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. Thegveld is 20 fﬁ% {:Q;x tdlyy}*l'g S fsfi %Hé Wgﬁ%' %_gn%g 0 cause aQni(pv IS 19,2 plasticized
polymerin-water emu sm%JoreaﬁaE)re‘i"‘/llllatoezis oﬁl-in-water eﬁﬁ Ion fisepee, %{or S’xam’p’]ﬁef§ @% Patent

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 nfetfid HEWETET AR G SeHEeh BUSHATgIgAMRn i ST SRR S urther
requires the usg aidglabinely haamyl fubieaHiPReERs mixedWifh preedivendioRnishe abevendescribed
method i%orp%g%tt)ersl XCeSS %gﬁaot%rdin t{l;)e gnitial ixin% Stezﬁi 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 pyl{pnateigeensand vl @sngieiiver siam(ReS B ExamRIRpthsoRatent

2,611,755), as well as using a single inversion in combination with little or no plasticizer (see, for
example, U.S. ﬁﬁe}’é’ﬁ’{ %é@%%‘ir)‘ ave omvsHE Y Regtritad B miire s Eg)ﬁﬁ’ﬁgﬁﬁ@% polymeric
materials haveihdedingpfintesainitudingpmetbiods thaboeeystrewaxiidersdatmixsRelynaeric
compounds lack| r Jfor example, W000/71608, UL.S. Patent 6,512,024, and W000/71609)
and screw extr#(%%s‘g;%at rcr({\?&s%%l%f% uélg%l%c% %%%Cr% S sede, o?ué%éiﬁn%%?%%} 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 i
devices t6ormt iRy ESAM YO NTSIaipERSiBRIdsd fa s driEr aeinade aPlRgipredamlaRGtosure
inject water inténawzosreeeiilyigh prasbryadenyliciatuie:-2nd Bea:te, gatisathe dapid. inversion of a weld
in less than, fo , Qe minute, which compares very favorably with conventional bafch
methods, Whicr?%gér}][?gﬁé, or é):{(]élrrﬁ'p &g BT h%%?%@ﬁ?s {)é)r EE TPt 3 PRVETSB SF%J%CF pid
inversion - a surprgiuotestithgivnithd theaehdddrtiring invgrsioAfteqgivmestinnoatdie proeessas - allows

for the continuays pECHCLOR SR MR INBERSIANSY acidRLATRASRAE,INSIS I3, provided a method for

producin%a polymer dispersion in water in a continuous ‘process comprising: e_et%ﬁ%ﬁnto a screw
extruder atherMEHRSHE BORAEPIEENST Spthe siursie. aldusaethpd; Bavaxenarawiney €in ioai of

thermoplastic resipriffisaRoiyiuiny| drebaal) resimbadng cavaight Averagemelegarnweight of at least
40,000 Daltrons; mixing, said polymer resin, said surfactant, said plasticizer, and said water in a first

zone within sait 'S¢ ixtruder to form a weld; moving said weld to a second zone within said screw
extruder; adding wateftorsgidvad kbisi aid Secindzdaerdivad mixing, itherpbyeadsiags amiavarsion in

said weld Whml{}léﬁﬁiﬁ%ﬁ M&ﬁ?gfﬁé'ﬂl%%@horfeéﬁ'% ﬁ)10| aryt%igé %%E}Sr}g&g'-llrr]x-\(vn%%grrf 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



BRIEF DESCRIPTION OF THE FIGURES Figure 1 is a graph showing a particle size distribution for a
polymer dispersion. Figure.2 i aph.showing a particle size distribution for_ai er dispersion.
Figure 3is a gr‘r“gf) RS (gow?r%nghs Sgr%%{%‘éﬁ%g |s$r%8ﬁiicl)rh‘%rte§ %oﬁr%sé?r Yéagé?s?gﬁ.r%%ﬁ% 4 is a graph
showing a paricléssind stistfinutiomftr. & Solamst diSpREIoh. ThigunetBod grehishinwary a particle
size distributioalgmf)c{lrn B?Iéﬁr@ dispersion. Figure 6 is a graph showing a particle size distribution for a
polymer dispersion. Figure 71s a graph showing a particle size distribution for a polymer dispersion.
Figure 8 is a graph sRtwirsgny puitial sizedisttingior fordrpoR RS ESEERIGACOS BETAILED
DESCRIPTIONJheiasenkinyeationdsidiiasted .devices,and. methods shatefticiently produce
polymer dispersions in:a continuous %rop_ess. As used herein, a "polymer emulsion” 10 ref?rs to a
polymer that HA€'BBEN PRstRFEERith an ofts FEFERAHTHIE ALtEE SRY ERE B SRS R water. As
used herein, ajipeyentisRersiaee, RierstapiepoIETELRIciBhas Not been plasticized with an oil,
that has been dlsper§gd in water. Pcill\t/,g]seg %l,%xersg%%s include both &Orl

s other me: m compounding %hmecrz%@éﬁesligg%v%nd polymer
suspensions. Devices Bt e presEft iRveRtion ineitide SEr&w extrader : abfe of

o)
at’are capa
15producing thecapgropeidtetemperatibedptessuresand sheaddoroptimabiyixing afmatedals, such as

single screw ad (e, Sciew SXUders Wipie/Ied embodients,  guin sarausutsden s used

Twin screw extruders are well’known i the art and cari be Teadily configured in a virtually limitless
number of peiristasishsereragietatmanpelssirasaifeorn@odefesw. éxtredersiofthe prégent invention
are configureds in yanousembpdiments, 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 are introdtRegTHIGthREbAs, BRFTITEr A R RIREI L A SOSBR I foEnat

embodiments, plasticizerisialsn addeghbiyeidddbhie: empagimenisotheragents.amnd=bfcomponents
can be added prior to mixing.in the first zone.  As used herein. a "zone" within an extruder is a
section of the }E 6%%%’? 8&tider 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 fonu a weld. A zongGap hay€ one or more subzones. for example, in 30which a
portion of the function of the zone is performed. For example, the first zone can have two or more

subzones in which onEhsritfsraTolisE sEmpsotEifis e Bediss ahevsiimivetics asiveds tiedesipee high
result.  As ugsed; &Mf'ﬂ%&%é&%?sﬁ&%ﬂ%&ﬂﬁ%‘ﬁ&i%réﬂﬁe?ér@é%&%ﬁ@éﬁ%‘éﬁ@ef or water-in-oil

plasticized polymer formed from the thaorough mixing of the starting 5 components. Components

can be introduGBEF G R &P G B R PR F e CH N D R, e dRamBIE, solid materials
such as polymerveesins Sanvheifadidetatng exteugapthrovghiapertpioyicetpatth alossvin-sigight

feeder, and liayids ean be.gravityfed or iecisd fnio the exjruder Its usyally desiied &9 convey
polymer in first'and then to

compilete an inversion. This rapid inversion — a surprising result given the extended time

inversion requires in batch processes — allows for the continuous production of nolyvmer

dispersions.

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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10introduce the plasticizer (if any), surfactant, and some initial water, These initial ingredients can
optionally be introduced, for example, using gravity feed or under pressure. The plasticizer, surfactant,
and initial water may be combined as an emulsion to inject as a single feed. As will be described in
more detail below, water Injection points located in the 15weld inversion zone are preferably
configured to inject water at high pressure, and, specifically, at a pressure higher than the pressure of
the zone into which the water is being injected. As used herein "adding water" includes any
conventional method of introducing water into a screw extruder, and in preferred embodiments,
"adding water meanshi§eEine & &rapathe Higs praticlesigrditr ianon wpehanzs dsnsisiniure into
which 90 the water isrgded is a dRMaEiQuseMReedimeRtsolhauIRseRE N¥eRtQR dRsygld inversion

zone includes one, tv¥;o or more sub (%Hes_comgrisin one Qr more intermedijate water injection points.
These intermediate waRSH {?njé%ﬁ(%asgi QYHIRE PEFHAE SRecSiriRiingG 167 aRREr SRR prior to
inversion, which providgsrédt & mprphsmegeneparsidand-& datdispersionagfohwatéissEeplats prior to
the inversign point. Pressures and temperatures for these inteimediate 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 inteixueshed and self-wiping twin screw extruder is
used for the process of the present inventigir Ay e gys:gmbpsiments, 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 preparstiBiTSrEIATEE % Lisset et isan Ao mepads shahdFeirpbraiodugs screw

extruder of anypshitabléigepsiohsdtia (aatRr@LERidRMALERHS BevHNNSs diametanlsarbe used.
In other embod]rir}lengs,aa g i is used with the methods of the

ments in le rew of courllter.-r.ot ting. extruge

present invention. 5in ¢ ncﬁ%eém%o antsy for Sxample: it rs&%%&%%ﬁ@?%ﬁ?@f ly at low
temperatures ¢iugsidaDOGvaied presseddsoi? x ol Rascadpendion eFParcab3an600HouUNnds per
square inch). The Hee,efiomRRBIrasiowesnan 490640 M%ré'gysg fig%ogim ts of the present

. . - aler. . ro Er, .
invention reduce or eliminate the formation of steam within the extruder. which results in more

complete and &HBFEHERPTHREudiRphRgheracm sontand nof voer sesteasiors.used in alternative

embodiments.  Highgideyapeiaiesaif HessHes kAR Used ity thermally staple
thermopl%tic p(g(l}gl’r;er to, optimize mixing and weld formation. Also, typically a higher temperature can

be used 1o poleIE e TP Y PR el P B EEE e SRS, ThedE it PRIHES 8159n® Buppress o
prevent formatioatofdbhibsotisidantrdw examplaslinsuwbick-arlbplasticizef-ised seshchmpasatively

less shearing foige is genetallysrequired at-the same temperature. t}f%arin .rate can be set at, for
example, an average 200 s-1 ore %JI%? _Ie_ﬁgn crlpsr%rggn%}%%aae% %rgr%?a y?ﬁv \f@%ﬁ%ﬁﬁge fﬁPc&ffgh the
first zone in theaiHIsOR errsUint o inwrllyd gnitiess tautbeo ug nymuisetihesdormbpimentsuand form the
weld, for exampleilessiban 45, 35, or 30 seconds. 20After formation of the weld in the first zone, the

weld materjal is moved to a second zone. The second zone can be adjacent the first zone, or can be

some distahce downStFERHFTITHIE e QE T TV e Shio et i prefememtoProvtie some

distance betwesnlibe fisstiandsehand:z oNe:iORIOPRIRE WP SRMEWRNGSCHSVEE IBMeRts Which allows

for the equilibrzﬁion of Weldbt mperature. 25The seclond zone halllsrfmeans for.introducing water to
promote full inve l}é&}gﬂus enino ents, inermoplastic polymer resin, s actant, and initial water are

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



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 106 Pascal to 3.33 x 106 Pascal or 2.67 x 106 Pascal to 4 x 106 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 at temperatures of, for example, 70C to 90C. 80C to 90C or up to 100C and
pressures of 2 x 106 Pascal to 4 x 106 Pascal. Conditions can be chosen, for example, to allow for the
most rapid, cofife ¥ SPSIS S HRFSHI AL BIFH B ATIER %@%iﬂ?ﬁﬁﬂ’@%@@éﬁﬂdﬁﬁé"f@/ﬁ%ny suitable
duration, for exsintdlelessdhamd dsaeongsidess than 35 5 seconds, or less than 30 seconds. Water
injected into the secopd zone is preferahly, at a temperature approximating the zone temperature,
thereby preventing q§éﬁlcsﬁ?rl%eié & vs‘éeiqci}.{ 8 %e%ﬂ‘r%ﬁé?%eé’ﬁlésgp &R l%nac’ggéaée JOWREEEShYin the
extruder, as degiredintoiprisiteized onizenie fitrmednoonclinttodueghmoxewafddfetadihgion of the
polymer dgspe@j%og&{g‘lomtroduce agents or other components into the final composition. The
product of the screw extrusion process just described is a polymer dispersion that can be used for

many purposes, as deSEHIBETEIsEvRe iatmsi ke e veaadshiybcasstdeot thuepieseht invention

can be used taxReECE RyMadispe siansHRAk eX e elY: iRgRAHCR RidenWhichis-ganerally
considered de%i#gb%%. For example, the 15methods of the present invention can result in polymer

dispersions ha 3&%?1’1’%@&8%%31&g’fé‘é?fﬁ%‘ﬁ@(ﬁ‘?ﬁ&?oﬂg% asisicrBhe BrYEHietshs, and with
most particle digirvatéisthehwermd25 Ridubalimidesied Gompasitiena et theipiesanhsavention include

thermoplastic palymer ., .compositions that can conventionally. be formed info a weld and then formed
into a 20 isper_sl%%w }_ln evva%gr' or ghzg{ggfa[?d/uﬁ%%éaﬁ%lﬁe%n gyourﬁ%%fr)l‘g%cf} of igﬁ%i %ﬁs of the present
invention can éagrpshcRisctp colivenitiovbalithedusgldsticpoikersamdinviarieuscemiidiments, the

polymer compiisgs R:Patyvimdiacatal, sHahAsAeMnLortvral. or & Relvuiethang, Suikable

poly(vinyl acetal)s for the practice of the present invention can be 95obtained, for example and without
limitation, by réA&HEE BdRTAEA Sebhol) or a partially hydrolyzed polyvinyl ester with an aldehyde.

Other poly(vinyl acetal}swHush @&sdfiBeteachor: aauetsswd, vao g edi oo RIbesters with
foitualde?gde,‘%c%tr{lldeh}lqle (glreogrignal ehyde, aﬁ_d be za]d_eh%/de alsqQ may be used. Among the

poly(viny T BUTal e partict: S8 R %&I@YW&?IQS@WQ?%& are used in

acetal?s, &gﬁ/r(gvmy
accordance withegiédaNertiopresyedigsubibtantiatbydsstheirfcoapasition whiishinvanen s

embodiments,mg%(}ﬂ outyralis.may he used that have up.to 30% hydraxyl groups, by. weight,
calculated as poly vin{%lcoho]), Sp to 30% este% grgﬁpsﬂgyl%d\%éﬁ ,%Oeﬂ)(é% %9%43%%6p51§/\%yl ester, and

the balance sUBSCHIEENS WS Hichyaevaesimidsn vedisuprefemutimbedinpaiy (\dagingusptat] containing

more than 9% Ryaioiykanadrety weiahlh Brisaat PRIRANAARA0 XML FRLRS. GRlCUIRgd as
5po|y(vin¥b alca_peo\g can be é'escfd'

ater 15 ad
In various embodiments of the present invention, the weld inversion zone includes
one, two, or more subzones comprising one or more infermediate 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



According to further embodiments of the present invention, the poly(vinyl butyral) contains 10-20%
hydroxyl groups by weight, calculated as poly(vinyl alcohol), less than 5% acetate groups by weight,
calculated as poly(vinyl acetate), with the balance substantially butyraldehyde aceH. 10The polyvinyl
esters from which the poly(vinyl butyraps are made may have widely varying degrees of
polymerization as evidenced by the viscosities of solutions thereof For example, poly(vinyl acetate)s
that are used as a starting material in the sequential processes of hydrolysis and acetalization to
manufacture poly(vinyl butyral) may be used. Other polyvinyl esters may vary correspondingly. In

various 15emb¥thhaiG S RpRITERIIEEREHBI M &rPeSausH e TS e risF saRTTaRE0 AL Blbcess has a
weight averageumgieciipicnaighteérateas 40.0Re-DAlons 1B:praskisadins.wish degirable mechanical
Poetate groups may 18 WISITAAP BATRAT P2UEATY HOSP R GO ST S FHad e
20propionate, metrateo it postat amd: thiedike. Polymeric resins can be incorporated into polymer
dispersions in any suj it oduct having a percent solids.cong¢entration of, for
example, f?om 40% té@%ﬁ‘%@%@%%%ﬁ?%%%@ﬁ%@ gn%s{/]v%lré%(faﬁleo wel etﬁr%ggﬁg?yvﬁ Ef)wsolids"

being defined sReraBEss WERRHP OGNy Arerpisiisstiol 267 sUfalasat] et oI Pageh(3005The
proportion of theindividea cRmpanertsiitbiprihs.jaial selidsareiyefoaariiaksfone hundred parts

resin (phr). Varigus poly(vinyl butyral) resins are commercially available from Solutia, Incorporated
(St. Louis, MisSBtHPfimetst f shepresent IRy OpRI6dIcs s siabRa g et oR oh s8am thihifoplastic
polymer of the (B0 ereseist, mviiiestanbadsednigreiuhplagticuersdaeksph. butace not limited to,
triethyleng.glycal di-2-ethylhexanoate, butyl ricinoleate, castar ojl, dibutoxy ethyl phthalate, diethyl
phthalate?odiblj;ct?/ & aé“éﬁté’?&?o“ﬁ%& %ﬁl%gla 5‘,5 t[ﬁeat{t%/rpeaﬁlgeg‘f%o(i diR&¥8ate, trioctyl phosphate, Methyl

glycol ester of coconuflighdattynaeiakirehenlbetverss ohpbbyethy ek ofticensdlsinidddvatives, oil modified

sebacic alkyd gl iisiesy)phosRhaienandine. ke Mikeeeliass anloraiher plaslisizers may

also be employed. 5Plasticizers can be incorporated in any sui amount, ng sbme

embodiments iFTRRFERS Bhbe si%s: o pebanets dearingagistivitsinArrgaitos dxanplciapto 80 phr, up
to 50 plu, up tohgth BBasab HgihrsB6: prekrd GophhRIaSHcZAHI AL sitablesuriaciant may algo be

employed, for example, but not limited to, reaction products of strong bases and soap forming organic
acids in gesnerﬁ)lfagg‘g’iﬁ%lﬁb%%&t%‘%ﬁﬁ@ﬁlgd‘(’:ﬁ Hirec0e Lot s reF IR baldf oo dium
hydroxide or potagsiamthy Gexide; annaniunehydoxide:apigLatarredy-T0moniy i daseshior
example, triphenyl methyl iwm hydroxide, tetraethyl ammonium hydroxide, and the like,
triethanolamine. m%lggh%éi r%g%l%qug ﬁﬁ}é\,{er%én e aﬁ%ﬁ%ﬁ%%ﬁ oﬁrléjeiﬁr% ic 5%1?851%%% SRC BRI 8Bic acid,
ricinoleic acid, pimitiecaiitsd| s therasighlt seladhE semprenentSul fonic teideabibticsaitiahdsthe like, as
well as, generaliyn alkyl ar adkalisnesal

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



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% 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 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(vinyl acctab FEERTaNgsHpfasfEmeplst 2Ny 1970 S prelct whithiard&yakyl sulfonates,

tertiary aminesyraggheihylene oxmedaty agideéandensaiesditionASUERGBRHC R badngrIporated in

any suitable amount, including, for example, 0.5 to.30 phi, 0.5 to 20 phr, or 0.5 to 10 phr, depending on
the surfactant%ﬁo?:’Vo%%rut?\“3 ﬁt’?ﬁ’é‘?‘iﬁo

rfatty Al B RS R BeBfsRan e SEEB P 30Water can
be incorporatestattthedpedimmingsoftthie droetss, fmd:paiaploliniroductiordntddhestindhzane in a

relatively small gmoynt that i g%%ﬁg fog)ogi ter in resin or water in ail co ition. In various
embodiments, the amount olf&ﬁl{jig water for WG%%%I’T%:?{?&H %{E% vev%)éque%%ea%ﬁarﬁﬁg%%gﬁg fﬁ% solids
weight. In the $EEBR@HBRPPIgERaERRID ABhVaTepdeinteotherely tordmetbeinverdion o tipolymer
dispersion, watggis introduced in an amount at least sufficient to allow the inversion to occur. SFurther

water can, of course be added at that point. Fipally, any further amount of water, as desired, can be

added prior to final eXxtIERBRIBedifiedhaddrAeBtireein dr ivserdRisRUTssHES: LoRRYdsient of, for

example, from GaY%e:Satmentitdnn 103 ARYmbvateHScmhadmants they i nwewaies ey inversion
is used SQ S t&gg}inirneizee% e ?n%gycrerguiremtenttpetg‘ufit mass of weld and minimum dispersion
particle diametoro Bt A8 2 SRS BAASS IS IR KBRS HS subsequent zone or outside of
the extruder. In variodbepnibbaimétits sagueousisispersions)iraviesariialitis spnbentratianificihe ranges

given above. Inerius STBUMERIS, @ InaL sRIGS. SORSEUAIRD. LG Ioper.end ot the range - or

example about 40% - is preferred to'maximize shipping economy. Further dilution can generally be

performed at tHERBFRESK ApoieatiBhifeneop sAmbe sstie pardiens. polydthdiseryeints bindradditives can

optionally be inglidadiptiany.siiiRtie staarpiiacessng. 1nelding byt RotiMied 9. fillers, modifying
agents, s}grches, I%ys, r%tural gums, synthetic thickeners, and the like. Devices and methods of the
present inventi%ﬁtg? Vi SRS SR RESR oD S M RGBSy EiPerit GRENE AeH proédss methods
and devices. Tierpresehtinkantiomations foF thiereantinsous.ang, relatvelnesrsmeall rapid production
of a polymer dic%%@tia Qbélvt“tle%regﬁgario(g ar gln%}ggds could require two or more hours of high energy
mixing to provoke inversion o a'weladl, the presen‘?'invention provides devices and methods that allow
the inversion to occuf-#AtRIEMMNdtethessby isignificantyuddbenygssbotmpraduction time and

energy requireagissido e Laslianesr-al NG WERINM A RAISENERd Bihg srgmples, is the
desirably small and narrow distribution of particle
2 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



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. The
present invention includes methods of producing a polymer dispersion, comprising using any of the
devices of the present invention to form a polymer dispersion. The present invention also includes
films and other coatings and applications of 5 polymer dispersions produced by the methods of the

present inventiiyarvfeSdevisssopisqyrsdunt ek salsuisaproly imd Rlesfp 2RI Br38kn screw

extruder with aspechbae Bf W4bhis aetdiRde LGRovide awelddeimatiomzong,ansanyeld inversion
zone. The weld fluill g[%?'ﬁffone i c#énfigured to, accept polymer resin, plasticizer, surfactant, and a
portion of the fr%ﬁﬁ? SR TR N SRR SR b R K SN GO M P R &8P TR EEHon ports.

The zone tempétdipdesxforetoepnhn seighv, extrusienaretiin 0:95Grokhegnaisy, faldhjestian points is

preheated4o 6§%{Qiﬁ?§a§ C’J??_l'gQC %l{%v‘ﬁige% components are added to the extruder and passed through
the first zone i (f ss than about 10 seconds: 101.3 grams per minute But-vat" B-72 Resin. 51.0 grams

per minute castor oil, 2@:&F¢raris jgehen e oty afdhe susantantcf@ronthearm@oipyMiddlebury,
Connecticut), and20)4@rams ﬁﬁﬁmm&g@w@ _ &Qﬂ?&é&&@éﬁd@ﬁo@ﬁl‘vw%@qﬁo@ﬁﬁ total) of
we

water are introduced unger pressure at each water 20 injection point in the d inversion zone.
The weld is théffifHer QidHRAELEeRPR BN & e a R e Ia BT Aekr et enstrgathdhn balsstruder.
The resulting pebsmetidisparsienbasithedaliowing particle characteristics, as measured with a Horiba

LA-910 p%ticle size aﬁl%l z?r:i%SIP _rtljcl Diameter. in Microns for Particle Diameter in Microns for
Cumulativé Length Percent Cumufa ?v%%é?u@%é%@m‘%%“gb%mms are made may have
widely varying degrees of polymerization as evidenced by the viscosities of solutions
thereof. For example, poly(vinyl acetate)s that are used as a starting material in the
sequential processes of bydrolysis and acetalization to manufacture poly(viny] butyral)
may be used. Other polyvinyl esters may vary correspondingly. In various
15 embodiments, the resultant polymer used in the dispersion manufacture process has a
weight average molecular weight of at least 40,000 Daltons to produce films with
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



90% 10% 50% 90% 0.199 0.316 0.463 0.266 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
phthalate, diethyl phthalate, dibuty! sebacate, dibutyl phthalate, triethylene glycol
dihexoate, triocty] phosphate, triethyl glycol ester of coconut oil fatty acids, phenyl ethers
of polvethylene 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



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, 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
75C to 95C. The water for injection points is preheated to 65C to 75C. The following components
are added to the extruder, passed through the first zone 15in less 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 followingiso mpone otrsvarter auddd-sothsiextru derandipasdedithrotagihd henfivst 20iétinl less than

about 10 seconglge 1@} 3R ATTAIG BHYA B 29051708 Adramerper e gastor ofl 206
grams per minute Petronate L surfactant (CromEton 20Corp., Middlebury, Connecticut), and 20.4

grams per minGfEGn B additioonl Mgk oui pe i @ TS0 ok brwatbsrarathtroduced

under pressureat@ashincHeEIaGHOMRAIM AN NS WEILIBYSISION %ARC inversliBEQRMIENG polymer first
sample dispersion at lime point A has the foll Wi%g ﬁé?rtic_le characteristics, as measured with a Horiba
ficid o ot

LA-910 particle S RNAR, &0 BAGER RPN SRS b A I B AR ORI S hs for
Cumulative Lengtledercent Grimdigtivéoyrlims Barasioh 10%160%8Ment036rh %m0k i3
0.2860.422 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.



0.268 1.202 14.723 These results are shown graphically in Figures 3 (cumulativ_e 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
The present invention includes methods of producing a polymer dispersion,
comprising using any of the devices of the present invention to form a polymer
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



34.44 30.81 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 0.3f4r1dBparsing 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
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



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 points is preheated to 65C to 75C. The following components are added to the
extruder and passe_d thraughthe i@éﬂo%?@;%ﬂﬁit%ﬁ% tiga}@g%p&@ @c%ﬁ&ggg§ér§g9%§&r@ms per minute
Butvar(r) B-72 Resin, 205.6 grams/minute castor oll, 83.2 grains per minute Pctronate L surfactant
(Crompton Cof§UnVaHIspmesnnecticut), and 81.6 grams per minute initial water. 75.6 grams per

minute are added at thg:fskwaten iptesinnpgink Fihfaamnies Rinutiedieaddegat thg.second
water injection point, and 483.8 g‘t;%g%s er minute are added at the third water 15injection point (for

dilution aftr theAHRISH umbeh O MG RNG ey RER Bt I RS & ftiowing particle
characteristics Mrstinefisiarled RIS diklopibaNIAisHt0 pasfictersizesahalyzersuratticke Riametertin Microns
for Cumulative Length Percent Particle Diameter in.Microns for Cumulative Volume Percent 10% 50%
90% 10% 50% 0'5%%/%&5 agd accépts accordl%g to%ﬁe florhowmg tgbfle.

Tir_ne 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% 50% 90% 10% 50% 0%
0.186 0317 0.553 0.314 1.314 5.486

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

(cumulative volume).

Example 4

12



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 4_1.84
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 o
X 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 io 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
5  weld 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 70°C to 80°C. The water for injection
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
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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 within the 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 invention, 15where compatible, to foon an embodiment having defined values for
each of the componegis, as den herein hroudnout, Loy, sXamele; @ Rolymegesin can be formed
comprising residual hydroxy dontentn any St the ranges given in sddition 10 a y of the ranges given
for plasticizer, suttexérappsopratebtonidarstovsinyy feenausiction éntHee aaréhaitraricaprechegss BRthe present
invention ut t%@%ﬁ?&%@&%@ﬁ{é&{&?ﬂé’ Sl RRRARY QR LRfSIRRCS MDA dgivanaithin the

abstract or any claims are for illustrative purgoses only and should not be construed to limit the

claimed inventibh s emgf ShrcimamicenariapsbinmentenBRdifir dpsigeb IR L 48Rt drawn to
scale unless ofhefwise ddigRled: material RAGR tefaipncesineludinginunaartipspatents,
applications, and books, 25referred tg herein.is hereby incorporated.by reference in. its entirety.
Claims 1. A m@ﬁw‘i?&%%?&ﬁfcm"g“?fgo%g}%%ﬁte’rssigﬁrfﬁeé&g&? %i%eénggﬁ %ﬁtﬁgﬁts%ﬁr%%%tgéq Somprising:
feeding into a sereurtedidentadhacatepiasiicgoly the bessinpde plastivighited Sudacyang cahthiSwater,
wherein sajd thermoplastic resin is a paly(vimn ral) kesj Q }ﬂnlgt Xyﬁi%h; RAverage %@ular
weight o1ﬁ ?t Iea%‘t“?&%rbg) 'Iga tac?r{%f3 mvgr?[r%&iwgls%%xf%l@néﬁegn ,esa% sur actaﬁt, said(!g%sticizer, and
said water in atfiestpponéedvithimsaid screw extruder to form a weld; moving said weld to a second zone

within said screw extiudes; d0adding\aigriqisaid weldrimsaidRecontkzone. ard-fing, sereby

causing an inversion in said weld which results in the formation of said polymer dispersion in water. 2.
The method of EFARY TNRERLIR YA Kty RIKHRI BHEH S BF T S HRR 2830 Y e hrfthod of
claim 1, furthergQmprising:, MQYingGaiinRelymes tispersiothiowaieninparthite aohe iwtiiticaaid screw
extruder; and, adding water,to said polymer dispersiqn in sajd.third zpne and mixing. 4. The

tl %58}1 ade: ined vagles t% ggxez op

- cmbodiment navin T 2ach
method of tlaim’ T W 0@?8&%‘25;&% zone'Is maintained at a pressure of 5% 1 ascal to 4 x

105 Pascal andaempesatsgehuptolGd@ghout. 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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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 claim 1, wherein 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
Dispersions Abstract The present invention is directed to the use of continuous extrusion devices to
form high quality polymer dispersions. Screw extruder devices of the present invention inject water into
a zone ofaghspressure, temperature, and shear to cause the rapid 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.or more hours to complete an |nver5|on This raéald |nver5|on a surprising result

given theleStBIFIEH (PRBRNYERI G PROMIRFESRT BRI EEL LS8 RIS P HRES SRR production of

polymer fiegersions Fitpwisxtruder a thermoplastic polymer resin, a plasticizer, a surfactant, and
5  water, wherein said thermoplastic resin is a poly(vinyl butyral) resin having a weight average
molecutar weight of at least 40,000 Daltons;
mixing said polymer resin, said surfactant, said plasticizer, and said water in a first zone
within said screw extruder to form & weld;
mdving said weld to a second zone within said screw extruder:
10 adding water to said weld in said second zone and mixing, thereby causing an inversicn
in said weld which results in the formation of said polymer dispersion in water.

2. The method of claim 1, wherein szid screw extruder is a twin 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.
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