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Techni cal Fi 6%97/23 The present invention pert gdudos1ozs

pol yur et hane eI astoners. Mre particularly, the present invention
pertains to pol yurethane el astoners havi ng i nproved physi cal
properties. Preferably, these elastoners are 10 prepared by chain
extending isocyanate-term nated prépol yners prepared from m xtures
‘of crystallizable pol yol s and | ow nonol pol yoxypropyl ene pol yol s.
Backgr ound Art ELASTGNIERECM?UREH}HANE&WI’HI y used

imraltt e-r1i5al ssufngdi giﬁle&ev. g@ gRGP Ems ISED ON'CR AuIZABeIigr
rollers, to nane but a 1&2@1‘ eL fﬁﬁ%‘{’m g@g{;% d
ot her properties, el ast orrers POLY, @X&PB&JPFYJHE rm nat ed

pr epol yners i ncor po- rating polytetranethylene ether glycol
(PTMEG and poI yest er polyols are dom nant in demandi ng applica-
tions. The PTMEG and pol yester pol yol cdexhichkField t er ned
"crystallizable" polyols, due to their stress- i nduced nol ecul ar
alignment into configurations which 25 resenble crystalline
structures. Pol yoxyet hpheneresent ingkpthds pertdins lter peXpupt esarcd

crystallizable pol yok$asromers. More particularly, the present invention
pertains to polyurethane elastomers having improved
physical properties. Preferably, these elastomers are
i0 prepared by chain extending isocyanate-terminated
prepolymers prepared from mixtures of crystallizable
polyols and low monol polyoxypropylene polyols.

Background Art -

Polyurethane elastomers are widely used in

15 such diverse applications as gasketing and sealing
materials, medical devices, ski boots, jounce bumpers,

and conveyor rollers, to name but a few. Due to their
strength, hardness, and other properties, elastomers
prepared from isocyanate-terminated prepolymers incorpo-

20 rating polytetramethylene ether glycol (PTMEG) and
polyester polyols are dominant in demanding applica-
tions. The PTMEG and polyester polyol components are
termed "crystallizable” polyols, due to their stress-
induced molecular alignment into configurations which

25 resemble c¢rystalline structures. Polyoxyethylene
glycols are further examples of crystallizable polyols.

The “crystalline" alignment, together with the intermo-
lecular forces such as polar attractions and van der
Waals attractions which such alignmments induce, are

30 believed responsible for the desirable physical proper-
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The "erystalline" alignnment, together with the interno- | ecul ar

forces such as polar attractions and van der Waal s attractions which
such alignnments induce, are 30 bel i eved responsi ble for the desirable
physi cal proper- WO 97/ 23531
PCT/ US96/ 19235 - 2- ties
denonst r at eV@Y72¥8h el ast oners. See, e.g., " Comp BFFUSHI3F5t he
Dynam ¢ Properties of Pol yurethane El ast omers Based on Low
Unsat ur ati on Pol yoxypr opyl ene G ycol s and Pol y(tetranet hyl ene oxi de)
Gycols,"” AT. 5 Chen et al. , POLYURETHANE WORLD CONGRESS 1993, pp.
© 388- 399. PTMEG, pol yester polyols and "crystallizabl e"

pol yol s ot her thantfelsyosgmbhgteaced! ool Suchndel &sbemers. Begh cesg.,
starting materials,, [ egrl . | yureth rs
prepared fromt hesec"g’g1 \éﬁ"gﬁfls 1061& séom%cr epﬂ?%%lg?lé/pérji c?:%edggrfgg%%?ﬂsgg
Mor eover, the el ongdastomers (Hafipd #n clawt Hpepsuprbber e@ofyenypropylene

gg %stal l'i zabl e pol mhﬁzlglls ant@ apelgemﬂuyetﬂﬁlrénfeg%ﬁ@éyhesm&g%,Oﬁf ziw@. to
per - ceng.. n 10 .nNcre ng__nater,l
such as pl ast isci zer%élegr e%o%g-'f u%%t‘#%%%’?‘e’? é‘%é%nl gé’?%%g%igés%'l%p‘ ?{%@ '§«§§Ve as

chain term nators. However, any increase in el ongation is obtained

only at the expense of narke®TMEG, polpskidr gamiyra;ltseaahl ecsiseaut Dzapseal |y
acconpani ed al so

to i ncr easepﬁé’yﬁlg’ly c??%ger?g%?%ﬁoé %%h%?&iemg{#y}ﬁﬁggﬁat%?@?eééggy ©
mers prepared fromhdighstedst zabaet pod yvaterials, however. As a result,
Pol yoxypropyl ene digel1gha¢hate @YadRSabY5abk@Pared from these components
10 also are higher priced products. Moreover, the elonga-
tions of elastomers prepared from crystallizable polyols
are generally limited to the range of 400 to 600 per-
cent. Elongations can be increased by adding materials
such as plasticizers or mono-functional reactive species
i5 to serve as chain terminators. However, any increase in
elongation is obtained only at the éxpense of markea
reduction in tensile strength, usually accompanied also
by a decrease in hardness. It would be desirable to
increase both elongation and tensile strength in elasto-
20 mers prepared from crystallizable polyols.

Polyoxypropylene diols having low unsaturation
have been suggested to wholly replace PTMEG in elastomer
prepolymer formulations, however, the properties of the
resulting elastomers are little improved, exhibiting

25 somewhat improved tear strength but similar tensile
strengths and elongations. See, A.T. Chen, op.cit.
However, in many applications, it would be desirable to
retain the known benefits of crystallizable polyoi-based
elastomers while being able to improve properties such

30 as tensile strength and elongation.
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Summary OF The I nvention It has now been surprisingly
di scovered that pol yur et hane Siphamcn©f<Thednveption nproved

tensile strength, elongation, or inprovenents in both these 5
properties, may be prepared using a pol yol conponent containing a

crystal lizable polyol together It hasf nom been sugboigiglo Gboeavedfed that
equi val ent percent Ofy 3 /00 HRal e%astoxﬂﬁlé’ox).‘a@'vgﬁél ensmppﬁ&a@l . tend¥le
ly sy y th al

el astoners are nost prefera synt hesi ze the ¢ ext ensi on

o

of iso- 10 cyanat¥te@Sihat SPHIHETOY nePs ﬁF\?ﬁ&W@E‘eB§Sre’a’btgﬁ§ha these
stoichionetric excespripertdes, maye Iok - poepgadd i a8ing a polyydnat@spondrt

t he af orenenti oned p(goé,(yaiglq_qlgogQ‘ergrys'ggq_liélagﬁea%%qgrggne&tog-ettgrégi RAt.gd frd,énd

prepol yners may be used to prépare omati'c am ne exten

pol yur et hane el ast oné@Ruty AR P e IFHePtaPeFRERkh &fe o R MTRHal
el astoner s | agdovivacyreopviehe epahgsiti on She/ oelasheméres stars(ginnst

In addition, tear st rﬁ&t&éﬁaﬁ’j %Qﬁl%g&%gn%} ¢aat lc%aﬁgﬁ extensi® lof iso-

Quasi prepol ymer. and”™ one-sho techni_ques astoner tormatlon
utilizing the stfbj ectC¥OIRF&-tE3MpBAteGoPreRRAYRERT ePEFRRTEd Py reacting a

stoichiometric excess of one or more di- or polyiso-
cyanates with the aforementioned polyol component. The
isocyanate-terminated prepolymers may be used to prepare
diol and aromatic amine extended polyurethane elastomers
15 suitable for applications where conventional elastomers
lack the requisite elongation and/or tensile strength.
In addition, tear strength is improved significantly as

well. Quasiprepolymer and one-shot techniques of
elastomer formation utilizing the subject polyol compo-
20 nents are also useful.

The polyurethane elastomers of the subject
invention are preferably prepared by the chain extension
of an isocyanate-terminated prepolymer with a conven-

25 tional diol chain extender, or mixture thereof. The
isocyanate~-terminated prepolymer is prepared by reacting
one or more di- or polyisocyanates with a polyol compo-
nent containing a crystallizable polyol and from about
5 equivalent percent to about 35 equivalent percent of

30 a low monol-content polyoxypropylene polyol. Quasi-
prepolymer techniques, where the isocyanate is reacted
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Descri-ption of the Preferred Enbodi nents The pol yur et hane
el astoners of the subject I nvention are preferably prepared by the
chai n extension of an isocyanate-term nated prepolynmer with a
conven- 25 tional diol chain extender, or mxture thereof. The

| socyanate-term nated prepolyner is prepared by reacting r nore
di - or pol yi¥@22¥3¥ es with a pol yol conpo- nent conf%*’”?%sgg
crystallizabl e polyol and from about 5 equival ent percent to about
35 equi val ent percent of 30 a | ow nonol -cont ent pol yoxypr opyl ene pol yol .
Quasi - prepol yner techni ques, where4the isocyanate is reacted
WD 97/ 23531 PCT/ US96/ 19235
- 4- W th omtiyrha omilyor mimontarnduntheft dthed tpalaylob%ynﬂaouemppnen\.,

i.e. 10 equival ent jpeJs. C%t eqBifa PeisO ﬁéi%e&alt Lbe £f§@'\{keful thed fpLlhe

subj ect pol yol corrponent bei ngB}g resent .in_the t oner o ation
resin side ~(B-si d&er ofoae Ject; polygl, SPEREREN RGPS RESSEREI -§u5}"%ct
pol yol conponent |$lastomerprﬁrxemtlatn.drher&m desidee (Bsefidle)as wehk-shot

The isocyanat &s us@ﬁgsec&e%eweeagth%etotflnsubgesxaﬂawoie&ganaﬁ{ésgt is

prepol yners of the su; ect |1 nven- aronmatic tirc, or
cycl oal i phatic di- ¥ lnp&F’?l Boe{dRatee usefy} taaqol"{a'eléxarrpl es include
2,4- and 2, 6- toI uene diisocyanates and their mxtures, particu-

larly an approxi mat el y 80: 20,y Tl {s8cbhohPEs? Gae Pl 1nhe%r%%grix§8m3£ﬁe

2,2'-, 2,4 - and particularly ened g
di i socyanate and tﬁ‘-tﬁqcyﬁp,@ttﬁrégmfs%??ed PrePC‘lYmerS of the SUbleCt inven-

tion are aromatic, aliphatic, or cyclocaliphatic di- or

i0 polyisocyanates. Suitable examples include 2,4- and
2,6-toluene diisocyanates and their mixtures, particu-
larly an approximately 80:20 mixture of the 2,4- and
2,6-isomers; 2,2'-, 2,4'- and particularly 4,4'-methyl-
enediphenylene diisocyanate and their mixtures; poly-

15 rhenylene polymethylene polyisocyanates (poly-MDI,
PMDI); their saturated, cycloaliphatic analogues, for
example 2,4-, and 2,6-methylcyclohexane diisocyanate and
2,2'-, 2,4'-, and 4,4'-methylene dicyclohexylene diiso-
cyanate and other isomers thereof; isophorone diisocyan-

20 ate, 1,4-diisocyanatobutane, 1,5-diisocyanatopentane,
1, 6-diisocyanatohexane, 1,4-cyclohexane diisocyanate,
and the like.

Modified di- and polyisocyanates are also

useful. Such modified isocyanates include urea modified

25 isocyanates, biuret modified 1isocyanates, urethane
modified isocyanates, isocyanurate modified isocyanates,
allophanate modified isocyanates, carbodiimide modified
isocyanates, uretdione modified isocyanates, uretonimine
modified isocyanates, and the 1like. Such modified

30 isocyanates are commercially available, and are prepared
by reacting an isocyanate with a less than stoichiomet-

ric amount of an isocyanate-reactive compound, or with
itself. For example, urea-modified isocyanates and
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15 | phenyl ene pol ynet hyl ene pol yi socyanat es (pol y-MDI, PMDI ) ;

‘their saturated, cycloaliphatic anal ogues, for exanple 2,4-, and

2, 6- et hyl cycl ohexane dii socyanate and 2,2'-, 2,4 -, and

4, 4" -met hyl ene di cycl ohexyl ene dii so- cyanate and ot her isoners

t her eof ; i soplereeasssdi i socyan- 20 ate, 1, 4-diisocyanat olRGTAIN6/19235

1, 5-di i socyanat opent ane, 1, 6-di i socyanat ohexane, 1, 4-cycl ohexane

di i socyanat e, and the liKke. Modi fied di- and

pol yi socyanates are al so useful . Such nodi fi ed i socyanates include
urea nodified 25 i socyanates, biuret” Strodi fi ed | socyanat es, urethane

“nodi fied i socyanat e, J$ %agggggfengéééy%,aéeosCX& tb%syre red E ?gl Ogate

nodi fied isocyanates, car dirtm i SOCYANA

nmodi fi ed i socyanat esRdur@t 8ai niode Polyisocysartice diitdo AR e‘éuan%ﬂﬂ%il?fhem
li ke. Such nodi fi %teao or BSQEMAMIAIES aF ewE QTR cgﬁybul AVaiekpekeivand,
are prepared react gggan 1 ocyanatg.mﬁth a anC{han st0|ch|ge_ -

ric anmount of an |socyanat &2F O %o‘rrp(lﬁﬁ on&f“lﬂneth LSPELRRpr2
exarpl e, ur ea-Snodi masH fiiege javsvanages are prepavedopy238er-reaction of

PCT/ US96/ 19235 1socyad&@%%h&ﬁ%h”@@bﬁb@dvé§OﬁﬁaﬂﬁbeﬁrEBﬁnéé prepaggstby
react - ing a 19, Q0|1¥r' %ocyanat e Wth mnor quantities of
wat er or a di am ne, or Wi SI ycol , respectively, whi | e

carbodii m de-, uretonimne-, and isocyanurate- 5 nodi fied i socyanat es
are prepared by 'nter'reaCtloﬁm@Bg the 1ééﬁ¥§h§%%%e§1§té8 dsrs ebyeseirBntae
presence of a suit- , abl e_cat al
is given tg& tol ene diisocyanates (TDI), mnethylene
i0 diphenylene diisocyanates, preferably “pure® 4,4'-MDI,
carbodiimide modified MDI, and aliphatic and cycloali-
phatic isocyanates, particularly 1, 6-diisocyanatohexane,
isophorone diisocyanate, the various methylcyclohexylene
diisocyanates, and the various methylene dicyclohexylene
15 diisocyanates. Mixtures of isocyanates are also suit-
able, in particular mixtures of TDI and MDI, and mix-
tures of MDI and carbodiimide-modified MDI.

The crystallizable polyols useful in the

subject invention include any polyol with suitable

20 molecular weight which exhibits stress-induced crystal-
lization in elastomers. The crystallizable polyols are
preferably difunctional, however minor amounts of tri-

or higher functionality crystallizable polyols may be

used as well, for example less than about 20 percent by

25 weight, preferably less than 10 percent by weight, and
most preferably less than 5 percent by weight relative

to total crystallizable polyol. As used herein, the

term ‘“crystallizable polyol” includes difunctional
crystallizable polyols with at most about 20 weight

30 percent of higher functionality species. The equivalent
weight of the crystallizable polyol component may be

from 500 Da to 6000 Da, preferably from 800 Da to 5000

Da, and in particular from 1000 Da to 4000 Da. Molecu-
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Anong.the isocyanates |isted above, preference I's given to tol uene
. diisocyanates (TDI), nethylene 10 di phenyl ene dii socyanates, preferably
“"pure" 4,4'-MDl, carbodiimde nodified MO, and aliphatic and

cycloali - phatic isocyanates, particularly 1,6-diisocyanatohexane,

| sophorone diisocyanate, the various nethyl cycl ohexyl ene

di i socyanatwe 978881t he vari ous nethyl ene di cycl ohexyl ene 1BCT/US96/19235

di i socyanates. M xtures of isocyanates are al so suit- able, in

particular m xtures of TDI and MDI, and m x- tures of MDI and

car bodi i m de-nodified M. -6 The crystallizabl e polyols
“useful in the subj ect invention include any polyol with suitable 20

mol ecul ar wei ght Wi.ch addibid S Sld estpdiRAdead CLXSEREs hereihi ZBLi OPain
el astoners. The Crg\fﬁt al |i z)abl efgol ¥ol s are referaply difunctional,
however minor ampuff&LTRey) | retex °orm’r‘|‘1b§ﬁera‘f?ﬁf@’ﬁ of AT By sYEEPRTENI e
pol yol s may be unlassedtiemelse speciéiedpl e | ess than about 20 percent

by 25 weight, preferably |less than 10 percent by wei ght, and nost
preferably | ess than 5 percent by weight rel atjve to total ,
crystallizable polyol. As Ea‘saé‘l?%‘ﬁegr e ,c‘ﬂﬁ%taihzatfleer ROLYS afrivaBle

pol yol " incl udles didmndtheongiractice cof/strilel | pabsentpoliyvientdionh fhchndé
about 20 weight 3 491 1 ahahfenet | S,Q:I Y $ReCHE

equi val ent \C/\Lfex;egjﬁff of_t h%g c%st allwyif zléglbl egq oI°|3]/'r§I' %grr%ongﬁ?m%ggy%%ne
from 500 Da to 60CRFIRE (FHlftsh| y 3FFonPBHYSTEEY o0 BYOOLS .  BRIYERBE®H
particul ar from 1013l droe 4600eDaglibbdsuhaving equivaDedt/ 2853hts of

PCT/ US96/ 19235 £rom 500 Da to 4000 Da are préferres. |ar weights and
equi val ent wei ghts %er ern in Da
10 Polyoxyethylene glycols are well known, and
are generally prepared by the base-catalyzed oxyethyl-
ation of a dihydric initiator molecule with ethylene
oxide. Any suitable dihydric initiator may be used,
non-limiting examples being water, ethylene glycol,
15 propylene glycol, diethylene glycol, neopentyl glycol,
and the like. However, the most stereoregular polyoxy-
ethylene glycols are prepared from ethylene glycol or a
low molecular weight oxyethylated oligomer such as
diethylene glycol, triethylene glycol, and the 1like.
20 Polyoxyethylene glycols having equivalent weights of
from about 800 Da to 4000 Da are preferred, with eguiva-
lent weights in the range of 1000 Da to 3000 Da being
more preferred.

Polytetramethylene ether glycels (PTMEG) are

25 commercial items and readily available. PTMEGS are
prepared by the ring-opening polymerization of tetra-
hydrofuran, generally in the presence of Lewis acid
catalysts. PIMEG polyols have a relatively high methy-

lene to oxygen ratio, are essentially linear, and offer

30 low water absorption, high hydrolytic stability, and
good stress-induced crystallinity due to their regular

and sterically unhindered structure. PTMEGs having
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(Daltons) refer to nunber average equival ent wei ghts unl ess ot herw se

‘speci fi ed. Exanpl es of crystallizable polyols suitable 5
for the practice of the present invention include preferably
polyoxyethylene gl ycol s, polytetranethyl ene ether glycols, and

pol yest er I“yol ?3 Pol ytetra- met hyl ene et her gl ycolperhyé s

equi val ent wel from500 Da to 4000 Da are preferred. 10

Pol yoxyet hyl ene gl ycols are well known, and are general ly prepared by
t he base-catal yzed oxyet hyl - ation of a dihydric initiator nolecule
W th ethyl ene oxide. Any suitable ditsydric initiator may be used,
non-limting exanples being water, ethylene glycol, 15 pr opyl ene egcoI

di et hyl ene gl ycol, negpéieyeng| y'&)‘llghts of ARPUCheBPP kD2 I—Fﬂveﬁérco the mss

st ereor egul ar poIyox§art1culag1§yﬁgggugjycoIs are prepared from et hyl ene
glycel or a | ow nol ecul ar wei ght oxyet hyl ated ol i gomer such as

di et hyl ene glycol, triethylene glycol, and the |ike. 20 Pol yoxyet hyl ene
gl ycol s having equival ent wei ghedyester polyoksabeye 833 sPa termEO-E i e

preferred, wth equi \é%'allable | entgwgi gbbiybgtébeléﬂlgﬁé)f maP00pda 129523340

Da b f t et t hyl t h
ol yool 8 (PTVEG) Par & Z335S4E3RTope: HOMOPEITERAC 83 157 oVl AP0 L VIR

are pr epar ed bylth@ughngompenfnghpsbynermsaatenuaédt¥n¢Q$ChangeablY
hydrof uran, general "y, b@?m@ffé%&l%zégtéz%wﬁeaﬁk@pared by A& YhedSi 2 FAPVEG

pol yol s have a relatlvel nmet,hy- l ene”" t o ox n
essentially linear, GO erC%alan‘@Wm}brh%‘B’é‘E?ﬁﬁ %ﬁg ﬁlaé'%PPﬁf&rSI WGia
stability, and fugcmdosalesxesludumhdltryhémd¢alndqa1daéenostheTme most

regul ar Q@U St%ﬁﬁﬁ%hlyhUHQﬁQﬁ?ﬁéfkét&Hﬁggk%er E;NQQﬁJ¥%$fEhactone,
prepared by the inter-transesterification ring opening
polymerization of e-caprolactone. Polycaprolactone
polyesters have a uniform head/tail structure which
encourages crystallinity. Other lactones and molecules
15 having both hydroxyl and carboxylic functionality are
suitable for preparing polycaprolactone polyols.
Addition of other di- or higher functionality hydroxyl-
functional or carboxylic acid-functiocnal molecules can
be used to modify the functionality or structure of the

20 polycaprolactone polyols.

Co- and terpolyester polyols are also commer-

cially available, and are the reaction product of a
stoichiometric excess of a diol and a dicarboxylic acid

or esterifyable derivative thereof. When a single diol

25 and single dicarboxylic acid is utilized, the resultant
product is a copolyester, often termed simply a "polyes-

ter." Examples are polyethyleneadipate, a polyester
formed from ethylene glycol and adipic acid; poly-
butyleneadipate, a polyester formed from 1,4-butanediocl

30 and adipic acid; polyethyleneterephthalate, a polyester
formed from ethylene glycol and terephthalic acid or an
esterifyable or transesterifyable derivative such as
dimethylterephthalate; and the like. When two or more
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“-7- equi val ent wei ghts of about 800 Da to 1500 Da are

particularly useful. Pol yester polyols are al so
comercially avai |l abl e. Such pol yester polyols may be broadly 5
cl assified as honopol yneric and co- and terpolyneric, al t hough sone
of these tePﬂ%”ﬁ?@Pused i nt er changeabl y. annpolynerT%“BﬁF@@ ers
are prepared by polynerizing a nmononer cont ai ni ng both hydroxyl and
carboxylic acid functionalities or their chem cal equivalents. The

~nmost 10 common honopol yneric polyestgr is polycaprol actone,
prepared by the inter-transesterification ring opening
pol yneri zati on ofglgcsasraha¢bﬁn6wo oPOhyEQPEOLREHORELic acidPUYESEEES

have a uni for m hoadh! ile SR WGl sop -eadEOUT S8R SGALI] NIV

O her | actones and nol_ecu r
functionality are P¥X© HCEQU|tdB}eaxq%ﬁlep%%p&PﬂH&thyéﬁyeébel%%%%@bpate'
pol yol s. Addrepanedf foshel niibctudie bBifgkehyfienet ybpadbityl hg(dwﬂa{ﬂle—

functional org carbg§¥h|c g&acigégyyg ggg}dnnle%gbgs pgr hl he ?hy ed 1

nodi fy the functio or structur For ac
pol yol s. polyols angptrijndorehpohersfuncpid scaﬂemarkz; CRPAS -

cially available, aag Béeaaa@dr Qldr@l 197 QHUREnek éuant1t1e§t Ot& b OB Fd C

excess of a diol and.a Lgarbo erivative
thereof. Wen a S|R°F¥e SF pagyoiséﬁﬁkg ﬁﬁ?ﬁaﬂ?c§?56§§$?%i%§%%F|%Feater
utilized, the resthanttWO product is a copolyester, often terned
sinply a "pol yes- ter. Exanples are pol yet hyl eneadi pate, a

pol yest er f ormed fro col and adip
but yl eneadi piPe, a pol yester ?%?%éi???%hgl %ﬁ?%ﬁ%ﬁloP0§§6gé aﬁ#é i i1
aci d; polyethylenepeﬂxphphalacton@,penﬁespeplyester frodyed sf rfmmmetchyfxome
glycol and terephthaklsnévafbpran@none amaﬁé&ﬁii‘a’a@ﬁ a&et Ei‘@?éﬁré&'&d@b' e
derivative such as |neth¥%tere ht hal and t 1 When W? or
or & to their ease stress-in ucéd crystal izability, the

latter due to their linear and regular repeating struc-

15 ture. Particularly preferred are polyg:aprolactone diols
and polybutyleneadipate diols having equivalent weights
in the range of 500 Da to 4000 Da, preferably 800 Da to

2000 Da, and most preferably about 1000 Da.

The low monol polyoxypropylene polyol used in

20 admixture with the crystallizable polyol is a critical
element of the subject polyol component compositions.
Traditionally, polyvoxypropylene polyols have been
prepared by the base catalyzed oxypropylation of a
suitably hydric, oxyalkylatable initiator molecule in

25 the presence of a basic oxypropylation catalyst such as
sodium or potassium hydroxide or the corresponding
alkoxides. Undexr basic oxyalkylation conditions, as
discussed by Ceresa, Ed., in BLOCX AND GRAFT POLYMERIZATION,
Vol.2, John Wiley & Sons, pp. 17-21, some of the propyl-

30 ene oxide introduced rearranges to form allyl alcohol,
an unsaturated monohydroxyl-functional compound which
itself then serves as anrn additionmal oxyalkylatable
initiator molecule. As this rearrangement continues
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*- 8- gl ycols and/or two or nore dicarboxylic acids are used

in the polyesterification reaction, terpolyesters are produced. An
exanpl e i s pol yet hyl enebut yl eneadi pat e, prepared froma m xture of
et hyl ene gl yc@ly g7/hsésy but ane- 5 diol, and adipic acid. pCcTAEPE/192350r

hi gher -functi onal polyols and tri- or higher functional carboxylic
aci ds may be added, generally in mnor quantities, to prepare

pol yester polyols with average functionalities greater t han two.

10 Honopol yneri ¢ pol yester -polyols such as

pol ycapr ol act one, and copol \F/ester polyols fornmed from |, but. one di ol
and one di car boxyl i CP%E+RTaFBeprerErrediqibe oxvalkgiahipn. Qb obhe mea-
stress-induced crystshtédabirddttipnalliey and mdladudardweigiot tdisitirilbutdan afd

regul ar repeating st,]r_llélg-prg&c%n%r%{ey%ﬁ#éﬁgﬁéggbﬁggﬁfﬂ‘ed are

pol ycaprol actone dio pate di ol's having

equi val ent wei ghts in the range of 500 Da to 4000 Da, preferably 800
Dﬁ t'lo I200|0 Da, and nostrips eé@ﬁtﬁchmécﬁbniﬁzroowﬁiaﬁ. of monofunctional
The | ow nonol pgl yox pyl e y us | _xture Wt
crystallizable %ol yo%@%(ggéécrﬂﬁvigggl %lhe &%Hglaémfn%ncoc?_%??ﬁ)ei}g%b' \gc %‘%‘F‘%m 2
conponent conposi ti of®00 Da eaquivadientordgight, p@}?%yyﬁrtdmﬂ%d’ow%/owgy
have been prepacainbyot be Sasmol apatyerard cxxyprepyifamondfahcgional
suitably hydric, oxyalkykgafabl g '&'tﬂe%ﬁ]ﬁrt ”‘%'h%cu-'n%mkgalz%r AR RLESENTE
of a basic oxypropylatron catalyst such as Sodr um or potassium
hydroxi de or the corfeRgbiemabity of twg g dex theysddungidppadiyul RY| &heon

conditions, aso diol initiator, may be lowered to c.a. 1.6 to 1.7 or
less. At the same time, the continued introduction of
low molecular weight monol and oxyalkylation of this
monofunctional species creates a broad molecular weight
distribution, or high polydispersity, in the polyol
15 product. The relative amount of monol present is
generally determined by measuring the unsaturation of
the polyol, expressed as meq unsaturation per gram of
polyol, hereinafter, *meq/g". Unsaturation is measured
in accordance with ASTM D-2849-6% "Testing Urethane Foam
20 Polyol Raw Materials." Conventional, base-catalyzed
polyoxypropylene diols in the 2000 Da equivalent weight
range generally have measured unsaturations in the range

of G.07 to 0.12 meg/g.

Due to the high level of unsaturation and the

25 high level of monofunctional species which the unsatur-
ation reflects, the practical equivalent weight of
polyoxypropylene diols is limited to about 2000 Da. As

a result, numerous methods have been introduced to lower
unsaturation and attendant monofunctional species. Use

30 of cesium and rubidium hydroxides instead of the far
less expensive sodium and potassium hydroxides has
lowered unsaturation somewhat, as illustrated by U.S.
Patent No, 3,393,243, as has use of barium or strontium
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di scussed by Ceresa, Ed., in BLOCK AND GRAFT PCLYMERI ZATI ON, Vol . 2,
John Wley & Sons, pp. 17-21, sone of the propyl- 30 ene oxi de

i ntroduced rearranges to formallyl alcohol, an unsat urat ed
nmonohydr oxyl -functi onal conpound which itself then serves as an

addi ti onal atabl e initiator nolecule. As tdthsy

rearr angem%@éﬁlnues WO 97/ 23531 S96/19235

PCT/ US96/ 19235 -9- during the course
of the oxyal kyl ation, both the nea- sured functionality and
~nol ecul ar wei ght distribution of -1tke product change during

oxypropyl ati on. The conti nued introduction of

monof unct i onal shydspsides, |asndidushzaesdry [U.fSunferenbl ey, it 083 a

2000 Da eqUIvaIentanalgh114chxy-w Ws@'%EeQeEQiYQérB@QYlate cat@RisAidN AHHt 0
50 nol percent or nore nDnofu ct| e

sul t he
"nomi nal " or "theoreti ca':'q"‘um 'i‘ltﬁ% |eon%‘ﬁ°1f yan 1tsvvo Cﬁsseq ha™ Ut S-
di functionality of Pahent Mp. 44i282.B87 | wivh ommi theuktohertiery amineslad to

1.7 or 5 essco%atagy§@m5¢érelo&éleed:qméamﬁdmuabr RdUGhORa0fge of
| ow nol ecul ar wei ght .nonol andigyyalk tlon of . this nof uncti ona
species creates a BrSAdFR T uBa ENSFgnty thﬁl%??‘?tﬁﬁl%’rf‘n &atﬁiqd ts
pol ydi spersity, inanHe e ydlimited pmorksmdment TEne uesatuwat bowurievedl,
monol present IS 1iceleUPNEd bniSLEI S DAt fon BRABUILBYs | BFedISA ik ON

of t he polyol, as neg unsaturation per gram of
pol yol , herei naf t eFu€ nﬁ%F@ Ys?fuﬁﬁﬁj R es neasur ed i n accor dance
wi th ASTM D- 2849-69 "Testing Urethane Foam 20 Pol yol Raw Materi al s.

Convent i onal 4gbase-cat al yzedDouble RELYPXYBLARYEENe dh@h8xi N 81300 Da
equi val ent wei ght originaif € gggucedylga%%emﬁgggﬁgiéls tur%tlons |n t he
range ’
improved upon since, as illustrated by the present
assignee's U.S. Patent No. 5,158,922, has enabled
polyethexr polyol production with unsaturations in the
i5 range of 0.015 to 0.018 meq/g, a considerable improve-
ment. However, the expense of such catalysts coupled
with the increased processing time and expense associat-
ed with catalyst removal from the polyol product has,
until recently, prevented commercialization of low
20 unsaturation, double metal cyanide complex-catalyzed
polyols.

Meost recently, however, the present assignee
has developed new double metal cyanide catalysts which
exhibit exceptionally high catalytic activity; which

25 produce polycl products with exceptionally low levels of
unsaturation, for example in the range of 0.002 to 0.007
meq/g; and which can be readily removed from the polyol
product by simple filtration. While the measurable
unsaturation implies at least some monol content, low

30 molecular weight species which would be expected to
occur are difficult to detect with conventional gel
permeation chromotography. Moreover, the polydispersi-
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of 0.07 to 0.12 nmeq/g. Due to the high |level of
'unsaturation and the 25 hi gh | evel of nonofunctional species which the

unsat ur - ation reflects, the practical equival ent wei ght of

pol yoxypropyl ene diols is Iimted to about 2000 Da. As aresult,
NUIMer ous rretlgp(? e been introduced to | ower unsat up&trsss/PEss

at t endant nonof unc |onal species. Use 30 of cesium and rubi di um

hydr oxi des i nstead of the far | ess expensi ve sodi um and potassi um
hydr oxi des has | ower ed unsaturation sonewhat, as illustrated by U S
~Patent No. 3,393,243, as has use of barithor strontium )

97/ 23531 PCT/ US9

- 10- hydr oxi tk8S 2 Fhe (BFPRE bis IPXceRA W %mo -ovy S Bpvols
and 5,114, 619. Usebeingretiattwsthomd-eidd spetraleysts such as cal cium
napht henate such as is disclosed in U S Pat ent No. 4,282,387, with
or without tertiary am nes as 5 co-catal ysts have Iovvered unsaturatlon
to the range of 0. 04 rRf gPOLBREVRFOPYLRN® o PPA¥OL§stusHEWlychn the
catal ysts anshibhect | ifveettiofpaecbni t&d toSthodathanidgeVislw monol

catal ysts has occurred

cat al yst s, or FRFHEHTRL LG0T HGIBEJ1PHEY Herare Ehpstof - Pﬁem%@"%f r-

i nproved upon sinceabkg Lékest thded) by1t heeqi@semid most RSipRs abdut

Patent  No. 5,158 92307 N08q/§ P! fllrer. mB0! YST NSy AVIUn P RANSH LN
preferably difunctional, although minor amounts of

little if any g om&gﬁ@é%gateé@mggogmgméﬁgreﬁggﬁqlferqo% tems §f'ggtbl ol
%;#e

10 higher functionality polyocls may be used as well. The
term “"polvoxypropylene polyol" as used herein includes
polyoxypropylene dicls containing up to about 20 weight
percent of tri- or higher-functionality polyoxypropylene
species. The polyoxypropylene diols are preferably

15 homopolyvoxypropylene diols. However, random, block, or
block/random copolymer diols containing up to 30 weight
percent oxyethylene moieties, preferably not more than
20 weight percent oxyethylene moieties, may be used as
well, as may alse polyvoxypropylene polyols containing

20 minor amounts of higher alkylene oxide-derived moieties,
particularly those derived from 1,2- and 2,3-butylene
oxide. The term "polyoxypropylene polyol* includes such
predominantly propylene oxide-derived polyoxyalkylene
copolymers as well. Preferably, the polyoxypropylene

25 polyols are substantially all propylene oxide-derived,
and most preferably substantially difunctional. The
equivalent weights of the low monol polyoxypropylene
polyols may range from about 1000 Da to about 6000 Da,
preferably 1250 Da to 4000 Da, and most preferably 1500

30 Da to 3000 Da. Egquivalent weights of about 2000 Da have
been found particularly well suited in the practice of
the subject invention.
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15 range of 0.015 to 0.018 neqg/g, a considerable inprove- ment .

" However, the expense of such catal ysts coupl ed with the increased
processing time and expense associ at - ed with catal yst renoval from
t he pol yol product has, until recently, prevented commercialization
of |ow 20 d@ﬁﬁ&ﬂration, doubl e metal cyani de conpl ex- c py

pol yol s. Most recently, however, the presen aSS|gnee
has devel oped new doubl e nmetal cyanide catal ysts which exhi bi t
exceptionally high catalytic activity; which 25 produce polyol products
~with exceptionally |ow | evels of upgaturation, for exanple in the
range of 0.002 to 0.007 nmeqg/ g; and which can be readily renoved from
t he pol yol product by Whepl suth| iewt nonol pYhybdeypiwpyieasy palilyels

unsaturation inpli 8§eatu§éaasin SQHRJHREQiorQOQi@Ht lQWst3911 Q‘Dip 9%@ o
wei ght speci es which woul d f exgg} occur are ﬁ I cul

detect with convenPf§RAFSgRPYUr t Fﬁ@ﬁﬁpﬂﬁrﬁhrBHﬁfﬁﬁﬁébﬁ INBF%b&EF
t he pol ydi spersi- of lsocyawt@H‘.EﬁiSﬁated prepolymers which are subse-

PCT/ US96/ 19238 quently'chaln tended, 1t haéjbisn sur€r3b§§?€£ dN%ov-
products is exceptlonglt‘ | ow, e polyol s

nonodi sper se. at as hﬂFelepéFyB??BF @ﬁ%ﬁé’%&%d’%’-’%&%‘f WE ithet he
subj ect invention pbdybkpbregiylenéhestybaviigg dffecmrnel td sigridilemitivt he

| t ent f
T a5, o gL ST g Y S g

preferably about e0FFTRBEFY 6PIﬁﬁﬂﬁresﬂ%§ﬁﬂglf@ﬁ?&P@?FéneaﬁoPﬁm‘
are pr @fer abparddf toctdtheaiwisa tdigtiglarT ¢leistamenat *odftaining only

crystallizable polyol. With PTMEG polyols, for example,
5 eguivalent weight percent of a 2000 Da equivalent
weight polyoxypropylene dicl when used in conjunction
with the crystallizable 1000 Da equivalent weight PTMEG
15 diol shows an increase in elongation of 103% over an
all-PTMEG-derived elastomer while exhibiting a slight
but significant increase in tensile strength. Tear
strength is significantly improved also. At 20 mol
percent polyoxypropylene diol, the results are even more
20 surprising, elongation increasing by 149%, while tensile
strength is increased by 13%. Tear strength remains
higher as well. These physical properties remain
elevated until the amount of low monol polyoxypropylene
diol reaches about 35 equivalent percent of the total
25 polyol, following which tensile strength and elongation
markedly decrease to levels approaching or even lower
than those for all-polyoxypropylene diocl-derived elasto-
mers. These effects are particularly surprising in view
of the fact that conventional, base-catalyzed polyoxy-
30 propylene diols within the normal range of unsaturation
show little increase in either elongation or tensile
strength until & concentration of 25 equivalent weight
percent is reached, at which point elongation increases
by 47% at the expense of a 34% decrease in tensile
35 strength. Elongations of about 800% or more cannot be
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10 hi gher functionality polyols may be used as well. The term

"pol yoxypropyl ene polyol" as used herein includes pol yoxypr opyl ene
diols containing up to about 20 wei ght percent of tri- or
hi gher-functionality pol yoxypropyl ene speci es. The pol yoxypr opyl ene
diols are pre{ﬁ@% 15 honopol yoxypropyl ene diols. Howevetr/usssndsss
bl ock, or ocﬁ/randontcopolyner diols containing up to 30 wei ght
per cent oxyethylene noi eties, preferably not nore than 20 wei ght
per cent oxyethyl ene noieties, my be used as well, as may al so
_ pol yoxypropyl ene pol yol s containing 20 -~H&¥nor amounts of higher al kyl ene
oxi de-derived noieties, articul ar t hose der,ived fro , 2-_and
2, 3-butyl ene | Gfpﬁéveﬁhe el p¥ géyﬂ?&hﬁﬁ%ﬁﬂ% ol§5t6g$ﬁﬁltﬁﬁﬁ§%ﬁﬁ:h

predoninantly pr opy lsetrengxh dwkae rdamknidlopaly ahkghemesaturat ompolpaisreaas
wel I-.  Preferably, % Egggxgx&ggggy £06,4s3. Polyols are substantially al
propyl ene oxi de-der nmost preferably substantially

di functional . The equi val ent wei ghts of the | ow nonol

pol yoxypr opyl ene pol yol sheanysbapgraté-oremiinidt e Qi dpa lyired 8o WE &ﬂﬁO

th 3000 Da Eng’L?\?E'aiéen%f’é\(%/g?%h’{‘%”%?‘%b%“gog%@é%geef &t ggﬁgycq,ggg?gg cfx'
particularly well smnﬂﬁﬁeﬁnlﬁH@eiﬁhﬁﬁQQQSQﬂt {% NCOj hafs3hjNCR Fvidhk iNGP.

WD 97/ 23531 preferably 48 NCO to 10% NCO, 4 & @a&@@ewaasy 4% NCO to
-12- n c 0 D
are used in conj unct ori\wvéet hs’g‘hcr g CF%R" rsD 9/ ﬁo deq’%’ CO°’xpen§'—1°nal

pol yur et hane eIastoﬁ@F@nlﬁﬂéﬁerébiyrﬁﬁﬁéhﬁﬁ @BemIXCure of CKYStalllzable

i socyanat e-t eryg nat ebigicap dydrel swWaioHd1arso Ektb&_ﬁ)ropyiene @BENEY with a

chai n-extended, it h%ﬁfggﬁ n@urggishﬂgoxegk Vexces ed Egg Q§ Iiétle
The

as about 5 eqU|vaIent percent o] onoxypropy ene
effective to signifiPE@nide the desired 150cyanate group content

prepolymer reactive components are preferably reacted
neat under a nitrogen blanket at temperatures ranging

15 from room temperature to about 100°C, preferably in the
range of 40-70°C. Urethane group-promoting catalysﬁs
such as tin catalysts may be added if desired, but are
not ordinarily necessary. Prepolymer preparation
methods are well known, and may be found, for example in

20 the POLYURETHANE HANDBOOK, G. Oertel, Ed., Hanser Publica-
tions, Munich, ® 1985, or the treatise by J.H. Saunde}s
and K.C. Frisch, POLYURETHANES: CHEMISTRY AND TECHNOLOGY,
Interscience Publishers, New York, 1963.

Chain extenders useful in preparing the

25 elastomers of the subject invention inciude in particu-
lar, the common dJdiol chain extenders, non-limiting
examples of which include ethylene glycol, dliethylene
glyvcol, triethylene glycol, propylene glycol, dipropyl-

ene glycol, tripropylene glycol, 1,4-butanediol, 1,6-

30 hexanediol, neopentyl glycol, 0,0'-bis(2-hydroxyethyl)-
hydroquinone, 1,4-cyclohexanedimethanol, 1,4-dihydroxy-
cyclohexane, and the like. Ethylene glycol, propylene
glycol, 1,4-butanediol and 1, 6-hexanediocl are preferred,
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I ncrease el ongation while maintaining or increasing tensile strength
‘in the resulting elastoners, as com 10 pared to otherwi se simlar

el astomers containing only crystallizable polyol. Wth PTMEG

pol yol s, for exanpl e, 5 equi val ent wei ght percent of a 2000 Da

equi val ent I ght pol yoxypr opyl ene di ol when used i

with the ch&’&Wﬁsﬁbl e 1000 Da equival ent wei ght PTMEG 1%%3“{%%0%

an increase in elongation of 103% over an al | - PTMEG- deri ved

el astonmer while exhibiting a slight but significant increase in

tensile strength. Tear strengthsat+s significantly inproved al so.
At 20 nol percent pol yoxypropylene diol, the results are even nore

20 sur pri si ng, teohytrnediohcisigiongrbytidelar i Inrafergieds Minor

strength is increasgdnb¥ 38%rod8aliskéLNObhcH E4RI §§ycer1ne, h b€k and-
wel | . These phys |caI unti | the armunt

pr per
of | ow nonol poly gn rletnan°§?8f‘n?eﬁ‘éﬁe§’eaﬁ‘lﬁﬁag 3 TR VAREht
percent of the to!vath ZEe dpol yciiaid obttamdeyswhikelt Beesinbé preérgriedand
el ongati on mar kedly decrease to | evels approaching or even | ower

than those fgr all-pol yoxypro$l¥l ene dio] -deri ved el ast o- ners._These
effects are garticul arly s FHG | ARRw chaln  gxtendqrs aFgy; also
conventi onal , baseseﬁual.yzenhmolcgadﬁ}tly o efeprepy |amimediacltasinn ¢ht enddues

normal range of ugsatyf&hieic amines §t19w éftéﬂ@ \}Mo%%sgohﬂeﬁ%tgfémlnes

el ongation or tensile strength unti concentration o
equi val ent wei ghtand methy, F?t‘ainé‘ FBEE he &G PRFF LR 53 I phdghErerd
i ncreases ayondtiat aminesxpbick pfoaidd%s ees e aseadtidrensy | €186~

t th. O% R 23531
ISDC[I'/erl]J%96 ; 1gggonga{:i‘8{1§cOér@legg%fegts@%%c%a_ggohd@ﬁ (%tb%i—ex\.}%%&g i

whi | e nai nt ai ni ngPi8oPraBieroahkine) .  M-GhRAngt h4nhermebmiteredhsl3- hi gh
unsat urati on, pol gnxgro-2, 6-djsapyiriaidie)| andr ehesedrious ar-alkylated

toluenediamines and methylenedianilines. Other chain
extenders are useful, as well as mixtures of wvarious
15 types of chain extenders.

The isocyanate-terminated prepolymers are
reacted with chain extenders and optional cross-linking
agents at isocyanate indexes of from 70 to 130, prefera-
bly 90 to 110, and most preferably 95 to 105. The

20 elastomers preferably have hardnesses in the range of
Shore A 30 to Shore A 95, preferably from Shore A 70 to
Shore A 90. Both harder and softer elastomers may be
prepared as well. The curing of the prepolymer may be
effected with heat, with the aid of catalysts such as

25 dibutyltin diacetate, stannous octoate, or dibutyltin
dilaurate, amine catalysts, or combinations thereof. If
microcellular elastomers are desired, a small qQuantity
of physical or chemical blowing agent, particularly
water, may be added, or the curing elastomer may be

30 frothed by intensive mixing with air, nitrogen, or CO,,
or liquid CO, may be incorporated in the curable elasto-
mer reactive mixture. Water is a preferred blowing
agent, in amounts effective to provide microcellular
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The isocyanate-term nated prepolyners of the 5 subj ect invention have

‘i socyanate group contents ex- pressed in weight percent (% NCO of 3%
NCO t o 14% NCO, preferably 4% NCO to 10% NCO, and particularly 4% NCO
to 8% NCO. The prepol ynmers are prepared by conventional

t echni ques, Qyogﬁﬁ?gl ng a mxture of crystallizable 10  pol potussedssow
nmonol pol yoxypropyl'ene polyol wth a sufficient stoichionetric excess
of isocyanate to provi de the desired i socyanate group content. The
prepol yner reactive conponents are preferably reacted neat under a

ni trogen bl anket at terrperatures rangi ng-15- fromroomtenperature to

" about 100[err]C, preferably in ,ra ge of 40- 7%3 {)% Uretha

gr oup- pronoti ng cat &hAstomer derﬁi(?ﬁeass B t’é??%?s § q4e8d t'ﬁ‘
desired, but are  g/cmiptprefdrably!y.2 netessavyl.5 gRuepol yer
preparation met hods are wel |l known, and may be found, for exanple in
20 t he POLYURETHANE HANDBOOK, G Oertel Hanser PubI I ca-

tions, Miunich, [err] 1985, or T?‘ﬁerﬁﬁﬁ'éf-Ygé“W‘ﬂr%“Séﬁﬁd’gFé‘ate termipeged c,
Fri sch, PO_YURETI—IANEﬁ:epGEiI;'zMeSTR&hAi\D EENR A1), optionkit biswingcegents,

Publ i sh Ne t
ubl i shers, rmal gt 25931 Do £X! efr']%ﬁre%eus%%fé?c—

Yor
preparing the Ig ey s 8 ect 1 nvention | artr cu-
| ar, the conmmon di oll%aﬁﬁeéﬁﬁend‘é?%ss'hb#ﬂ]ﬁrrﬁ'tl agd Othe"exéﬁ’ﬁ]lléé“'SF Vi€ h

i ncl ude et hyl ene gl ynotilidirglddy il be intéhyedly tixddy| tnpegiedalnto a
propyl ene glycol, d'é?u%%éé'le mold, .« Oﬁr@éé’&"'d:{ t#époqs%@gde%% gl %&Qkng belt.

1, 4- but anedi ol , neop
0. 0' - bi s( 2- hydr oxyetliy|the case whene ogwp ﬁ’éﬁ#éth 145*5 c#é-l SBEEAA¥EI FETRERORLS
1, 4- di hydr oxy-10 ar®y difhexaienaiNdah hextkded BhHaane dgbpeakedpebpytene

8'%'(2:3'5311 4- but anedlnpér %le’s%é@&%%%‘i'ﬁ i eg%%ﬁﬁgé%%%g?gg remelte\él,) in
other words, is a thermoplastic polyurethane (TPU). The
TPU may be introduced into an extruder or other device,
remelted, and injection molded, blow molded, etc., to
is form a wide variety of products.

In the quasiprepolymer technigque, a guasipre-

polymer is prepared from excess isocyanate and only a

minor portion of the polyol component in the same manner

as the isocyanate-terminated prepolymers heretofore

20 described. Due to the lesser amount of polyol component

to isocyanate, however, the % NCO contents of quasipre-

polymers are higher than the % NCO of prepolymers.

Isocyanate group contents of from 14 weight percent NCO

to 20 weight percent NCO are suitable, for example.

25 When using quasiprepolymers, the remainder of the polyol

component will be introduced together with the diol

chain extender, either as a blend, or as separate
streams to a mixhead.

A particularly useful guasiprepolymer tech-

30 nigue utilizes all or wvirtually all of the low monol
polyoxyalkyvlene diol and none or virtually none of the
crystallizable polycl during preparation of the guasi-
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-14- 1, 4-butanedi ol being particularly preferred. M nor

‘amounts of cross-linkers such as glycerine, diethanol- am ne, and
triethanol am ne may be used in conjunction with the diol chain
extenders, but are not preferred. 5 Aromatic amne chain
ext enders r al so useful. Particularl referred

ext enders %V 0972%% aromatic amines such as theyvgrl ous tolrﬁgj#%sgf%% nes
and rnet hyl enedi anilines, and particularly substituted aromati c am nes
whi ch provide slower reaction by elec- 10 tronic or steric effects, such
‘as MOCA (4,4'-nmethyl ene- bi s- o-chliggoani |l i ne), M CDEA

(4, 4" -met hyl enebi s( 3- chloro-2,6-diethylaniline) and the various

ar - al kyl at ed prepoyreel an Tres ca.mlsilmielppllmedi ahuki peeparedt her thbai n
extenders are usef dhaiReMtRldacd with! LhESc LYo UANI b ool%fie%oﬁgoﬁ@ak“
ext enders. he _i socyanat e-t erm nat ed prepol are

reacted with chai r*R%tit §x§ﬁ8 Sﬁt]i’%n%‘PR:H'Y%g PrERi HRese Compﬁ@ﬁ‘tt?f &p

i socyanat e i ndexestloé B+sidel @ft mhéSﬂomﬁDéeicsh The rbﬂl)é.t&@ret ambiBrsase

nost preferabfy 95 .3 e e oner e hardn sses

in the range of Hst%ﬁmak&%op%?y%% Al\°§’5 8n&ef%‘) éﬁ?’?ya?l?(g#eﬁ?o

to Shore A 9®Fe B(ﬁqﬂl%%ﬁﬂ’erbaﬁﬂegbft‘é’re elaagtl@ﬁr‘érscmyﬁ%med in the

prepared as wel | . Jhesiprépgladfert hangr epodide®r si@) behat theef beakedmeith

heat, with the ai %)éd&&t aééhscgipguggpgs 2§° 3§I| butllxl_a |err11tdé)ae%ect8a eﬁ§ gnnous
r tl

octoate, or dibut ani ne ca

thereof. |f o€ meng) pedvorvaskvlene pelyodeskiedive el tguabphity

of physical pe chess cedublaminty prgeint Raybtaul f4a¥ie polydmter, may be
added, or the curing elastoner may be 30 frothed by intensive mxing
with air, nitrogen, or CJerr], or liquid CJerr] may be incorporated
in the curable el asto- onpxshogadiechaimigsupte alyat usefula pkef sheed
bl owi ng agentoné+sid®unt scraiiqed, Viend 0i S5 @A 41 E6MSEtdntl afs not

prereacted with any substantial portion of the polyol
component, the entire or virtually entire polyol compo-

15 nent and chain extender supplied to tae mixhead in a
stream or streams separate from the isocyanate compo-
nent. When the one-shot process is emploved, it is
desirable that a portion of the polyol component be a
low monol polyoxyethylene capped polyoxypropylene diol,

20 or that a minor proportion of high primary hydroxyl
conventional polyoxypropylene diol be included in the
formulation unless long demold and cure times can be
tolerated.

When low moncl polyoxyethylene capped polvoxy-

25 propylene diols are prepared by double metal cyanide
complex catalysis, the final oxyalkylation may be
conducted with mixtures of propylene oxide and ethylene

oxide containing from 70 to approaching 90 weight
percent ethylene oxide or thereabouts to prepare polyols

30 having a cap containing predominately oxyethylene
moieties. By this technique, primary hydroxyl contents

of from 35 mol percent to about 50 mol percent may be
prepared. If higher primary hydrcxyl content, i.e. from
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- 15- el astoner densities in the range of 0.15 g/cnferr] to 0.8
g/cnferr], preferably 0.2 g/cnferr] to 0.5 g/cnferr].

The reactive mxture of isocyanate-termn nated prepol ymer, chain
extenders, opty, (?) | owi ng agents, 5 pignents, thernmal axErids1923s
stablllzers fillers, reinforc- I ng agents, cross-linkers, and other
addi tives and auxiliaries nmay be intensively mxed, injected into a
sui tabl e nol d, extruded, or deposited on a noving belt. In the case

where substantially all reactive conponent7-10 are difunctional, an
extruded or beIt-depgglteg el ast o- Rge ngg subse uentlé be

granul ated and renel percent to RQ mgl prreent are,dpRipPdst e double
pol yurethane (TPU). mébel cyanidePliongyldse-dantaigoiect doxyd Ikyla et uley e
ot her devi ce, tE@Hﬁh&?gdr%C:laaafEﬂn?no@l defond! QY 'dggr o anip1le?

15 forma w de vari
quasi pr epol ymer t echfiP 6 m quE§§PﬁFéum hydroxggey nwhbirh ﬁPéBaﬁéHvﬁﬁoﬁﬁ a
excess i socyanabe anuobmbyeahylatlonrndanan@@mtlon oh t el Poldineonp @il

in the same manner al]éf"faﬁﬂﬁu 'ﬁ%%@”%ﬁa&@&%“@iﬁ? #’ifp%%ﬁ%éo ox:.d

heretofore 20 descrl f | esser anoun nponen
to i socyanate, howevEPSULhEng,RohighsreRrimary (hydrorel C°ntentgxﬂ%ﬂﬂ9¥§1are
hi gher than the % NCDoef mpnepolyfeest is retaifneelyaral &aFeodR talRent Hxai-

from 14 wei ght per Ce@{:hm:l.on does 910%0 Pl@rggucg r(::enéubl\ls a 1%&?%61%&0;0'

for exanple. When™ usi ng quasi prepoly r'efmal n
component wil | Be |nPPEGEEEﬂt?QmﬁQ?R#E%MéﬁlQQRﬁc#Qﬁe CatalY&ﬂﬁqumanﬂnkﬂ

either as a blend, oties.sepaocaite preferablyfagny OhdgHl Xhedthry hydroxyl
polyoxypropylene polyol contained in the B-gide is of
low monel (< 0.02 meqg/g) content.

Having generally described this invention, a

15 further understanding can be obtained by reference to

certain specific examples which are provided herein for

purposes of illustration only and are not intended to be
limiting unless otherwise specified.

20 A series of polyurethane elastomers were
pPrepared by chain extending 6% NCO, isocyanate-terminat-
ed prepolymers with 1,4-butanediocl at an isocyanate
index of 105. The isocyanate index was kept constant to
facilitate comparisons between the various formulations,

25 all the prepolymers of which were prepared by reacting
a stoichiometric excess of 4,4'-MDI with a 1000 Da
equivalent weight PTMEG diocl containing from O equiva-
lent percent to 75 eguivalent percent of a 2000 Da
polyoxypropylene diol having a measured unsaturation of

30 c.a. 0.007 meqg/qg. A further comparative example was
made employing all polyoxypropylene diol and no PTMEG.
Following cure at 100°C, the elastomers were demolded
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A particularly useful quasiprepolynmer tech- 30 nique utilizes all or
Yirtually all of the | ow nonol pol yoxyal kyl ene di ol and none or
virtually none of the crystallizabl e polyol during preparation of

t he quasi - WO 97/ 23531

PCT/ US96/ 192 - 16- prepol yner. The
quasi pr epol yﬁe@r”{zﬁﬁé prepared is then chai n ext ended vi‘tp‘ﬁ” 9829235
crystallizabl e pol yol conponent and chai n extender by supplying both
t hese conponents in the B-side of the fornulation. The relative
.amounts of 5 crystallizable polyol andgow nonol pol yoxyal kyl ene di ol
are adj usted between the anobunts contained in the quasi prepol yner and
B-side such that tHn@|emtididrated fopr Bdwetkeont Bhpsidd DB Boddr B32s were
equi val ent percent ®ed Heeas lo |y al kyl ene polyol relative
to 65 to about 10 95 equi%%ﬁ%ntw%%f%%%ﬁagfyg?élPF%ESPEego+%dT?ble 1.
One-shot techniques are also useful. In the "one-shot" technique,

t he i socyanat e conponent is not prereacted with any substanti al
portion of the polyol conponent, the entire or virtually entire

pol yol conpo- 15 nent and chain extender supplied to the m xhead in a
streamor streans separate fromthe i socyanate conpo- nent. \Wen the
one-shot process is enployed, it is desirable that a portion of the
pol yol conponent be a | ow nonol pol yoxyet hyl ene capped

pol yoxypr opyl ene diol, 20 or that a mnor proportion of high primry
hydr oxyl conventi onal pol yoxypropyl ene diol be included in the
formul ati on unl ess | ong denold and cure tinmes can be t ol er at ed.
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When | ow nonol pol yoxyet hyl ene capped pol yoxy- 25 propyl ene diols are

‘prepared by double netal cyanide conpl ex catalysis, the final
oxyal kyl ati on nay be conducted with m xtures of propyl ene oxi de and
et hyl ene oxi de containing from70 to approaching 90 wei ght
percent et hyl‘% . ?_Jggle or thereabouts to prepare polyols 30 per/gsts a
cap contai ni & % dom nately oxyethyl ene noi eties. By this
techni que, primary hydroxyl contents of from 35 nol percent to about
50 nol percent may be prepared. I4t%hi gher primry hydroxyl content,
i.e. from WO 97/ 23531
PCT/ US96/ 19235 ] . per cent
to 90 nol percent gr esig eqgl Lhe, Q_;_Lbh@ % &
conpl ex-cat al yzed dx kyFat ign"frdy| ¢ R@ =8 tion of
strang base, for eja e sodi uh or jpot a i ch then
serves as a b5 pal yoket hyl atji oh atjal ysit . _ final
oxyal kyl ation may He epnduct g M“h gl 2qhA 2 “@gksulting in
hi gher primary hydrfo cont ent . efflgl m < is
retai ned, as base- d-g ntrgpduce any
subst anti al anount ofm 0 uns lyzed
oxypr opyl a- th AbH dr oxyl
pol yoxypr opyl ene pdly cont ai ' [ [ | owjjronol (<
0. 02 neqg/ g) cont ent. cribgd this
invention, a 15 heg urg I28¢rence to
certain specific e es whi gh =
8l -5 = 8] g =~
% 8l = o B agl 3§ Sg B ¥ f¥
o S a - & 3 =) ~
v e 8 8§ 43 38 35 BZ| B3 £3
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pur poses of

“unl ess ot herw se specified.

exanpl e was

Fol | owi ng cure at

97/ 23531
- 18-
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illustration only and are not intended to be limting

10

15

20

25

30

ugedetenplepang 8lispaheoxy pidd 32 o dveand oo riSHEG

p2>99£>§§£>lr9pyi£&?e eéf&fso,ne{ris q@%d%%%g%ﬁgﬁ 1 to \QQS

and eguivabent aerasnt hascke. appyeriablereffisat an wdmsto-

then neasureq. ThgekeptisidHie pres@tal, nwilebbgs laddition WP 97£ER531
PCT/ US96/ 19235

equivalent weight percent results in a huge increase in
elongation while maintaining or increasing tensile
strength. At higher levels of low monol polyoxypro-
prylene diol content, for example in the range of 10-25
equivalent percent, elongation is further improved, as
is also tensile strength. These increases in properties
are maintained up to approximately 35 equivalent per-
cent, at which concentration tensile strength remains
high, elongation decreases somewhat but is still about
800%, an increase in elongation of greater than 50% as
compared with the all PTMEG-prepolymer-derived elasto-
mer. At higher levels of low nmnbl.polyoxypropylene
diol, tensile strength rapidly dJdiminishes, and the
elongation is actually less than an elastomer prepared

from a prepolymer derived solely from low mconol polyoxy-
propylene diol. At 75% or more polyoxypropvlena diol
content, tear strength is also less than the all PTMEG-
derived elastomer.

A series of elastomers derived from PTMEG-
based prepolymers containing either low monol polyoxy-
propylene dicl or PPG-4025, a conventional, base-cata-
lyzed polyoxypropylene diol having an unsaturation of
0.070 meg/g were prepared as in Examples 1-4 and C1-C7.
The physical properties of the elastomers are presented
in Table 2.

SUBSTITUTE SHEET (RULE 26)

Exanpl es 1-4 and Conparative Exanpl es

Cl- C7 20 A series of polyurethane elastoners were
prepared by chai n extendi ng 6% NCO isocyanate-term nat - ed
pr epol yrrersww'c?t.,% 4- but anedi ol at an isocyanate I NdpETRIsIckdIs The
i socyanat e I'ndex Wwas kept constant to facilitate conpari sons between
the various fornul ations, 25 all the prepolynmers of which were prepared
by reacting a stoichionetric excess of 4,4'-MDl with a 1000 Da

. equi val ent wei ght PTMEG di ol containing20+on10 equi va- | ent percent
to 75 equival ent percent of a 200 onoxg ropyl ene diol having a
nmeasured unsaturation of 30Table, 3a sr’G’V@OFhﬁEquen 'ﬁm‘gﬁf’fﬁ?" IofFe fusve



-19- [err] WO 97/ 23531

PCT/ US96/ 19235 - 20- Table 1
shows that when PTMEG prepol yners are used to prepare el astoners,
addition of even | ow nonol pol yoxypropyl ene diols, in quantities of
only 1 to 2.5yn0e723s5§i0ui val ent percent has no appreciabl e ef f pctrusssnedsast o-
5 mer phyS|cé¥ properties, whereas addition of fromb5 equi val ent
wei ght percent results in a huge increase in el ongation while

mai ntai ning or increasing tensile §¥rength At higher levels of |ow

e range of

monol pol yoxypr o- =apleno—digl—contea o D

'10-25 10 equi val ent ner;ent, eIongaiio ifs fur hdr i} MRf OV as S
al so tensil e strength. Thse ijncreases$ i prge@ iAsgl S Bjagy nui ntai ned
up to approxi mately 35§ eqfji vallentgpeg] @ 8| Steo ,fag‘fv\ﬁﬁ incentration
tensile strength renalis { hi gh, ¢lo gatrwqgoggrw,sﬁsiﬁo gwhat but is
still about 15 80094 afp i ndrease i €| orjgatidh df ¢rERtBr thhan 50% as
conpared with the all f MEG—pFiepet- e t—derHvef—eladte er. At
hi gher | evels of |ow rno1 polyoxyprO)erné di off, tensille strength
rapi dly dimnishes, anfl tje el opgati gn soguggglasthan an
el astoner prepared 20 2 sirgmia prepo ygrprwdai'g Bisd S 2 &@h | ow nonol
pol yoxy- propyleieoulﬂP* At ' 7594 or| nyr & | 9D rﬁb$£e~’ dio
content, tear strength}ls al sd | ess than|tHe & K| R = = deri ved
el ast oner . Exafpl s 5-[7 and Cenpprdtiye Exgnplles| C8 C10
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25 . A series of elastoners derived from PTMEG based

- prepol yners contai ning either | ow nonol polyoxy- propyl ene diol or
'PPG 4025, a conventional, base-cata- | yzed pol yoxypropyl ene di ol
havi ng an unsaturation of 0.070 nmeq/ g were prepared as in Exanples
1-4 and C1-Cr7. 30 The physical properties of the el astongr r esent ed
'n Tabl e 2, WOIBS1 o o7 23531 "Ftntbanodis
PCT/ US96/ 19235 -21- Jerr] WO 97/ 23531
PCT/ US96/ 19235 -22- Tabl e
2 shows that m xtures of crystallizabl ezs- pol yols wth conventi onal

" pol yoxypropyl ene diols having hi gher unsaturation are far inferior to
m xtures con- t ai ni ng Tadwen@nehops| yimady priommydrese ofi ekystkllonhgabiens

S o O similar f QSaRyAld QARnAEEnGLADLEndY b Iy I Bi1s nal¥nd"
£

average of 71% as conpared to convention _ ' reas tensi

taining low monol polyoxypropylene diols. Elongations
5 of similar formulations are higher with low monol diols

by an average of 71% as compared to conventional diols,

whereas tensile strength averages 14% higher as well.

Example 8

An elastomer was prepared as in Examples 1-4

10 and Cl-C7 but containing 90 equivalent percent 2000 Da

PTMEG and 10 equivalent percent of a 1000 Da equivalent

weight low monol polyoxypropylene diol having an unsat-

uration of 0.005 meq/g. As compared to an all PTMEG-

derived control, the elastomer of Example 15 exhibited

15 a 16% increase in elongation, a 13% increase in tensile
strength and a 12% increase in tear strength.

Isocyanate-terminated prepolymers were pre-

pared as in Examples 1-4 and Cl-C7 and chain extended to

20 form elastomers. However, crystallizable polyester

- polyols were utilized in lieu of PTMEG, with and without

addition of 10 eguivalent percent of a 2000 Da eguiva-

lent weight low monol polyoxypropylene diol. The

results of measurement of the physical properties of the

25 cured elastomers are presented in Table 3. In both

cases where low monol polyoxypropylene diol was included

in the prepolymer formulation, significant increases in
elongation and tear strength were noted.
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Exanpl e 8 An el astonmer was prepared as in Exanples 1-4

10 and Cl1-C7 but containing 90 equival ent percent 2000 Da PTMEG
and 10 equi val ent percent of a 1000 Da equi val ent wei ght | ow nonol
pol yoxypr opyl ene .di ol having an unsat - uration of 0.005 nmeqg/g. As
conpared to 3bhasa] VEG derived control, the el ast onperobosiaomspl e
15 exhi bited g a 16%increase in elongation, a 13%increase in tensile
strength and a 12% increase in tear strength. Exanpl es 9 and 10 and
Conpar ati ve Exanpl es Cl1 and Cl12 -23- | socyanat e-t er m nat ed
_prepol yners were pre- ' pared as in Exanples 1-4 and Cl1-C7 and chain
extended to 20 form el ast oners. However, crystallizable polyester
polyols were utilized in lieu of PTMEG w th and w thout addi ti on of
10 equi val ent percent of a 2000 Da equi va- |l ent weight | ow nonol
pol yoxypropyl ene diol .pee—eThe &%ﬂ&gg f the physical
properties of the 25 ced el asto priesgnted fnjTahle 3. In both
cases where | ow nonol DX \Wpr opyl e pas! igclbded in the
prepol ymer fornul ation,| s§fpnilfi cant s§n§ 2l KRlel@n&4tion and tear
strength were noted. Vi 9% I I I I
PCT/ US96/ 19235 -23 P 2 e B ) B
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- - 24- Exanpl e 11 and Conparative Exanple Cl13

El ast omers were prepared from i socyanate- term nated prepol ynmers

prepared by reacting t ol uene di i socyanate with a pol yol conponent at

an equi val ent ratio of 2:1 and chain extending with 4' -

nethylenebﬁg?gwgﬁ?bro 2,6-diethylaniline), an am ne type y%§%ﬁ%%? ;$

extender. In both prepolyners t he pol yol conpo- nent contai ned PTMEG

2900, a nom nal 2900 Da nol ecul ar wei ght PTMEG di ol as the

crystallizable polyol. The 10 pol yeh- conponent of subject

" invention Exanple 11, contalns in addition to the PTMEG a 3000 Da
nol ecul ar ainpledd| anehCampapy) Ex o g¢pnt ai ning 10 wei ght

per cent randon1oxyethy|ene noi eti es and havi ng an unsat uration of

c.a. 0.006 neq/g, at a concentration of 15 20 equi val ent percent based

on the wei ght of the pol yol Elastomensporers . phepagiedsi fabmpr bpecyamstef t he

(I;(J;edl g' ast o- terﬁ@fiﬁtéﬁe ﬁé&ﬂ%ﬂi‘é anéBlafeé Q?;I} 8We$c§6.88 to..uene
0 mp Zellsocyanawl W%t§060 ﬁ%.olcompon%lillt atooan equlvalent 27
Har dness, Shbre Aratio of 2:84and chain ext&dding with RegiOHence, 4%
64 Gfethylenebis (3-chloro-2, 6-diethylaniline}, an amine type
chain extender. In both prepolymers, the polyol compo-
nent contained PTMEG 2900, a nominal 2900 Da molecular
weight PTMEG diol as the crystallizable polyol. The
10 polyol component of subject invention Examplie 11,
contains, in addition to the PTMEG, a 3000 Da molecular

weight polyoxypropylene diol containing 10 weight

percent random oxyethylene moieties and having an
unsacuration of c¢.a. 0.006 meqg/g, at a concentration of

15 20 equivalent percent based on the weight of the polyol
component. The physical properties of the cured elasto-~
mers are presented in Table 4 beiow.

Example
20
Hardness, Shore A '
Resilience, % 64 62 “
Elongation, % 340 620 J
25 Tensile Strength, MPa (psi) 12.8 (1850} 28.5 (4140)
| 100% Modulus, MPa (psi) 5.24 (760) 5.24 (760)
200% Modulus, MPa (psi) 7.17 (1040) 6.76 (980)
300% Modulus, MPa (psi) 10.3 (1500) 8.48 (1230)
| 400% Modulus, MPa (psi} - 11.4 (1650)
30 | 58.6 (335) 69.8 (399) ﬂ
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El ongation, % 340 620 25 Tensil e Strength,

"MPa (psi) 12.8 (1850) 28.5(4140) 100% Modul us, MPa (psi) 5.24
(760) 5.24(760) 200% Modul us, MrPa (psi) 7.17(1040) '
6.76 (980) 300% Modul us, MPa (psi) 10. 3 (1500) 8.48(1230)
400% Modul us, %B%z:‘s? -- 11.4 (1650) 30 pchusssaezss
Tear, KN m ( 58. 6(335) 69.8 (399) WO 97/ 23531
PCT/U896/19235 - 25- Table 4
i ndi cates that the increased physi cal properties of elastoners

. prepared in accordance with the suBpect invention by incor por ating

| ow nonol pol yoxy- propylene diols into the prepol ymer paly
conponent 5 t oget her wi t F2Rl€r §sEBRIGaLAR SN55 Foe &P€r8P§BdoB}f%$:l‘fé%ll
in aromati c di am nepxdpeidddspokyal s hanas pteparadoin accordanper ei tantiod

20 equi val ent wei ghtg g(e%etntirgﬁer?:i%%oqofinc étci‘%edj %ﬁéfn%oié)g% he

nonol diol into an ot yner i ncr
el ongation of the RFoPYIangstdhels b?toaﬁbﬁoﬁmme%?ﬁly%l feupepent

tePsi le .- [I_ﬁﬂgidém e«a&ndﬁ diyétlfwllsaa&l&ltel By aZé‘Valsarsbwﬁﬁbd
a actor o t wo! t I ren L NCIr eagse S.
s Sl SgrdiE" S dni dETEATE G Bt hirethanes, SOt Y (Rer-

wi || be apparent toBawatgonpraff r%ﬁyefﬁki‘rdlqm‘— tweightt percent wdfata 0 Da
changes and nodi fi caldwnansatuberigdle LG 6kénol diol into an otherwise

similar PTMEG prepolymer increased the elongation of the

10 elastomer by approximately 82%, while the tensile
strength increased, at the same time, by 124%, more than
a factor of two! The tear strength increased signifi-
cantly as well.

Having now fully described the invention, it

15 will be apparent to one of ordinary skill in the art

that many changes and modifications can be made thereto

without departing from the spirit or scope of the
invention as set forth herein.
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vx1i£hout e spirit or scope of the I nvention as set
“forth h m Ll"‘“""llimnp) 97/ 23531

PCT/ US96/+ - 26- CLAI MVEB:

1. An isocyanate-term nated prepolynmer or guasi prepol yner suitable
for the preparation of poly- ur et hane el astoners, saj mer or
quasi pr epol Wa#7/23531 conprising the reaction product of J&’@#’gﬁ tric
excess of one or nore di- or polyisocyanates with a pol yol conponent
conprising from65 to about 95 equiva- | ent percent based on the

. wei ght of the polyol conponent ofog-crystallizable polyol having a
nunber average 10 equi val ent wei ght of between about 500 Da and 6000 Da
and from about 5 +35 equi val ent percent based on t he wei ght
of the polyol component of a | ow nonol pol yoxyal kyl ene di ol
containing in excess of 70 weight percent oxypropyl ene noieties,

havi ng a nunber average 15 4, quhvzils%%a\qghgh{:e%#%pég ap gboi,%g%,ﬂquto

about 6000 Da, and a [evel of .unsaturation o ess t
meq/ g, sai d prepolREFPREVPAYSR RebTaPLepfesntast Pseparatiop: oh AR 3 to
about 20 wei ght pewre¢hanbaskalstomdrdse said pwepghimert i equ=inatepatryralr

quasi prepol yrger . r?n rising the r actlél?al m ylggat@ftgr Irgﬂgit&ﬁo%eeﬁqlcy”er

or quasi prepol ymer as cl ai ne character t hat
said crystalliz&HcEss Rf yBRe ofoftiesedi~ @r POlYiBeFyRpseehyrakB a
gl ycol, a pol yt et paipblytemposédiercomprisigky Ee@bm 65 pod yasded 3§ @quiGfa-
m xtures thereof. lent percent based on the weight of the polyecX: component
of a crystallizable polyol having a number average
10 equivalent weight of between about 500 Da and 6000 Da
and from about 5 to about 35 equivalent percent bas=d on
the weight of the polyol component of a low monol
polyoxyalkylene dicl containing in excess of 70 weight
percent oxypropylene moieties, having a number average
15 equivalent weight of from about 1000 Da to about 6000
Da, and a level of unsaturation of less than about 0.02
meg/g, said prepolymer having an NCO group content of
from about 3 to about 20 weight percent based om the
weight of the prepolymer or gquasiprepolymer.

20 2. An isocyanate-terminated prepolymer or
guasiprepolymer as claimed in claim 1 characterised in
that said crystallizable polyol comprises a
polyoxyethylene glycol, a polytetramethylene ether
glycol, a polyester diol, or mixtures thereof.

25 3. An isocyanate-terminated prepolymer ox
quasiprepolymer as claimed in claim 2 characterised in
that said crystallizable polyol compris=s a
polytetramethylene ether glycol having an equivalent
weight of from about 800 Da to about 2000 Da.
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. An i socyanate-term nated prepol ymer or

‘,quaS| premllm“muﬁltu d in claim2 characterised in t hat sai d
crystall conpri ses a pol yt etranet hyl ene et her

gl ycol havin§ ah efuival'ent wei ght of from about 800 Da to about 2000
Da. WO 97/ 23531 Joipgfas 19235
-27- WO 9772353 4, An isocyanate-term nated prepol yrr(i?g%r

qguasi prepol yner as clained in claim3 characterised in that said | ow
nonol pol yoxypropyl ene pol yol conprises in maj or part one or nore

. pol yoxypr opyl ene di ol s cont ai ni ng 5 -0~ nore than about 20 weight
percent oxyethyl ene noi eti es, having an equival ent weight of from
about 1250 Da to about44000Aaaisnuyamauaﬁ$@tmiaated afregidiymed: 040
meq/ g or |ess. asiprepolymeroas, cAih88CYANRN Guhel TLYALEL, DL EDOKVIR'
or qua5|prepo ynme I N any one o

characterised in thé@a§aﬁélér9@(dWFFﬁaﬁpéyﬁﬁryﬁPPE%ﬁﬁe polyol gempEisgs in
pol yt et r anet hyl ene efzlier phytodbnars: siré polyoxyﬁf@%flﬁfﬁé’ diagd sagofikafgihd on

greater than aRout 8Q0%..e 1Rhan about 20 O q% pacea Rgt €5 %§§g%? ﬁg,n

prepol yner or qua5|pre£ ynmer as clal me char
that said pol yest er "9ilgties. g %ﬁ%@gxﬂnwﬂqyevéhénﬁl@¢lght Of from about 125§,

An isocyanate-terni mal @d BHERE! ¥OBY B, A an WHASREEROLYNBE aBoGkabnedoi n
any one of the precedzﬂ% or less.

10 5. An isocyanate-terminated prepolymer or
quasiprepolymer as claimed in any one of claims 2 to 4
characterised in that said crystallizable polyol com-
prises a polytetramethylene ether glycol and said
elastomer has an elongation greater than about B800%.

15 6. An isocyanate-terminated prepolymer or
quasiprepolymer as claimed in claim 2 characterised in
that said polyester diol is a polycaprolactone diol.

7. An isocyanate-tgrminated prepolymer or
20 guasiprepolymer as claimed in any one of the preceding
claims characterised in that said low monol
polyoxypropylene polyol further comprises a polyoxy-
propylene diol having an unsaturation greatexr than 0.02
meq/g, such that the average unsaturation of said polyol

25 component is less than 0.02 meq/g.

8. An isocyanate-terminated prepolymer or
quasiprepolymer as claimed in any one of the preceding
claims characterised in that said low  monol

30 polyoxypropylene diol has an unsaturation of less than
0.010 meq/g.
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cl ai nB characterised in t hat sai d | ow nono

:pol yoxypr H rther conprises a pol yoxy- propyl ene dio
havi ng anﬂmmmmm MIHmater t han 0. 02 meq/ g, such that the -
average un3attirati dh &f Said polyol 25 conponent is less than 0.02

meq/ g.

8. An isocyanate-term nated pregolxper or
SIS

quasi pr epolWe872381 cl ai ned i n any one of the preceding

characteri sed in t hat sai d low nonol 30 pol yoxypr opyl ene di ol
has an unsaturation of |ess than 0.010 neq/g. WO 97/ 23531
PCT/ US96/ 19235 - 28- 9. An

" i socyanat e-term nated prepol yner or

quasi prepol yner as clained in any

one of the precedi ng sl ai NEn i@&i‘&%@ﬁa@él—ﬁggmlhétedt@%‘épolﬁbgf of OW

nonol

polyox Ien di ol co ris about qu ent er cent
to about 25 equi vg % X’t"eﬁf agaf ab‘B?‘g of? a¥ o%%n%%aret?ﬁ precedjp
10. A poIyurethaqéaemastonharSOUgrlsemg tire
chai n extender WbBl?Bx&ﬁQSﬁ?ﬂéﬁé &Pol tc%xﬂﬂx‘?@e"sd BE8Re! Yaere

any one of
about 3 to

pr epol yner,

c

@'@%%
havi ng, an NCO group cont ent ron1

L DR rcenta or ARt Y FRRES Lt S THEA Gl it

at ancompomentit e i ndex between about 70 and 130

i0

15

20

25

30

i0. A polyurethane elastomer comprising the
reaction product of a chain extender with an isocyanate-
terminated prepolymer as claimed in any one of claims 1
to 9 and having an NCO group content of from about 3 to
less than 14 weight percent based on the weight of the
prepolymer, at an isocyanate index between about 70 and
130.

11. An elastomer as claimed in claim 10
characterised in that said chain extender comprises a
diol chain extender.

12. An elastomer as claimed in claim 10
characterised in that said chain extender comprises an
aromatic diamine chain extender.

13. A polyurethane elastomer comprising the
reaction product of a chain extender with an isocyanate-
terminated quasiprepolymer as claimed in any one of
claims 1 to 9 and having an NCO group content of £from
abuct 14 to less than 20 weight percent based on the
weight of the quasiprepolymer, at an isocyanate index
between about 70 and 130.

14. An elastomer as claimed in clzim 13
characterised in that said polyoxyalkylene polycl is a
nmixture comprising a crystallizable polyol having a
number average equivalent weight of from about 500 Da to

SUBSTITUTE SHEET (RULE 26}
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elastoner as clainmed in claim 10
'char acte "mmm H d chal n extender conprises a di ol chain

ext ender. An el astomer as clained in claim10
characterlzed |n that sald chaln ext ender conprises an 20 aromatic

di am ne chai 13. A pol yuret hane 5
conpri si ng tﬂg$%£gﬂg?reactlon product of a chai n extender MAFe*éﬁ?éﬁﬁg

I socyanat e- term nat ed quasi prepol ynmer as clainmed in any one of
claims 1 to 9 and having an NCO group content of from 25 abuot 14 to | ess
.than 20 wei ght percent based on the -2¢ei ght of the quasiprepol yner, at
an i socyanate index bet ween about 70 and 130. 14.

An el astoner as cl ai9RP D erdi frem about &gy aboati 38deMRivAdEns gpgrcent
pol yoxyal kyl ene pol y¢f a So& 86nol rﬁ@ﬂtﬂ:@aﬂ.&@éhél@go:ﬁ dontatialihiyz ahl expedsy ol

having a_ = NUTDEL: SYET AGELREUDLILERL UShHTboghehtORARYL 000 TRk,

- 29- 6000 Da a¥fFapeormuboalent tV@J@@GquSSI@QLﬁWteﬂtOO}QePéeh? about

of a |l ow nonol pol ygaol kil eBaadh OlebeNtE RiddGithiFa@%68S8E less fhad la¥&ight
per cent oxypropylenq}qg%etlgé, a nunber aver age equi val ent wei ght of
5

from about 1000 Da 6000 Da, and a | evel of unsaturation of
| ess than about 0. 02 neq/ g.

15. &An elastomer as claimed in claim 13 or

claim 14 characterised in that said crystallizable

10 polyol is a polytetramethylene ether glycol and said

chain extender is selected from aliphatic diols having

molecular weights below 300 Da, aromatic diamines, and
mixtures thereof.

16. An elastomer as claimed in claim 12 or

i5 claim 15 characterised in that said aromatic diamine

chain extender comprises 4,4'-methylenebis{3-chloro-2,6-
diethylaniline}.

17. A one-shot polyurethane elastomer pre-

pared by reacting one or more di~ or polyisocyanates,

20 with an isocyanate-reactive component comprising in

substantial part by weight a polycl component comprising

from 65 to about 95 equivalent percent based on the

weight of the polyol component of a crystallizable

polyocl having a number average equivalent weight of

25 between about 500 Da and 6000 Da and from about 5 to

about 35 equivalent percent based on the weight of the

polyol component of a low monol polyoxyalkylene diol

containing in excess of 70 weight percent oxypropylene

moieties, a number average equivalent weight of from

30 about 1000 Da to about 6000 Dag, and a level of unsatur-

ation of less than about 0.02 meg/g, at an isocyanate
index between about 70 and 130. '

SUBSTITUTE SHEET (RULE 26)



15. An el astoner as clained in claim 13 or claim 14 characterised in
-t hat samlmlmmmu 10 polyol is a polytetranethyl ene ether glycol
and sai " nender is selected fromaliphatic diols having

mol ecul a* wei ght & bél ow 300 Da, aromatic di ani nes, and m Xt ures

t her eof . 16. An el astoner as clained in ﬂg’ﬁk%‘;‘é@?r 15

claim 15 c¥P8t?¥3 sed in that said aromatic dian ne ender

conprises 4,4 -nethyl enebis(3-chloro-2, 6- di et hyl ani | i ne).

17. A one-shot pol yurethane el astoner pre- pared by reacting one or
.nore di- or polyisocyanates, 20 with_ap-i socyanate-reactive conponent

conprising in substantial part by weight a polyol conponent

conpri si ng from 65 toashout 295 €Ths vleant aperclRiimdimmsed Gidie 17

wei ght of the polygl,. co nent. aqf rystallizabl e . pol yol hayi a
nunmber aver age eqtf?’\?ﬁagge%\k@%g tmo?t%é/ ége#ﬁ%%h aab(?t?trt%(?g’ I%foa%%l%oggwm
and from about 5 tmenol podouvalkylbensvalicdt pemprhtepased omyehbywenght

of the pol y dapp Rlox9h1fyh anen@psl . pol yoxyal kyl ene di ol
containing in excess of 70 wei ght percent oxypropyl ene noieties, a

nunber average equi val ent wei ght of from 30 about 1000 Da to about 6000
Dag, and a | ével of unsatur-18. Anat ¢ bestdme e s e st halmiaeaut 10. Ganig/ B8 at

gQZT} 6%;%?23525 chd2HieNeleween; gbouy [0 and, 430. oxvethyieneO 24683331
polyoxyalkylene diol has a primary hydroxyl content of
between 35 mol percent and 90 mol percent.

20. An elastomer as claimed in c¢laim 18

10 characterised in that said oxyvethylene capped

polyoxyalkylene diol has a primary hydroxyl content of
between 70 mol percent and 90 mol percent.

21. An elastomer as claimed in any one of

claims 17 to 20 characterised in that said

15 crystallizable polyol comprises polytetramethylene ether
glycol.

22. An elastomer as claimed in any one of
claims 17 to 21 characterised in that said isocyanate
reactive component further comprises a chain extender

20 selected from the group consisting of aliphatic diols
having molecular weights lower than 300 Da, aromatic
diamines, and mixtures thereof.

23. aAn elastomer as claimed in any one of
claims 10 to 22 in the form of a microcellular elastomer
25 having a density of from about 0.15 g/cm’® to 0.8 g/cm’.

24. A polyurethane elastomer comprising the
reaction product of a B-side comprising a chain extender
and a crystallizable polyol having a number average
molecular weight of between S00 Da and 6000 Da with an
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- 30- .. An el astoner as clained in claim17
char acter| "M{!HM{ st a portion of said | ow monol

ponoxyaIkyPene ses an oxyet hyl ene capped pol yoxyal kyl ene
di ol . An el astonmer as clainmed in claim18
characteri sed Jc} tlhat sal d oxyet hyl ene capped PCT/US96/19235
polyoxyalkyleﬂg’ 3% has a primary hydroxyl content of bet ween 35
nol percent and 90 nol percent. 20. An el astoner as
claimed in claim18 10 characterised in t hat sai d oxyet hyl ene

. capped pol yoxyal kyl ene di ol has a pBisary hydroxyl content of
between 70 nol percent and 90 nol percent. An

el ast oner as cl ai nedAtsideycHymprisiing an iseryamate-trrmisateg q‘éﬁ‘}%%‘%%ﬂys“ed

lnh t hat sa:d 15mercma/@i1@d;lamgrmby@bnﬁaw@réﬁe&oﬁphbbﬁtrm&ﬁwﬂﬁ
et her gl ycol

n st oner d any
one of cl ai rr52<17wte6'gﬂ: IR er ggﬁﬁdl ﬁnt ht s‘%ﬁltptf socéaﬁgg qu% -
reactive conponent forepelvmenpriaed quahiprerciwmicpragred & ddeeddacom

the group consigti ngt?énab'fpﬁatét%:.@h@bﬁ\etmc exBé!‘s“ngBhQC%aEno\ﬁ@ @ts or
| ower than 300 Da, ar

nes,. and m xtur s ther
23.  An el ast omer spﬁfa?'ﬁ%ﬁy?ﬂa‘é?ﬁ/ ?ﬁﬁgl"OF‘l low mo )Sa %ﬁ’eflﬁ et
formof a mcrocell utantaiastgnemn eﬁces@awfngﬂih ntefhsme,rcehtf retvapl eiel 5

g/cnferr] to 0.8 g/ %?&ﬁies. a number avera q{a\lo&imf e&sﬁaﬁtebestﬁw

conprising the actlon oduct of a dé_co I n chai n
ext ender and ﬁbE’r‘Ers{'%W [g%tﬂ% §P0% &2 ﬁ&@l Agl8VA rrB u&@%zon of

nol ecul ar wei ght of bessethab08bbatand0B0f8gha amd hoptionally an amount of
said crystallizable polyocl, wherein said elastomer
contains from about 5 to about 35 equivalent percent low
monol polyoxyalkylene diol-derived moieties and from
about 65 to about 95 eguivalent percent cxystallizable
15 polyol-derived moieties, said egquivalent percents
relative to the sum of said low monol polyoxyalkylene
diol-derived moieﬁies and said cryétallizable polycl-~-
derived moieties.

285. An elastomer as claimed in claim 24
20 characterised 1in that said crystallizable polyol
comprises polytetramethylene ether glycol.

26. An elastomer as claimed in claim 24 or
claim 25 characterised in that all of said
crystallizable polyol is contained in said B-side.

25

27. A method of increasing the physical
properties of a chain-extended polyurethane elastomer
prepared by the reaction of an isocyanate with a polyol
component comprising a crystallizable polyol, said

30 method comprising:

adding to said polyol component, from S
equivalent percent to about 35 equivalent percent based
on the weight of said polyol component of a polyoxy-
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WO 97/23531 PCT/ US96/ 19235
- 31- “ Iumm ising an isocyanate-term nated quasi prepol y-
mer hav m almmMOntent of from about 14 to about 20 wei ght

percent bas®ed‘'on®t hé& wei ght of the quasi- prepol yner, said

qguasi prepol yner prepared by the reac- 5 tion of a stoichionetric
excess of ow®YN3sMre di - or pol yi socyanates with a 5
pol yoxyal kyl ene di ol containing in excess of 70 nol percent
oxypropyl ene noi eties, a nunber average equival ent wei ght of from
~about 1000 Da to 6000 Da and a | evel of_ynsaturation of 10 | ess t han
about 0.02 neq/g and optionally an anount” of said crystallizable

pol yol, wherein Sabgoﬁirﬁéﬁénﬁblyol havaagt aimsuddH0200n i 018B9ULK3R

eqU|vaIent per cent ol pol yoxyal kyl ene di ol -derived noietie
and from 8% Up 50 t%zdﬂﬂﬁ? 995 equival ent percent crystallizable
pol yol - deri ved nnletles, said equivalent percents relative to

S
15

the sum of said | ow monol pgpgyoxyahkyhepgoa as gthmggriygd pRLeki egzand
2

said crystallizable erived noietie

ol d 5.
An el astomer as clﬁpgﬁ XFﬁrE?%§n1?2 spat éﬁéﬂacF§Y5§@&llFﬂblFhaP°l¥8Fd

crystallizabl 8 potygmbrises polyrerrnsesthydlenteerhaet yyesk. et her gl ycol .
26. An elastonmer as clained in claim 24 or claim 25 characteri
in that all of sai d crystallizable p
B-side. 25 297, n@@ﬁ%ﬂdofaFncFiééﬂﬂﬁ the PApimcak®
properties of a chaharastensleddpanyutRabansirl a@bQ?Eétramethﬂéﬁéir edhby

reaction of an 'SOE;X%Qgiehg\été}x %qq)ﬁkr%&ent weight of from about 800 Da to

2000 Da, and wherein said unsaturation is less than
10 about 0.010 meq/g.
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sed

is contained in said

t he
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cerrponent conprising a crystallizable polyol, said 30 met gz&zq” o

corrprl si ng: adding to said pol on conmponent, from S5pZquap’
eqU|vaIent percent to about 35 equival ent percent based on

wei ght of said pol yol conponent of a pol yoxy- WO 97/ 2 ZFe

PCT/ US96/ 19235 - 32-

havi ng an unsat urPCdh of IesQVOBFmIHTmEg;UAL Y QRGAFATEN/ g.

28. A nethod as  _clained C
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29. \ (S1/Bteingiidnal Pegent QdssificativalS: i n cl 4i m (ﬁ8lntemnbonnl PRiBABANu@bdrs e d | rWOfﬁWZ3531
sai d poliyt etosturedidw/| ene et her lagciol has an equi val ent wei of

from abqut 800 Da to 2000 Da, &nd MffaPgrmtioasPeplicendial at i o JF‘%‘%@%O""”)

than 10 about 0.010 neq/
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