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METHODS AND DEVI CES FOR CONTI NUOUS PRODUCTI ON OF
POLYMERI C DI SPERSI ONS FI ELD OF ' THE | NVENTI ON 5The
present invention is in the field of polymer

di spersions, and, in particular, the present
invention is in the field of polyner dispersions that
can be applied to the surfaces of itens to provide a
physi cal barrier. In particular, dispersions produced
by th ARID bRSTCEE SR CORMATILER HAGDDETHIRC
in the Tormation o ns of for inpregnating and
coating fibrous naF@OlAMERKNDISEERIAONS be m xed with
i norgani c additives such as cal cium 10 carbonate or
nmetal oxides for form ng bather coatings that can be
used for paper andFuaqubUﬂHEDpVEﬂumns BACKGROUND
Pol yner di spersions, n be ner e SIO S
or pHIITEEISHEsHERT ﬂfdﬁéhel H?}we‘gdgs%&%?ﬂs > the

peQRY BREARA InthO R8I o %S@nfeﬁ ﬂlsﬁer%ﬁ*ﬁh&r déﬂ]ée Qﬁphed to the surfaces
appllcatlons i ncl udi ng, for exanp

ofptethée prcvf@ie auéwpv@alal:rﬂqu w%@#ﬁﬂnespea%orﬁaqr?éu%gkﬁhﬁ gpethods
fﬁﬁ ﬁ SO B infiRY fo?rﬂhﬁdﬁ'ﬁf@ﬂm@ b0fF ﬁﬁ;ﬁr@ﬁl&hﬁé‘&d

or ace econt am nat i on. One convent i onal
caating ﬁﬁrcm@ marioliuaidgn also damiistbwith foopdanistadditiyescsuch as calcium

r- |n | v 1:X] -pol L ClL.ZET,
R e T
pqmﬂﬁﬂnmmtﬁmn§uff|0|ent water is added to cause an
inversion to a plasticized pol ynerin-water enul sion
or abbreviated oil-in-water enmul sion (see, for

exanple, U S. Patent 2}§£@K254ﬁﬂqﬁhe oi | -i n-wat er

emul sion can then, for ex nple be i?@ﬁy a

sur f Belemerdisnersions. phish et PoRoly@erfaa rtpﬁg%wspensmﬂs
wWhB5H aqgasamlz@ry Rive Dht koA BREL 084 %hr 4 NRiclbANLHE appBbfions,

w || readily evaporate or "be absorbed into an

inglijdinge fir cRripleas 2 aglestiver €EWPTATH L PPANg s PRt MAtkings 25
S8y B oL YL i eSS (T amination

ver ulr e I nput of a signi ficant anount

of efee gynventivdal methhé formeedricingantehwlsipneof plastieipest nojansgy-in-
g
BRI BB ATER prr PRI YR s
then rhike! whilld srtﬁimmtxwatﬂj isadelpd torwunedanr iegerbitss to aplasticized polymer-

PR SPURR) EOEPaPA BT IRT Rl ari iy o o SRty s Fhien

21483264 Mhe iofl- xﬁ-ﬁvdtéi\eﬁﬁﬁduﬁfbahﬂhe&i@fcﬁr lexiniple| e splaged o1ca aefhce for

oly Finally ter_is. ad ed b K, with m
W TRl oR s 3?5&%%@?%‘@? fopmine 3 SHfopER P A sy water
Wil Akl e e‘za?grafeo&rmmdrmmfo% afajacaﬁ %Rhfs @é&leﬁtré%:dltm ina

oi |l -in-water enulsion (see, for exq&g U. S. Patent
contgmouiaver of pefymenen hsdutiass Thisiasthare hgwe iy Teqiigh ths input of
agfgnﬁﬂﬁﬁ%oug cgleé'nefggfnéiﬁrﬁd‘tﬂé}% lﬂreyﬁl‘%%érﬁt @ﬁg%l? feavy duty
produci ng pol yner "di spersions’include 5 using an
e@h@mmﬂaryl al kali nmetal sulfonate agent and only a
si ngl _SXanmk .
2, 611&%_}%1%0%& kz&g\,\}é}ﬁ%% afﬁg{en(gg&a Sl %ﬁt!}éé | nve srlgeg%}e}lmﬁss water in
threanimahmimnglstw, tahhidhi regudlts impplasizizet @elymr~zrewat(es @J,fﬁélmt water is

exa nt.3 61). Vari ous
RS coporisd TH ERE R optrs e Rl B i in-oi

ph@ﬁﬁzd@l@ﬁﬂym@p Oirdaid, waiercik Béted Gatie whibdsixingaihd being Ce@iliing in a

extruders to m x polyneric conpounds 10 | acki ng wat er

(see, for exanple, WO00/71608, U.S. Patent 6,512, 024,

and W00/ 71609) and screM/extruders that m x

pol yol - based conpounds (see, 1for exanple, U.S. Patent

6, 613, 827 and W02128937). Convent i onal

met hods, however, are tinme-consum ng and energy

i ntensive. What are needed in the art are nethods and

devi ces for rapid and econoni cal production of
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15 pol yner di spersions. SUMVARY OF THE | NVENTI ON

The present invention is directed to the use of

conti nuous extrusion devices to formhigh quality

pol ymer di spersions. Screw extruder devices of the
present invention 20 inject water into a zone of high
pressure, tenperature, and shear to cause the rapid
inversion of a weld in less than, for exanple one

m nut e, I ch, conpares ver favorably
eSHEhPR %Olbalﬁgfff %‘?Etpﬁé&e){']%ﬁa@ﬁ%% W@t@df%lrm-water
el (Scc, f0MRxQhpIEDU 8. PALIKLD, 330, 209)TPTRE Be@Bd LY %lﬁiv‘éﬁr low
Thi s rg idinversion - a surpr|S|ng result given the
“I9me i nversion requires in batch processes -
al | 0Wihdr @bnveBfo -
25di sper si I}) ns. Iﬁﬂ? EE%%EC()R@ST{?’%B&%E ?ﬂ%m%f’gﬁ:{éons include
upiog e alky! aryl adkagrmpinl sifoudtegecat ok anlict single Zwversion (see, for
di iyt r.
s 22 A PP oY BB nS L ShiAD bl crgbifabn i
ligdst grmerpladtisipa(sicofor e&ﬁﬁplgllﬂ 8. Buiérs 323476Pph showi ng a
part ) t | uti.on r. di spersi.on
gu Ir‘fgil‘lﬁu : déd%eg ngerﬂgo Hléxm%an cogg;ro%x%ﬁ% pglyl?snp materials have
bdﬂrrsﬂ.epwrtﬂdt mohudﬁlgﬂnﬁhmltb&frﬁs‘e respeditiden to mint ﬁtuylﬁerir-‘c doSnpdunds

R el B e aPbiio@1 65, £5 Vot Darih w wooor1609)

apdisdrée benfleahal insik rhﬂogﬁl-b%d t&hp (ﬁmtﬂQ tslbfé"?&r QL SPR! 810 Patent
raph show ng a particle size
Géﬁggﬁfﬁﬁt#’ 2@%?'§ pol ynmer dispersion. Figure 8 is a
gr aplosRanby n t s
polyngr dlsperspgﬁglg&%g¥ﬁhfggg %%EPH#%@#F%#%?ﬁ%mEHE What

apsrnesdadtin the\asiare Bigthiods and deytcesifor capitbanidomsnamidaleedvotion of
pggﬁkmgéﬁﬁg&ﬁptly produce pol yner dlsper5|ons in a

conti ndous process. As used herein, " pol yner

emul sion" 10 refers to a pol yner that has been

pl asticized with j 3 tor 0|I and
t hen enulsifiedi%?%gﬂé§¥E§gnﬁégﬁ ulé polyner
susp§ESWBmﬁnhm&mﬂun1$dmamﬂnbwﬁﬁmeoﬂhmﬁhmhﬁ%xﬂ@ﬁmh&ﬁﬁmsu>
| asticized with an oil hat has_ been di spersed in
BB SRl EPhdn S0 R e SRS S 1 i
gt valeo iso aBchepdhjgiBireS Uit PRABLRATe, aheMEER Bhselthrapid
reseni |nﬁ§nalon |n?Iude screw extruders that are
l‘%ﬁ’ﬁ%ﬁ’ﬁl" a 15 Io5ts Seftne TR Gxamle -S5P MOPFEF-aYRich eomparetvarsefavorably
with @6:154h BonaBBAlcIS HeAbAS, %&I%h%le 13k ét 19w Bl xgﬁfeeﬂoﬁﬁs o

such as . single screM/and mul tiple screw extruders
CHRRIFlE 2R Bty etsHo diempisl iInversion na sv@pemg rasult given ihs eweaded time
inl¥s € ?Yﬂm

canmﬁgaﬁgg%?$%&c§ﬁ§§3%%e n£a%3$% ??ﬁmsnﬁmFF?sgpobnmﬂ

@S- of pernutations to achi eve many deS|red
ef fects. 20Screw extruders of the present invention
are configured, in various enbodi nents,
BRIEF DESCRIPTION OF THE FIGURES

Figure 1 is a graph showing a 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 particle size distribution for a polymer dispersion.
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to allow for the introduction of several separate
conponents that are mxed in a first zone. In various
enbodi ments, thernoplastic polynmer resin, surfactant,
and initial water are introduced into the screw
extruder and are mxed in a first zone. In various
enbodi nents, plasticizer is also added. In yet
further enbodi nents, other agents and 25 conponents

can he added prior to mxing i.n {he fast_zone. i ]
As u_E’e%amnglﬁ GiEFRPEShoY e S P ige ATEREGn e # Pplymgr dispersion.
sect Fiyare ishheaghenekihg@fpatdige 6% diveBhtdIRE 2 F§lymer dispersion.
configured to performa discrete function. Inthe )
caseFirre his argrandyshowing 4 nasticlygige disibution fge a polyeer digpersion.
ISt 0iohROY RUPMPH BbHireDDabGIt Hee FWEDHACS iymer dispersion.
plast%cizer i I%hclué%ﬂﬁjand iﬁ?tial mé?gﬁapgy?%$%$%ﬁaon
wel d. A zone can have one or nore subzones, for

exanple, in 30 which a portion of the function of the

zone is performed. For exanple, the first zone can
have two or nore suBEOAESED MREGCRIBTENE or nore of the

oo PRGP el RN Rl e Fapy Podthosh R plpiepgy produce

pblyench dipﬁxgﬁ'@iﬁiu? GhSRBuS jém@?f A\e@tsfihdrﬁg,pflpmweﬁ @fmulsion”
ter-in-oil plasticized polyner formped fromthe |

g R R BT RESHS PRI P WG 28 Ol SHEFRS Castor oil, and then

cfQERASA WateE AN s b&dluaiahg@u?sgmeamp&mm%f&ﬂ%a B R ¥which

sui tabl e, conventional nethod. For exanple, SOFId

bl Prom Rlassigierd 3ih g8yl riBat has dpasdisnersotin Watgr. | Bripmerhe
AR aSchilt Butl poRnRP Ly B AKLAL ol lnponsions. .\ ¢ e
or i Rpdewsed thamresenhiaventiondn@nde screw sxtaideraltiay atespabéedot

: RS h 0. 10j nt roduce
ARSI 08, TP g0
niateirialsaguchas gngle Strewemi mufipt sireng erhident Sn pasferred embodiments,

iopal | e .i ntrooduced, for, exanple si ng. gravi t
aé ee %3% Thder 1f)lrj'see"g"s Sf“@n SCFRY © F‘é‘gf’fﬁ F3EH T‘[I(“%Tf'?f £ Qﬁt”%(d can be
raddy Covifigued ina bvirtualip Yinhitess autbaed pasnafionsw shibe any
dlg%gch.as a single feed. As will be described in nore
PECS T8I ow, water injection points located in the

15 welrewicRi&iesd Sthe ﬁ:@@m@ﬁﬁzeﬂﬁ&f R 3 A uf@Nh GHF&E R R diments,
pressure, and, specifically, at

%ﬁ'egé water at hig 'y,
t iﬂw 5 edotrpdgaden dhrigyrereliferdsnie sompencats theierempred img Grst zone.
I fols EAIBOANRERE, thSmidBlalt pdt-REt 8N, sﬁﬁ'a&?&?%{aﬁ%igﬁg?mer are

"addi ng water" i ncl udes any” conventi ona

intefpesd wetp My sresveexuderoand astomisgd dxe fireti @pne. dmolatiqus

' |5 wagd . ns ipjiectin
i T,
compraepts s by aided paonihinghing(n tedirtepee. | s added.

In vagi | eRn f th resent invention,. t
w25 ORI GH of QLSS & Rodop £F s giban o1 1Fe
exubizothess canfjpuiel tn geroren Ddiscretedundiis) etk ade ofMHed rst zone just

i nj.ectj,o ints ese._ il nterped ate ter |njection
R bR S Sl e BESLal e, Mol el AL SCLLO0 e
aniihitiaptvirier totforok BRI | 2 RondMah BBvPsRdr deSe EzoResNRF Bxample, in
gggo%gneou s%ﬂg finer dispersion of 25 water
MGG f%‘mm% i ol thekpat & RSFOpBYd tFor prasapleythe fisshepne can

tenperatures for these internediate water injection
subzones can be, for exanple, the sane as for

el sewhere wthin the weld inversion zone. In
vari ous enbodi nents, a segnented, co-rotating,
closely internmeshed and sel f3w ping twin screw
extruder is used for the process of the present
invention. In various 30 enbodi nents, two and three
| obe designs are used. A 50 L/D ((screw

| engt h)/ (nom nal screw dianeter)) or |onger process
section, for exanple, can be used for preparation of
a weld and subsequent formation of a polyner
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In other enbodi nents, a single screw or
counter-rotating extruder is used with the nethods of
the present invention. 5In various enbodi nents, for
exanpl e, the first zone can operate preferably at | ow
tenperatures of up to 100C and pressures of 2 x 106
Pascal to 4 x 106 Pascal (300-600 pounds per square
inch). The use of tenperatures Iomer than 100C in

vari ous enbodi nen{s of the prese i nvention re
hayie twp oML %1% HHES OV RER PBTH OO é‘%ﬁ RPIPRPeTLE 478 i Snavor

et efieve i Eirt ekt s I n more compl ete and

efficient processin 10 tenperature, of

cour 4@ useddnreln 23 |1ﬁtha%pmogmq0v%dlmmn pfe¥RleY-in-polyrmer or
whleBBE5i1 bRIRES - AtheR RS i S theMed iy
ee?ﬁ%l y st §a%§5?%5rnnﬁﬁastlgkg%ry Hﬁﬁo op?iillmzegel
cmmmnngmand wel d formation. Also, typlcally a hlgher
tenpeg O i)(yne%tsc nbg Sltr%ﬁﬁgedfigtro Lﬁeo (|3 rrsby kl i le onven‘aonal
pl astictzer ressure 1 s Kept sufficien Iy ﬁ as
ntthoéu Ppr examply, scﬂi’damﬁmﬁalﬁ Suciieds ipolynef rdsinb birelse faﬂ i ﬁmrmtruder

n Ies i.n i,cizer . is use .
e ey W it Pt Bt el il P ravity fed o

infeRepdi ihdhadxthdder. Sﬁﬁ%sﬁ&mﬁﬁd%%n\%ggﬁfmlﬂﬂﬁsﬁmﬁ%n to
be set_ at, for exanple, an average 0. s4 or_hi gher

IRFHQ“‘Z?&%B‘P:W@T Gf anvg et andiea inebware Theyednia!
irloidntd @b oﬁﬁ&%ﬂy fBe ﬁﬁfﬁ)dﬁbéﬁﬂ B AP n&su%f orhditfed B Hhagd
to thorou |y nix the components” and formthe weld,
pregure xHrmﬂ astibigets swrﬁamnn gtial grateg nayee sAuisined gsvin espulsion
f: Q8 e weld in the first zone, the weld
K”Heg%%ﬁ |é§%%€ed to a second zone. The second zone
can Hevwallpadesntibadhe nidre éd:tali beley, wrtecaechen mm!n located in the

j tr n. truder. |n \Var
wEldh A PO DRI ey b R vl ot oSpumnene.
stiveificeity) at hpreﬁsurshgm’rdhzﬁﬁhepﬁsmeﬁ thé edneaiia Ftich thé tvhter is
conve g screw el ene [l ows for the
bdgginy “iy%‘i?ia SHelbereiE d 1%%%% 1&‘F desppy enepigrlmsbag of
inhredudiBpwatef Biko 4 Sirév0 SGidRE aN@ e prefeprel EABBAiMchtd] Jadding water”
i nversion, which will generally be a port throu h

GRS R WRIFR ©{0485 TP BRI Getoaker () et o G1y2oRf BieSSize into which
theRER U &ideh O exanpl e, at a pressure greater than the
pressure in the second zone. Injection pressures can
be, Tﬁldfrane%a%wlm@tmf the prsearveation, theavgd@inyerspg zone includes
I
O Sl Bors LpRRIIAE Ble Srindhe b BRARRSE B ity potots
Th%%ﬂﬂﬁﬁmﬂhﬁﬁ“@#Kﬁn%m@stﬂﬁaﬂqwébmmcghﬂmﬂnnhmgméﬁmkmuﬂoﬂm

v g RS Ao Y BRI 0 ARGl b e cppgion o
wstec@nglemmr t(sthﬁmmtsmnr];&nht a’resmﬁamdaémpamﬁ forftkdse

[ 80C t C or o 100C _an
it BB el b ion bR by (7 G Blbh s 11 Esewhere
Wﬁhmdhdwehim&mﬁmbﬁnﬁhosen for exanple, to allom1for

t he | ete i nversion_ possihb
Co é‘ﬁ‘f"és %%‘f?dﬁa“&?p RISFEm e, seaaling swéelr satelmﬁghed and seli-
wiplithdl th Screli ERGhdRR is Jsed £ )ﬁﬁﬁﬁl)@esk Sﬁﬁe bRatht tReREMO M Sarious

| ess than 35 5 seconds, | ess than 30 seconds.

enghadipents, g f’é'é] thrge ipbe H@Slé@(%ﬁ #sedore30 5/ Dhi(estay hizth)/ @ominal
schev BIARR TNV NIATY €e
t her eby&g}r) gf/g)rﬂl i Nng quenchi ng&{;%aégfé aﬁ]l%g%%%l%pamuon ofa
Furt her zones can be added downstreamin the
extruder, as desired, to provide a conveni ent nethod
to introduce nore water for 4ilution of the polynmner
di spersion, or to 10 introduce agents or other
conmponents into the final conposition. The product of
the screw extrusi on process just described is a
pol ynmer di spersion that can be used for many
pur poses, as descri bed el sewhere herein. The devices
and processes of the present invention can be used to
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Sui tabl e poly(vinyl acetal)s for the practice of the
present invention can be 25 obtained, for exanple and
without limtation, by reacting poly(vinyl alcohol)
or a partially hydrolyzed polyvinyl ester with an

al dehyde. O her poly(vinyl acetal)s, such as the
reacti on products of hydrolyzed pol y(vinyl ester)s

wi th fornmal dehyde, acetal dehyde, propional dehyde, and
benzal dehyde, al so :%M§e used. Anong the pol y(vinyl

vepkbang) sytseqyenl iqrmahgn ofpmpalymendispetsisar 4 savarxgudgsefany
s&'fh%iega%g&(? L‘a\ﬁ()\( &H&rﬂﬁﬁ%@r&/&&% ALE daed rg) an be used.
accor nce VVI the I nven may vary SU% tanti aﬁ

i n t reothercorhodsndnis) m singlessrew or couner-retdiog exeniesis used with the
but ra may be used that have up to 30%

é%&%%Q§ﬁ¥§F ‘ﬁggﬂklght cal cul ated as pol y(vinyl

al co hob@nouuanbdﬂjﬁgﬂf_s efbit eangl®) ﬂ&ﬁrﬁﬁom&t@fﬁperate preferably at low

cal cul ate Vi ester ng t he bal ang

(ORISR P lrnfy 5 1Bt ol Bewyirs ch sl Pask (94 0 Gascal (300-600
indhQ! Yhe/hsWf tddhibeyArddes m@nﬂ@h MOV IRRaBodshan

9@6hydroxy| groups by wei ght, but not nore than 25%

epppadignepts o ﬂ@lpﬁ%sentclave@@par%%@r iyt g iferpatign eﬁﬁ@an} within
of Fﬁgﬂgﬁgggﬁ?u?%ﬁﬁﬁ§fgﬁgbgﬁﬁkggﬁﬂi ﬁ%ﬁsgagyr
“@ﬁﬁﬁﬁﬁﬁgﬁkowﬁgqﬁhydnﬁﬂyha@ﬂnﬁp@eb¢0WBﬁght cal cul at ed

by i it R pheocoB B OB AR A AL AR

thdtmopia:ttar]mbmsam s oEtinizaizing am@/wau dempden. asib aipitdlFhehigher

Vi n ster,s from wh t he, pol.y(vinyl butyra .
o B LR TR Gy Rt e icient
hizhl spre kd ﬂ@ﬁﬂgﬁbr@?e@gi fdengesh (fﬂbublh%l MBS iIil eefnlés i;z which a
uti ons thereo or exampl e, paly(vinyl acetate)s
Pfﬁ%‘lé gizes pusgd cqmparatively lass yﬁ?@ﬂ%#@?ﬁi i§ Eeneral H%qmred at the same
QSR shea@mg%@@ﬁbeoia By gy @k Mhi8, aﬁ@de@g@@ HZ At} Qr The

to manufacture_poly(vinyl butyral) my be used. O
COBPSRAIRAFe feaeiaby H%Pd?d e gndeidrauel hsrfstrgrs/in th%mvamummnount
ot Bme rRRAEIRhSroutl f i€ 4 Joﬁ{eb ond MABEHEE QVC'IJI f&rrb‘?zample less

di spersi on manufacture procéss has a wei ght average
thep|46c . &7 3Qwscemds. of at | east 40, 000 Daltons to

DY OAUGE: folhdRonUriall: S8 i B e TBAD AU 68 e?lglelstxﬂo%gd toa

The ester groups In e pol y{ vi nyl
SePOnd IZ¢1¥> dbeseroed gmlmqas be ladglace{nh éledizﬂtzamee oga:an&pmnmyda%ce

it as%;lor rrag{{m(?eio pr op:u%‘%%?%&g 3?%?% Béﬁ(g QY 8 some

distatcd Bewbdnkthe first and seBaldyzvbe, for easiphswitieconveying screw elements,
orated int |y erS|ons in any suitable
w%@?’lg %%P‘f’ %ézﬁ{ﬁ’ pﬂr}g‘fﬂfg a percent solids
c oncE‘ﬁé seabidofdne has &sxnsqmﬂab@cﬂgrmr@%(mtm%]ﬁ@m&?
tg Gg/bsollds on_ a _wei ght per wei ght basis,

e PHer ISWSFedwirglatively high
pﬁ@iul‘é’f%p exRinpR! A1Gl ;ﬁ'@ﬁrsmre%&'éaftéi‘ GARANhe px@é%gme% BRrseBFRANYRe.

The proportion of the indivi component s W t

ﬁv%‘m@feaﬁurwan &, far @mgm@a 67rx yhﬁ’as:aber?: Briol K Pashabr 2.67 x

10 s&i (88 Ro(RREN: Th econty %x*qui::‘ o2l \étggs?/ o RULYY ﬁgl)x
resins are conmercia y avai e trom uti a,

lempetatperagheriessste. zono il whicMisswead iwjlj umhr@muave(rmc)m and then be

oy BRI abbd, W il cnlt B allnlo 38 008 Ehe i maippined

be used. Useful plasticizers include, but are not
limted to, Methylene glycol di-2-ethylLhexanoate,
butyl ricinoleate, castor oi4, dibutoxy ethyl
pht hal ate, diethyl phthal ate, dibutyl sebacate,

di butyl phthal ate, triethylene glycol dihexoate,
trioctyl phosphate, triethyl glycol ester of coconut
oil fatty acids, phenyl ethers
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of pol yet hyl ene oxide rosin derivatives, oil nodified
sebaci c al kyd resins, tricresyl phosphate, and the
like. Mxes of these and/or other plasticizers my
al so be enpl oyed. 5Pl asticizers can be incorporated
in any suitable anmount, including sone enbodinments in
whi ch no plasticizer is used, and these anounts
i nclude, for exanple, up to 80 phr, up to 50 phr, up
to 30 phi, or fromb5-80 or 10-40 phi plasticizer. Any
ASEPABIES i FPacrEmie: AR 81 ¥oCHR°Erip P%;fe‘af uprtg 1 00°C and
pRARRIGE 2 0P PRI gl 1PPallt. CEHIRLPEOMIGS fhexample, to
strong bases and soap formng organic acids in
akigsn for ghe metH dipidnco@pistediavarsion abssiblo f Conpdnchta sasbewithih ghe

[
Bl 10 B S AT SRR TN 38 S00nl o o 3
s@;mlisnonjmshhamiﬂ) sef:mtdse Yangligjected lrpdn’ényéconétzmel is preferably at a

TR T WEE SHRG G  eh e

weldke, made Mﬁth such organic aC|ds as stearic acid,
0|elﬁ r|C|noIe|c acid, palmtic acid, lauric
aci df “fal’i’ﬂé‘?f&fr‘ﬁ cHebrAadded deuniteam;e hy eraudesss desired gpipppvide a
c@ﬁ@m%ﬁ\:%éth&f—‘bo iAot InofSwatBeRe it o of RePbtyrit: Yilspersion, or to

al kali metal sulfonates. A surfactant that is a
e AIeREETS T Ghergempenentaintp te HiaslcoppysiBen.r eact ed i n-

Sit UThJ‘prB@lﬁ:t bf i berk ‘i‘ﬂ‘ﬁ%oﬁ Pﬁo@%iﬁs‘t’ ge%(:n&?i égﬁ g&%mgrodlspermon
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Fi nal inversion occurs at a solids content of, for
exanpl e, from 65% 95% or from 70% 90% In various
enbodi nents the mninumwatetr for inversion is used
SO as to minimze the energy requirenent per unit
mass of weld and m ni num di spersion particle
di aneters. Dilution 10 of the aqueous phase is
foll owed-up in a subsequent zone or outside of the
extruder. In
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vari ous enbodi nents, aqueous dispersions have a
solids concentration in the ranges given above. In
various enbodi ments, a final solids concentration on
the |l ower end of the range - for exanple about 40% -
is preferred to maxi m ze shi ppi ng econony. Further
dilution can generally be perfornmed at the point of
application of the pol yner 15di spersion. O her
agents and additives can optionally be included at

hawylpémﬁﬂ%myémswla@eumfbypmeles@ﬂqﬂ@te g@olydyiny aldghel.rptto 30%
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under pressure at each water 20 injection point in
the wel d inversion zone.
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The weld is then further dispersed by hand into about

80% water after discharge fromthe extruder.

The resul ting pol ynmer dispersion has the foll ow ng

particle characteristics, as neasured with a Hori ba

LA-910 particle size analyzer: 25 Particle D aneter

in Mcrons for Particle Dianeter in Mcrons for

Cumul ative Length Percent Curul ative Vol ume Percent

10% 50% 90% 10% 50% 90% 0. 199 0. 316 0. 463 0. 266 0.405
phth4iete, diethyl phitiiess alitved sebasatgr dbuiibpirbalatanehzens glyepl

€ Sriden BHAIBhAL, oi6in) P esiBSt Bodibl B bty R, pheny! etbers
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.

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 dr 10-40 phr plasticizer.

Any suitable surfactant may also be employed, for example, but not limited to,
reaction products of strong bases and soap forming organic acids in general, sodium
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 methyl 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
sulfonic acid, abietic acid, and the like, as well as, generally, alkyl aryl 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% linoleic acid, 6% palmitoleic acid, 3% myristoleic acid, 1% linolenic
acid, and 9% C14-C17 saturated carboxylic acids,

In various embodiments, the acid portion is an organic acid having an aliphaiic
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 acetal) resin and
plasticizer, if any, typical examples of which are aryl alkyl sulfonates, 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.

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



10

15

20

25

30

After dispersing by hand, the polyner dispersion is

si eved through a Nunber 80 sieve with an opening of

180 microns, and a Mettler Tol edo HR 73 Hal ogen

Mbi sture Analyzer is used to neasure the solids

contents of rejects and accepts according to the
follow ng table: 5 Wt Wi ght (weight percent) Solids
Content (wei ght percent) Accepts Rejects Accepts

Rejects 98.64 1.36 2.53 Not Measured Exanple 2
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ap destredicar be addgd eripptoal extrusion to dilyty gherd3gnepvgmy g inal inversion
oEAIPRANERTiS Hnkntdd s e&%nbf@eﬁ%t%‘%j%% oPASHEA4-06RU tvarious

the first zone 15°in | ess than about 10 seconds,
embpdightstthremepumdvatenier naergionhevsed ke avidaainamizathe energy

oS SRAE0 B SRRl il bR SRRk okt ey, picin

of thetahjeeodx p]uasel erfolodedap ’seajsuﬂseqmagizohher duitsidd ofztben extiuder. In

| ess t ggt 10 s conds oer #ﬁ
VB sppP g osayeans GSEEs o Soilhs 2Rl Hisprenees
g?leh abafd, 611 YAress eﬁ@bdﬁﬁdgfﬁ; g gﬁatsbnmtoacdmﬁdsﬁ actha mwer end of

Cronpt rp., ebury,. Connecticut), and -
aﬁéﬂ?o f*@ﬂfﬁ TS PrAPITSHP Spaximize ﬁnlmes SQROTY.
Pﬂftﬂé'fﬁhlﬁﬁén &Hneh&aliyl BOpQrdsalealad the Eoﬂ&@&iee{ppﬁéa%on of the polymer
i ntroduced under pressure at each water injection
FH1O% n the wel d i nversion zone. The

" €S Uk o AR RIS LanS BTy HoSRA AP ard sl bATE stoge of

poi nt A has the foll ow ng par ' e characteéristics,
Prosesfsts clding b ngt ligited o, ﬁllexg,lmocbmg agestssstarehes, clays, natural

gﬂ]@@,l s}(fﬁﬁgmc thickeners, and the like.

Devices and methods of the present invention provide several significant

advantages over conventional batch 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 significanily reducing
both production time and energy requirements. A further advantage of the invention, as
1s 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
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.
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25 Particle D anmeter in Mcrons for Particle D aneter
in Mcrons for Cunul ative Length Percent Cturm ative
Vol ume Percent 10% 50% 90% 10% 50% 90% 0. 183 0. 286
0.422 0.268 1.202 14.723 These results are
shown graphically in Figures 3 (cunulative | ength)
and 4 (cunul ative volune). The polyner di spersion
sanples fromtinme points A and B (initial and after
nore 5 tine) are sieved through a Nunber 80 sieve

wi t hThgpressahinyentism m@@dqwmﬂmg of modurang\@mlb@pr dlrme@dm,

ME%I?S%(%&H%%E t[}/% S&el(l,[ xtégé’nt eﬁi:f’o%qog
ntents 0 rejects and accepts ac |ng
dispersibe f ol | owi ng t abl e: T| me

The present invention also includes films and other coatings and applications of
polymer dispersions produced by the methods of the present invention and/or devices of

the present invention.

Example 1

A Berstorff ZE-25A twin screw extruder with aspect ratio of 1.45 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 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 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
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:

Particle Diameter in Microns for Particle Diameter m Microns for
Cumulative Length Percent Cumulative Volume Percent
10% 50% 90% 10% 50% 90%
0.199 0316 0.463 0.266 0.405 1.461

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

(cumulative volume).

10
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Poi nt Wet Wei ght (weight percent) Solids Content
(wei ght percent) Accepts Rejects Accepts Rejects A
87.32 12.68 11.85 Not Measured B 90.98 9.02 34.44
30.81 10A sieved sanple of tinme point B is hand
poured into a steel dish, which is placed in a |evel
position. After evaporation of the water, the cast
filmfornmed is exam ned and determ ned to be of a
qual ity approximating that of filnms fornmed from

conmdfigr disnersing/yi haag) the Belymet dippssion 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:
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
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.

The following components are added to the extruder, passed through the first zone
in less than about 10 seconds, through the second zone, and then extruded as a dispersed
polymer, which is sampled at two time poinis (A and B):

The following components are added to the extruder and passed through the first
zone n 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 1. surfactant (Crompton
Corp., Middlebury, Connecticut), and 20.4 grams per minute initial water. A further 94.5
grams per minute (189.0 total) of water are infroduced under pressure at each water
injection point in the weld inversion zone.

The resulting polymer first sample dispersion at time point A has 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% S0% 10% 30% 90%
0.183 0286 0.422 0.268 1.202 14.723

11
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avai | abl e pol y(vi nyl
Sol uti a,

Particle D aneter

sho
and

Conmercial l'y

butyral) dispersion RS-261 from

I ncorporated is anal yzed and is determ ned
to have the followi ng particle characteristics, as
measured with a Horiba LA-910 particle size anal yzer:
Particle Dianmeter in
M crons for Curul ative Length Percent Cunul ative

Vol ume Percent 10% 50% 90% 10% 50% 90% 0. 186 0317
0.553 0.314 1.314 5.486 20

L3R CaL L

cumul ati1 ve v

{cumulative volume).

in Mcrons for

These results are

DRI S Fids 0BG 18R 4

The polymer dispersion samples from time points A and B (initial and after more

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 Wet Weight (weight percent) Solids Content (weight percent)
Point Accepis Rejects Accepts Rejects
A 87.32 12.68 11.85 Not Measured
B 90.98 9.02 34.44 30.81

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.

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 Cumnlative Volume Percent
10% 50% 90% 10% 50% 90%
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).

Exampie 4

12
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A Berstorff ZE-40A twin screw extruder with aspect
ratio of 1.46, which is a larger extruder than the
ZE- 25A used in Exanples 1 and 2, is set up to provide
a weld formation zone and a weld inversion zone. The
wel d formation zone is configured to accept polyner
resin, plasticizer, surfactant, and a portion of the
final water weight The 5 weld inversion zone is
conf| i njection ports.
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The resulting polymer dispersion has the following particle characteristics, as
measured with a Horiba LA-910 particle size analyzer:

Particle Diameter in Microns for Particle Diameter in Microns for
Cumuiative Length Percent Cumulative Volume Percent
10% 50% 90% 10% 50% 90%
0.218 0.361 0.570 0.321 0.592 3.173

These results are shown graphically in Figures 7 (cumuiative 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:

Wet Weight (weight percent) Solids Content (weight percent)
Accepis Rejects Accepts Rejects
98.93 1.07 41.84 Not Measured
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0.592 3.173 20These results are shown graphically in
Figures 7 (cunul ative length) and 8 (cunul ative

vol une). The pol yner dispersion is sieved

t hrough a Nunmber 80 sieve with an openi ng of 180

m crons, and a Mettler Toledo HR 73 Hal ogen Mi sture
Anal yzer is used to neasure the solids contents of
rejects and accepts according to the follow ng tabl e:
25 Wet Weight (weight percent) Solids Content (weight
percent) Accepts Rejects Accepts Rejects 98.93 1.07
41. 84 Not Men sured Wil e the invention has

been_described with ref ence, tao exenpl ar

o rrb ol P e 4Evep o 9 e STFFR BT PR BT RO ST | e
erhbbdiE @it witiRtunialikiosld By R ﬂﬁﬁed‘ﬁﬁh@arb&aﬂ%ﬁuﬁﬂdnges may

equi val ents may be substituted for el ene ts t he

bennadend edeialents mpyiheshbiinged fog slemsnts dhegeq W@iﬁ?‘i {?ﬂam}l% from
waddi E'oiafbg RO ddagRh R9Sy ABYifBAiHE Ry be nadaRs adpt a

particu situation or material to the teachlngs 0
parhenlirmsiteationem meterfad gt the @@ahmgsngf the igriertties vadBtfiepaiing from

t h , n -
tl'ﬁe ﬁ:g%ﬁ?al 80eorp% ?!fer%e [Lhst ? 11{ ?ﬁat??%gﬁvetngéﬁ $tR limited to
thepanduireathsodinsts dmehbsaha.sﬁhl@bdsewbdmmnﬂﬁm@fﬁp camrydpg out this

L e e
tHehBp&aedeatis. t he appended clalns.

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,
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 hydroxy! content in any of the ranges given in addition to any of the
ranges given for plasﬁcizef, where appropriate, to form many permutations that are
within the scope of the present invention but that would be cumbersome to list.

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, inchuding journal articies, patents, applications, and books,

referred to herein is hereby incorporated by reference in its entirety.
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It wll further be understood that any of the ranges,
val ues, or characteristics given for any single
conmponent of the present invention can be used

i nterchangeably wi th any ranges, val ues, or
characteristics given for any of the other conponents
of the invention, 15 where conpatible, to form an
enbodi ment havi ng defined values for each of the

0 nents, as given herein throughout. For exanple

a pol'ymer resin can be fornmed conprising residua

hydr oxyl content in any of the ranges given in
addition_to . of the ranges. gi.ven for plasticizer,
1At SR 2 PO I APraINg BRI CORIRSHS: t hat o e
Wi t higddinh ents 6 QBRwkirhdie aﬁﬁ@ﬁﬁgtasﬁmﬁﬁére&kg W lsudfadnt, and
woul d be cunbersone to list. 20Any figure reference
YAl¥Rbers given within the abstract or any clainms are
for iilibs i @pdiVRePHEROSRSsRRLUnA RS ShPWAE iRAtr880one within
construed to limt the clained invention to any one
s PP gk tavdes b me¥rld:shown in any figure. Figures

are - qr. SC { i . ndi_cat ed.
EachR@g?gF%ﬁggﬁ@Fﬁ%%b%P%%h?%@?ﬁggﬁgréﬁc}%@&&batents,
app! adsmg watsy tozad vdd kssaidEcoef zne edd tmixide thetdby icsusing an

DRl SRRl SRR I bty i K

di spersion in water conprising: feeding into a screw
extruder a_ther astic polynmer resin, a surfactant,
2ahbe Belhedaf Fﬂlm Tg{l@fﬁf‘)@@ﬁdc@é’u diryhie Prip 2P exEudcy

surfactant, and said water in a first zone within
.said screw extruder to forma weld;, noving said weld
3t dhamethod of clagm &, \ihareip said polymes resip @rinrisesaoly (e hwgral).
water to said weld in said second zone and m Xxi ng,
thereby causing an 10 inversion in said weld which
4y Ebgmethofl of elgbm f owhexeih orid eblyveir desprotoymeisesgiotpertisinen
in water 2. The nethod of claim1, wherein said screw
extruder is a twn screw extruder. 3. The nethod of
5.cThe method whelpan h, whedrein paibl Yerslingr ie®i asceonguida durther includes a
;éﬁgyinyl butyral). 4. The nmethod of claim 1,
pl%% . . . .
erei’n said polymer resin conprises polyurethane.
5. The nethod of claiml1, wherein said feeding into a

serew extruder further includes a plasticizer. 6.
61 éﬁ%&ﬂ%aygﬁmﬁﬁa%ﬁgffopﬁpﬁﬂ%T conpri si ng: _
NoVi ingvig@ s&ld POlyEe HisférSIBE b wardr dofh thidd Sénetythdn ol cbew
zone wWithin said screw extruder; and, adding water to
SXUAOE: Bt PAEPS Y55 & SHOPPIYReRPRSTHipH 1ol dhied Zomeg and mixing.
m xi ng.

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

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

8. A method for producing a polymer dispersion in water, comprising:
feeding into a screw extruder a poly(vinyl butyral) resin, a surfactant, and water;
mixing said polymer resin, said surfactant, said plasticizer, and said water in a

first zone within said screw extruder to form a weld;
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25 7. The nmethod of claim1, wherein said second zone
is maintained at a pressure of 2 x 106 Pascal to 4 x
106 Pascal and a tenperature of up to 100C. 8. A

nmet hod for producing a polyner dispersion in water,
conpri si ng: feeding into a screw extruder a
poly(vinyl butyral) resin, a surfactant, and water;
30m xi ng said polyner resin, said surfactant, said
plasticjzer, said water in a fjrst zone within
sai d@%ﬁl@ﬂ%‘lﬂ@&%ﬁ@#@%&%ﬁ@ Scr%wwé Tsai d wel d
10 a,8BrONGZH @.ﬁld\%élclﬂ iﬂbaﬁ?&e@oﬁﬁoﬁ&%ﬂ%ﬁﬁ@gﬁ thereby causing an
addi ng water to said weld in said second zone and

inexsignyn spid avedbyhich wuh@mdhe forpaiia ¢yaidpolyages digaergion in water.
which results in the formati on of said pol yner

di spersion in water. 5 9. The nethod of claimS8,

Swiide sisthodaif diage Bewhaxinsaderremsextrudasiina von eqreeekirudier .

10. The nmethod of claim8, further conprising:

novi ng sai d polyner dispersion in water to a third
lﬁoﬁhemwﬂhﬁmf&amﬂSs@mhmnmm@naﬂgr and, adding mater to

said mer, erS|on in sa zone. an
AR poly R pERinnan Bl g e A0S g s
eﬁ@mchna,caaamwﬁaw bl pEmat dispdR6ies BkaRl Bfrd Zong ahl Ghixing.
Pascal to 4 x 106 Pascal and a tenperature of up to
100C. 12. A nethod for producing a pol ymer
191 SREhRtHIA of Bal@k e&Krheréiﬁ RRBIs8doRE zodels BRadEed A Prddsure of 2 x
screw extruder a pol y(vinyl butyral) resin, a
19UPsadttafe, 10aPgscalomi itonaperatgrediwatie 00°C. m Xi ng
said polymer resin, said surfactant, said
pl astici zer, and said water in a first zone within
1@aﬁdﬂ§bﬂ@ﬁﬁexﬁnudgappbnﬁmdhpaﬁMBhﬁwmnnvbmgﬁSEgd wel d
to ags nd. zone wi thin sai t ruder erein
said fefgmge%g AdZ gneé( ermaP O f‘%i‘\év“f% 5651611’ %é‘%fé \r/\g G | p
plasiidzet, &dGvdRascal and a tenperature of up to 180C,
addi ng .water to said weld ip sajd.second zone and .
o R S BOIEaiTSion G Rk D R 255 A0 A gt in &
firklizohe wilsid ls4i8 sérewteh@uded ko Ririnerwad; sai d p ol y rre r
di spersion jn water; an 25nDV|ng sai

di s pElo¥E e Feld ok Sependopg W@mz%f@e%w“t ‘Fﬁtfh‘d%faf"’&e@@rséw

s€6hl USRS is nARLinROM 1 PesWaE 8F up R S2H6F QLY BRS a temperature of up to
dispersion in said third zone and m xing. 13. The

iod of claim 12, wherein said screw extruder is a
EW N SEAEWaBX{o sHidheld in said second zone and mixing, thereby causing an

mversion in said weld which results in the formation of said polymer dispersion in water;

and,
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.

13. The method of claim 12, wherein said screw extruder is a twin screw extruder.

14. A polymer dispersion in water made by the method comprising:

16
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30 14. A polyner dispersion in water nmade by the

nmet hod conprising: feeding into a screw extruder a

t her nopl astic polynmer resin, a surfactant, and water;
m xi ng said polyner resin, said surfactant, and said
water in a first zone within said screw extruder to
forma weld; 5noving said weld to a second zone

wi thin said screw extruder; addi ng water to
saldf |d.in said secqgnd one Xi ng, .thereby

caus G ATEEE BHORT %&5%6 RHVEF 1 & agispt, and
vige; formati on of said polyner di spersion in water

15. The poléner di spersion of claim 14, wherein said
scr eVRIERE P eplypsT ssmwsaid swfasiont orksaidigeler in alfgst Zphe within

Sggg&g@qubﬁg%g&bg%jggdclaln114 wherein said pol yner
resin conprises poly(Vvinyl butyral). 1517. The

pol ywmsgﬁev@qimwpom mnm‘mﬂn,m wﬁrbsceamemddr pol ymer

resi e The
(i spas SR REE R B SPLA Rona e e N capsipe an
IEreen mﬁmdmbéd which triwelts imnibé figtemtion @l safitpobyinged isp&@ion in water
19. The polynmer dispersion of claim14, further
conpri si ng: nmovi ng said pol yner dispersion in
1oaTae pbigmar dibpotdorz ONBaitd 14) Whefodl SiBwRreRNeHiEMS 8 bwin screw
Fﬁ? addi ng water to said polyner dispersion in said
4% zone and m xi ng. 25 20. The pol yner di spersion
of claim 14, wherein said second zone is naintained
at _a pressure of 2 x 106 Pascalto 4 x 106 Pascal and
1§ TBerpelymetfiepession of daym o wherzin saitpolyyodryresen comprises
palyeRR¥IPuBRa9f claim 14, wherein said second zone
conprises one or nore intermedi ate water injection
subzones. 30

17. The polymer dispersion of claim 14, wherein said polymer resin comprises

polvurethane.

18. The polymer dispersion of claim 14, wherein said feeding into a screw extruder

further includes a plasticizer.
19. The polymer dispersion of claim 14, 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.

20. The polymer dispersion of claim 14, wherein said second zone is maintained at a

pressure of 2 x 10° Pascal to 4 x 10° Pascal and a temperature of up to 100°C.

21. The polymer dispersion of claim 14, wherein said second zone comprises one or

more intermediate water injection subzones.
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