WO 97/ 10273

PCT/ USS67 12225 APPARATUS AND PROCESS FOR DI SPERSI NG | SOCYANATE
'TERM NATED POLYURETHANE PREPOLYMERS -5 Cross Reference to

Rel ated Application This applicationis a
Jcontinuation-in-part of Copending application Serial No.

:08/ 528936, fiwedwBem enber 15, 1995. Fi el d OpCigsstmasent i on
10 KPPARRYTRIARD Fifbeizss Kok lsPRRAGG 1o VARAREESS Tor

di spersing ~ Isocyanate-term nat yur et hane prepo rrers | n
wat er . BaTERMINATED PmEYURMHANE PREPOLYMERS is

known that dynam c m xers, which have a pitched bl ade turbine.15

within a draft tube to generate aX|aI flow, are useful for continuously
enul si fying, honogeni zi ng and di sper sing materials. References describing
such m xers incl ude: - Japanese Uility Mddel Patent No.
1148021 (Canf&in KK) dCstencetoRelatedﬁpptlmtignne dynanmi c mixers which are

des Igned to generate axi a'hu; Lpp\fvc%on 1sa cornmuatxon-m-part of Copending application
Senal No. 08/528936 ﬁled Scptcmber IS 1995.

Field Of The Invention
10 This invention relates to an apparatus and process for dispersing
' isocyanate-terminated polyurethane prepolymers in water. '

' Bockground Of The Invenﬁon
| It is known that dynamic mixers, which have a pitched blade turbine
15 within a draft tube to generate axial ﬂow are useful for continuously
: emuls1fymg, homogemzmg and drspersmg matenals References describing
- such mxxers include: '
| Japanese Ut:hty Model Patent No. 1148021 (Canan KK) discloses.
: "turbxne dynamic mixers which are desxgned to generate axial flow within the
20 _ vessel
.' A product brochure entitled, “F.K. Homoic Line Fiow’ * from
' Tokushu K:ka Kogyo Co Ltd (Osaka, Japan) describes turbine dynamic
| mxxers Whlch are useful for cmulsﬂ'ymg, homogemzmg and dlspersmg
" matenals w!uch are transferable by mctenng feed pumps The mixers are also
25 . descnbed as being useful for contmuously dtssolvmg several kinds of resin
solutions in solvent The reference fa:ls to dtsclose the use of said mixers for
dxspersmg xsocyanate termmated polyurethane prepolymers in water,
Genezally, water dxspcrsxble lsocyanate-termmated polyurethane
_prepolymers are formed by reactmg a stomhlometnc exccss of polyisocyanate
30 . with oompounds contammg active hydrogen atoms such aspolyolsand

polyamines. The prepolymers are dispersed in water using mechanical
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20 : vessel . A product brochure entitled, "TOK.

Homom ¢ Line Flow' from S Tokushu Ki ka Kogyo Co., Ltd, (Osaka,
Japan) descri bes turbine dynamc m xers which are useful for .
enul si fyi ng, honogeni zi ng and di spersing materi al's which are

transferable by nmetering feed punps. The m xers are al so 25
descri bed as being useful for continuously di ssol vi ng several kinds of
resin W0 9710280l utions..in solvent. The reference failBCT/USIditens ose

the use of said mxers torﬂdmﬁaﬁedMthcompg%d%lsg |so?%é%a$§|a}t_r€£én ted

pol yur et hane prepol

di spersible i SOCyan&Eﬁdﬁ@rﬁbdh%{Eﬁvﬁ%rwﬁtﬁa@ﬂ&mme-ureapolymer pr epol yrrers are
formed by reacting a stoichiometric excess of polyisocyanate 30

wi th conpounds cont ai ni ndhaeppajaus et efemusad sndispetis thess PISBPlymET axwator-

.\F/’\%' g‘;‘?‘lgg% The PreRgloy B Sin 9&1%:19& RS heh Hw‘(&% &tk dMTAR8 | BEIAR difRse

PCT/ US96/ 14445 . the prepolymer@ @i watet \fsihgahigﬁ hefgyrpeaomeebmmé hpooafidatiods such

as water soluble am nes. The g &r oduct is a
wat er - based pol yur eesigraceimes. For grasple, U.S. Pat N° 474 095, Mobay Cagpozmatioar at us

nost often used to I
qt’ﬁtgﬁfré?’é)rhg?ﬁhgg G018 aid @ggd%%g% ixers FSnex(-ﬁtxng ata L per se

rotor and pin dynam'c m X m xers .are to ra
5 t he pr eppéedrof nisout ﬁOG/\revdutmrmpegmmute (ghm)an 8,080 roeya mixirg vol urre
i nput and short For, exa U S. Pat.

dence ti
4,742,095, Mbbay Corp¥perqishout °e3 watts/cu.cm. ‘°nfq§9 Felyap. @ %ﬁ‘ mixiag ¥olgme of ©
stator-rotqp and pi r&?leﬁgf Q@dﬁt : mte&?r ‘?hé)ﬁ%faﬁe i‘e@ﬂeﬁde tithe i in said mixers being from

about l-second to 30-seconds.
Other related patents, whnch fail to dxsclose the apparatus and process
_ of the present mventnon, mclude BﬂtlSh Pat No 1 414 930 Pat. No.
132,112, Pat. No. 1,428,907 and German Offenlegungeschrift Pat. No.
15 2347299, | |
| | A dtsadvantage with these dynarmc mlxers 1s that reduced residence
nmes may not generate a uniform particle dlspersxon, anda high energy per
| umt volume mput can cause shear mduced destabxhzanon generating increased
" sedimentation. ' '
20 _ . To enhance the performance chazactensncs of water-based
| polyurethane-urea polymers, 1t xs oﬂ:en neoessary to form 1soeyanate-
._termmated polyurethane prepolymers whxch are eharacterxzed as havmg
" mcreased hydrophobrclty, crystalhmty and vrseosmes Such prepolymers are
not easxly dlspersed in water, reqmre extended resrdenee txmes, and lower
25 o energy per umt volume mput to generate umform partxcle dlsperstons
| whxeh are substantxally ﬁ'ee of sedxmentatlon _ _
| Therefore, there remams a need for an apparatus and process whichcan
drsperse rsocyanate-tenmnated polyurethane prepolymers in water using
| extended resxdence t1mes and 2 lower energy per unit volume 1nput
30

2
- SUBSTITUTE SHEET (RULE 26)



speed of about 500 revol utions per mnute (rpnm) to 8 000 rpm a mixing

Wmmmu me

of 10 at |l east about 0.1 liters. The average residence tinme in
said mxers being from _ ___: . .....8bout e O1TU L 1 seconds.
O her related patents, y\/prc '?f«alj to di el s rat S and process

of the presentwopwmats on, | ncl e Britis ~D30 pFAisosNus
1,432,112, Pat.  No. 1, 428 .907--and- Ger manCk-emtEgunges ift Pat. No. 15
2,347, 299. : Summary Of The Iavertiprant age with these dynamc mxers is

that reduced residence ener uni f o
particle di spersion, and amfﬁlﬁscé’ﬁwwmﬂéfgaré&er&% art appara %ﬁ“?%fﬁfen nput
can cause shear |nducaﬁpmgmbm@w&ﬁnﬂﬁmﬂwmﬂ:elﬁ?ﬁoﬁmﬁm water. The

sedi nentation. 20 To enhance the performance
characteristics of .waPRRaraUsomprises: pol yur et hane-urea pol yners, it
i's often necegsary to formyy socy q&gg T : Lerm ol.yu ane
prepol yners whi ch are char ajct erize chg ’%aéb‘?%‘é”s"" conta:ﬁﬁgry\&%lrgfgsrpgggﬁw
hydr ophobi city, crystallinity daohinatedpalitrethane [Gemitymerapithisthiereadton

not easily dispersed in water, requirge extended residence tines, and | ower

25 energy per unit vd t?"put to generate uniformparticle
di sper si ons which gre syRa&Int bathisy sedi ment ati on.
Therefore, there remains a needﬁf or an appa? b’iﬁsc’faa{:l gggcess whi ch can

di sperse i socyanat e-t erni nat ed 3ol ytatlsastanepqdydmd/pnpmlgammempdsneuswhith

gxtended reswlence t| nmes and a Iovver 'Lers%/snaﬁedwnnﬂgtlgaosltgn ydr&'lluhcmmety,

b) at Ieast one supply vessel containing at least one compound
. such as water, organic materials and inorganic materials;
c) - atleast one dynamic mixer, which has a pitched blade turbine
within.a draft tﬁbe._ to generate axial flow, configured to
15 _ _ provide: | _
1)  amixing zone volume greater than about 0,1 liters;
2 an‘average tip speed greater than about 100 meters/min.;
3 an average power per unit volume input less than about
+-.0.60 watts/cu.cm.; _
20 _ 4) anaverage residence time of at least about 10-seconds;
. . with : '
5. an average of at least about S-passes through the mixing
zone; and
d) at least one finishing vessel wherein the dispersion is further
25 : . . - reacted to form a water-based polyurethane-urea polymer.
o - The invention is further characterized by a process for dispersing
> NCO-terminated polyurethane prepolymers, comprising the steps of:
. a8 combining an agueous solution of organic and inorganic
ingredients with at least one water dispersible isocyanate-
30 : . . terminated polyurethane prepolymer to form a materials
- mixture;
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3 Summary O The I nvention The present invention is directed to an
apparatus and process for dispersing isocyanate- term nat ed polyuret hane- -
prepolyners in water. The apparatus conprises: at | east one-
reaction vessel contaijfiing.-a-water dispersible | socyanat e-

term nat ed pol yuret hane prepbl ymer N i‘ THIS SHB TI-& st one suppl y
ply F7 at

vessel ; C) !at_| east: ‘one su

| east one dymmomxer “Whi'ch-has. a fr‘hn turb ne PCTIUS96/!4445
within a draft tube; and

2ast..one fi |sh|
wherein the dynamc mxerb)l S 6'%?&%"?3&'&& B’I”g\“fedlgo e%?vg?eq@‘éﬁﬁ%
speed greater than about 100 it misr aid Oilizing £dispRysirigA@6cess comprish@yer per
unit volune | ess than about 0.6 watts per cubic . centineter, an
average residence tinme of at |bastaraﬁ@mgeilase@ém@rﬂmabwtmme@r%r@r
t han about 5 passes through said g6edsl
greater than about 30 liters %% houﬂerﬁggo@&p]cﬁgmfm}ﬁﬁngn Fss@%“rt!ﬁer
characterized by a process for di so.éﬁwattsjcuan.cyanat e- term' nat ed
pol yur et hane prepol yners, conprising the stg i ni ng
an aqueous sol ution 8 a‘?a"emgeres"ﬁl"i%’%"t"qaéﬁg‘?tag 106 @“ 8
di spersi bl e i socyanat e- with term nated pol yurethane prepolynmer to
forma materials

4) an average of at least about 5-passes through the mixing
zone;
10 B 5 ‘an aVérégc flow rate greater than about 30 liters/hours;
¢}’ transferring the dispersion to at least one finishing vessel and
completing the isocyanate reaction to form a water-Based

' polyurethane-urea polymer.

15 Surprisingly, the inventive appafafus and process generates unifdrm

| ' prepolymer dispersions using ektended residence times and lower energy per

* unit volume input. -

Brief Descnptlon Of The Drawings
20 0 Flgure 1is a 31de fragmentary view, in parhal cross-sectxon of a axial
| flow dynamic mixer used in the apparatus and process of the invention.

Figure 2 is a schematic diagram of an apparatus of the invention.

" Detailed Description Of The Invenfion_ -

25 " The present invention is directed to an apparatus and process for
dispersing NCO-terminated polyurethane prepolymers. The apparatus is a
turbine mixer which has a pitched blade furbine within a draft tube. The

" turbine mixers, which generate axial flow within the mixing vessel, can be
configured to provide a lower energy*per unit volume, extended residence

30 ©~  times and multiple passes through the mixing zone. Such mixers have proven

useful for processing prepolymers which are difficult to disperse in water.

‘This Sheet Has Been Replaced
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i xt UT e 4 b)  feeding
: ’ - 2l . ekt o fArm 0

thematerrars mxroare rmto—a " . oy franT e X e+ o—+-erHha

di spersi on; and c) transferring the dispersion into a

finishing vessel to o conplete the formation of _ a

wat er - based pol yur et hane- urea pol yner; wher ei n said

' ' \ ' ' ' d greater

dynam ¢ m xer wgepmafs gured to provide an average tip | A

t%an about- 100 neters per nminute, an average _ 'hmi)ov;/;;mgifﬁ%?f X une
.6 - Bita ingmic mixers arccaontrhereialdy av. i D6kushu

| ess than about 0.6 watts Puitabied evallmbletohiObusiu

esidence {11 of ot Sagkogied 19, SRRy te PRAABRE L i

5 passes through said m xer o . . .
about 30 liters per hditreFlow. Such miRersiohn Bé éifipurell BFproident i ve appar at 35 and
process generates uniform )pr epol yner di spersions using ext ended' resi dence

tines and | ower energy perI uni & mpang Zzaze volyme greater than dfonDewat 0.ptitasy O The

([:): g\éms[]cht I on? of F:agal;)r(?all %’fo\?v @ﬁ%&%%@éﬁééeﬁ%q h@a@@{g%ﬂﬁb us and
process of the invention. - metérsinant moreprefeably FHontabdue S PR/
apparatus of the | nv.ent ! C_m' ‘to about 1500 meters/min.;
- 3) a power per unit volume input from about 0.01 watts/cu.cm. to
S . about 0.60 watts/cu.cm., and more preferably from about 0.10
10 - watts/cu.cm. to about 0.30 watts/cu.cm.;
-.4) - anaverage residence time from about 10-seconds to about 120-
. seconds, and more preferably from about 10-seconds to about
60-seconds; with _
, 5) an avérage number of passes through the mixing zone from
15 _ - ~ about 2-passes to #bout 150-passes, and more preferably from
- .about-10-passes to about 60-passes; and -
6) a flow-out rate greater than about 100 liters/hr.
The average residence time and the average number of passes through
the mixing zone can be varied with the material feed rates and the tip speed. If
.20 . desired, greater quantities of dispersion may be produced per unit time by
' using more than one mixer at a time. . .
- Figure 1 illustrates a dynamic mixer of the type used in the apparatus
and process of the invention. The mixer includes a motor 12 mounted to a
motor base 14 which is connected to a bearing case 16. The bearing case 16
25. - mounts the motor on the vessel lid 18.
A mixing vessel 20 is removably mounted to lid 18. Pitched blade
turbine 26 and draft tube 28 define a mixing zone. The blade is mounted toa
- shaft 32 operatively connected to the motor shaft via a mechanical seal 34,
- The vessel is double chambered having"' a central mixing chamber 21, a
30 recirculation zone 22 and a smaller annular exit chamber 24, Aninlet 36
provides feed access to the mixing chamber 21 while outlet 38 provides for
. exit of the dispersed product emerging from the mixing chamber,

5
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Det ai 'ed Description OF The Invention The present invention is
directed to an apparatus and process for dispersing NCOterm nated

pol yur et hane prepol ynmers. The apparatus is a turbine m xer which has a
pitched bl ade turbine within a draft tube. The turbine m xers, which
generate axial flowwthin the m xing vessel, can be configured to provide
a |l ower energy per unit volume, extended residence tines.and nultiple
passes throwgbst/m7an xi ng zone. Such m xers have proven us@CUUSH44LS

P ocesst g Prepolymers Whi Bud Sin ulrbddol bf bW idinBBAES By 1 HBHE' Material
PCT/ US96/ 14445 " entering the vessel via inlet 36 Buiirected thrahgh sie mixiripeone 2 hamwl

comercially available from Tokyshu . e g o Kl ka Kagyo Co Ltd.,
Csaka, Japan under f °s_ﬁ{"€98€|t& °#5%é’“‘?f%%mlﬁwlau°n 2ot 2248 axiaf flov Fj o,
Such m xers can be §{pfijsHatedndteiab ki fib the recirculation zone throufh outlet 3B) a
m xi ng zone volune greater than fromabout 0.1 liters; )

2) a tip5speed of aboBigue(@is mechematietepresentatiopofian appamatns in accordance

meters/mn., and nore . preferably, from ab 290 e '
to about 1500 meter W%%F l,nven?ign. A water 1sp8r"§{ble éocygtg:}e {cﬁﬁi?x%% Rglprurﬁiéhran% ni t

vol une input from aprgblyfheib prépated/istaction vessel 100 and fed via metering pump 110
about 0. 60. vatts ¢ g-.in(t:y dyna?nr:g m‘gg; %00[? r'Ie}Ie'ech?tgr!ltg o sru%gfyq\rggsléf 20%' is g'e% to mixer
- 300 via meter pump 210, which joins conduit 110 to provide a single feed line
10 into mixer 300. The prepolymer dispersion exiting mixer 300 is fed via
conduit 310 to a stirred finishing vessel 500. The contents of supply vessel
400 can be added to the dispersion ini several locations. For example, the
supply vessel cbntents can be fed into the mixing vessel 300 via meter pumped
¢onduit 410 or into conduit 310 via heter pumped conduit 420 or into the
15 . finishing vessel 500 via meter pumped conduit 430. Alternatively, supply
vessel 400 conduit 410; 420 and 430 can be omitted, Once the components
 are within the finishing véssel 500, the prepolymer dispersion is stirred to
" complete the isocyanate reaction and form a water-based polyurethane-urea
polymer. = o |
20 At least one reaction vessel is used in the apparatus and process of the
invention. If desired, niulﬁple reaction vessels may be used. Such vessels
imay contain isocyanate-terminated polyurethane prepolymers of different
composition, - SR ' S
- At least one axial flow turbine mixer, which is mounted in a draft tube,
25 is used in the invention. The term “draft tube” reférs to an open cylinder
~ . which separates the mixing zone from thie recirculation zone. The draft tube
generates axial flow and allows recirculation through the mixing vessel. If
desired, multiple mixers may be used to disperse large quantities of
prepolymer thus increasing the total volume of dispersion produced per unit
300 . time: - ' ' '
At least one supply vessel is used. The vessel contains at least one

:component which may include amines, antioxidants, biocides, coalescing aids,

- b
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lb _ vvatts/cu cm to about 0.30 watts/cu.cm;

seconds, and nor e preferabl y from about 10- seconds to about -

60- seconds W th 5) an average nunber of passes
t hr ough the m xi ng zone from 15 about 2-passes to
about 150- passgseyanpss more preferably from PCFIUS96/I4445

about 10-passes to about 60- passes and
flow out rate greater CQ‘ﬁla!FE agsais defageners, dispasad pigments, emulsifiable waxes, ﬁllers;- he

average residence ting &B&ﬁ‘ﬁrﬂﬂé‘ﬁm a{fﬁﬁ/&ﬂ Sric bALR tﬁat

the m xi ng zone can be vari e mat er feed rates an
speed. If 20 polyniesdlspeck,xongrmtpniyuqethmﬁlbasedsmdsxﬁhbﬁwnélenmrasmp be

produced per-unit tine re.than one m xer at

i e. Srgatlic co-sefyraus, pesymets Bedils RRHGARS SHAUFSETIDE 4996  ype
used in the apparat USUVstablhzers, water,v@&&g%&ﬁ?&ﬁitﬁ&rﬁﬂ&uﬂe@Vem'On The m xer
includes a notor 12 nounted to a . not or base 14 which is
connected to a bearing casEheligocymMate-tooninated polyursthage prgpolymers and thersuppiys t he

nmotor on the vessel I|jd ' : el |
Femovably mount ed to TR EoRteTt gapbs Frapplamed using metertg hliths i ma oclybe
draft tube 28 define gentfifiigd)Bubps)AiapRiaBmiPusips, delr FUMI] Sistoh quﬁps, peristaltic
shaft 32 operatlvely connected to the notor shaft via a nechanical seal 34.
The vessel is double mst)momsnmngyaummiqhamumpmsmwmmemdmewm

recircul ati og, zone 22,4 I Let 36
provi des feed access %@%ﬁ‘g’eﬁmﬁg"%ﬁ%“ bfmf%%&@é&h °(5es for
exit of the disper sedcqmpwbsatgammiuwngmnog&\hﬂucﬂmawgqmmmbeseofcontrol

5 . _

valves. Preferably, a conduit system compnsmg pipes or tubes is used to
| - channel the matenals throughout the apparatus of the invention.
_ At least one ﬁmshmg vessel is used and is preferably equipped with
15 _ mechamcal agxtatxon Also, multlple finishing vessels may be used to react the
| prepolymer dxspersmns with dxsslrmlar compounds havmg active hydrogen
atoms. Sucha process is used to generate water-based polyurethane-urea
polymers Wthh differ in composition, o
 To enhance the performance characteristics of water-based
20 _ polyuretha.ne-urea polymers, it is .often necessary to form isocyanate-
- | tenmnated polyurethane prepolymers having propenles such as increased
hydrophoblcxty, crystahmty and v:scos;ty Examples mclude the hydrophobic
~ prepolymers descrlbed in U, S Pat. No 5,354,807 (H.B. Fuller Company) and
_ - the crystallme polymers described in copendmg apphcatxon Serial No.
25 | o 08/528936 meorporated herein by reference Said prepolymers can have
| | ‘viscosities rangmg from about 10, 000 m. Pas to about 100,000 m.Pas, and
-more preferably from about 15,000 m.Pas to about 50, 000 m.Pas. These
prepolymers are more hkely to develop a umform pamcle dispersion when
_ . extended residence times and lower ehergy per unit volume inputs are utilized.
3_0_ L The prepol_yn_:ers are ptepared by reacting a stoichiometric excess of
polyisocyanate wnth at least one polyol and/or polyémine .eompound which
 may be substituted with at least one hydrophilic moiety. The materials can be
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WD 97/ 10273 :
PCT/ US96/ 14445. _ I n F| gure 1, the direction of flow-.is

i ndi cated by the arrows. Materi al entering the vessel via
inlet 36 is directed.through the m xing zone 21 and cycl es

t hrough the draft tube 28 and the recirculation zone 22 in an axial flow
‘The di spersed material exits fromthe recircul ation zone .through outlet 38.
5 " woomoeznaFigure 2 is a schenatlc repr esent atlon ROT/AISScAPEET at us .

i n accordance. . . wirth :the invent, r b

i socyanat e-term nat Eactpbata S RSRRIRG in 8 range mab"u‘&\#ectpgﬁ tsll% éﬁ?‘%g‘%ﬂ;ed in
reaction vessel 100 éﬁﬁabiﬁﬂoﬂhﬁomoww%omm I percent 1socyanat3, ptesém iy nami ¢
m xer 300. The. contents Of suppl.y vessel 200 .is-fed to mx

300 via meter punp Mﬁmshtdprtpqlmﬂscaa(hqmmtm!sfff"opbabﬁl"o\/?%é’yé”%gh%‘?e f eed
I 10 t 300
i Isn:‘aed vi a a i 3 %(g%;gﬁ gﬁ.%n@ %Pé)é%{éﬁbgﬁ*@%%hl ng e‘;slglgllhgoéerThe )

‘contents ofssupply ms@b%bywm%h basedonélﬂﬁlp-apnlmeradhlm to the d| spersi on
in several |ocations. For exa contents .

can be fed into the nixiThgprpe ef%gepiﬁffda%fi’éPerifdﬁ‘B’@&%guﬁe‘Y condui t

410 or into conduit 3L M e thaR 0°C A ,gggab na

finishing vessel 506‘" n“ga[t%{ratrg%nped ?%c UI t 8 Alter natcﬁ\’/el Yy, i3Eluppl y
vessel 400, condui tmﬂé@ﬂoxﬂ&@omﬁ%cwomalmofﬁandrmreepdcfe@:bfefrqrmbma@&qmts
are within the finishing vessel 500, the prepolymer dispersion is stirred

to nﬁh%it ghe i socyanate reaction and forma water-based
pol yur et hape-ur ea - ter-bQQ&ﬁEWmer?@f the present invention can havéla sbRd@st ohe
reaction vggs is used Thr?vi' e-apparatus. and. %r ocess --of -t he

i nvention. |f des i r ehtentrin the rahge frem abous 20.PMstyeweightdg about 80.8% bysyrighty essel s
TRY CONtAIN 1500y AN £ by Mot ShoRP A 0% Bl Vihe B BBRY 3615 By Qg o7 et
Once the 1socyanate-termmated polyurcthanc prepolymer has been
: .dxspersed and u'ansferred to a finishing vessel the dlsperswn may be charged
15  with the contents of a second supply vessel, which may contain de-ionized
‘water and water soluble amines, to form a dispersion mixture. Said mixture
" may or may not be agitated and can be rec'cttid at a temperature from about 5°C
to about 100°C, and preferably from about 25°C to about 65°C.
The folloWiﬁg'dcscrip'tidn of compositions is illustrative of the types of
20 dxspersxble products which are advantageously prepared using the apparatus '
R and process of thc present invention. Those skilled in the art will recognize
lthat alternative products may be forxned usmg other reactants.
The polyxsocyanatcs may bc lmear ahphatxc, cychc ahphatlc, aromatic,
“and mixtures thereof. The polyxsocyanate is preferably a mixture mcludmg
25 - hmdered polyxsocyanate and non-hmdered polyxsocyanate The term
o “hmdered polylsocyanate is defined as an xsocyanate moiety which is less
' sensitive to the water-lsocyanate reaction due to the proximity of adjacent
' alxphat:c character The hindered polylsocyanate may be present in the
' polyxsocvanate mixture in a range from about 1 part to about 95 parts, and
30 ' more preferably from about 25 parts to about 75-parts, based on 100 parts total
I polyxsocvanates Examples of commercxa]ly available hindered
polylsocyanates mclude Vestanat® IPDI Wthh is 3-1socyanatomethyl-3 5,5-
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conposi tion. At | east one axial flow turbine m xer,
' ' ' : n . t +n t he-i-Avent i on.
The ‘term "draft tube" refers to an open cylinder whi ch.
séparates the mxing zone fromthe recircul ation zone. The draft tube
generates axial flow and allows recirculation through the mxing vessel. |f
desired, nulti rs may be used to disperse |arge quantig
pr epol yner thu‘gb%ﬁmgm ng the total volune of dispersion proo%@é%ﬁbﬁ‘sum t
30 time. - trimethylcyclohexyl xsooatanate&em}ﬂﬂessmpcy Ince §Risdatdveay, NEX .

The vessel contains at i.ncl ude
am nes, anti oxi dants, Bli 2’2’@%‘%‘@ %‘E}h’lségcl"ﬁ&l %nat -m&lxyl\'\@lyﬁrlae nzehe from
6 WO 97/ 1@¥ékamid (Wayne, NJ). Examples of commercxally available non-hindered

PCT/ US96/ 14445 coloring_agengs, defoamers, dispersed
pi gments, enul sifiabl @GWEF,?@?MWWF@%LW@E HM which is 1,§-hexametiylandant agent s,

fungi ci des, i@nic and/ 1
pol ymer di sperg5| ons, ﬁigﬁoc . ,;t/e&?(;e hane Jrht? n(r'ruhﬁg‘ﬁ{) I a dlpheﬁlﬂ‘mcrem ns,
organi ¢ co-sol vents, rlﬂsdcymtel ftdepiﬁi}mmol#nser chénisdls (I(amﬁ&oo,slﬂwwrﬁédtﬁ@

agents, 5 vbJV abilizers, water, wetting agents and their

m xt ur es. - Wwhichis D“’Yﬂ@h‘l’%’kéiﬁh‘ﬁ’&t $4t-diiseryagate droppMpbay Enzporation
prepol yners and the S Ry P ents can be transferred
using nmetering punps Whl chr%m APancltoH:ened'Ys%ﬁfﬁLte‘(?ﬁf) centrifugal punps,

di aphragm punps, gear punp$he msehc:mfmlmuk;edcpnlymncgmateas preferred in the process
10 of the invention. Itis surmised sucll_ sterically hindered pblyisocyanat_es are
less likely to be co;g_pletgly_ reacted dﬁﬁng ﬁrcpolymer synthesis. The
resulting i;og:yanate—_te:_mipated ﬁolyurethane prepolymers, which are less
sensitive to the isocyanate/wate_,r real:tion, can be dispefsed in water allowing
further reaction with ammes | | o
15 If desired, the water dlspemble 1socyanate-tennmatcd polyurethane
prepolymers may be subjected to complete hydrolysis. Such prepolymers,
- which are preferably based on sulfonate character, generate polyurethane-urea
.. polymers l‘:avi_ng_en:hap_ced- properties such as water- reslstance and heat
- resistance and are described in the above mentioned copending application
20 . .. Serial No. 08/528936. . _ _
(Other polyisocyanates which may be used include modified
polyisocyanates prepared from hexamethylene diisocyanate, isc;phomnc
. diisocyanate and toluylene diisocyanate. The modified d.iisocyanates can have
_ _functionalities such as urethanes, uretdiones, isocyanurates, biurets and
25 ~ mixtures thereof.
Examples of small molecular wclght polyols whxch may be used in the
_ . preparation of the water dispersible isocyanate-terminated polyurethane '
. _ : prepolymers can have hydrdxyl numbers, as determined by ASTM designation
- E-222-67 (Method B), in a range frof about 130 to about 1250, and preferably
30. - . fromabout950 to about 1250. Examples of preferred small molecular weight
- polyols include trimethylolpropane, diethylene glycol, 1,4-butanediol, 1,6-
hexanediol, glycerol and the aliphatic diols described in U.S. Pat. No.

9
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punps, progressive cavity punps, |obe punps, screw punps and vane purrps.'
0

Alternatively, said materials may be transferred using gravity °

feed and/ or conpressed gasses including nitrogen which may
require the use of control val ves. Preferably, a conduit
system conprising pipes or tubes is used to ~channel the

mat eri al s throughout the apparatus of the invention. _
At | east onewoswielwsng vessel is used and S preferably equedapesisded) 15

tmrslghani cal agltatlo%e‘f?&@ﬁeﬁ gbg |°ahg% Eé’?ﬁ%’lﬁ gﬁy be us%efgh%%mrﬁgct

active hydrogen ' by reference. atoms Such a process-is used to generate
wat er - based pol yur et hane-urea . - po Iymers whi-ch differ in
conposi tion. The prepolymeref theinyension My be semdgredavates dispersible by

charact er st ¢ of V8l GLeRAFRloBiaion o nionic AOIM! SRR HEERIPALVIE o: 1f

is often necessary to TOrm i SocC erm na

pr epol ymer s shavi ng mam&s ehdmiauresthaof. nAriienis polyurethane-urea polymers are

hydr ophobi ci ty, cryst ity and viscosity. Exanples IPC| de the

hydr ophobi ¢ r&;ﬁ"éﬁ lymess qataing Acomtinationo natggnd 5 354, 807
(H B. Fuller Corrpan rggm bed
in copending appli cat [ gﬁqaéggroup s?\lomogtsprEi@ﬁ'ed3 (h)égl gg’élg%é&g?én%g?%g@a
herei n by ref er ence be Simbrporateztintoytheprepalpmertinclede dimethylopropionic/cibai 1t,4-es

rangi ng from about 0-m Pas {0 abo 100,.Q0 P

mor e -preferably fro#&iﬁ%ﬁ"’we@ °TH?F% ?sﬁr’l?fddﬁ% g]é’aégﬁ 3}14]1%&%54%95%

prepol yner ggar e nor @of &9, 10 t@4@ﬁé@b&ﬂe&h&3hfb9&£&£ﬁéé' cl e di spersion when
extended residence tines and | ower ‘energy per unit volunme inputs are
utilized. 30 ' The anionid; gtpupﬂrapge 9ﬁmabmir\aﬂpbamuehiawkaleaetai ng a
stoi chionetri.c exce I, socyanat.e ast one

pol yol and/or pol yaﬁ?’q{gxlgﬁsnﬁ%?fﬁt%ﬂ me¥ mitiontl and %ég?ﬁ(ﬁgt ituted with

?t | east ‘one hydr op @ohvegsiBiPbfthy anidnie g@ﬁﬁtﬁhﬁh& Zioaps (B4lts) may be accomplished

before, during or after the prepolymer has been dispersed in water.
15 Polymeri¢ diols used in the prepexﬁﬁoﬁ' of the prepolymers can have
" hydroxyl numbers, 2s determined by ASTM designation E-222-67 (Method
' 'B), in a range from about 20 to about 140, and preferably from about 55 to
" about 110. The polymeri¢ polyols can have ﬁiel'iing'temperamres from about
'10°C to about 200°C; and more preferably from about 25°C to about 95°C.
20 The polyols can be selected from the group consisting of polyester polyols,
- olycthcr po]yols, polycarbonate polyols, polyurethane polyols, polyacetal
polyols polyacrylate polyols, polycaprolactone ‘polyols, polyesteramide
-polyols polytlnoetl'ler polyo]s, and mixtures thereof. The preferred polymeric
polyols are those described in the above mentioned copénding application_
25 Serial No. 08/528936 and U.S. Pat No. 5,334,690 (Hoechst Aktiengesellschaft,
- Fed.), incorporated herein by referénce.
The mven_tlve process generates water-based polyurethane-urea
* polymers which are characterized as having enhariced properties including
heat and water fesistance. Said process is also useful in the preparation of
30 'water;ba?sed polyurethane-urea polymer blends and hybrids containing |
' polyacrylic:and/or polyvinyl polymers. Examples include the compositions
10
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WO 97/ 10273 :

PCHUSQ6/~14445 ettt tat—a—tenperat-tre—+r—a—tangef+rom-about
25[err]C to about 100[err]C, and nore preferably from about
60[err]C to about 90[err]C. The percent isocyanate, present in

the finished prepolyner, can be in a range from about 1.0% by weight to
about 15.0% b | , and nore preferably fromabout 4.0%b | o 5
about 8. 0% bywﬁ%@g% based on total prepolynmer solids. M&&/ﬁ%

The prepol ymbrs are piesededin gorendipp oS applisarion o8/54115T JileNaveeber 21, 1995,

dei oni zed water. The t er at i t

preferably in a %.?’unef%&gy ﬁ‘g?ﬁ“z&gﬁf &g?ré?{a]n:@ﬁe%ﬁn: ollue?e r%l%g[ err]C,
and nore preferably fromabout 25[err]Cto about 50[err]C. 10
The wat er - based .pol yners of the present invention can have a_solids
content in the range from Eisdayention sdtlusirated by the following gen-dmiting Gpmplasght |
and pref era’bly from about 30.0% by wei ght to about 50.0% by wei ght.

Once the isocyanate-term nated pol yurethane prepol yner has been

di spersed and transfcExsmpled a fini shing vessel, the dispersion nmay be

charged 15 wth the contents of a second,_s vessel, whjch, may
contai n de-ionized . . éxamp5.%@?“5%%&“&8%&%&%@@? veerbasad a
di spersion m xture. %

rbthattel may or may not be agitated
and can be reacted at Aﬂ{ errpeﬁ'ggaﬁoéyrﬁrbm about 5[err]C to

about 100[err]C, and" pr ef éfceduteyctionomsselowastchagpd45.3Tkgso (4forpdréGi err ] C.

2000 GRuper st bl AT KSR RS e e B st b B PYEPhg th
per si _ e M raget _ g the

appar at us from Rieo P619ﬁ€§@or95ra§i§kﬁ(fﬂ51@s?ﬁ!&! Nipery ltg?.f(IS:gh@%%x?i('b' I ed

inthe art will recognize at alternative products may be
formed usi ng ot her r eequivalenes) dimethylolpropionic.acid, 2.39 kgs. (53.0 hydroxyl equivalence)

-1,4-butanediol; 6.60 kgs. grams (59.4 isocyanate equivalence) isophorone

_ _ diisocyann_te, 9.99 kgs. (118.8 isocyanate equivalence) hexamethylene
15 diisocyanate and '.4.24_ kgs. anhydrous acetone. The mixture was mildly
 agitated and heated to 70°C for approximately 2.5-hours then charged with
1.27 kgs. triethylamine and stirred an additional 15-minutes before dispersing.
. The prepolymer (80°C) and de-ionized water (60°C) were combined in-
line and transferred to a T.K. Homonic Line Flow model 100S axial flow
20~ dynamic mixer from Tokushu Kika Kogyo Co., Ltd. (Osaka, Japan). The
prepolymer was transferred from the reaction vessel using a gear pump set at a
~ rate _ch 3.60 kgs. per minute while the water was transferred from a supply
. vessel using a progressive gravity pump set at a rate of 6.40 kgs. per minute.
~ The mixer was configured to provide an a\_verage:rqsidénce_ time of 61-seconds
25 using z shaft speed of 3,600 rpm and a. tip speed of 1,000 meters/min.
The dispersion was transferred to a finishing vessel equipped with a
turbine agitator and run at a circulation rate of about 10 min™' for
- approximately 20 minutes. To the dispersion was charged a mixture
- containing ethylene diamine in de-ionized water. The dispersion was stirred
30 an additional 30-minutes at 60°C to generate a water-based polyurethane-urea

polymer. The polymers properties are described below:
LR
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The pol yi socyanates may be |inear aliphatic, cyclic aliphatic, aromatic,
and m xtures thereof The polyisocyanate is preferably a m xture including

25 hi nder ed pol yi socyanate and non- hi ndered pol yi socyanate. The ,
term "hi ndered pol yi socyanate” is defined as an i socyanate
noi ety which is |ess sensitive to the water-isocyanate
reaction due to the proximty of adjacent al i phatic

character. Tke &isesghar ed pol y| socyanate may be present in thgrmsosias
pol yi socyanate m xture in Snge from about | part to -about 95 parts, and
y

nore preferé rom about 25 parts to about 75 parts, based

on 100 parts total ' Solids = 31.38%| yi socyanates. ‘Exanpl es of conmercially
avai | abl e hi ndered pol yi socyanat es include Vestanat[err] |PDI
whi ch is 3-isocyanat onet %anﬁ‘a\?‘@m"lesm‘lsgnm

8 : WD 97/ 1027 =

PCT/ US96/ 14445 3/1scosuy 40%yalscycl ohexyl i socyanat e from HULS
Anerica, Indé. (Piscataway, NJ) and TMXDI[err] which is

1, 3-bis (1-isocyanato-1- rIe hyl et hyl) benzene from. . . Cyanam d

(V\ayne NJ). Exanpl ¢&38Pe6mercially avail abl e non- hi ndered
pol yi socyanat es i ncl.ude 5
@b%&?g\%ﬁ?&ﬁﬂﬂﬁ% ﬁf afhérl R REBi @Xﬂeﬁgfsed

di i socyanate fromdQin Corpo ation eny ane
di i socyanat e from Upphretiaoépreapolymeni cal s ( Kal anazoo, Desnodur [ err]

M),
(P 1t Sburgh, PA) and §of JeASoRTPL Sy SRR ket BB Rt POTE1OF

10 equwalence) Rucoflex® S-102-10 which is a polyester polyol from Ruco
' Polymer Corporatlon (chksvxlle, NY), 0.348 kgs. (7.8 hydroxyl equivalence)
" trimethylolpropane, 3.48 kgs. (50.0 hydroxyl equivalence)
dimethylolpropionic acid, 30.18 kgs. TMXDI® which is tetramethylxylene
diisocyanaté from Cyanamid (Wayne, NJ), 0.362 kgs. Irganox® 1076 which is
15 a hindered phenol antioxidant from Ciba-Giegy Corporation (Hawthorne, NY)
' and 2.50 kgs. tnethylamme The mixture was mlldly agztated and heated to
© 90°C for 2-hours. ' S

 The pre-prepolymer was charged with 6.60 kgs. (47.0 amine

‘equivalence) Tomah®-14 whichis isodecyloxypropyl-1,3-diaminopropane
20 from Tomah Products (Mxlton, WI). The amine was charged to the reactor
over a 1- hour period ke'epix.ig the temperature below 90°C.

The prepolymer, which had a viscosity of approximately 15,000 m.Pas
at 90°C, was processed as similarly described in Example 1. The exception

* being the prepolymer was metered at 4.4 kgs./min., the water (62°C) was
25 " metered at a rate of 7.0 kgs./min., the turbine tip speed was 1,000 meters/sec.
‘and the average residence time was 53-seconds.

The diSpcrsion was transferred to a ﬁnishing vessel equipped with a
turbine agitator and run at 4 circulation rate of about 10 min™ for '
approximately 20-minutés: 'To the diSpersidn'Waé charged a chain extender

30 - solution consisting of 12.65% diethylene triamine; 39.62% ethylene diamine

‘and water. The dispersion was stirred an additional 30-minutes to generate a

12
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The presence of a hindered pdlyisocyanate is preferred in the process 10
of Trhe ¥ nventrom. Tt TS Surmsedsuch—sterrcatty—tmrdered—potytrsocyanat es
are ® |l ess likely to be conpletely reacted during prepol yner
synt hesis. The resultlng isocyanate-term nated pol yurethane
prepol yners, which are |ess ﬁﬂﬂw ----- --.“,§eps”t|ve to the |socyanate/mater

reaction, canvhgefh@persed in wat er al (Well o (o RARE &lﬁrsg t| on
wi th am nes. 15 14 désiTed, the water dlsper5| odaas

i socyanat e-t er mi nat ed Vﬁbﬁ‘fﬁ?‘*@tﬁ%@“‘me‘m’ea polymer. The RlvngTBraperties atee

subj ected to conpl et e spybed deddw- Such prepol yners, whi ch are

preferably based.on sulfonate character, generate pol yurethane-urea

pol yners havi ng enhanced ppBpe?.i12 es such as water- resistance and heat
resi stance and are descri bs%?ér_l_ﬁ%above menti oned copendi ng application
20 - Serial No. 08 9 O her

pol yi socyanat §s whi ch may Wecositge: 2016/pdsle modi fi ed

pol yi socyanates prepared from hexarethyl ene diisocyanate, isophorone

di i socyanate and tol uyl ene diisocyanate. The nodified diisocyanates can
have functionalities such as urethanes, uretdiones,

.1 socyanurates, biurets and 25 ' . m xtures ther eof .

Exanpl es of snmall nol ecul ar wei ght polyols which may be used in the
preparation of the water dispersible isocyanate-termnm nated pol yurethane
prepol ynmers can have hydroxyl nunbers, as determ ned by ASTM desi gnati on
E-222-67 (Me dpod B), in a range fromabout 130 to about 1250, and

preferably 3 from about 950 to about  1250.- Exanpl es of preferred
smal | nol ecul ar weight _ ponoIs |nclude trimet hyl ol pr opane,
di et hyl ene gl ycol, 1, 4-butanediol, 1,6- : hexanedi ol , gl ycero
and the aliphatic diols described in U. S..Pat. No.
9 _

15

20

25

30 -

13
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WD 97/ 10273

PCT/ US96/ 1444fis Sheet Has Been Replaced5, 039, 732w«~Sherwin= W | | i ans ‘Conpany - & -
(Bal ti nore, d herein : by reference.
The prepol ynmer ion may be rend vat er di spersible by
the chem cal i poration of arentT-ppiaie BEEN hon-ionic noieties,
cationic 5 moi eti es |aS A e gof . Ani oni c.
_pol yur et hanewigioegop®! yners are R erred and POTAISod/14kds S
contai ning a _conbinati on of sulf : ' car boxyl at e groups
are nost- prefdMMWd. Exanpl es of ionic noieties which may be

i ncorporated intoythe [ isd ' idi PR ed and 1, 4-
di hydr oxybut ane sﬁlfon%%g%r%wﬁg’ég?ﬁ%ﬁ‘ﬁ%ﬁ@%&%ﬁﬁ?.wgﬂ?{lﬁgm and U4S
%_g o Pat No. 4prepelymens compasipgir at ed herein by reference.

e ani oni c groups can_be n ral i - \M . '
hydr oxi des, organic te?fi ar@T%§5?%ém%?%%'nﬁg§%ﬁg&?@go;mt o
Conversi og of the ani Of3béyafite-tipmiriatedipoliutetigphe prpolymat;t s) nmay be
acconpl i shed - - before, during or after the prepolynmer has been
di sperste_d in }I\Iatﬁl’. 15b)| at Jeast one supply Vesgaly neric diols used in the
preparation of the pre h ; . hydr oxyl nu
determ ned by ASTM des%ng@é%s%f%gc%%%ﬁggm’ yELory B), mijﬁrz’ rgﬁge
from about 20 to about dyl40, atdeast qne dfyramaib mixdr mdichcias o pitded biade turbine
about 110. The polynerig¢ pol&l_géls can_have nelting tenperatures from about
10[err] C to about 200[ ¥Hhina@ _ wbeAd preferably from about 25[err]C to
about 95Lgrr]C. 20 &) atl%g,eong%;gg{ngvgﬁa_ be sel ected fromthe group
conS|st|%g of pol yester® polyols, pol yet her pol yol s,
pol ycar bonat e pol 20l s, Apedctiom eeskel aedesctibed|in Claim| ly wherein) said water

pol yol s, pol yacryl ate’ gol vz . ol XEARE A S8Rkt Hrepotyhibh i o7 am de

reaction product of:

a) at least one polyisocyanate; and
15 b) at least one isocyanate reactive component which may be
substituted with at least one hydrophilic moiety.
3. A water dispersible isocyanate-terminated polyurethane prepolymer as
described in Claim 2 wherein said polyisocyanate is selected ffom the

group consisting of aliphatic polyisocyanates, cyclic aliphatic

20 . polyisocyanates, aromatic polyisocyanates and mixtures thereof.
4. A polyisocyanate mixture as described in Claim 2, comprising a
hindered polyisocyanate.
S. A hindered polyisocyanate as described in Claim 4, including

isophorone diisocyanate, tetramethylxylene diisocyanate and mixtures
25 thereof. | |
6. An apparatus as described in Cfaim 1, wherein said supply vessel
contains at least one compound selected from the group cbnsisting of
amines, antioxidants, biocides, coalescing aids, coloring agents,
defoamers, dispersed pigments, etnulsifiable waxes, fillers, fire
30 retardant agents, fungicides, ionic and/or nonionic emulsifiers, natural
polymer dispersions, non-polyurethane based emulsifiable synthetic

resins, organic co-solvents, perfume-like materials, plasticizers,

LT ——
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[¢]

pol yol s, pol yt hi oet her poI on S, —and-m—x‘rur‘@’t'ﬁereof The preferred
pelytrerie potyots dr hgd ™M theabove TentT oned
copendi ng application 25 _ 528936 and U.S. Pat No.
5,334, 690 (Hoechst Aktiengesellsch ﬁl“‘fﬁim " Fed.), incorporated
herein by reference. ntive process generates
wat er - based pQ,{Oy ane-urea pol ynmers which arﬁﬂ(;.{;@g5 rized
as havi ng enhanceé p'?opert i es including ' heat and wat ei;}@&?

resi stance. Said processseqsestetingagentsi UV stabiliders, priep avettingagents agbtheir

wat er - based pol yuret'hane-'_urea tgol%ger' bl ends and hybrids cont ai ni ng

pol yacrylic and/ or pol yv"f1 rs. Exanples include the conpositions

10 WO 977, 1027§na paratus as described in Claim 1, wherein said supply conduit

PCT/ US96/ 14445 described in copendl ng-U'S. application
08/ 561197 filed Novenbeis comprisedofpipes. H.B. Fuller Conpany (St.
Paul , i hcor por h - The
i nventi on |2 | usf# ‘at edg%gﬂ;{&f”#&yf ?F’S%\E\‘nﬁ%ﬁr%ﬁqs Wht rcrxlrbsaé%(rgatefxalscan b%
Exanple 1 transferred Eitliﬂﬂb&t bneigungy deheerdifiom the groupabhsistingf a
hi ghly crystal line water-based retha ea pol ymer.

gmy-ery of p?ston pumps, gear pumps, ceng-xflugalf pumps, 1ap]"1|:agm ppump%,

- lobe pumps, progressive cavity pumps, peristaltic pumps, screw pumps
a.nd vane pumps. _
10 9. Aprocess for the prcparanon of watcr-based polyurethane-urea

polymers M_th_éxqamtc mixers, comprising the steps of:
a) éqmbinin,_g lz_.i,n,. aqueous #pluti_qn comprising at least one
- compound_éejéctga fromthe .g.ro.up consisting of amines,
| anﬁoxidanf#; biocf&es; coaléscing aids, coloring agents,
15 defoamers, dispersed pigments, emulsifiable waxes, fillers, fire

retardant agents, fungicides, ionic and/or nonionic emulsifiers,

THIS SHEET HA Eg }: 7=~ natural polymer dispersions, non-polyurethane based

REPLACED ‘".; N

s ' g gémulsx'“ﬂalb!e synthetic resins, organic co-solvents, perfume-like
_ materials, plasticizers, sequestering agents, UV stabilizers and
20  wetting agents with at [east one water dispersible isocyanate-
terminated pblyurethane prepolymer to form a materials
mixture;
b) feeding said materials mixture into a dynamic mixer to form a
dispersion;
25 c) transferring said dispérsion into a finishing vessel to complete
the formation of a water-based polyurethane-urea polymer;
wherein said dynamic mixers have a pitched blade turbine
within a draft tube, use a lower energy per unit volume input,
have extended residence times and multiple passes through the
f 30 : mixing zone. _
10. A Mixeras described in Claim 1 or Claim 9, wherein said mixer is configured

~ to provide an average tip speed greater than about 100 meters per minute.

15
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To a reaction vessel was char ged—-45-—39—kgs—(44—5 hydroxyl 10
equi val ence) Rucof | ex[ err] -XS-5483-55_ whi chﬁ%ﬁ( sul f onat ed pol yester

pol yol from Ruco on (Hicksville, NY), 2. iSI,
kgs. (15.9 hydroxyl ' |
2.39 kgs. (53.0 hydroxyl equival

di et hyl ol propi oni ¢ aci d,
1, 4- but anedi ol , 6. 60

kgs. grams (59.4 isocyanate equival ence) i sophor one
di i socyanat e we#@2939s. (118.8 isocyanate equival ence) hexap@ihytksigs 15
di i socyanate and 4.24 kgs. anhydrous-acetone. The mxture was mldly
agitated and heatedlto %GP@‘FHS describedinfrlaim hax €laim 9, ‘Sh%HF%;dFHW!%MIgwd
with 1.27,
o i nutes before di spelS déaaskmgkaaaaepe@mts&xh&,erﬁiguﬂgssqﬁpubbﬂmkowm
(80[err]C and de-ioni zpctonhmecnt(rm{rerr] C) were conbi ned i n-

l'ine andtransferr to,a ine, Fl axial flow 20
dynami ¢ ni xer from okuéhﬂ‘xﬁ?ﬁgg%m(galm }_%&a’("g ’H%W“ﬁ? ‘g““’g

prepol ymer swas transferfoqsimha@mada&géee%ﬁfen&mmeiewabaﬁ1e-s&ﬁﬁas punp set

at a : rate of 3.60 kgs.- J) qmnute whi |.e the water was

transferred from alg.uppAymxerasdesmbe aigs bor Clainn§, whepringpid mixey is epnfigured

punp set at a rate of Aé}mh@eg e resmAw Passesﬂupu%ithemxﬂggzéﬂféer was

configured to provide an avera secon

usi ng a shaft speed4.of Azﬁﬁ&asﬂmcabcﬂmmmm BaeCidino9, Whe%ﬁﬂsmmﬁeﬁﬂoﬁﬁgmed
The dispersion was transferred to a finishing.vessel. ped wyth a
turbine agitator and r utQ PERVide 3 averRes flow mate greatepthan, ahoy Olygteﬁ‘ﬁﬁ‘?fb?qf] for

approxi majgly 20 mauteg. r&@sstalégeééhﬁéh‘%%éﬂ&me&im{ Eﬁﬂat@nm geure
cont ai ni ng et hyl ene di am ne I'n de-1o0nize I spersion was stirred
30 an additi cmmisfeﬁedmthmtbsstaheﬁﬁ{xpsde]ctédifmngbngmpeommgef based
ol yuret hane-urea - - The pol erties arge
(Fj)'es)c/r_i bed bel ow centnﬁxgal pl?mpsy g%phragm mer)x ,¥or£% pum s, ar pumps, perigtaltic
- pumps, pxston pumps and progresswe cawty pumps, screw pumps and vane

'pumps |

.'.-15 et

[Ty
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VD 97/ 10273

_ 6114445 : ~pH-=79 . Sot+€ds =
31. 38% Mean diameter article size = 189 nm
Viscosity =40 mPas 5 ' Exanpl e 2 Exanpl e
2 describes the prepar ati on of a hydrophobi c water-based
pol yur et hane- _ To a reactio S
charged 28. 53 867,&?2% 0 hydroxyl 10 equi val ence) Wg)}f‘g?r]
S-102-10 which is a polyester polyol from Ruco - Polynmer =

Corporation (Hicksville, NY), 0.348 kgs. (7./8 hydroxyl equival ence)
trimethyl ol propane, 3.48 kgs. (50.0 hydrgxyl eguival ence)

di met hyl ol propi oni c acid, 30.18 kgs. TIVI)E]1 i which is tetranethyl xyl ene
di i socyanate from Cyanam d (\Wayne, 'I\L])'; 0. 362 kgs. "Irganox[err] 1076 which
is.15 a hindered phenol a ' I o  ba- G egy Corporation
(Hawt hor ne, NY) and 2.30 kgs. m ne. The m xture was
mldly agitated and heated to
The pre-prepol ymer was charged with Sw6Q.kgs. (47 0)ani ne

equi val ence) Tomah[err]-14 which is isoflecyl om&pyl 1, 3-di am nopr opane 20

from Tomah Products (Mlton, W). The_ahine was tRhargdd to the reactor
over a 1- hour -period keeping the.te.né-.-at-m-t—beﬂ-.wy 90C. _
The prepol yner, which had a viscosityof—approxiyately 15, 000 m Pas

at 90C. was processed as simlarly descfibed i Pxamibe 1. The exception

being the prepol ymer was netered at A—ddkgs—m-r—f hepater (62[err]C) was
o P
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25 7 metered at a rate of 7 0 kgs/mn the turbine tip speed was
1, 000 neters/ sec. and: t he average residence tinme was

53- seconds. The di spersion was transferred to a
finishing vessel equipped with a. turbine agitator and run at a

circulation rate of about 10 mn[err] for W

20-ninutes. To the di spersion was charged a chain exteh MENT § EET

solution consisting of 12.65% di-ethyl ene triam ne, 39.p2pPo et hyl ene
2} nRMBSULome\DE

3

fne
and water. The dispersion was sti rreg an additional 30 te
a ' 1

97/10273 Summary Of The Invention L '

PCT/ US96/ 14445 wat er - based pol yur et hane-furea pol yner. TEeJ;

pol ymers pr operThe peesent énvention is directed to dﬁ%gpaﬂaﬁﬁ aR@pdeess for
pH = 9.12 Solids = 7% Vi scosity
=20 m Pas dispersing isocyanate-terminated polyurethane prepolymera in water. The

—_
a)

apparatus comprises:

a)  atleastone reaction vessel containing a water dispersible isocyanate-

terminated polyurethane prepolymer;
b)  atleast one supply vessel;

c) at least one su'pply conduit system;
d)  atleastone dynamic mixer which has a pitched blade turbine
within 2 draft tube,; and
e) atleast one finishing vessel.;-
wherein the dynamic mixer is configured to provide an average tip
speed greater than about 100 meters per minute, an average
power per unit volume less than about 0.6 watts per cubic
centimeter, an average residence time of at least about 10 seconds
with greater than about 5 passes through said mixer and an
average flow rate greater than aﬁout 30. liters per hour.
The invention is further characterized by a process for dispersing isocyanate-
terminated polyurethane prepolymers, cofnprising the steps of:
2) combining an aqueous solution
with at least one water dispersible isocyanate-
terminated polyurethane prepolymer to form a materials

mixture;
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-b) feeding the materials mixture into a

.dynamicmixcr_to form a dispersion; and
c) transferring the dispersion into a  finishing vessel to

complete the formation of a water-based
polyurethane-urea polymer;
wherein said dynamic mixer is configured to provide an average tip
speed greater than about 100 meters per minute, an average '
power per unit volume less than about 0.6 watts per cubic
centimeter, an average residence time of at least about 10 seconds
with greater than about 5 passes through said mixer and an
average flow rate greater than about 30 liters per hour.

Surprisingly, the inventive apparatus and process generates uniform
prepolymer dispersions using extended residence times and lower energy per

unit volume input.

Brief Description Of The Drawings
Figure 1 is a side fragmentary view, in partial cross-section, of a axial
flow dynamic mixer used in the apparatus and process of the invention.

Figure 2 is a schematic diagram of an apparatus of the invention.

Detailed Description Of The Invention

The present invention is directed to an apparatus and process for
dispersing-NCO-terminated polyurethane prepolymers. The apparatu's isa
turbine mixer which has z pitched blade turbine within a draft tube. ‘The
turbine mixers, which generate axial flow within the mixing vessel, can be
configured to provide a lower energy per unit volume, extended residence
times and multiple passes through the mixing zone. Such mixers have proven

useful for processing prepolymers which are difficult to disperse in water,
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14 C ai ns 1. " Appar at:.us-f or "di spersing i socyanat e-term nat ed

pol yur et hane prepol yners conpri sing:

| east one reaction vessel containing a water dispersi
tsocyanate-term nat ed pol yuret hane prepol yner;

one supply vessel; c) at | east one s
d) at | east one dynam c m xer which has a pitched

a)

at

i

DI p—
I@EPLACEMENT SHE TI

% 4 0 e

w thin a draft tube; and 1e) at |east{ope finishing vies

Claims

1.

east
em

sel ;

Apparatus for dispersing isocyanate-terminated polyurethane
prepolymers comprising: |
a) at least one reaction vessel containing a water dispersible
isocyanate-terminated polyurethane prepolymer;
b)  atleast one supply vessel;
c) at least one supply conduit system;
d) at least one dynamic mixer which has a pitched blade turbins

within a draft tube; and

€) at least one finishing vessel;

wherein the dynamic mixer is configured to provide an average tip

. speed greater than about 100 meters per minute, an average

power per unit volume less than about 0.6 watts per cubic
centimeter, an average residence time of at least about 10 seconds
with greater than about 5 passes through said mixer and an

average flow rate greater than about 30 liters per hour.

Apparatus as described in Claim 1, wherein said supply vessel
contains at Jeast one compound selected from the group consisting of
amines, antioxidants, biocides, coalescing aids, coloring agents,
defoimers, disperszd pigments, emulsifiable waxes, filless, fire
retardant agents, fungicides, ionic and/or nonionic emulsifiers, natural
polymer dispersions, non-polyurethane based emulsifiable syntheiic

resins, organic co-solvents, perfume-like materials, plasticizers,

AR



wherein the dynanic mixer is configured to provide an aver {ORef|iAREMERT SHEET
speed greater than about 100 neters per mnute, an average
power per unit volunme |ess than about 0.6 watts per cubic
centineter, an average residence tine of at |east about 10 seccgﬁisml- 1998
w th greater than about 5 passes through said m xer and an
average flow rate greater than aboyt 30 liters per hour. 2.
Apparatus as described in Caiml, wherein said supply vessel

contains at |easﬁeqﬁé&@erﬁ@%@ﬁ{?,@?@(ﬁfﬁféﬁs,f\ﬁﬂa g}sgﬁingrag% mgéti ng of

am nes, antioxidants, bi o€l des, coal esci’ng ai oforing agents,
def oaners, di spempdadreptigreafit s, enul sifiable waxes, fillers, fire
retardant agents, fungicides, ionic¢ and/or nonionic enulsifiers, natural

pol ymer di Sper sifparatisoaccoing fatiamel enSiaimaywherein said supglytcoaduit

resins, organic:£Q-s0l\V . perfume-like materials, plasticizers,
15 sequégg%rﬁﬁllﬁsg?ﬁa%g}ﬁ?és%: WV stabilizers, water, wetting agents and

Tl it HSE A i ORI KRR b

Caim?2, whérein
Apparatus accor gy AdetQq it st ST sel8ledd Abm 2 gioup anscl;s%rrr@ound can be
of piston pumps, gear pumps, centrifugal pumps, diaphragm pumps,
lobe pumps, progressive cavity pumps, peristaltic pumps, screw pumps
and vane pumps.
3. A process for dispersing an isocyanate-termiﬁated polyurethane preﬁ;olymer
in water with a dynamic mixer having a pitched blade turbine within a draft

tube, comprising he steps of:
a) carbining an aqueous solution with at least one water

dispersible isocyanate-temminated polyurethane
prepblymer to form a materials mixture;

b)  feeding said materials mixture into a dynamic mixer to form a
dispersion; and

c) transfeiing §aid dispersion into a finishing vessel to complete
the formation of a water-based polyurethane-urea polymer;
wherein said dynamic mixer is configured to provide an average tip
speed greater than about 100 meters per minute, an average
power per unit volume less than about 0.6 watts per cubic
centimeter, an average residence time of at least about 10 seconds
with greater than about 5 passes through said mixer and an

average flow rate greater than about 30 liters per hour.

A



transferred with at |east one punp selected fromthe group consisting

'of piston punps, gear punps, centrifugal punps, diaphragm punps,

|l.obe punps, progressive cavity punps, peristaltic punps, screw punps

and vane punps. 5. A process for dispersing an isocyanate-term nated
pol yur et hane prepol yner in water with a dynam c m xer having a

pi tched bl ade turbine within a draft 16 tube, conprising he steps of:
a) conbi ni ng an aqueous solution with at | east one water

di spersi bl e i socyanate-term nated pol yur et hane prepol yner to

forma mtefial § fHhotlt!hdtording to Cldbh 5, JIREGhRESALELBERS 1 Al s m xture into a

dynam c m xér to m.a, I,.Sspek sl on:, and o C)
transferring saﬁf@“g‘?réeﬁé ith @deastons purRp ﬁqlgcﬁpcﬁSrO%glgegrOl{pocoggﬁ%}%%fe
the formati on of a.wat.er-has - ; " :
wherein said dy?ﬂ%‘@%ﬁwg}ﬁi @%@%’%é&ﬁ@g% ?eﬁ"o Is,%éagﬁﬁgesé})%réséalﬁ;p
speed greater t [veBaithy Hunip’, Ry&¥ s and vane
power per unit o'aaﬁg%nsé%arﬁﬁagﬁ%?g&Gam??sngjgr cublﬁ‘gm‘p
centinmeter, an gygpage residence time of at |east about 10 seconds
wi th greater than about 5 passes through said m xer and an

average fl Qw ra{ progessaicesrdingan Glhimuts @CClhim 6; wherein thewqueous
16

solution comprises a compound selected from the group consisting of
amines, antioxidants, biocides, coalescing aids, coloring agents,
defoamers, dispersed pigments, emulsifiable waxes, fillers, fire retardant
agents, fungicides, ionic and/or nonionic emulsifiers, polymer dispersions,
organic co-solvents, plasticisers, sequestering agents, UV stabilisers,

wetting agents and mixtures thereof.

REPLAGEMENT SHEET

24 JUL 1998

* c L M S *



6: A process ‘according to daimb5, wherein said materials are 0’%%34 !
' trarrsf"eﬁ g Wt at Teast one punp sSelrected rtromtine group consisting Grme
centrifugal punps, diaphragm punps, |obe punps, gear punps, peristalticcoPy
punps, piston punps and progressive cavity punps, SCrew punps/asss
punps. 7. A process according to-Claim5 or Caimé6, whereiyr
sol ution corrprlPGTa comouh@%@@@@ﬁﬁﬁmﬁﬂf‘%ﬁ“conm St

am s oy 0L A5 B B 58y L EST 0oL 0L UG08 B e
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An apparatus and process for the preparation of water-based polyurethane-urea polymers wherein dynamic mixers, which have a
pitched blade turbine within a draft twbe to generate axial flow, are used to disperse isocyanate-terminated polyurethane prepolymers in
water. The mixers are configured to provide an average residence time of at least about 10 seconds, an average energy per unit volume
‘input less than about 0.60 watts per cubic centimeter and an average of at least about 5 passes through the mixing zone,




