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Technical Field 5 The present invention pertains to

pol yur et hane and pol yur et hane/ urea heat-cured el astoners prepared by
the chain extension or noisture cure of isocyanate- term nat ed

prepol yners. More particularly, the present i nvention pertains to
prepol yners prepared by reacting 10 a stoichionetric excess of a di- or
pol yi socyanat e (other than toluene diisocyanate) wth a polyol

conponent conprising a PQIJWIE’FI-EANEI@ND POLYURETHANE/UREA
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strength, and conpr 81 1 TIES i | ar
el astoners having the sane hard segnent- content. Filns prepared from
t he conpositions have exceptional tensile and tear strengths. 20
Background Art Polyureﬁggﬂﬁgggggggnied el astonmers may, in
general, be subdivided into two nmgj di stingui shed by
the type of nononeric isocyanate used to prepare the el astoner
precursor prepol ymer. When Iene di_phen 89¢ at e

or NDI varian?% are use%P?c? Elﬁgvﬁ 3 éﬁ?galFﬁ ?é%%€%ﬂ§?éﬁghg
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in fornmul ating.
termlnated prepolymers More particularly, the present

invention pertains to prepolymers prepared by reacting

10 a stoichiometric excess of a di- or polyisocyanate
{other than toluene diisocyanate) with a polyol
component comprising a high wmolecular weight, low
unsaturation polyoxypropylene polyol and a very low
molecular weight polyol. The subject elastomers have

15 improved hardness, resilience, tear strength, and
compression set compared with otherwise similar
elastomers having the same hard segment content. Films
prepared from the compositions have exceptional tensile
and tear strengths.

20 Background Art

o | Polyurethane heat-cured elastomers may, in
general, be subdivided into two major <classes
distinguished by the type of monomeric isocyanate used
to prepare the elastomer precursor prepolymer. When

25 methylene diphenylene diisocyanate (MDI) or MDI variants
are used to form the prepolymers, the isocyanate group
to polyol hydroxyl equivalent ratio may be quite high.
The range of isocyanate group content possible provides
flexibility in formulating. However, the high



- 2- reactivity of the MDI isocyanate groups generally requires

use of diol chain extenders in cast el astoner systens, as amines with
sui t abl e r eacwoweky7sar e not comercially avail able. To nepdderdd nasor
desi rabl e bal ance 5 of properties, elastoners prepared from M. are thus
pol yur et hane el astoners and not pol yuret hane/ urea el astoners whi ch
have a distinct status in the art. Heat - cur ed

pol yur et hane/ urea el ast oners shoul d not ~2se confused with reaction
i njection nolded 10 pol yuret hane/urea (RIM systens. |In the latter, NDI
and modi fied MDI's are generally used in conjunction with a

reactive di am ne s&@RMsiwitef hAk oltﬁ’@ne Milaniifecympate grques e@anfrplly
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cont ent are s&Yom B&ed,CoHISEH new}'élilherre(aﬁ%\%'% ol 1‘1‘3‘?9198 olded
ext enders areacenpl guadniretPie Ae-czar (@ISR gspBtembavi D the lattesr, |MDKapes .

The resulting el ast'&oocﬂa{fed aNrISIstarl]:l:Jés generally used in conjunction with a

reactive diamine such as diethyltoluene diamine and
injected into highly rigid molds at high pressures.
Prepolymers are generally not used in such systems

is except in minor amount, since in the very short period
prior to gelation, the rapidly reacting mixture must
traverse the entire, often complex mold. Thus, low
viscosity systems are desired, in conjunction with very
high pressure, short duration injection. RIM processes

20 have acquired a separate status in the art. RIM system
are not heat-cured, but rather rapidly cure without
heat.

Toluene diisocyanate (TDI) based elastomers

are the second major heat-cured elastomer class, and the

25 largest «class in terms of elastomer produced.
Approximately 65 percent of heat-cured polyurethane
elastomers are TDI-based systems. In practice, TDI-
based prepolymers having high isocyanate group content

are seldom used, and amine rather than diol chain

30 extenders are employed to provide hard segments having
urea linkages. The resulting elastomers are thus
polyurethane/urea elastomers. High isocyanate group



pol yuret hane/ urea el astonmers. H gh isocyanate group

- 3- contents are general |y avoided wth TDI - based
prepol yners dugolorzd’ee vol atility of TDI. Due pica/Epdg/07307
limted NCO CH ratio, the % NCO content of the isocyanate-term nated
prepol yners derived 5 fromTD is limted to a maxi num of about 10% by
wei ght . At such Ilimted isocyanate contents, formul ati on
flexibility is reduced. Moreover, as the ur2a hard segnent content
is related to the isocyanate group content in amne cured systens,

preparation of 10 el astomers wth high tensile_ strength and other
desirabl e physi cal copEepEst | edre | sgeRerdétEd aveéded  wWithj cyfPI-based

Many attenpts have BeeRofferst Quel BEr B&CvolatiRekyuUbEt rate el ast omer
physi cal properti es, and many 15 have been successful 1in elevating

certain physical properties, but often at the expense of others. For
exiarrpl e, hi n /U S. Paltent No. 41@9‘34 tf&&h@elmgxeaaaammymi ratio, the % NCO
pol yur et hane/ urea el as rsehavin rove nam ertie
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or har dpgss. elastomers with high tensile strength and other
desirable physical ©properties 1is rendered more
difficult.

Many attempts have been made to increase

polyurethane elastomer physical properties, and many

15 have been successful in elevating certain physical

properties, but often at the expense of others. For

example, in U.S. Patent No. 4,934,425 the preparation of

- polyurethane/urea elastomers having improved dynamic

properties is exemplified. The elastomers were prepared

20 from TDI-based prepolymers containing a high molecular

weight polytetramethylene ether glycol (PTMEG) of 2000

Da molecular weight and a moderate molecular weight

- PTMEG of 1000 Da molecular weight. Elastomers prepared
from the blended prepolymers showed considerable im

25 provement in resistance to heat build-up in rubber tire

applications, indicative of lower hysteresis. However,

while dynamic properties improved, no improvement was

noted with respect to tensile strength, elongation, or

hardness.

30 In U.S. Patent No. 3,963,681 the preparation
of polyurethane/urea elastomers with improved cut-growth




30 In U S. Patent No. 3,963,681 the preparation of
pol yur et hane/ urea el astonmers with inproved cut-growth

-4- andlobbdeeeser ack resistance for tire applications i sPCI/EP98/07307

di scl osed. The TDI -based prepol yners were prepared from a blend of a
very high nol ecul ar wei ght PTMEG (nol ecul ar wei ght above 4500 Da) and
a noderate nolecular weight 5 PTMEG the blend having an average

nol ecul ar wei ght of bet ween 1000 Da and -4500 Da. The nol ecul ar wei ght
of t he hi gher nol ecul ar weight PTMEG is required to be hi gher
than the "critical nolecular weight" of PTMEG pol ymers, while the

mol ecul ar wei ght ofndhe Hlewercre® F?Glsééﬁlaaﬁewef-@ﬁt %b?ﬁ)oﬁml%ﬁ%t%l%sl %
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| mproved. However, not all polyether S are, no
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very critical; bl emﬁt 8980Pe RENEGDaND ki a 386QePatPThEGeand adi sod ipletd
as being unsuitable

at ent
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in amounts ofl®. 3 teeleitl htweThte ROTBONES, fIUS €% %?et}flbst'ﬁ% u
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prepol ymers was foupd 1o, o1 0550835, 08 L8106 195 0ae Sl 'eh have a

ncritical molecular weight." Furthermore, the molecular
weights are very critical; blends of 800 Da PTMEG and

15 3800 Da PTMEG are disclosed as being unsuitable, for
example.

U.S. Patent No. 5,077,371 addressed hardness
build in polyurethane/urea cast elastomers. The rate of
hardness build is important as cast elastomer parts

20 cannot be demclded prior to developing adequate green
strength without risk of damage to the parts. Rapid
development of hardness allows more rapid demold. Cure
can be completed in an oven outside the mold, and
production rates increased correspondingly. The

25 addition of the dimer of toluene diisocyanate (TDI
dimer) in amounts of 0.3 to 6 weight percent of total
isocyanate to the isocyanate component used to prepare
bimodally distributed PTMEG prepolymers was found to
increase the rate of hardness build. Unfortunately, of

30 the remaining physical properties, hardness, elongation,
and rebound remained virtually unchanged, tensile
strength and particularly elongation actually decreased,
and only tear strength showed significant improvement.



30 t he remai ni ng physi cal properties, hardness, elongation, and

rebound remai ned virtually unchanged, tensile strength and

particul arly osRrszon actual |y decreased, and only teapcsieresigiztr
showed significant inprovenent. - 5-
The necessity of preparing the TDI di mér adds additi onal time and
expense to el astoner fornul ation. PTMEG has been
traditionally used in preparing hi gh per¥ormance pol yurethane/ urea
el astonmers, as 5 illustrated by the three foregoing U S. patents

4,934,425, 3,963,681, and 5,077,371. PTMEG is a prem i ced, pol yol
However, PTNMEG contiiideesHhid Yué’é“dprePart‘-Bﬂa'ﬁhﬁegB?téltf‘?’é ?Fﬁ‘gﬁ %‘&‘%ﬁ?é?nal

cost as conpared taime anfdlepeormdkWensliptonds Soetubst Ppohyoxyet hyl ene
gl ycols 10 and pol yoxypropylene glycols, due to the desirable

physi cal properties of the pol yurethane which may be obt ai ned t hrough
its use. Moi BINEG -hasr beepokyadéthaonaldyassedelis preparing

often used as caul ggkg?&gpo fomyﬂj}@ghgﬁgﬂfr 4° e188% hliaer

diamne to react w yana a ng urea
segnents, noi $ure- mmm onbys the tlhatee onfohegeingti &h Sof fpakents

| socyanate groups W tJB4 425, r§)|9s5t3ur6%1toaglgrg1 geqa3binkag@ﬁgg 1 4B4y. remiym

noi st ur e- cur ed I'ms and 'seal’ants exhib rélatively [ow physfc
properties, parti CLH%:\‘q:%/dt erdIrd -st rgﬁgﬁweamd/%?m%apontmueﬂ repgte amed

tT Eerefore Irrpr]?verr:amdayll E@%@«it@ndlwéhe«uch greatléﬁelréda.@@ la%s d@@h\bﬁﬁi:ed to

e majority of po a e 0 pol yol.s are neriz

t hr ough base cat al %)éy %éd?qup Fyﬁ?’éﬁrﬂ Fughy] %ﬁ}r eetﬂ'gr%qrbqasggygols

prepared by tite basemd polyoxypropylene glycols, due to the desirable
physical properties of the polyurethane which may be
obtained through its use.

Moisture-cured polyurethane elastomers are

often used as caulks and sealants. Rather than incor-

15 porating a diamine to react with isocyanate to form the

linking urea hard segments, moisture-cured elastomers

rely on the reaction of free isocyanate groups with

moisture to form urea linkages. Many moisture-cured

films and sealants exhibit relatively 1low physical

20 properties, particularly tensile strength and/or tear

strength, and therefore improvement in these and other
properties is desired.

The majority of polyoxyalkylene polyether

polyols are polymerized through base catalysis. For

25 example, polyoxypropylene diols are prepared by the base
catalyzed oxypropylation of a difunctional initiator

such as propylene glycol. During base catalyzed oxy-
propylation, a competing rearrangement of propylene
oxide to allyl alcohol contintially introduces an unsatu-

30 rated, monofunctional, oxyalkylatable species into the
reactor. The oxyalkylation of this wmonofunctional



catal yzed oxypropyl ation of a difunctional initiator such as

propyl ene glycol. During base catal yzed oxy- ~ propylation, a conpeting
r ear r angenmemvoahrpraapyl ene oxide to allyl al cohol contiramEkPIsnn73o7

I ntroduces an unsatu- 30 rat ed, nonofunctional, oxyal kyl atabl e speci es
into the reactor. The oxyal kyl ati on of this nonofuncti onal

species yields allyl-term nated pol yoxypropyl ene nonol s. The
rearrangenment is discussed in BLOCK AND GRAFT POLYMERI ZA- TION, Vol .

2, Ceresa, Ed., John Wley & Sons, pp. 17-21. unsaturation is rreasured

in accordance with ASTM D-2849- 5 69 "Testi n% Ur et hane Foam Pol
Materials,” and Speekpf estebda 1NV tegmiratest BOSYOXYREPRY a8 1% ‘E)’é? @ram
Or pﬁ' |y0| (meq/ gé Tlixe re%rranger}[lent 1d3dﬁs|E:QsEsBa ﬁﬂ@ﬂoﬂﬂ&inn%ﬁ?&lmminmhg yl
al coho and its subsequent, oxypropyl at e average function-
ality of the pol yofI® xVGre aecpﬁﬁg%g ’% H'Jéo%@ﬁ Sths, ?51 21

di stribution brOadBﬁQatBﬁaﬁiﬁﬁIﬁé)ﬁﬂﬂquddﬂimyaccordanaékyiEheA@ﬂMyD+2849—
contain considerable quantities p "
m)nofunctionag spe!ége eStIir{lg U%t ?ogﬁg}ﬁﬁpyc{ig}ne g‘&g‘f’s o;t%%‘&}s and
mol ecul ar wei ght, ehpressed a@nmadill@ﬁumdﬁuﬁ& iofn alnsatadiadsi 9 \Pe T egram

bet ween 30 and " In such cases, the average functional -
ity is lowered to & aég}g@h' Ilzﬁ:1%&2B?romthe nom nal , or t heoreti cal
functionality of 2.0. In addition, the ponoIs have a high

pol ydi spersity, Merr]/ Merrbuéueot@hé hﬁbrﬂﬂnualprc&%%ﬁ(ian of all.ll]?l alcohol
substanti al , | ow m)l ecul ar

qg cti.ons. . Mol ecul ar 8@ and
equi val ent wei ght sand 1tshgphse ?P‘bd”fmc’cﬂi’ C 190 ﬁaﬁba’eﬁegﬁaﬁen 1on-
nol ecular 10 Wwehlhty aﬂdthénﬁelyﬁyaﬁﬂ@mﬁﬂwa@tmemmﬂshe respecular

tively, unless specifi S r n
the past have suggHSt& gg YT M3& i0on $roadens. Base-PUERTYFER 588 8

alkylene polyols contain considerable gquantities of
lower molecular weight, monofunctional species. In
polyoxypropylene diols of 4000 Da molecular weight, the
15 content of monofunctional species may lie between 30 and
40 mol percent. In such cases, the average functional-

ity is lowered to c.a. 1.6 to 1.7 from the nominal, or

theoretical functionality of 2.0. In addition, the
polyols have a high polydispersity, M,/M, due to the
20 presence of the substantial, low molecular weight
fractions. Molecular weights and equivalent weights

herein in Da (Daltons) are number average molecular
weights and number average equivalent weights, respec-
tively, unless specified otherwise.

25 Some researchers in the past have suggested
using low unsaturation, higher functionality polyols to
improve elastomer physical properties. See, e.g. U.S.
Patent Nos. 4,239,879 and 5,100,997. For example, A.T.
Chen et al., "Comparison of the Dynamic Properties of

30 Polyurethane Elastomers Based on Low Unsaturation
Polyoxypropylene Glycols and Poly(tetramethylene oxide)
Glycols," POLYURETHANES WORLD CONGRESS 1993, October 10-13,



usi ng | ow unsaturation, higher functionality polyols to | nprove

el ast oner physical properties. See, e.g. US. Pat ent Nos. 4, 239, 879
and 5, 100, 99WO ®@97e¥xanpl e, A T. Chen et al., "Conpari sBaTEPIS/ V07
Dynam ¢ Properties of 30 Pol yuret hane El astoners Based on Low

Unsat uration Pol yoxypr opyl ene G ycols and Pol y(tetranmet hyl ene oxi de)
d ycol s," POLYURETHAES WORLD CONGRESS 1993, Cctober 10-13,

-7 1993, pp. 388-399 conpared the properties of PTMEG derived
el astoners with those from conventional pol yoxy- propyl ene di ol s and

| ow unsat urati on pol yoxypropyl ene diols. In Shore A 90 cast

el astomers, PTMEG MBB3prepp5 388eB@Sercaupaved, thebuproopeiviesexien@ENEG-

pol yur et hane ﬁe%ibgﬁegiagégméﬁ ARLLY ey dilcus @A 3 8haT0 BNty -

than | ow unsaturation | ene
however tensile stpe‘ngvﬂe@le tdve: wgi low amm@owolz@ﬁypa@%epe

hi gher. For  pohyuag. 10, ?H@P@/w% e ol pSltRSs, AP HIEECHDI pre-
conpari son was not possi b as the only PTMEG exaggge used a 1000 Da

PTMEG whBl e bBPAYPE¥- dﬁ§éﬁ@ﬂat|ohuﬁép§§%95rop9FEﬁ§ polyugetbanes

enpl oyed c. a. 2000Ba steirRed @Ead\ebmﬂbhdﬂ. Slower m$HﬁlB§|VEchEXé&’bhgaft&d>n
consi der ably hi gher phyS|caI ertles th the e

ce
el ongation, which hken low tBnﬁétg‘fﬁg&PE‘d p Yamm%?xﬁ E gf‘ig -derived
base-cat al yzed ela@ﬂqm@rbpromwhenerdlnbaspﬂedusedepgtyureﬁhamhkuréamﬁﬁst

el astomers with physic erties yARAY ndi ui _
fromthose prepareéiﬁf%ﬁwfﬁﬁfuﬁggtqupﬁo e58£1& hﬁéh@r. Fo¥ E@@@d%e
Reduci ng unsabur at ichianiey upeky crpsl k}hehemers, apdhyeps pompaRd Sofg Wost alotst
concentration and deee9aSe, as thbNniPepifid! Rl M W Qodd B prUEG

feasi ble, as the lon rate 1S so ow t hat oxy ropylaalon t akes
days 25 or evenwhaﬂé; bﬂﬁhﬂﬁkﬂWldﬁP%ﬁ%%f%?%??onPﬁ%Y95YErﬂﬁ¥ gge diol

examples employed c.a. 2000 Da molecular weight diols.

The PTMEG example had considerably higher physical
15 properties with the exception of elongation, which was

to be expected. Notably, conventional, base-catalyzed

polyoxypropylene diols produced polyurethane/urea cast

elastomers with physical properties virtually indistin-

guishable from those prepared from low unsaturation
20 diols. '

Reducing unsaturation in polyoxyalkylene
polyols by lowering catalyst concentration and decreas-
ing the reaction temperature is not feasible, as the
reaction rate is so slow that oxypropylation takes days

25 or even weeks, although low unsaturation polyols may be
prepared in this manner. Thus, efforts have been
expended to discover catalysts which can produce poly-
oxypropylated products in a reasonable amount of time

with little introduction of monofunctionality due to

30 allylic species. In the early 1960's, for example,
double wmetal cyanide catalysts such as zinc hexacyano-
cobaltate complexes were developed as illustrated by

U.S. Datent Nos. 3,427,256; 3,427,334; 3,427,335;



prepared in this manner. Thus, efforts have been expended to

di scover catal ysts which can produce poly- oxypropyl ated products in
a reasonabl eWORGATS20f tine with little introduction ofpCT/EP98/07307
nonof unctionality due to 30 allylic species. In the early 1960's, for
exanpl e, doubl e metal cyanide catal ysts such as zinc hexacyano-

cobal tate conpl exes were devel oped as illustrated by U S  Patent
Nos. 3,427,256; 3,427,334; 3,427, 335; -8- 3,829, 505; and
3,941,849. Despite |lowering unsaturation to the range of c.a. 0.018
meq/ g, the cost of these catal ysts coupled with the necessity of

| engt hy and éopﬁa?%i% card psPidefdval Besphterbwent oy corgmnorat 1od

i zation. iﬁlﬁ%{ I e natd v | at st chea

cesi um hydr oxi de and ru% Iu eﬁy%l?o%l e ads dcgi"lsggtﬁ % @h% éo%‘:' ng%—Ihe?e
No. 3,393,243, andatRlyEs uscxpdesk reheh ukhe HGW%@EYami higrgkhitesands
disclosed in U S &giaidiNoScadflyse, PdRod8T §Egp§ b4vEhe e ge AR SDLEST
i mprovenents in , ~upsaturation, however catalyst expense, and in sone
cases, toxi cﬁy, c’o%ﬁﬁ’éﬂ‘wth the but nodest inprove- ments of fered,
m tigated agai nst conmerci al i zat I on. Cat al ysts such as cal ci um

napht henat e and conbi nati on of_.cal ci ym nap thenate d tertiar

ami nes have proven succS:% & Of akEqing ‘ovseed R0, §at|§;t YeéhS NS

4,282, 387, 4, &85 8% hyadhwbaa dil Gt Fuhiid ipre pyrdrogidel e simacﬂh:sed in
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unsaturation, however catalyst expense, and in some

cases, toxicity, coupled with the but modest improve-
ments offered, mitigated against commercialization.
Catalysts such as calcium naphthenate and combinations

15 of calcium naphthenate and tertiary amines have proven
successful, as disclosed in U.S. Patent Nos. 4,282,387,
4,687,851 and 5,010,117, in preparing polyols with
unsaturations as low as 0.016 meqg/g, and more generally
in the range of 0.02 to 0.04 meq/g.

20 In the 1980's, double metal cyanide complex
(DMC) catalysts were once more revisited, and improve-
ments in catalytic activity and catalyst removal methods
encouraged one manufacturer to offer DMC catalyzed
polyols having unsaturations in the range of 0.015 to

25 0.018 meq/g commercially for a brief time. However,
base catalysis continued to be the major method of
Preparing polyoxypropylene polyols, and continues its
dominance to the present day.

Recently, however, fdfther major advances in
30 DMC catalysts and polyoxyalkylation processes by the
ARCO Chemical Co. have enabled practical preparation of



encour aged one manufacturer to offer DMC catal yzed pol yol s havi ng
unsaturations in the range of 0.015 to 25 0.018 neq/g commercially for a

brief tinme. wedoaeee, base catal ysis continued to be t hePGHEBIS/OT47hod
of prepari ng pol yoxypropyl ene pol yols, and continues its
dom nance to the present day. Recently, however, further

maj or advances in 30 DMC cat al ysts and pol y&xyal kyl ati on processes by the
ARCO Cheni cal Co. have enabl ed practical preparation of
- 9- ultra | ow unsaturation pol yoxypropyl ene polyols. High

nol ecul ar wei ght polyal s, r S 80

nol ecul ar wei ght ra F at]y%)‘?caﬁ?%%g{g%(%t%gﬁ 80!"90}(% ég? Fflgnplor%mhe ragige
0.004 to 0.007 neq/mplemnlar wedghdl podyody,t @m@@mpma:tdm@wmsthemooo
t hese | evels t %ﬁ'@ ”%ﬁ

only 2 nol percentcﬁor ess w@dl\?g%l%l%gg&ﬁ@{t SIS ¢ e po?biFs
to be virtual |y norwesateraeionfirnthe ranga pft nQoéo[thlos&@r7S|WQ%@l

than 1.10. @ﬁve“ﬂa@éﬁyzeéUB tEQ'M@bél bRarecataegBiky @&ﬁ&hese 1evels
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advent of |ow unsat?f é’crm‘st?rFuraterhlt eF‘mPHHEt Pgn‘ﬁ???}gu’bﬁ'l:&%?gf %Eeﬁb?s is

proven to be the onlypanam péﬁeenskldﬁ elles®. t haMaréowapecGRd: anahhyﬁmay
15 systens, replgcenen

unsaturation pol yol% %%%s‘éggs?s X %Bf%e p‘g%éguglﬂ’t 3‘8%‘%‘%“ Ipe%se, otr:?lé1

in refornul ati on msth:ti@lmap@npedydlspersnnlashelems&b;ant He. 1@w Several

unsat uration jppl yol %ullgog? ols havé€d r?gél%it Iﬁé@%ﬁ%d,c eféP&f{EQg

I npr overrents Id no erialize. ons or the unexpecte
difficul- t i ACEARPE] éloéd’%sth the use of |ow unsaturation polyols
are not known with certainty.

However, the advent of 1low unsaturation,
higher functionality polyols has not proven to be the
panacea those skilled in the art expected. In many

15 systems, replacement of conventional polyols with very
low unsaturation polyols causes system failure, and
considerable efforts in reformulation must be expended.
In other cases, the low unsaturation polyols could be
readily substituted, but expected improvements did not

20 materialize. The reasons for the unexpected difficul-
ties associated with the use of low unsaturation polyols
are not known with certainty.

However, the formulation of conventional poly-

urethane systems employs polyether polyols whose actual

25 and theoretical functionality differ, often consider-
ably. For example, a conventional, base-catalyzed 6000

Da triol may have an actual functionality of only c.a.

2.4 due to the presence of 30 to 40 mol percent monol.
Substituting a polyol blend of a low unsaturation, high

30 functionality diol and low unsaturation, high function-
ality triol to mimic the 2.4 functionality does not
provide the same functionality distribution as the



However, the formul ati on of conventional poly- ur et hane systens

enpl oys pol yet her pol yol s whose actual 25 and theoretical functionality
di ffer, oftenwopiveotRr - ably. For exanple, a conventi onaGI/EP98/07307
base-cat al yzed 6000 Da triol may have an actual functionality of only
c.a. 2.4 due to the presence of 30 to 40 nol percent nonol.
Substituting a polyol blend of a Iom/unsaturaibon hi gh 30 functionality
diol and | ow unsaturation, high function- ality triol to mmc the
2.4 functionality does not provi de the sane functionality

distribution as the, : ‘ 0
. &o entlon 1 triol portion 2¥0the conven-
conventional polyol. nI:‘f'u tri o? p% Yon of ﬁe conveﬁ tironally

catal yzed triol prddieeal %ﬁr%ﬂﬁéﬁzﬁﬂan%hh@l produgess sthrfe - Wy ePragiihed
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suggested as a net 0L I, n- reas ol_ynmer_ ol ecul.ar | ;and.

i ncreased pol yner ?TDIIECL;IH%’S wg‘?‘b‘f\t Eﬂ%g@ %et Jth, ™8 W‘ﬁﬁogggn c?ﬁ’e’bl
as desi rabl e iteymimkworg. hi gher perfornmance pol yners. However

hi gh ol ecul ar wei ght is not necessarily a desirable feature in nmany

pol yner systens. As indicated 15 by. G dian, PRI NCIPLES OF
POLYMERI ZATI ON, John WI ey & Use ofS@wlydier :h]aVigallowpcoxz@emq off aroredumpt e,

often, the £ ¥pkolibst Qale }S’é‘éd r 86y %;és@e&nﬁﬁr & emé@ﬁB&r otfhf{eh-

a hlgh nol ecul ar melg t. In engineering thernoplastics exa
hi gher nol ecA@r weSxRRSLRR Rpda@es m?éecu#ﬁefr l’!Sé@hFen%Zqu elrsﬁl?%ﬁfg% p
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hi gh, desirable in producing higher performance polymers.
However, high molecular weight 1is not necessarily a
desirable feature in many polymer systems. As indicated
15 by G. 0Odian, PRINCIPLES OF POLYMERIZATION, John Wiley &
Sons, © 1981, pp. 20-21, for example, often, the
molecular weight to be desired is a moderate rather than
a high molecular weight. In engineering thermoplastics,
for example, higher wmolecular weights in general
20 increase tensile strength, melt temperature, modulus,
and the like, but if the molecular weight is too high,
polymer viscosity becomes too great to process. In
polyurethanes, molecular weights are far 1lower  than
engineering thermoplastics, and polymer moxphology and
25 physical properties are influenced by many factors,
including amount and nature of hard segment,
stereochemistry of disocyanate used, etc. Often,
formulations must be chosen to balance conflicting
properties. For example, increases in tensile strength
30 are often accompanied by a decrease in elongation.

For example, R. Mascioli, in "Urethane Appli-
cations for Novel High Molecular Weight Polyols," 32ND
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must be chosen to bal ance conflicting properties. For exanple,
increases in tensile strength 30 are of ten acconpani ed by a decrease in
el ongati on. For exanple R Mascioli, in "Uethane Appli-

K1 10 1000, ol LAl e e, o3

1989, pp. 139-142, dosel,opps LRatleRhe dibsiosesi bhaof the subskdwution of a

unsaturation, 10- 111QQOFB?aEhEQkLLﬁf_fgcfﬂvgab Bga rlol 8009 Q%ﬂUééﬂléﬂ%ﬁi

pol yur et hane foam formnu oan1 I'Ch was st
boardy. A softer f&4f0 Da tmeldllha&'@%be-hr@&m eﬁpamlf@mmuatxmn eesult-

longer, and 5 thaae&ﬁra Feae vhexhblgs QE&¥9X¥HHOB$5%H? brgn%% ;%%9

of the triol; and a I ower crosslink density tion o

mol ecul ar wei ght, | ¥RURs AaHeatPesR 1%xPe%B‘P‘}oI §uef &Otébrﬁ)%n’%}il%néppﬁerr and
catal yzed polyol s t\l‘Y@Q&Qore moffel etekabluni gbl ybsybirbpieenehdy-adlcsp 1@@;}1

touted as a gf si,n Iesg of ;the nore eﬁg psive g ocyag;ﬁé:1

pol yur et hane nanufa F vefN9shi {QKFE FEPRGLADK densityys QkFu‘
devel oped. 15 tion of | higherar maletullagh wedighitencéopol ymsatthere:ion
fl exi ble foa It | SCO [ 0 i

U S appllcarﬁgn Segggpgﬁgp 8@%56§8§?gnt?§gngy %g%a%QFFFUth gQggg Whose
DMC- cat al yzed, | ow medscwlan o\relmhtydls limitgdr hagoaventbeenl tputipssas a
catal yzed pol yol of rgipisl @ 48ing"LEEULAT tHEi Bl e2BYpeRBROS! tisdrydh i i g

resilience
polyurethane manufacture. However, suitable formula-

tions must be developed.

15 In the area of high resilience polyurethane
flexible foams, it has been discovered, as disclosed in
copending U.S. application Serial No. 08/565,516, that
substitution of a DMC-catalyzed, low unsaturation polyol
for a conventionally, base catalyzed polyol of similar

20 molecular weight and composition in a high resilience
polyurethane foam system may result in foam collapse.
It is now believed by some that this anomalous behavior
may be due to a very small amount of a very high molecu-
lar weight component, with a molecular weight in the

25 range of 100,000 Da and higher. This.exceptionally high
molecular weight component, even though very small in
amount, may act as a surfactant and tend to destabilize
polyurethane foam, or may serve to increase viscosity,
thereby interfering with normal curing mechanisms such

30 as hard segment phase out.

Therefore, the formulation of polyurethane
systems which can extol the benefits of the higher



pol yur et hane foam system may result in foam coll apse. It is now

beli eved by sone that this anomal ous behavi or may be due to a very
smal | anmount ®Ogp128es2y hi gh nol ecu- | ar wei ght conponent , patikbosh7307
nol ecul ar weight in the 25 range of 100,000 Da and higher. This
exceptional ly high nol ecul ar wei ght conponent, even though very snall
I n anount, may act as a surfactant and tend to destabilize

pol yur et hane foam or nmay serve to increase vit@cosity, t her eby
interfering with normal curing nechanisns such 30 as hard segnent phase
out . Therefore,, the fornulati on of pol yurethane
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The present inventi pé to ane and yurethanelur ea
el astoners prepared by chain extension or noisture cure of

| socyanate-term nated 10 prepoly haPr epol yiers prepared by
reacting a di - or pol yi socyanatEiias A8 SVLERHOR | socyanat e
with a m xture contai ning a high nol ecul ar weight, very | ow

unsat uration pol yoxypropyl ene diol and a | ow nol ecu- | ar wei ght diol,

the m xture having a hydroxyl Thenpeesast inganiden psgtaing toopolyurggbane
chai n-extended, cuggd polyﬁ&@&h&ﬁﬁr/ﬁreﬁurQI&&:&Q&YS PR¥BaredPbPVedhain
har dness, reSIL*ggggioneaérstéé¥gtikeimg%r%png%es§égg§§§£tg9ggg&$nated
10 prepolymers or quasi-prepolymers prepared by reacting a

di~ or polyisocyanate other than toluene diisocyanate

with a mixture containing a high molecular weight, very

low unsaturation polyoxypropylene diol and a low molecu-

lar weight diol, the mixture having a hydroxyl number

15 between 50 and 200. - The chain-extended, cured

elastomers surprisingly  have improved hardness,

resilience, tear strength, and compression set compared

with elastomers having similar hard segment content

prepared from a prepolymer utilizing a single polyol of

20 equivalent hydroxyl number, The moisture-cured
elastomers exhibit exceptional tensile and tear
strengths.

c [ ] - e .
The subject invention chain-extended

25 elastomers are prepared by reacting the isocyanate-

terminated prepolymer or quasi-prepolymer described
hereafter with a chain extender at an isocyanate index
of from about 90 to about 120, preferably 95 to 110, and
most preferably 100-105. As is well known, the



wi th elastoners having simlar hard segnent content prepared froma
prepol ymer utilizing a single polyol of 20 equi val ent  hydroxyl nunber.
The nmi st ur YAPRY>2 el astomers exhibit exceptional terRGVEPISQRINT

t ear strengt hs. Description of the Preferred

Enbodi ment s The subj ect I nvention chai n- ext ended 25
el astoners are prepared by reacting the isocyanate- term nat ed

prepol ymer or quasi-prepol ymer described 13- hereafter with a chain
extender at an isocyanate index of from about 90 to about 120,

preferably 95 t0 1410, 3dare 1Y ¥ STHAY Ke 190405 equiailiies ®los

i socyanat e i ndex i $sbhyanateotof eguivakémnt obfisocyanateorparatierd @pecies
equi val ents of iso Ny Y peckes .l tjplyed 100, . In
determ ning the qu’?ﬁ\?gﬁgﬁﬁfﬁw fo'ﬁ. [ sggyéi(?attegmrle%g‘(%ﬁ \B!eﬂ%p%%%g??SﬁEsnﬁfe
of hydroxyl or 5 1sgfyRdagCoufRRcnst i epeciesne caquinalentf Hdroxydt wre-

cured el astongrs aggig’ 1Bst : pheki ls or
& hum di 1yTng chashe Sooups! BSnBESEREES She cquivELEACPITERE MBIZRUR

el astoners are curedy RIARTRIKS | nBEAsi WITR xiRg the presence of

prepol yner - cont ai Natk@spheii¢ mbisitdee 32dindaOhumdti fYidg Rema@YAl Ni ng

B- si de, degassi ng under vacuumif necessary, and introducing the

m xture into an open or closed nold. The el astoners may be renoved

fromthe nold follow ng develhenenthainsekténded cadtent eQlaptionirLnghliel O

i o oL, anfrBRRdLERIby  ntend V1" Fix SEGE AL YreBBT e 88ntdlin-
10 ing A-side and diol or diamine-containing B-side,

degassing under vacuum if necessary, and introducing the
mixture into an open or closed mold. The elastomers may
be removed from the mold following development of suffi-
cient green strength to allow demolding and handling,

15 and are generally post-cured at slightly elevated
temperature. Alternatively, the elastomer may be
subjected to cure in the mold itself. Methods of

preparing the elastomer per se are conventional, and

reference may be made to the appropriate portions of
20 POLYURETHANES : CHEMISTRY AND TECHNOLOGY, J.H. Saunders and
K.C. Frisch, Interscience Publishers, New York, 1963;
and to the POLYURETHANE HANDBOOK, Gunter Oertel, Ed., Hanser
Publishers, Munich, © 1985, both of which are incorpo-
rated herein by reference. The moisture-cured elasto-
25 mers may be formulated with traditional fillers, rheolo-
gy control agents, thixotropes, and the like, or may be
extruded or cast as neat films or from solution.

The isocyanate-terminated prepolymers are

prepared by reacting a di- or polyisocyanate other than

30 toluene di_i—éécyanate with a polyocl component as
described below. The prepolymers preferably have an NCO



t enper at ur e. Alternatively, the elastomer may be subj ected to
cure in the nold itself. Met hods of preparing the el astoner per se
are convent i oma 99/29rst reference may be nmade to the approgrr/ebes/07307
portions of 20 POLYURETHANES: CHEM STRY AND TECHNOLOGY, J.H. Saunders
and K.C. Frisch, Interscience Publishers, New York, 1963; and
to the POLYRETHANE HANDBOOK, Gunter Certel, Ed., Hanser Publ i shers,
Muni ch, [err] 1985, both of which are incorpolé- rated herein by
reference. The noisture-cured el asto- 25 mers may be formulated with
traditional fillers, rheol o- y control agents, thixotropes, and, the
like, or may be  OTOWRt rCRREEMr OAst LEMnaakoS | & 5P fRBRNEol i oreight
The isocyanat e-t er phdwd&gh prepol yners are prepared by reacting a di-
or polyisocyanate other than 30 toluene diisocyanate wth a polyol
conponent as descri bed bel ow. The prepolyners preferably have an NCO
-14- group content of $1liﬂnamh§)lﬂ1—2otzopam?mtsoﬂ:?amtghtfor us@einethe

Suitable di- or polyisocyanates far_ use.in I nv tic,
ali phatic, and cycl%’é Yv‘lé??carg aR?éﬁ%é'tc'e kfmﬁ %8%1 5319%]:]5?% 1’
skilled in thesart, varleteesl adinmgni pl kanwndltlcsdﬂ;czsﬁatmlhérrphe$hmoantle
2,2'-, 2,4 -, or 4 (

poI yneric M s, v%ir?%&{ car%t% ﬁﬂé@& aéfadnq\}[ﬁs Mpé%u 'ed di-
and pol yi socyanat esZ(ZJYea 2,40, a3 d:r:ét ~mgté1yﬁmd1phenyil§@@ym@zanate

al | ophanat e-, dH Pofneric MHIs, mdlxﬁaﬁmfl%woduﬂ&el
hydr ogenated MDI's, p- ?él ene di 1 sgcyanat ‘e. TMXDI | sophorone

di i socyanate, 1,4- dP‘P iP5yt BAitied di- anéy@l"&ﬁ(é)?&ﬁé’&ﬂ"’é"@a/ farea-,
hexanet hyl eneigli i sasiahet e, urethane-, isocyanurate-, allophanate-,

carbodiimide-, or uretdione-modified, etc.),

hydrogenated MDIs, p-phenylene diisocyanate, TMXDI,
isophorone diisocyanate, 1,4-diisocyanatobutane, 1,4-
cyclohexanediisocyanate, hexamethylene diisocyanate,

15 and the like, and mixtures thereof. It is also prefer-
able to use commercially available isomers or their
mixtures for reasons of economy.

In addition to the prepolymer approach, a

20 quasi-prepolymer method can be used to make the

elastomers of the invention. .Quasi-prepolymers are made

from an excess of the di- or polyisocyanate and a

reduced proportion of the polyol component in the same

manner as described herein for making prepolymers. Due

25 to the lesser amount of polyol component to isocyanate,

however, the % NCO contents of quasi-prepolymers are

higher than the % NCO of prepolymers. Isocyanate group

contents of from 12 wt.%¥ NCO to 30 wt.¥ NCO are

suitable, for example. Any remaining polyol needed can

30 be introduced together with the chain extender as a
blend or in separate streams.



15 and the like, and m xtures thereof. It is also prefer- able to
use commercially available isonmers or their m xtures for reasons of

econony. WO 99729752 In addition to the prepol yner approagfyrposifizor
qgquasi -prepolyner method can be used to nake the el astoners of

the invention. Quasi-prepolyners are nade froman excess of the di- or
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same manner as described herein for mak+bg-prepol yners. Due 25 to
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wei ght diol havi ng @omml gyl ar thei ghdedesd tfwin@jooua low 4ﬁﬁzs£ﬁuratman
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may be any #1 oxyvfof Olnoer?gls ggr?pgunajqﬁ%w ng a gt?ﬁwel %Jﬁ?e
bel ow about 430D Da. Of abmm%ﬁ(atwyeé}bomﬂ%n limting exarrpl es,

i ncl ude ethyl ene glycol, diethylene glycol,

The low molecular weight diol may be any
dihydroxyl functiohal compound having a molecular weight
below about 400 Da. Illustrative, but non-limiting
examples, include ethylene glycol, diethylene glycol,

15 triethylene glycol, propylene glycol, dipropylene
glycol, tripropylene glycol, 1,3-propanediol, 2-methyl-
1,3-propane diol, neopentyl glycol, 1,3- and 2,3-butyl-
ene glycol, 1,4-butanediocl, 1,5-pentanediol, 1,6-hexane-
diol, 1,8-octanediol, 1,4-cyclohexanediocl, 1,4-cyclo-

20 hexanedimethanol, hydroquinone bis[2-hydroxyethyl
ether], and the various bisphenols and their bis[hy-
droxyalkyl ether] derivatives. Oxyalkylation products
of the above are also useful. Preferably, the low
molecular weight diol has a molecular weight below about

25 200 Da. Mixtures of one or more of such low molecular
weight diols are also useful. Minor quantities of low
molecular weight triols, tetrols or the like, such as
glycerine, trimethylol propane, pentaerythritol, or the
like may be added to the low molecular weight diol

30 mixture as long as the amount of triol, tetrol, or
higher "functionality species is about 10 mol percent or
less. "Low molecular weight diol" allows such amounts
of higher functional species unless indicated otherwise.



15 triethylene glycol, propylene glycol, dipropylene gl ycol,

tripropylene glycol, 1,3-propanediol, 2-nethyl- 1, 3- propane di ol
neopentyl gl wwoleprdssd- and 2, 3-butyl - ene gl ycol, 1, 4- byicaasesabsor
1, 5- pent anedi ol , 1, 6- hexane- diol, 1,8-octanediol,

1, 4-cycl ohexanediol, 1,4-cyclo- 20 hexanedi met hanol , hydr oqui none
bi s[ 2- hydr oxyet hyl ether], and the various blsphenols and their bis
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U.S. Patent Nos. 5t44@, %aaﬁséﬁosed51ﬂ'§2t79§8 P&Qén@xm e, 53-4"?'03&?3 and

capabl e of preparin s in the nol ecul ar wei ran Da
top p p g482 908,)¥Lr example, and are ca qg preparlng

polyols in the molecular weight range of 2000 Da to

12,000 Da with unsaturation typically in the range of

about 0.004 to 0.007 meq/g. More than one low unsatura-

tion polyoxypropylene diol may be used in admixture with
20 the low molecular weight diol components.

The blend of low molecular weight diol and low
unsaturation polyoxypropylene diol must have a hydroxyl
number between 50 and 200, preferably between 75 and
150, and most preferably in the range of 90 to 120.

25 Hydroxyl number is calculated by adding the weight frac-
tional hydroxyl numbers of the individual components of
the mixture, the weight fractional hydroxyl number being
the weight fraction of the component multiplied by the
component's hydroxyl number. It must be emphasized that

30 it is the blend of high molecular weight species and low
molecular weight Species used to prepare the prepolymer
which provides the exceptional qualities of the subject
invention cast elastomers. These properties cannot be
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e I Ut DeneERARha il A cidoich WA SRALS! JBoBATRGRM AT

wei ght speci es and SpECi es Gsed re

pr epol yner whilelr pedghties the exceptlonal qualities Qf the subject

I nvention cast elastoners. These properties cannot be

-17- duplicated with single conponents nor w_th bi npdal bl ends

not containi ng species bel owPaBBaF2BBONDRENSIE: Prepolymes @i Brt standard
Preparation of thetBEﬁﬁQLﬂl@%” IS B3k Séﬁad@'lg 5 t‘.het %fcﬂ. ISlUeTompdidnt  and

exanple, the poly n’gonent and - ggonﬁit may be xed
t hor oughl y, generaPF?cYa tﬁnﬂ@‘i“P%n?ﬁ”{'r‘B@érP%I :h’R% tl?:l?i et %{tegeﬁ‘ﬁf" 1vhe
i so- cyanat e ghdep @orﬁﬂmgkmasla@kat ,Staﬁdya\ngtutedl rtd'ux:al -the isiog

that the reaction is flg %ll?}p xrure s 10 " a%ﬁ eousl at-
nodest |y heat ed, f 5¥3BR ﬁp?ﬁo?B T¥hpet OPS 1Q,Pes SR &é &P ic
50[err]C to 70[ erriGg Ukkdthatker eceactuion is Himbshéedg caThEysms:tswcél ds

E:gtea?lgglt gu\?\hﬁ;lhl Ka@¥anthBeously CRbAL STy ndIE O, CALA! ¥RLfp18" £8! Behpera-

tures in the range of 50°C to 70°C. Urethane reaction-
promoting catalysts such as the various well known tin
catalysts, amine catalysts, or other catalysts which
promote the reaction between isocyanate and hydroxyl
15 groups may be used if desired. The reaction may be
batch, semibatch, or continucus. Examples of prepolymer
preparation may be found in POLYURETHANES: OCHEMISTRY AND
TECHNOLOGY, POLYURETHANES HANDBOOK, in U.S. Patent No.
5,278,274, and, Canadian Published Application
20 2,088,521, which are herein incorporated by reference.

Chain extenders useful in the subject
invention are the conventional diol and diamine chain
extenders known to those skilled in the art. Suitable
diol chain extenders include, for example, ethylene

25 glycol, 1,4-butanediol, 1,3 -propanediol, 1,5-
pentanediol, neopentyl glycol, 2-methyl-1l,3-propanediol,
diethylene glycol, tripropylene glycol, and the like,
and mixtures thereof. Suitable diamine chain extenders
include aliphatic and aromatic diamines. Preferred

30 diamines are the sterically hindered or electrically
deactivated aromatic diamines. Examples of these are
the various ring alkylated toluene  diamines,



pronote the reaction between isocyanate and hydroxyl 15 groups may be
used i f desired. The reaction may be batch, sem batch, or

continuous. BExayw/®ss20f prepol yner preparati on may be foup@m—.;pgsmnm
POLYURETHANES: CHEM STRY AND TECHNOLOGY, POLYURETHANES HANDBOCOK, in

U S Patent No. 5,278,274, and, Canadi an Publ i shed

Application 20 2,088,521, which are herei n i ncorporated by reference.
Chain extenders wuseful in the subject -18- invention are the
conventional diol and diam ne chain extenders known to those skilled
in the art. Suitable di ol chain extenders i nclude, for exanple,

et hyl ene 25 ¢l yccuiethylélnetﬁiknma]rmrﬁa)l such 13s3- p; 6pdinethylltoluebediamine
pent anedi ol , neopen &) YSRh t Sz edi.ol | ne;
glycol, tripropyl en&}é yco% a%ékge Jl?ﬁlq( & %&Qndg% ﬁhﬁsees ?ﬁ%gggg’aﬁ in
Sui t abl e di am ne cﬁh.lf'n exBatimty s No.  4,2dieudd3al i ph&xenpdgs acdmEinematic

di am nes. Pref er r@thmthes OWR{ERCarar $ehide ralenidA |é’cﬁweﬁ?d eQlectrical
electrically deact | vated aromati ¢ di am nes. | es of these are

the various S ringffedts| sfedring oFubAEitugnEsi risclude 4,4’ -methylene-
- 18- met hyl Qﬁ@'ﬂmﬂld&@"anill(iheéls (Robadbetmydtn) usiedi aln“-ﬁz%thylene-

5,216 545, Exanplid (brehlihi & LSRRGS i O render P s
active by electri ca»}i'dhout sftfe&utcshdlhdrangesubsrixtgle&éascumm groups may
4, 4' - met hyl ene- 1:S( 2= Q/{J‘Xg‘@

4, 4" - met hyl ene- r?%%és(g- }r%&a?.ﬁgv [ etT(:]y ani ?I ng%%?l)*/&ggA)POt 1I5|f§m'th%s
wi t hout st eril® hi ndridde&her maldg neat:tcv&arhg Yhempeomphex moldsane tuged.

rapidly and Cause'Tﬁgﬁéﬁéiﬁ”@xégﬁdéffébﬁﬁbﬁéht mé&lhnéfﬁdgnhgnor amounts
particul arly when conpl ex | ds are used The chai n extender conponent

may i ncl ude m nor é?ﬁ)lﬁﬁ%ss inkegp gHEBsPE rRiPEhanRIARNSY SHGtdanR amine,
tri et hanol am ne, and Kbk tihied i ke.

Catalysts may also be useful in certain
15 ' systems. Catalysts have been described previously with
respect to prepolymer formation, and suitable catalysts
are well known to those skilled in the art. Many
examples of suitable catalysts may be found in the
POLYURETHANE HANDBOOK, Pp. 90-95, and POLYURETHANES: CHEMISTRY
20' AND TECHNOLOGY, pPp. 129-217, both incorporated herein by
reference.

Conventional additives and auxiliaries may be
added as well, including but not limited to fillers,
plasticizers, dyes, pigments, UV stabilizers, thermal

25 stabilizers, antioxidants, flame retardants, conductivi-
ty agents, internal mold release agents, blowing agents,
and the like. When a blowing agent is included, the
product is a microcellular elastomer. Suitable blowing
agents include reactive ones, such as water, and

30 physical oh;;, such as volatile hydrocarbons, CFCs, and
the like. Mixtures of reactive and physical blowing
agents can be used. Polymer solids, for example, vinyl



Catal ysts may al so be useful in certain 15 systens. Catal ysts have been

descri bed previously with respect to prepolyner formation, and

sui t abl e cat W@ 89/29752 are well known to those skilled in tRCHEPI8/07309Any
exanpl es of suitable catalysts may be found in the PCL YURETHANE
HANDBOCK, pp. 90-95, and POLYDRETHANES: CHEM STRY 20  AND TECHNOLOGY, pp.
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Conventional additives and auxiliaries may bet9- added as wel |,
including but not limted to fillers, pl astici zers, dyes, pignents,

UV stabilizers, ther 5 I 1j.zer tiQ |dant fla et rdants
conducti vi - f?/fglng%t S, Sh %na%bz 811%@ eadde merbrg%ix gge
and the like. V%ehsacwlanwtﬂgd&genredl sdlncaidedcht b.e those pi@ahmdt iins RIPA

m crocel lul ar el as g geqt cI I
ones, such as wat e%ﬁagﬁgnsgbi98%§sl?% %%nérsmlgﬁgﬁ g% @8 gtl g%hygt%%'d egor%,
CFCs, and t hesipgean wwma’é:safeﬁ RekhMey ERP biiaRars i lialing as

agents can begused;¢Bol ypRse sol s, "é@frféﬁ”plp%lyﬁln,yl a low unsaturation
-19- pol yner solids as found_|n yol s and

i socyanat e- der i vedPSbYPE¥PEERKL8RE { fLRt- foifﬂdthﬁ prpunt of prdvymay FANids

may be included asqusiredf 95 B¥R[P&embyor quaﬂﬁh.ﬂg ol ﬁﬂghOBbllaJd% @awr
pol yol dispersion ha

t, b
unsat uration ?{I ngyprddﬁﬁee‘#els%? oﬁpsle"??afﬁg " pog?g%n

desired is low, a uanalyqadnpoﬂ.yodlf mBygbesalsieds poI ymer pol yol
di spersion prepared froma conventionally catal yzed pol yol may be
used.

10 The polyoxypropylene diol may contain oxy-

ethylene moieties, introduced, for example, by the
random copolymerization or capping with ethylene oxide
along with propylene oxide during preparation of the
polyol. The amount of ethylene oxide should generally

15 be 40 weight percent or less, preferably less than 20
weight percent, and more preferably about 5 to about 15
weight percent. If the polyoxypropylene diols contain-
ing oxyethylene moieties are to be prepared using double
metal cyanide complex catalysis, it is preferred that

20 the ethylene oxide be present during a substantial
portion of the oxypropylation.

The polyoxypropylene diol may also contain
minor amounts of higher alkylene oxides, particularly
oxetane, 2,3-butylene oxide, 1,2-butylene oxide, and the

25 like. The amount of higher alkylene oxidé should
'~ generally be limited to less than about 10 weight
percent. Most preferably, the polyoxypropylene diol
contains substantially all oxypropylene moieties, or
oxypropylene moieties with not more than about 10 weight

30 pé¥cent random oxyethylene moieties. The low unsatura-
tion polyoxypropylene diol. may also contain a minor
amount of a conventionally, base-catalyzed polyoxy-



10 The pol yoxypropyl ene diol may contain oxy- et hyl ene

noi eties, introduced, for exanple, by the random copol yneri zati on or
capping wt hwg,t phepe oxide along with propyl ene oxide dstt£8bs07307
preparation o he pol yol . The ampunt of ethyl ene oxide should
generally 15 be 40 wei ght percent or less, preferably |less than 20

wei ght percent, and nore preferably about 5 to about 15 wei ght

percent. If the pol yoxypropyl ene diols contdPn- -ing oxyet hyl ene
noieties are to be prepared using double nmetal cyani de conpl ex
catalysis, it is preferred that 20 . the ethylene oxide be_present during a
subst anti al PEPRY Lenefdite LAY §lhf"‘gn.the amount of such gggven-

pol yoxypropyl ene gi @haledisl SO @licidd 20 mdll P rasanigs tHe higbel high

al kyl ene oxi des, ticularly, oxet ane 3- but yl ene oxide .

1, 2-butyl ene oxi d\gg{%ﬁ‘ﬂf?ﬁew%?ht SR a%etah%‘fﬂﬁgto‘%r%lg%rogl ROF ok
oxi de should mojjeaal ar| wellghti mdmwdidm béEsshehaticbouixt0reeilyght less
percent. Mbst pr apl po I dj o] '

Substant i al |5 al|E%%ép?b%%?eﬁgsé%re%¥§§¥9%§9y fgg%x§§%%p9r8%§ BEB/E o with
not nore than about 10 wei ght 30 percent random oxyet hyl ene noi eti es.

The | ow unsatura- —  tiongpok ygxyBHAPYh e9e qdiseh-i HERY tli%P HARERE Dod, Manor
anount of a conventionally, base-catal yzed ponoxE-,
- 20- pr opy FBREREYF 0MndErEFRAAE4REh 421t Hee aRBLALNER SycHedfmRRce to

tional diol not exgeedirOspatiPEd catimplied Rehich adrdigfovided Mréealihafor
wei ght diol, and the unsatuga%ion of .tthe h
5

h mol ecul ar . wei,ght ., portion
of the diol nixtuPBFBESfFEs’ l??ﬁﬁ?quﬁN?ﬁ%gdﬁﬁg'ﬁF&f@Png9tﬁgg§gtﬁ§n£e
0. 015 neq/ g10 limiting unleblavbotbepeinseabpgciésedibed this invention, a
further understandi ng can be obtained by reference to certain specific
exanpl es which are provided herein for

Example 1 and Comparative Example CI

Moisture-cured f£ilms are prepared by casting
neat isocyanate-terminated prepolymers onto a glass
plate at a thickness of 30 mils and curing in the

15 presence of atmospheric moisture for a period of 24
hours. The films are cured and conditioned at 73°F
(23°C) and 50% relative humidity for at least four weeks
prior to testing.

In Example 1, ACCLAIM 3201 polyether diol, a
20 low unsaturation polyoxypropylene diol having a molecu-
lar weight of about 3200 Da and available from ARCO
Chemical Company, is blended with diethylene glycol
(DEG) (molecular weight 116 Da) to produce a blend
having an average molecular weight of c.a. 1000 Da. The
25 polyol/glycol mixture is then combined with
trimethylolpropane {(TMP) (5:1 equivalent ratio of polyol
to TMP) and reacted with isophorone diisocyanate at a
2:1 NCO/OH mole ratio to give an isocyanate-terminated
prepolymer having a free NCO content of about 6 wt.%.

30 The prepolymer is moisture cured as described above.



purposes of illustration only and are not intended to be 10 limting
unl ess ot herw se specified. Exanpl e | and Conparative Exanple Cl
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| socyanat e-term nated prepolyners onto a gl ass pl ate at a thickness of
30 mls and curing in the 15 presence of atnospheric noisture for a
period of 24 hours. The filns are cured_and conditioned at 73[err]F
(23[err]C and 50% relative humdity for at T 45t four weeks prior to
testing. In Example 1, ACCLAI M 3201 pol yether diol, a 20
| ow unsat uration pol yoxypropyl.e di ol_.havi | ecu- I | ght of
about 3200 Da and avail abl e f#%%%%atlve n%ﬁ%ﬁ?nggl E&nﬁgh%?l' |I§§%¥§¢1%£d a
wi t h diethylene gl wmiventiona(J‘DEBPOQnmcnélcul wt . wepairoxyiisr oyl eve pridchice as
bl end havi ng Atk VA 39Pal! SEULAL WBLARIMOB2613aiHA0DER b18EA25 The
pol yol / gl ycol m xture I t hen conpi ne W t h |

tri met hyl ol pr opane Roirgl ( 551 combpingde itlat THPof(Spd yeauivalenty o apd

reacted with issophgiOnReditds aaanNand Hearted with Jié@ﬂ&éﬂ@'&iié‘é&?aﬁate
gi ve an isocyanate-term nated . yner . having ‘g free NCO content of

pr epol .
about 6 wt.% 30 athe3prepdl YR/ GH H‘BH?t uF3E28r &P aF1¥Es cRPhetSapBIRate-
-21- ternindEEP rajpolgmexakiavéngla ARCELNEBCGedfi€entacft about

ti | 1000 nol . : | .dial . d i I f
Che. ACCLAI M 3201 cibI ot bl SN, PYREOLYMEEs 4y Besat el e nahpr L Bos

equi val ent rati o ofakove polyol to TMP) and reacted with i sophorone

di i socyanat e at a 2.1 NCOOH nole ratio to give an isocyanate-
term nated prepol ynmer having a free NCO content of about .
10 As Table 1 shows, the moisture-cured

polyurethane based on the blend of ACCLAIM 3201 diol and
DEG has mwmuch better overall physical properties,
including higher tensile strength, modulus, elongation,
and tear strength.

TABLE1
l EXAMPLE 1 C1 ‘
Prepolymer Polyol: ACCLAIM™ 3201 ARCOL
diol/diethylene glycol PPG-1025
Physical Properties:
100% Modulus (psi) 920 355
[ 300% Modulus (psi) 1920 1000 "
“ Tensile Strength (psi) 5600 3700 l
“ Elongation (%) 520 500
“ Tear Strength (psi) 1 420 220




6 Wt.% The prepolyner is noisture cured as descri bed above. 10

As Tabl e 1 shows, the noisture-cured pol yur et hane based on the
bl end of ACCLYONPZ2132 di ol and DEG has nuch better over alRCTHRBSsi0CTN
properties, i ncl udi ng higher tensile strength, nodul us, elongation,
and tear strength. : TABLE 1

EXAVPLE 1 . C1 Prepol yner Pol yol :
ACCLAI M err] 3201 ARCOL di ol / di etZBH ene gl ycol PPG 1025

Physi cal Properties: 100% Modul us (psi) 920

355 300% Modul us (psi) 1920 1000

Tensile Strength (B ) Comparaftive Exa -3 El ongation (%
520 500 Tear Strength (psi) 420

220 Exanpl es 2-3 and
Conpar ati ve Exanples 2-3 Elastomers based on a mixture of 4,4'-MDI and

carbodiimide (CD)-modified MDI are prepared using a
quasi-prepolymer technique as follows.

5 The isocyanate mixture is combined with a polyol at
a 5.67 NCO/OH equivalent ratio to give a quasi-
prepolymer having 16 wt.% free NCO content. In Examples
2 and 3, the polycl is a mixture of ACCLAIM 4200
polyether polyol (a low unsaturation polyoxypropylene

10 diol having a molecular weight of about 4000 Da and
available from ARCO Chemical Company) combined with
tripropylene glycol (TPG). In Comparative Examples 2
and 3, the polyol is PPG 1025 diol (a conventional 1000
mol. wt. polyoxypropylene diol).

is - The quasi-prepolymer prepared above is used to make
elastomers having 35% (Example 2 and Comparative Example
2) or 25% (Example 3 and Comparative Example 3) hard
segment contents. Each quasi-prepolymer is chain
extended in the presence of dibutyltin dilaurate

20 catalyst with a mixture of 1,4-butanediocl and ACCLAIM
4220 diol (low unsaturation, EO-capped polyoxypropylene
diol of about 4000 mol. wt.). The ratio of 1,4-
butanediol and ACCLAIM 4220 diol is adjusted as shown in
Table 2 to vary the hard segment content of the

25 elastomer. The amount of tin catalyst used is adjusted
to give a potlife of about 90 seconds and a demold time
of about 22 minutes.



El ast omers based on a m xture of 4,4'-NMDl and carbodii m de (CD)
-nodified MDI are prepared using a quasi - prepol ymer techni que as
follows. 5 WO99297he i socyanate mixture is conbined with a petT/mPISKTI07

a 5.67 NCO OH equivalent ratio to give a quasi- prepol ymer havi ng
16 wt. % free NCO content. In Exanples 2 and 3, the polyol is a mxture
of ACCLAI M 4200 pol yet her polyol (a |ow unsaturation polyoxypropyl ene
10 di ol having a nol ecul ar wei ght of about 28000 Da and avai |l abl e
from ARCO Chem cal Conpany) conbined with tripropyl ene glycol (TPG.

I n Conparative Exanples 2 and 3, the po | .is PPG 1025 diol (a
conventional 1000 nol. wt. pol yoxyproﬁéﬁildi ol). 15 The

guasi - prepol yner prepared above is used to nake el astomers havi ng 35%
(Exanmpl e 2 and Conparative Exanple 2) or 25% (Exanple 3 and

Conpar ati ve Exanpl :”“‘“—"‘”‘“‘“—“—*_“—“—"“‘—“m“*“

quasi - prepol yner i
di l aurate 20 cat .

l
4220 diol (low unsg Qua.t*&mdﬁ@m@md bol yoxypr opyl ene d| d of aljout
4000 nmol . wt.). h@ﬁ%NlC@)antém)fl- but anedi ol and ACCLAI M{4220 dioI
I s adjusted as shovfr T tapte 2 to[vary tig ftard _gegmentcqmntentgf
the 25 el astoner.] MBE anount of tin ¢at &0yst jus®illi § adjlusted 50.1 flo
give a potlife of dbout 90 seconds and § denold]ti e of abqut 22
m nut es. CD-modified MDI 8.84 43 8.84 8.84 8.84
TABLE 2 EXAMPLE C2
Qjasi - pr epo| yner %Pvgazilmlrnnt cmjg im) 0 A?l'l (Fs R{{”‘Tl
50.1 50.1 8 CELAIM 4200/TPG 349/615) 0 349615 | o
NCO/OH 1 567 5.67 5.67 5.67
Elastomer formulation (g) |
Quasi-prepolymer 884 884 64.7 64.7
1,4-butanediol 12.6 12.6 8.04 8.04
I ACCLAIM 4220 1 840 84.0 112 - 112
% Hard segment - 35 35 25 25
Physical Properties:
n Hardness (Shore A) 83 80 66 63
H 100% Modulus (psi) 737 630 350 260
Resilience 60 57 67 65
Tensile Strength (psi) 3245 3160 2300 2500 l
Compression Set (%) - 28 36 25 39
Tear Strength (psi) 428 378 285 218




CD-nodi fied M 8.84 8.84 8.84 8.84 PPG 1025 di ol

0 41.1 0 41.1 ACCLAI M 4200/ TPG 34.9/6. 15 0
34.9/6.15  WoNGE¥EH 5. 67 5. 67 5. GET/EPISRIHT
El ast omerfornul ati on (g) Quasi - prepol yner 88. 4 88. 4 64.7
64.7 1, 4-but anedi ol 12. 6 12. 6 8.04 8.04 ACCLAI M
4220 84.0 84.0 112 112 % Hard segnent

35 35 25 25 Physical Prop@Aties: Hardness (Shore A)
83 80 66 63 100% Mbdul us (psi) 737 630

350 260 Resilience 60 . 57 67 . 65
Tensile Strength (psi) 3Zpble 2 gypmmarizes)) the Eoppulzbigresspil
Set (9 28 resulB8B8 of phyd3cal test3dgled tid adigidtdmesds. As €Re

378 285 2 ) -24-
Table 2 surmar i zesCARLST PR ot FLARCOMRFY APT <THRShIRATRAFYIRE? | R38R Pe
el astoners. As themiablizeshas, aehdghemelecileam-gedshtyr ebowyurssthaaedoan

mxtures of a hi ahogplecHbar A¥Bh ol g Lothwie ARl |k Al il dge{oﬁ%%ra

di ol chai n extende Ve Ssuperi or ness, resilience, tear ren
conpr essi on set cohﬁﬁ@@@sﬂwt?ﬁ@#lﬁ¢#ﬁe&HQ@?&D@&#@nﬂﬁ@reaﬂﬁeCGmH§ESSl°n set

prepol ymer is madechhgiyaasi RUtR. SORVEREI 08B4sdOROr80lwhere the quasi-

prepolymer is made from a single, conventional 1000 mol.
wt. polyether diol.

Having now fully described the invention, it
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.



wt. polyether diol. full y descrl bed the invention,
it wll be apparent to one”mm mrﬂﬂmlﬁlm in the art that many changes
and nodi fi catworsrRemsn be nmade t ut departl ng from t heT/ApIse78070r
scope of the invention as set forth herein.

25 1. An isocyanate term nated prepol yrrer or quasi - prepol ymer which
conprises the reaction product of a stoichionetric excess of a di- or

pol yi socyanate other than toluene diisocyanate with a polyol conponent

conpri si ng: ai) one or nore high nol ecul ar wei ght

pol yoxypr opy| ene 1di ol éhisotyapatarterminated prepalymenor quas-propotymerowhish/ cpmprises
nol ecul ar wei ght of greater than 2000 Da; and aii) one or nore | ow
mol ecul ar vei ght igH Rhetidiaotgctafitsichiontettetaiess of aldbser pilyisocybite Raberstiah
that the hydroxyl nunber of said polyol conponent is from50 to 200. 2.
A prepol ynmer or erein said

pr epol yner has an ‘g?sg contﬁﬁw@%%%u&gn&h rce\g? to 12 wei ght

\ake] re rcgln'ﬁ] cai d3- A pr eaB()l Y'ohe or mote fiigh R0 e wexgh Cl%g)lrpnrgpylene dloisnl]lavmg arf

unsaturation of less than 0.02meq/g and a molecular weight of greater than 2000 Da;
and

aii) one or more low molecular weight diols having a molecular weight of less
than 400 Da, such that the hydroxyl number of said polyol component is from 50 to

200.

2. A prepolymer or quasi-prepolymer according to claim 1 wherein said

prepolymer has an NCO group content from 2 weight percent to 12 weight percent.

3. A prepolymer or quasi-prepolymer according to claim 1 or 2lwherein said

polyoxpropylene diol has an unsaturation of less than 0.015 meq/g.

4. A prepolymer or quasi-prepolymer according to any preceding claim wherein

said polyoxypropylene diol has a molecular weight from 3000 Da to 8000 Da.

5. A prepolymer or quasi-prepolymer according to any preceding claim wherein
.. at least one of said low molecular weight diols has a molecular weight not more than

200 Da.



pol yoxpr opyl ene di ol n of less than 0.015 neqg/g. 4.
A prepol ymer or quaS| ammnmﬁmnﬁl ng to any preceding cI aim V\/nerel n
sai d pol yoxyw iﬁe as annol ecul ar weight from 3000 Da_to 8000

5. A prepo ﬂr@?(z quasi - prepol ymer accordi gg to any pr eced?‘ﬁ'HEE?séWﬁ‘P’
wherein at |east one of said | ow nol ecul ar wel ght diols has a nol ecul ar

wei ght not norg thagpr %@Efrﬁ& or quasi-prepofymer ac@orﬁfr%p@ 'aﬁf@fec@&mg claim wherein
quasi - prepol ymer according to any preceding clai m whe sai d

nmol ecul ar V\BI y n ting. of h

gl ycol , pr opyI g H’g‘;’? néd(%?miﬁn %ﬁfg{?‘g?@%@&?@ f‘g"%‘g ﬁé “q 'q@BF é/tix}er"lene
triethyl ene glycol trjpropyl ene col, 2-nethyl-1, 3- propanedlol and

m xtures ther eﬁiYCOI propylene giY 6‘8 %B? g&cohlfHBWOPﬁkEﬁﬂ%rmégﬁ’éﬁﬂﬁl glycalo
any precedi ng clai mwherein the hydr oxyl nunber of the pol yol conponent is
from about 75 triprapytene glyc®l, 2-methybd|3/propahesiicl, and prikturestthereef.ur ea el ast oner
whi ch conprises the reaction product of a prepolyner according to any
preceding claimand b) a chain extender at an isocyanate index from85 to
115.

7. A prepolymer or quasi-prepolymer according to any preceding claim wherein

the hydroxyl number of the polyol component is from about 75 to 150.

8. A polyurethane or polyurth_anc/urea elastomer which comprises the reaction
product of a prepolymer according to any preceding claim and b) a chain extender at

an isocyanate index from 85 to 115.

9. A moisture-cured polyurethane or polyurethane/urea elastomer which
comprises the reaction product of a prepolymer according to any one of preceding

claims 1 to 7 and water.

10.  An elastomer according to claim 8 wherein said chain extender comprises a

diol or a diamine.
11.  An elastomer according to claim 8 or 10 wherein said chain extender is
selected from the group consisting of 1, 4-butanediol, ethylene glycol, neopentyl

glycol, 2—m¢§_11}'_1_-1, 3-propanediol, 4,4’-methylenebis (3-chloro-2, 6-diethylaniline).

12, A microcellular elastomer according to any one of claims 8 to 11,
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a)i) one or more high molecular weight polyoxpropylene diols having an

unsaturation of less than 0.02 meqg/g and a molecular weight of greater than 2000 Da;
and

a)ii) one or more low molecula:. weight diols having a molecular weight of
less than 400 Da,
such that the hydroxyl number of said polyol component is from 50 to 200; and

b) a chain extender;

at an isocyanate index of from 85 to 115.

14. A method according to claim 13 wherein the prepolymer or the components

ai), aii) or b) are defined in any one of claims 2 to 7, 10 or 11.

15. A method according to claim 13 or 14 wherein the reaction is preformed in
the presence of water, a physical bldwing agent, or mixtures thereof, to produce a

microcellular elastomer.
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