin is a poly(vinyl butyral) resin having a weight average molecular

weight of 2Lleast 40,000 Dallans;. ., L1005 ROIYFREL esosalcsuifastant, said plastcizer, and
! sl !

said water in a first zone within' said screw extruder to form a weld; moving said weld to a second zone
within said screw extruder,
15 3. The method of claim 1, further comprising:

moving said polymer dispersion in watet to a third zone within said screw extruder,; and,

adding water to sald polymer dispersion in said third zone and mixing.

4. The method of claim 1, wherein said second zone is maintained at a pressure of 2 x 10°

20 Pascal to 4 x 10° Pascal and & temperature of up to 100°C.

5. The method of claim 1, wherein said poly{vinyl butyral) has 8% fo 25% hydroxy! groups,

caloulaied as poly{vinyl alcohot).
25 6. The method of claim 1, wherein said plasticizer is triethylene glycol di-2-athylhexanoate.

7. The method of claim 1, wherein said polymer dispersion in water has a solids content of 40%
fo 70%.

30 & The method of claim 1, wherein said polymer dispersion in water has a solids content of 40%
o 60%.

8. The method of claim 1, wherein said second zone is maintained at a pressure of 2.67 x 10°

Pascal to 3.33 x 10° Pascal.

15



10adding water to said weld in said second zone and mixing, thereby causing an inversion in said weld
which results in the formation of said polymer dispersion in water. 2. The method of claim 1, wherein
said screw extruder is a twin screw extruder. 153. The method of claim 1, further comprising: moving
said polymer dispersion in water to a third zone within said screw extruder; and, adding water to said
polymer dispersion in said third zone and mixing. 4. The method of claim 1, wherein said second
zone is maintajeshat A REPRVER T X AR ARRas 18l i@t OB FscAl @R BilpareRIAlure of up to
100C. 5. The method of claim 1, wherein said poly(vinyl butyral) has 9% to 25% hydroxyl groups,
calculated as poly(vinyl alcohol). 256. The method of claim 1, wherein said plasticizer is triethylene
glycol di-2-ethylhexanoate. 7. The method of cigiga-heyherein said polymer dispersion in water has a
solids content of 40% to 70%. 308. The method of claim 1, wherein said polymer dispersion in water
has a solids content of 40% to 60%. Methods And Devices For Continuous Production Of Polymeric
Dispersiongibsteashi iR Rigsen mvantionisidireatest o havse ekeasinuans extrysigndevices to

form high quality polymer dispersions. Screw extruder devices of the present invention inject water into

a zone of pfEalty P LISErdRRESNE SHEEPG EENY tHEVIS P s SR BTl WERI D less than, for
example, opgeRliRkiRr WiiCh comparasreprdavera iy pithcanvantionak hatehunethods,which can

take, for example, two_or more hours tg complete an inversion. This rapid inversion - a surprising result

given the eXASFARER thetintRASiBh st R ifPh SR Hrle ¥ SUIEW Y b HROBBRIFLBEY production of
polymer di-&ﬁ@é’ﬁ&%ﬁsvﬁiﬁ chnventional batch methods, which can take, for example, two or more

hours to complete an inversion. This rapid inversion - a surprising result given the
extended time inversion requires in batch processes - allows for the continuous

production of polymer dispersions.

Fig. 1.
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