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POLYURETHANE/ UREA HEAT- CURED AND MO STURE- CURED ELASTOVERS W TH | MPROVED
PHYSI CAL PROPERTI ES Technical Field The present invention pertains to

pol yur et hane/ W@%8ARe¢wt - cured el astoners prepared by the am nect/Epdios7se
extension or noisture cure of toluene diisocyanate-based,

| socyanate-term nated prepolyners. More particularly, the present invention
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unsaturation polyoxypropylene polyol and a very low
molecular weight polyol. The subject elastomers have
higher rebound and hardness than otherwise similar
elastomers having the same hard segment content. Films
prepared from the compositions have exceptional tensile

strengths.

Background Art

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 methylene diphenylene
diisocyanate (MDI) or MDI variants are used to form the
prepolymers, the isocyanate group to polyocl hydroxyl
equivalent ratio may be gquite high. The range of
isocyanate group content possible provides flexibility in
formulating. However, the high reactivity of the MDI
isocyanate groups generally requires use of diol chain
extenders .in cast elastomer systems, as amines with
suitable reactivity are not commercially available. To
maintain a desirable balance of properties, elastomers
prepared from MDI are thus polyurethane elastomers and not
polyurethane/urea elastomers which have a distinct status
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art. Heat-cured pol yurethane/urea el astoners should not be confused with
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gelation, the rapidly reacting mxture must traverse the entire, often
conpl ex rml d. inTRHE, ak@W Vi scosity syst ens are desired, in conjunction with
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rather rapidly cure without heat.

Toluene diisocyanate (TDI) based elastomers are
the second major heat-cured elastomer class, and the
largest class in terms of elastomer produced. Approxi-
mately 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 extenders are employed to
provide hard segments having urea linkages. The resulting
elastomers are thus polyurethane/urea elastomers. High
isocyanai:e group contents are generally avoided with TDI-
based prepolymers due to the volatility of TDI. Toluene
diisocyanate, as a mixture of predominately 2,4- and 2,6-
isomers, is a liquid having a boiling point of c.a. 251°C,
and exhibits an appreciable vapor pressure at commonly
encountered ambient temperatures. The amount of TDI vapor
released into the environment is minimized by lowering the
isocyanate to hydroxyl group equivalent ratio of the TDI-
derived prepolymer. In this manner, virtually all the
volatile TDI is caused to react during the preparation of
the prepolymer, leaving little, if any, free isocyanate.
The isocyanate-terminated prepolymers, being of much higher
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At such limited isocyanate contents, formulation flexi-
bility is reduced. Moreover, as the urea hard segment
content is related to the isocyanate group content in amine
cured systems, preparation of elastomers with high tensile
strength and other desirable physical properties is

rendered more difficult.
Many attempts have been made to increase

polyurethane elastomer physical properties, and many 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 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 improvement in
resistance to heat build-up in rubber tire applicationms,
indicative of lower hysteresis. However, while dynamic
) properties improved, no improvement was noted with respect

to tensile strength, elongation, or hardness.
In U.S. Patent No. 3,963,681 the preparation of
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the molecular weights are very critical; blends of 800 Da
PIMEG and 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 cannot
be demolded 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 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 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. The necessity of preparing the
TDI dimer adds additional time and expense to elastomer
formulation.

PTMEG has been traditionally used in preparing
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reaction of free isocyanate groups with moisture to form
urea 1linkages. Many moisture-cured films and sealants
exhibit relatively low physical 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 example,
polyoxypropylene diols are prepared by the base catalyzed
oxypropylation of a difunctional initiator such as
bropylene glycol. During base catalyzed oxypropylation, a
competing rearrangement of propylene oxide to allfl alcohol
continually introduces an unsaturated, monofunctional,
oxyalkylatable species into the reactor. The oxyalkylation
of this monofunctional species yields allyl-terminated
polyoxypropylene monols. The rearrangement is discussed in
BLOCK AND GRAFT POLYMERIZATION, Vol. 2, Ceresa, Ed., John Wiley
& Sons, pp. 17-21. Unsaturation is measured in accordance
with ASTM D-2849-69 "Testing Urethane Foam Polyol Raw
Materials," and expressed as milliequivalents of
unsaturation per gram of polyol (meq/g).

Due to the continual creation of allyl alcohol
and its subsequent oxypropylation, the average function-
ality of the polyol mixture decreases and the molecular
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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 Polyurethane
Elastomers Based on Low Unsaturation Polyoxypropylene
Glycols and Poly(tetramethylene oxide) Glycols, " POLYURETHANES
WORLD CONGRESS 1993, October 10-13, 1993, pp. 388-399 compared
the properties of PTMEG-derived elastomers with those from
conventional polyoxypropylene diols and low unsaturation
polyoxypropylene diols. In Shore A 90 cast elastomers,
PTMEG-MDI prepolymer—derived, butanediol extended
polyurethane elastomers had slightly lower modulus and
elongation than low unsaturation polyoxypropylene diol-
derived elastomers, however tensile strength of the PTMEG
elastomers was considerably higher. For polyurethane/urea
cast elastomers, a direct comparison was not possible, as
the only PTMEG example used a 1000 Da PTMEG while both low
unsaturation polyoxypropylene diol examples employed c.a.
2000 Da molecular weight diols. The PTMEG example had
considerably higher physical properties with the exception
of elongation, which was to be expected. Notably,
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unsaturation i n poly xyal ene pol ri talyst concentration
and decreasi ng Bh&easenebdf PERYStatafr netEh e@a%?‘b]ree 1%"3”‘?4&"?’:?&}:@%
rate is so sl om&nbhafuﬂegymmi@iametahealdgyscospeueasweem:, the early
1960’s, for example, double metal cyanide catalysts such as
zinc hexacyanocobaltate complexes were developed as
illustrated by U.S. Patent Nos. 3,427,256; 3,427,334;
3,427,335; 3,829,505; and 3,941,848. Despite lowering
unsaturation to the range of c.a. 0.018 meg/g, the cost of
these catalysts coupled with the necessity of lengthy and
expensive catalyst removal steps prevented commercial-
ization.
Use of alternative basic catalysts such as cesium
hydroxide and rubidium hydroxide as disclosed in U.S.
Patent No. 3,393,243, and the barium and strontium oxides
and hydi:oxides, as disclosed in U.S. Patent Nos. 5,010,187
and 5,114;619, enabled modest improvements in unsaturation,
however }::atalyst expense, and in some cases, toxicity,
coupled with the but modest improvements offered, mitigated
against commercialization. Catalysts such as calcium
naphthenate and combinations 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 meq/g,
and more generally in the range of 0.02 to 0.04 meq/g.
In the 1980’s, double metal cyanide complex (DMC)
catalysts were once more revisited, and improvements in
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mtigated agai pelyewyprepyiane poliels, ang a¢ontinuesycitsisdomiianaen to

napht henat e anghgopbésent Qnag,,of cal ci um napht henate and tertiary am nes
S

have proven successful, & itﬁl.d osed in U S. Patent Nos. 4,282, 387,
4,687,851 and 5,010, 117, RS5EFrsaf PG VEbr yOrsEhet PaielapdvarrersiaPoGow as

0.016 nmeq/ g, andtabystyemadal belyexyakkylatjonof poobesses 0.4y thea/ ARAO t he
1980' s, doubl ecHahftaryedi dRadOBHEK1E aSi Y ShSe VB £ iU ML ra

revisited, andlcl_’rrp&ov ment.s, N WD 98/ 2140175- )

PCT/ EP97/ 0373612%- “RSFHAAT 0, PPLYPEYPLRRY 1818, RALY OLS o Bighorelprular

encour aged onevebglut guihyods,t fovf éxampC thwisel yuethecl0d Pahbsi QOO0 Da

unsaturations (9181 4ARNE e GdhbR,t @yPiBA81PRE4HAibit unsaturation in
the range of 0.004 to 0.007 meq/g when catalyzed by the
novel DMC catalysts. At these levels of unsaturation, the
amount of monofunctional species is only 2 mol percent or
less. Moreover, GPC analysis shows the polyols to be
virtually monodisperse, often exhibiting polydispersities
less than 1.10. Several such polyols have recently been
commercialized as ACCLAIM polyols.

However, the advent of low unsaturation, higher
functionality polyols has not proven to be the panacea
those skilled in the art expected. In many systems,
replacement of conventional polyols with very low
unsaturation polyols causes system failure, and
considerable efforts in reformulation must be expended. 1In
other cases, the low unsaturation polyols could be readily
substituted, but expected improvements did not materialize.
The reasons for the unexpected difficulties 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 and
theoretical functionality differ, often considerably. For
example, a conventional, base-catalyzed 6000 Da triol may
have an actual functionality of only c.a. 2.4 due to the
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2.4 due to the tional species has been suggested as a method of increasing
polymer molecular weight; and increased polymer molecular
weight has, in turn, sometimes been cited as desirable in
producing higher performance polymers. However, high
molecular weight is not necessarily a desirable feature in
many polymer systems. As indicated by G. Odian, 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 molecular
weights in general increase tersile 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 lower
than engineering thermoplastics, and polymer morphology and
physical properties are influenced by many factors,
including amount and nature of hard segment,
stereochemistry of isocyanate used, etc. Often,
formulations must be chosen +to balance confliE:ting
properties. For example, increases in tensile strength are
often accompanied by a decrease in elongation.

) For example, R. Mascioli, in "Urethane Appli-
cations for Novel High Molecular Weight Polyols," 32ND ANNUAL
POLYURETHANE TECHNICAL/MARKETING CONFERENCE, Oct. 1-4, 1989, pp.
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presence of 30 to 40 nol percent nonol. Substltutl ng a polyol blend of a
| ow unsaturation, high functionality diol and | ow unsaturation, high

functional i t ywioles@psr50 M nic the 2.4 functionality does not W *spe
same functionality distribution as the conventional polyol.

portion of the conventionally catalyzed triol produces three-way branched
‘crosslink” sites, while the nonofunctiongl, portion acts as a chain
termnator. In a diol/triol blend having the same functionality, the nunber

of three-way brgyywhag suieelbseé Q§§at Ry LHBEELAIELSIP oFOROf M Urls eﬂ achai n

termnators. Use of El%l %ﬁeﬁ Baw n ¥v ontent of npnofunc- tiona speC| es
has been sugges‘*’t‘é’d"a 2y R84P8t “Fiet 52 nd 5?)4“{@1%‘?1‘?%313&9 0Qr DReitddel and
i ncreased pol yrisy anpbiyutethaws @uanhﬁermuhatmm resaritdednis & efivanc whdéhas

desirabl e | n PLAGICLRges NGB bl M CsOPLYNPESan wdlltVfikve Bedh
nol ecul ar weight is not necessarily a eature I n nany polymer
systens. As i n®*PeC&8dpy e ookl PR N&%L%"WPQ apdERF e e JBREew | ey

& Sons, [err] ¥Rkible, BOiydxypospylersbrancht eéngtheoffﬂﬂlﬁ.ﬁlt'rablwehﬁﬁt to

be desired is te t hi ghg yl.ar I g In
engi neering therm%%%gt grog%kf‘%léxagéﬁﬂé% gher g%% J'P'\A/emght Engpﬁr
general i ncreé@é-ecﬂéﬁa | e wedghsmgt h1°WrreI tuntséﬁﬁéﬁﬁﬂ-ghe podivols, afigrt he
like, but if thkenvehesohallypetgtilyfed @olyods, wﬁ@éarmslée\ﬁ%qswblghecszges
than engi neer | A tneroBrSorLEe BeBl Forihl il mediise s g Lha, Leea/ oF
properties are mgeﬁcmmsmysmwauage Fﬂcpwuigpthaalﬁ)manufaabdre

nature  of h%h@veﬁegﬁ‘.éﬂéhlétﬁiﬁﬁﬂf&rﬂoﬁtsr musefbelééwﬁ?écﬁ used, etc.
Oten, formulations nust_be chosen to b nc conf| I n erties. For
exanpl e, increases in tehBi Ité‘est PERGL 1° € g’ eh® %ﬂ:jcb?ﬁﬁfg g’ﬂggk?rﬁtaéﬁ?ease
i n el ongati on. flexibYanfoemsk. ivhdwso| heen ndisgaveredy Appl 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
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 molecular weight
component, with a molecular weight in the 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 as hard segment phase out.
Therefore, the formulation of polyurethane
systems which can extol the benefits of the higher
molecular weights, higher functionalities, 1low poly-
dispersity, and lower unsaturation and attendant lack of
monofunctional species exhibited by 1low unsaturation
polyols such as those prepared through DMC catalysis
requires non-obvious and unorthodox reformulation.



cations for Novel Hi gh Ml ecul ar Weight Polyols," 32ND ANNUAL POLYURETHANE
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pol yuret hane foam forrul ation resulted in a foam which was stiff and
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and therefore nore flexible, polyoxypropyl ene- branch [ ength of the triol;
and a |lower crosslink density. Substitution of higher nol ecul ar

wei ght, | ow unsaturation pol yol s for conventionally catalyzed
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ans as
di scl osed in cop@f& A ’éreaotpp‘ﬁ?% |“§ﬁsSePF5PaﬁB 851 @ing, chain
substitution of GXDbﬁscanal9:edﬂmhemﬂuﬁsapurat|@ﬁ mdspﬂy&hameatermlnated
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conposition in a hi re5|I|ence ol ure h stem resu I N
foam col | apse. I |’%"?¥6’\ﬁebe‘?‘?‘&)’e‘dp ?‘ﬁF’s‘ éﬁoﬁﬁ%'bm otOfray
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amount, may act 88 a28grf38Pant afdet efHdd d@&&ﬁ??ﬁizecBBP?urﬁ%ﬂﬁh@“?’é%lm

or nay serve to sugpeisinglycosavey, higheby hatdndsy i rigdel t helmundal €hgn Ng

rochani s uch g% babie 2 ORER n8 SR 0UE, BB Yol Wene Y THLElAA ©
pol yur et hane sys can e benpefits

from a s;ngle polyol of equivalent hydroxyl number, even
when a low unsaturation polyol is employed as the single
polyol. The moisture-cured elastomers exhibit exceptional

and surprising physical properties.

Description of the Preferred Embodiments

The subject invention amine chain extended
elastomers are prepared by reacting the toluene diiso-
cyanate-derived prepolymer described hereafter with a
diamine 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 isocyanate index is the
ratio of equi&alents of isocyanate to equivalents of
isocyanate reactive species multiplied by 100. In
determining the equivalents of isocyanate reactive species,
one mol of amino groups constitutes one equivalent. The
moisture-cured elastomers are cured in the presence of
atmospheric moisture or in a humidifying chamber.

The amine chain-extended cast elastomers are
processed by intensively mixing the prepolymer-containing
A-side and 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 sufficient green strength
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constitutes onen@uut¥8hes! - andhehe like, or may be extruded or cast as
neat films or from solution. '

The isocyanate-terminated prepolymers are
prepared by reacting toluene diisocyanate with a polyol
component as described below. The toluene diisocyanate
(TDI) may be provided as an 80:20 or 65:35 weight ratio of
the 2,4- and 2,6-isomers, although other mixtures of
isomers in other proportions are useful as well. However,
essentially pure 2,4-TDI is preferred. It would not depart
from the spirit of the invention to include a minor amount
of another isocyanate or mixture of isocyanates, such as
2,2'-, 2,4'-, or 4,4’'-MDI, polymeric MDI, TDI variants, MDI
variants, aliphatic isocyanates, cycloaliphatic
isocyanates, or the like, provided such addition does not
materially alter +the properties of the prepolymer.
However, it is preferred that the isocyanate be essentially
all TDI, i.e. greater than 90 to 95 weight percent TDI, and
it is also preferable to use commercially available isomers
or their mixtures for reasons of economy. In general,
while TDI isomer(s) are most preferred, either singly or as
mixtures, mixtures of such TDI isomer(s) with a minor
quantity, i.e. less than 30 weight percent of MDI isomer(s)
or with modified MDI such as carbodiimide-modified MDI are
also preferred.

The polyol component to be reacted with the TDI
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Qunter Certel, :’I;Eﬁ i ﬁ/‘g‘p' ol 1985,  ho of i.ch
are incorporateggﬁg?el §§§Y§§Pérgggé§1 e %%?S|ﬁg§%ﬁﬁ% éfgéﬂghéyg ﬁﬁv be
formul ated with 2000da indrighan, &ueh thatefihegpixtsrer 6f thgemts least

t hi xotropes, andwdi@omplbfients Hay deawitcoiidedupbecash ERe NERigd idfMabiutli rom
solution. The Qﬁg%ya at e- sbninated prepol yners are prepared by
reacting toluené diios 8 ygna € With a polyol conponent as described bel ow
The tol uene diisocyanate TSI ) lawy Beleswlaxiedeighin 80.010 may65b85 waayght

ratio of the 2,4ﬁh§GQo%y§'E%QGE&§naﬂ|EBﬁgGGn@tHSGiH&XhUhﬁﬁegﬁlh§0W%& htN
ot her proportions.are ugef I Vfﬁé' "Ho er.. & sential | pur e 2. 4-TDl is
preferred. It woang*nofPgR ar$§?r t he ?@#PFF BFiTRe iMentioBTidstAPBude
a minor anount eXampdeBer Lnolydsatethylemext gipcol, i sdigthplers glgkods
2,2"-, 2,4 -, Okriethylbhe BOY¥HE] i profidiendd gMaidiantdipMBylene glycol,
tripropylene glycol, 1,3-propanediol, 2-methyl-1,3-propane
diol, neopentyl glycol, 1,3- and 2,3-butylene glycol, 1,4-
butanediol, 1,5-pentanediol, 1,6-hexanediol, 1,8~
octanediol, 1,4-cyclohexanediol, 1,4~-cyclohexanedimethanol,
hydrogquinone bis[2-~hydroxyethyl ether], and the various
bisphenols and their bis[hydroxyalkyl ether) derivatives.
Oxyalkylation products of the above are also useful.
Preferably, the low molecular weight diol has a molecular
weight below about 150 Da, most preferably about 120 Da or
lower. 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 mixture
as long as the amount of triecl, tetrol, or higher function-
ality species is about 10 mol percent or less. *"Low
molecular weight diol” allows such amounts of higher
functional species unless indicated otherwise.
The low unsaturation polyoxypropylene glycol has
a molecular weight of about 2000 Da or higher, preferably
from 2000 Da to 12,000 Da, more preferably from 3000 Da to
10,000 Da, and most preferably from 4000 Da to 8000 Da.
The unsaturation must be below 0.020 meg/g, is preferably
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propylene d101 may be used in admixture with 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. Hydroxyl
number is calculated by adding the weight fractional -
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 it
is the blend of high molecular weight species and low
molecular weight species used.io prepare the prepolymer
which provides the exceptionél qualities of the subject
invention cast elastomers. These properties cannot be
duplicated’with single components, nor with bimodal blends
not containing species below about 400 Da molecular weight.

Preparation of the prepolymer is by standard
techniques. For example, the polyol component and
isocyanate component may be mixed thoroughly, generally
under a nitrogen blanket, and agitated until the isocyanate
group content drops to a steady value, indicating that the
reaction is finished. The mixture is advantageously
modestly heated, for example to temperatures in the range
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neq/g. More th v%ﬁ%lf,gwmatcnaatamem&mx P LRHLER LI P! HRYnRErYSEd

in adm xture w t .
known to those skilled in the art. Preferred chain

extenders are the sterically hindered or electrically

deactivated aromatic diamines. Examples of the former
include +the various ring alkylated toluene diamines,
methylenedianilines such as 3,5-diethyltoluenediamine
(DETA) and like compounds such as those disclosed in U.S.
Patent No. 4,218,543. Examples of aromatic diamines which
are rendered less active by electrical effects of ring
substituents include 4,4’'-methylene-bis{2-chloroaniline)
(MOCA or MDbOCA) and 4,4’'-methylenebis(3-chloro-2,6-
diethylaniline) (MCDEA). Diamines without steric hindrance
or ring deactivating groups generally tend to react very
rapidly, and may result in insufficient pot life to fill
the mold, particularly when complex molds are used. Thus,
the slower reacting diamines are generally preferred. The
diamine chain extenders may also be used with minor amounts
of diol chain extenders and crosslinkers such as ethylene
glycol, 1,4-butanediol, diethanolamine, triethanolamine,
and the like. The amount of hydroxyl-functional chain
extender must be kept low, otherwise hardness will decrease
as will also the rate of cure, thus requiring longer demold
times‘-. Preferably, the substantial majority, i.e. greater
than 80 mol percent of the chain extender is a diamine

chain extender.



nol ecul ar wei ght di ol conponents. The blend of |ow nol ecul ar wei ght di ol
and | ow unsaturation pol yoxypropyl ene di ol must have a hydroxyl nunber

bet ween 50 and 200, preferably between 75 and 150, and nost preferably in
the range of WoekMets0. Hydroxyl nunber is cal cul ated by ad{{#@,’g}a?ﬂg\ei ght
fractional hydroxyl nunbers of the individual conponents of e mxture,
the wei ght fractional hydroxyl nunber being the weight fraction of the
conponent mnultiplied by the conponent's hygyroxyl nunber. It must be

enphasi zed that it is the blend of high nolecul ar weight species and | ow

nol ecul ar wei ght speci eScu%adysw :ﬂéfpﬂ@ e uRe@R®! YAREeME G sa;rs%hées the

excepti onal i.ti.es of the ec ntJjon cast | ast.0
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bl ends not contpzrepaigmepefoemabm:mwaahbatuﬁableecanﬂlmsudsaarweﬂt known
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the polyol conponent onent ~may m xed tharoughly,

socya
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content drops tancn POLeUREY MBS € CHENISTRA IANDY TEbmMoLbEW, IRACI1I29A-217$ both

ILR{JZPSSures M %B%E@ed ﬁegvbyggi}ggg%yéﬁég)destly heated, for exanple to

PCT/ EP97/ 03736 - 15- of 5@9@1'?]1'91%6170@61#11Feve5 Bne; hael daxdeisoralr okst i ng
cath al ysts Isuch a%i\f\ihekihﬁayafv\*éllls, \A@hhlk@w Bug cadl WSS tedni @ qatnhfgt,s Ior
ot her cata ysts LG ronote,t et en ocyanate an oxy
groups may be @&@&tﬁflgsgﬁr ddygg' THE :}rﬂegx%&,l oﬁs é/sb{)%" 2 htg‘ Tha 1

semi batch, or s¢@biligegs, antiaxpdentsi ﬂ@mlmﬁr@ﬂ@ﬁar mndncmylbn

found in POLYURGEHANES: 1%EM§TR\§nd’;ND EE@HH@eOGXgeEQYU%WNES HARMBOOK,

in US. Pat ent merzgglzz.gs, Por exampale, vinyl polymer solids as found

in polymer polyols and isocyanate-derived solids such as
those found in PIPA and PHD polyols may be included as
well, for example by using an appropriate polymer polyol
dispersion having as its "base," or "carrier” polyol, a low
unsaturation polyoxypropylene diol. If the amount of -
polymer solids desired is low, a minor quantity of high
solids polymer polyol dispersion prepared from a
conventionally catalyzed polyol may be used.

The polyoxypropylene diol may contain oxyethylene
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 be 40 weight
percent or less, preferably less than 20 weight percent,
and more preferably about 5 to about 15 weight percent. 1If
the polyoxypropylene diols containing oxyethylene moieties
are to be prepared using double metal cyanide complex
catalysis, it is preferred that 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 like. The
amount of higher alkylene oxide should generally be limited



Publ i shed Application 2,088, 521, which are herei n incorporated by
reference. The chain extenders useful in the subject invention are the
conventional diam ne chain extenders known to those skilled in the art.
Preferred chamogsmesrsders are the sterically hindered or gé&fgbdresk! v
deactivated aromatic di am nes. Exanpl es of the former include the various
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in US. Patent No. 4,218,543. Exanples of aromatic diam nes which are
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particularly when ¢

npl ex ) S e sl ower .react
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Cat al ysts have been descr phaetingr eyermsrdldy déscetipatt thisprapantivn, a

formation, and %&xlt%@re Sﬁégll:é@ér?d:ﬂ'fge EQ’EJ’:' ﬂ%nowtained 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.

Example 1 and Comparative Example CI

Moisture-cured films were prepared by casting
neat isocyanate-terminated prepolymers onto a glass plate
at a thickness of 30 mils and curing in the presence of
atmospheric moisture for a period of 24 hours. The films
were cured and conditioned at 73°F (23°C) and 50% relative
humidity for at least four weeks prior to testing. 1In
Example 1, a blend of ACCILAIM™ 4200 polyether polyol, a low
unsaturation polyoxypropylene diol having a molecular
weight of about 4200 Da and available from the ARCO
Chemical Company was blended with diethylene glycol
(molecular weight 116 Da) to produce a blend having an
average molecular weight of c.a. 1000 Da. In Comparative
Example Cl1l, a single, low-unsaturation polyoxypropylene
diol having a molecular weight of 1000 Da was used to
prepare the isocyanate-terminated prepolymer. Prepolymer
isocyanate group contents and physical properties of
moisture-~cured elastomers prepared from them are indicated

below in Table 1.



to those skilled in the art. Many exanples of suitable catal ysts may be
found in the POLYURETHANE HANDBOOK, pp. 90-95, and POLYURETHANES: CHEM STRY
AND TECHNCLOGY, pp. 129-217, both incorporated herein by reference.
Conventi onal wagleligiges and auxiliaries may be added as well, including but
not limted to fillgfs, pl asticizers, dyes, pignents, W st&gﬂggﬂﬁ%?g
thermal stabilizers, antioxidants, flane retardants, conductivity agents,
internal nold rel ease agents, and the lik Pol yner solids, for exanple,
vinyl polyner solids as found in pol yner g%%yols and i socyanat e-derived
solids such as those found in PIPA and fhBygoj yol s may be included as well,
for exanple by u3|ng an approprlate pol‘"“‘ﬁblyol dlsperS|on haV|ng as |ts
"base," or "ca g : ‘ nv| en |
t he amount of |
solids polyne
catal yzed poly

Wyﬁé}mﬁ THe pol yn&xcnnmwme di ol
oxyet hyl ene noffeties, i ntroduged,  dioldiethgkm @y cal b)J, 1dwhighsat! gidom
copol yneri zati pn_or capping w (] et nyl ene OXI de al ormg- w th opyt
during prepara | Sheasy N pol voll. The an®#% of ethyl dn gr

generally be 4p Aﬁﬂuﬁrﬁc ercent dr |ess, prgfg-},rably | ess tha§1 0 I ght

percent, and np+e prefc*ab' y—abgtH—b5—t-—aboti—I1l5—welghiJpert f the
pol yoxypr opyl ewhykzcmsrrapumm ni rg oxyet hyl ene nvoi eties are to be repar ed
usi ng doubl e ngTal ani de _conpifex cata|y5|s TS preferred—t t he

et hyl ene oxi de b@%@&é‘!—ﬂ'ﬂ“sdlﬁ‘) nd a substant®4l portion of tHY

oxypropyl ati on mmdﬁ%x g,ppﬂ ene diol gy also contdin ;g or famount s of
hi gher al kyl en ' |

1, 2-butyl ene imsilasﬂertgltle(psi)ke. The armuﬂl()bof hi gher &l kyibgne i de
shoul d generalffy_be Tormted
Elongation (%) 720 732

" Tear Strength (psi) 333 97

The exceptional and dramatic increase in modulus,
tensile strength, and tear strength of films obtained by
moisture cure of prepolymers prepared using a high
molecular weight polyoxypropylene diol and a low molecular
weight glycol as compared to a single, low unsaturation
polyoxypropylene glycol are not only surprising, but
amazing.

Examples 2-5

In a manner similar to that of Example 1 and
Comparative Example- Cl, additional moisture cured films
were prepared. All employed an ACCLAIM™ 4200 polyoxy-
propylene diol/diethylene glycol blend to prepare the
prepolymer. Isocyanate weight percents and elastomer
properties are presented in Table 2 below.
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| ess than about 10 wei ght percent. Most preferably, the pol yoxypropyl ene
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Example 6 and Comparative Examples Céa and C6b

A series of isocyanate-terminated prepolymers
were prepared from TDI and a diol component in a 2:1 molar
ratio. The isocyanate content of the prepolymers was 6 -
6.2 weight percent NCO. Elastomers were prepared by chain
extension of the prepolymers with MbOCA diamine curing
agent. The elaétomers were prepared by mixing the prepoly-
mer and MbOCA curing agent at 105 index. The identity of
the diol component, indentation -izardness  and pendulum
rebound are set forth in Table 3. '




bel ow i n Table 1. WD 98/ 02475

PCT/ EP97/ 03736 -18- TABLE 1 EXAMPLE 1 d
Prepol ynmer Pol yol : ACCLAI MTM 4200 1000 Da di ol /diethyl ene

gl ycol | ow wwssdiozassheory NCO 6. 23

Act ual NCO 5.92 5. 89 Physi cal Pﬁ"&ﬁ%ﬁ?lg%s:
100% Modul us (psi) 524 191 300% Modul us (psi)

806 295 Tensile Strength (p%) 5100 1987
El ongation (% 720 ~ 732 Tear Strength (psi)

333

97 The excepti onal a%%g_atic I ncrease in nodul us,
tensil e strength, and tear strength of obt ai ned by noi sture cure of

prepol yners pr ene di ol
ﬁJ,.ﬁ.,.u,Low nsat uration

and a | ow nol dcul ar |mmsglfy,col orrpar qﬁ,s;,,gma S| W |
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presented in Tfable 2 bghsuation WO 98/]02475] 83 Shore A 13%
PCT/ EP97/ 0373
_ 4000 Da, low
] unsaturation, and 112 90 Shore A 58% h
diethylene glycol

Note that the cast elastomer prepared from the
low unsaturation diol (C6b) gave hardness and rebound
which, within experimental error, is about the same as that
of the elastomer prepared from the conventional diol.
However, the mixture of low molecular weight diol and
higher molecular weight, low unsaturation diol gave
significantly higher hardness and much greater rebound,
despite having the same hard segment content.

Example 7 and Comparative Examples C7a-C7b

A series of elastomers were prepared as in the
preceding examples, but cured with MCDEA. The diol blend
employed dipropylene glycol rather than diethylene glycol.
The physical properties are produced below. The diol blend
of low molecular weight diol and higher molecular weight,
low unsaturation diol, once again gave significantly
improved physical properties.



-19- TABLE 2 EXAVPLE 2 3 4 5 Prepol yner
Properties: Theory NCO 2.54 4. 24 5.04 7.63 Actual NCO
2.44 . 4.09 4.84 7.30 Physical Properties: 100% Modul us (psi) 61
289 290 Iwodsatiso Modul us (psi) 86 582 305 2 1gCTIEm IR 136
Strength (psi) 1500 2300 4800 5650 El ongation(% 280 848
710 = 540 Tear Strength (psi) 67 225 288 627 Exanple 6 and
Conpar ative Exanples C6a and C6b A series 0f;.isocyanate-term nated

prepol yners were prepared from TDI and a di oﬁ conponent in a 2:1 nolar
ratio. The isocyanate content of the pregppipess was 6 - 6.2 wei ght percent
NCO. El astoners were prepared by chain extension of the prepolyners with
MbOCA di ami ne curing agent. The el astoners were prepared by m xing the
prepol y- nmer and ‘~-'=-——-—/—————;-;—-—m”—f——*-———~-—-——~————-————»—~;-——~~—:» t he di ol
conponent, |nde ation h in
Tabl e 3. WO 8Eﬁilﬂ§5 '

PCT/ EP97/ 03736 - uI um
Exanpl e Prepol

‘ rdness of 000 , cohventi onal
112 85 Shore A 594 ﬂ_f-&glo—Da—l-e"“ : A 5 1 il Shore A

13% 6. 4000 Ds N3G Wagbwon, and 90 Shore A 58%

unsaturation 54 Shors A 41%
7 4000 Da, low

unsaturation, and 112 5‘7 Shore A 49%

dipropylene glycol

Example 8 and Comparative Exemple C8

Two amine-extended cast elastomers were prepared
from isocyanate terminated prepolymers prepared by reacting
excess Mondur TDS with a diol blend. In Example 8, the
diol blend consisted of ACCLAIM™ 4200 polyoxypropylene diol
and diethylene glycol. In Comparative Example C8, the
blend consisted of a c.a. 4025 Da molecular weight,
conventionally base-catalyzed polyoxypropylene diol and
diethylene glycol. Both blends had an average molecular
weight of c.a. 2450 Da. Elastomers were prepared at 105
index using MCDEA as chain extender. Prepolymer NCO
contents and cast elastomer properties are presented in
Table 5 below.



di et hyl ene glycol Note that the cast el astoner prepared fromthe | ow
unsaturation dial (C6b) gave hardness and rebound which, w thin

experi nental error, is about the same as that of the elastoner prepared
fromthe conygigpnpgl diol. However, the mixture of |ow nolg ¥5 L ght
di ol and hi gher nol ecul ar wei ght, |ow unsaturation diol gave srgnitrcantly
hi gher hardness and nmuch greater rebound, despite having the sane hard
segnent content. Exanple 7 and Cowparatigg_Exanples C7a-C7b A series of

el astoners were prepared as in the preceding exanples, but cured with
MCDEA. The dial bl end enpl oyed di propyraggri§ycol rather than diethylene
gl ycol . The phyS|caI propertles are proaucea belom/ The d|oI bl end of |ow
nDIecuIar wei ¢ = a : - oi=grh s STy '

Exanpl e Preplﬁrmiymerl’cﬂjdt HardnessAcclamRéZW!DEGC?d’PGuODﬂDm l
convent i onal TIZ 55 Shore A 40% C7/b 1000 Da,| Tow unsaruragi on
112 54 Short || KrepolymerPropertiesso Da. |low unsaturation. and 112 5 Shore A

49% di propyl e e.rgé&‘y C@xarrpl e 8 and |Conpar g hpve Exgnpl e Two
am ne- ext ende S-ORRS— R rnnor nrl -0 cnr\\]] Y nat ed

prepol ymers pflepatedNGQ reacti ng excegss l\/bnzl.@B TDS wWith a2.8s0l blfend. In

Exanple 8, th Elastomer Physical Properties:

I Tensile Strength (psi) 4400 2331 "
Elongation (%) 1050 12717 |
Modulus 100% (psi) . 837 587
Modulus 300% (psi) 1262 962
Tear Strength (pli) 465 386
Elongation Set 25 100 Jl
Hardness (Shore A) 84 82

{| Bashore Rebound 65 61

As the results presented in Table 5 indicate, the
subject invention prepolymers are capable of preparing
elastomers with surprisingly superior properties as
compared to elastomers prepared from polyol blends prepared
from conventionally base-catalyzed polyoxypropylene diols.
The tensile and tear strengths are significantly increased
when employing the subject invention prepolymers, and the
elongation set is lowered substantially as well. These
results are particularly surprising in view of the fact
that physical properties of amine-extended cast elastomers
prepared from a single low unsaturation polyoxypropylene
diol show virtually no improvefnent as compared to similar
elastomers prepared from conventional, higher unsaturation,
base-catalyzed polyoxypropylene diols.



di ol bl end consisted of ACCLAI MTM 4200 pol yoxypropyl ene di ol and di et hyl ene
gl ycol . In Conparative Exanple C8, the blend consisted of a c.a. 4025 Da
nol ecul ar wei ght, conventionally base-catal yzed pol yoxypropyl ene diol and
di et hyl ene gl ycw0D9s/0@re h bl ends had an average nol ecul ar wei ghcyaépesnias
2450 Da. El astoners were prepared at 105 i ndex usi ng MCDEA as chain

ext ender. Prepol ymer NCO contents and cast el astoner properties are
presented in Table 5 bel ow WO 98/ 02475 _33.

PCT/ EP97/ 03736 -22- TABLE 5 EXAVPLE 8 C8

Pr epol yner Pol yol : Having mol® 0l Dy Gle SRS /UG RvepolonTe it w:.ll

Properties: Theo Qgparent to pne of d:u:f’apf skil e'nSItlh%' %g‘tA%éFﬁl

2.93 stoner si cal roperties: ren
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results presented in Table 5 indicate, the subject invention prepolyners
are capabl e of preparing elastoners with surprisingly superior properties
as conpared to el astoners prepared from pol yol bl ends prepared from
conventional |l y base-catal yzed pol yoxypropyl ene diols. The tensile and tear
strengths are significantly increased when enploying the subject invention
prepol yners, and the



el ongation set is lowered substantially as well. These results are
particularly surprising in view of the fact that physical properties of

am ne; ext ended cast el astoners prepared froma single | ow unsaturation

pol yoxypr opyl ' show virtually no i nprovenent as conpal to simlar
el astoners pr‘ggg?,gygﬁ rom conventional, higher unsaturation, %ﬁ&é"-’l’&’t’é‘? yzed
pol yoxypr opyl ene di ol s. WO 98/ 02475

PCT/ EP97/ 03736 -23- Having now fully described the invention, it will be
apparent to one of ordinary skill in the #ft that many changes and

nodi fications .be made thereto without departing fromthe spirit or
scope of the i Son as set forth herein. WO 98/ 02475
PCT/ EP97/ 03736 -24- Caigps: 1 1 yr. | ast omer. cQ | Si ng

t he reacti on product of: g_rg) Agr?l g%%)%éﬁgtgg@‘?ggn#ﬁggggegr%% @W@éb

NCO group cont &R2CE5LOPr BRPABSItOE: wei ght percent to about 8 wei ght percent,

prepared by the reactionapf aamtdscdyaiEtd-iterannatedobrepbignerdhhgonyanate

with a polyol n QNPL i si.ng: %i o] or re_high nol ecul ar
wei ght pol yoxy%?’opiyiqben%roﬁfpol é‘éi%é\}&ngg nkﬁﬁtgatgg’f’&ﬁ ?ri Vb?lqrg'ssp?ﬁ:%‘?f‘fabyat
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one or nore | OwBRERSHMEEr IEicdivesd! BF StaTEN a3 1 BBLGEHAAL WIRIIRL p8T LSS
t han about 400 _Da .
component comprising:
a)i) one or more high molecular weight
polyoxypropylene diols having an unsaturation of
less than about 0.02 meq/g and a molecular weight
greater than about 2000 Da; and
aj)ii) one or more low molecular weight diols
having a molecular weight of less than about 400 Da,
such that the hydroxyl number of said polyol component is
in the range of 50 to 200; and
b) a diamine chain extender;

at an isocyanate index of from about 85 to 115.

2. The elastomer of claim 1 wherein said
prepolymer has an NCO group content of from about 4 weight
percent to about 7 weight percent.

3. The elastomer of claim 1 wherein at least
one of said low molecular weight diols has a molecular
weight less than about 150 Da.

4. The elastomer of claim 3 wherein said low
molecular weight diol is selected from the group consisting
of ethylene glycol, propylene glycol, diethylene glycol,
dipropylene glycol, triethylene glycol, 2-methyl-1,3-
propane diol, and mixtures thereof.

5. The elastomer of claim 1 wherein said low
unsaturation polyoxypropylene diol has an unsaturation of
less than about 0.015 meq/g, and a molecular weight of from

’ * c L M s *
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such that the hydroxyl nunber of said polyol conponent is in the range of
50-to 200; and b) a diam ne chain extender; at an isocyanate index of
fromabout 85 to 115. 2. The elastomer of <claim 1 wherein said

prepol ymer has vemegi2gysgr oup content of from about 4 wei ght pepgghipofgrsgbout
7 wei ght percent. 3. The el astoner of claim1 wherein at |east one of
sai d t ow nol ecul ar wei ght diols has a nol ecul ar weight | ess than about 150
Da. 4. The el astoner of claim 3 wherein sgid | ow nol ecul ar weight diol is
selected fromthe group consisting of ethylene glycol, propylene glycol,

di et hyl ene gIycoboodip&oaylguungﬂauuﬂ triethyl ene egcoI 2-met hyl -1, 3-

propane diol, and m xtures_ther el ast of ,claim 1, whe e|n
6 1oV | RassollS, bR T8R0Ty o Byt

sai d | ow unsaturation pol yokxypr erne has tu}at
t han about 0. 015hydypyyl mwfemaapowpgh@omonemls inocbe/ oaugs of

PCT/ EP97/ 03736 - 2psm 3806u1a78 G 3 QPdula1s0. The elastoner of claim 1
wherein the hydroxyl nunber of the polyol conponent is in the range of

from about 75 to about 150. 7. The elastonmer of <claim 1 wherein the
hydr oxyl nunber of the pol¥yol dhepordastomern dbhe caape ol fwh&neﬂnnﬂtﬁ&)to

bout 120. 8. t ;
abou S e O e oL ok e o e o P

t he Iom/unsaturat ﬁxgropy ene
about 0.01 neq/ g* rgm a °Hﬁ3 tasaEREE 3?‘ claim 1 wherein said diamne

chai n extender conprises an aromatic diam ne selected fromthe group

consisting of sterically *H.“de&@.g elastomer of claim 1 wherein 70 mol
percent or more of the low unsaturation polyoxypropylene
diol has an unsaturation of less than about 0.01 meq/g.

9. The elastomer of claim 1 wherein said
diamine chain extender comprises an aromatic diamine
selected from the group consisting of sterically hindered
aromatic diamines and electrically deactivated aromatic
diamines.

10. The elastomer of claim 9 wherein said chain
extender is selected from the group consisting of 4,4’-
methylenebis(2-chloroaniline) and 4,4’'-methylenebis(3-
chloro-2,6~diethylaniline).

11. A method of preparing polyurethane/urea
elastomers exhibiting improved rebound properties,
comprising reacting:

a) an isocyanate-terminated prepolymer having an
NCO group content of from about 4 weight percent to about
8 weight percent, prepared by +the reaction of a
stoichiometric excess of toluene diisocyanate with a polyol
component comprising:

a)i) one or more high molecular weight
polyoxypropylene diols having an unsaturation of less
than about 0.02 meq/g and a molecular weight of
greater than about 2000 Da; and
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aromatic diam nes and electrically deactivated aromati c di am nes. 10. The
el.astonmer of claim9 wherein said chain extender is selected fromthe group
consi sting of 4,4'- methyl enebi s(2-chloroaniline) and
4,4'-hethylengn;ﬁﬁﬁ?7chloro-2,6-diethy|aniIine). 11. A nethod of preparing
pol yur et hane/ urea el ast onmers exhi biting I mpr oved rebouf! 3
properties, conprising reacting: a) an isocyanate-term nated prepol yner
havi ng an NCO group content of from about é melght percent to about 8

wei ght percent, prepared by the react P&n a stoichionetric excess

of toluene diisocyanate with g QL yol ?ﬂ%”pé’f‘e% EOW Shd¥b e\ ot u?h‘?ﬁ'%n of

nore hi gh nol ecul ar wei ght pal propy ene dlors havi ng an U
| ess than about 0.02d% d‘aaﬁd‘gaanﬁ?%%%‘lﬂeﬁr weight of leasittdan: phaubbal

%ggyEEgélgggBG E{)gﬂdp2?75 | ight diols h

| ul,ar_wei i ol s hayving a
mol ecul ar wei ghf g? ?%%% TN ?) JE%ﬁ?ﬂggg suc%%fﬁapoﬁﬁgghﬁeﬁﬁﬁﬁ?'$uH%er
of said polyol %@HﬁkﬁmﬁﬂngQ;Qﬁ15ﬁhé°réﬁge ard50 to 200: and b) a diamne
chain extender; at an isapyang Qllaﬂﬂgé eﬁaj_ﬁoggz@gmgr.% to 115. 12. The

T ol L s BRI, 5 L5 2, a8 ont e, o

claim1l wherein at | east one of said Iom/nDIecuIar wei ght diols has a

mol ecul ar wei ght | ess thap abgike AePhé® of claim 11 wherein said prepoly-
mer has an NCO group content of from about 4 weight percent
to about 7 weight percent.

13. The method of claim 11 wherein at least one
of said low molecular weight diols has a molecular weight
less than about 150 Da.

14. The method of claim 13 wherein said low
molecular weight diol is selected from the group consisting
of ethylene glycol, propylene glycol, diethylene glycol,
dipropylene glycol, triethylene glycol, 2-methyl-1,3-
propane diol, and mixtures thereof

15. The method of c¢laim 11 wherein said low
unsaturation polyoxypropylene diol has an unsaturation of
less than about 0.015 meq/g, and a molecular weight of from
3000 pDa to 8000 Da.

16. The method of claim 11 wherein the hydroxyl
number of the polyol component is in the range of from
about 75 to about 150.

17. The method of claim 11 wherein the hydroxyl
number of the polyol component is in the range of from

about 90 to about 120.

18. The method of c¢laim 11 wherein 70 mol
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14. The method of claim 13 wherein said | ow nol ecul ar weight diol is

sel ected fromthe group consisting of ethylene glycol, propylene glycol,

di ethyl ene glycol, dipropylene glycol, triethylene glycol, 2-nethyl-1,3-
propane diol, wo®dsgiesures thereof 15. The nethod of clai m 1llpeneweiosvasai d
| ow unsat uration pol yoxypropyl ene diol has an unsaturation of |ess than
about. 0. 015 neq/g, and a nol ecul ar weight of from 3000 Da to 8000 Da. 16.
The met hod of claim 11 wherein the hydroxyl2zaunber of the polyol conponent
is in the range of fromabout 75 to about 150. 17. The nethod of claim 1l

wher ei n t he hydrerdentumiemasfe tdfe $he yHow conpuration ipolivexypxopylehef r om

about 90 to aboy;oh?Qasl@n khSatBEObPloCh@is® thaWhebshe 0% 1 Rheq/g VO
98/ 02475 PCT/ EP97/ 03736 -é%-

percent or nore of the | ow unsaturation pol yoxypropyl ene diol has an
unsaturation of |ess thanlabourhe®. methoelod. cleimThe whetiteich claid diamife

wherein said diaging chabAg étmaﬁyﬁﬁ gé?gglg;%ﬁr% %eq_rg'c@_gdsﬂ.gﬁt ed

fromthe group con3|st|ng of "steric I am nes an

electrically de&d€ vaFQHPar%?Fh‘-’t%-’ct’d}garri"ﬁess*c?ﬁlcar%]e‘i netislerse cpaPRAtsC
wherei n sai d chaiaméxkendrd ébecttiamdtldy ideanttatgd oapomatist siiang nefs.4, 4' -
nmet hyl enebi s(2-chl oroaniline) and 4, 4" - met hyl enebi s( 3-

chl oro-2, 6-di et hyl ani | i ne}z. 21. An i so%cganate term nated prepoly
suitable for preparing poRQur Ehariaeth %ﬁa%%%ﬁ%r§9mﬂbﬂr¢h%rﬁvéﬂ ﬁh?é?cal

properties, compkitehagrt ie rs%a@bitea [Arefl athedf gifoud Ob6iE D¥eiing Co£X 864 S- of
toluene dii socyan %lyntegls(i) t}/foroa%qa?.ﬂgnt Cgl%)r' s‘f 49 -methylenebis(3-

chloro-2,6-diethylaniline).

21. An isocyanate terminated prepolymer suitable
for preparing polyurethane/urea elastomers with improved
physical properties, comprising the reaction product of a
stoichiometric excess of toluene diisocyanate with a polyol
component comprising:

a) one or more high molecular weight poly-
oxypropylene diols having an unsaturation of less than
about 0.02 meq/g and a molecular weight of greater than

about 2000 Da; and
b) one or more low molecular weight diols

having a molecular weight of less than about 400 Da, such
that the hydroxyl number of said polyol component is in the

range of 50 to 200;
wherein said prepolymer has an isocyanate group content of

from about 4 to about 8 weight percent.

22. The prepolymer of claim 21 wherein said

polyoxypropylene diol has an unsaturation of less than

. about 0.010 meq/g, and at least one of said one or more low
molecular diols has a molecular weight of about 150 or

less.

23. The prepolymer of claim 21 wherein said
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a) one or nore high nol ecul ar wei ght poly- oxypropyl ene diols having an
unsaturation of |ess than about 0.02 nmeqg/g and a nol ecul ar wei ght of
greater than about 2000 Da; and b) one or nore | ow nol ecul ar wei ght

di ol s” havi ng @o%}#ﬁ%' ar wei ght of |ess than about 400 Da, S%SIDDE%D% ghe
: a;

hydr oxyl nunber of said polyol conponent is in the range of

wherein said prepol ynmer has an i socyanate group content of from about 4 to
about 8 weight percent. 22. The prepol ynepgof claim 21 wherein said

pol yoxypr opyl ene di ol has an unsaturation of |ess than about 0.010 neq/g,

and at | east opelgblsedmparentohasdachydroxyl anitbar Eochboks 2 tadhpeytar
wei ght of abou&SaSO or less. 23. The prepolyner of claim2l1 wherein said
WD 98/ 02475 ) PCT/ EP97/ 03736 - 28-

pol yol conponent has a hydroxyl nunber of about 75 to about 150. 24. The
prepol ymer of claim 21 wher eithes apdepolyley PodPye BdEm dkal asrei q1okgsy! ar
wei ght of from.about 3000 #gié(a.%ﬁp%g 8008°£n. fS. A.qggﬁ%&r%-cured

pol yur et hane/ uPBaY BF¥RY R =0 sing theorgattF o’ pr fomypbout,

i socyanat e-t er AP0t Ra 9 eyt 00aBang an NCO group content of from about

2 wei ght percent to about 8 weight percent, prepared by the reaction of a
stoichionetric excess of_toluene,diisoc ana%gowgth a.{ﬁg ol conponent

conprising: a)i) one of° mortPRIGRERBTEVR PERth edBFFRART di ol s
havi ng an unsatomptisingftieseadtdenapaodudt0@fneq/ g and a nol ecul ar wei ght
a) an isocyanate-terminated prepolymer having
an NCO group content of from about 2 weight percent to
about 8 weight percent, prepared by the reaction of a
stoichiometric excess of toluene diisocyanate with a polyol
component comprising:
aj)i) one or more high molecular weight
polyoxypropylene diols having an unsaturation of
less than about 0.02 meq/g and a molecular weight
greater than about 2000 Da; and
a)ii) one or more low molecular weight diols
having a molecular weight of less than about 400 Da,
such that the hydroxyl number of said polyol component
is in the range of 50 to 200; and
b) water wvapor.

26. The elastomer of claim 25 wherein at least
one of said low molecular weight diols has a molecular
weight less than about 150 Da.

27. The elastomer of claim 25 wherein said low
molecular weight diol is selected from the group consisting
of ethylene glycol, propylene glycol, diethylene glycol,
dipropylene glycol, triethylene g¢glycol, 2-methyl-1,3-
propane diol, and mixtures thereof.
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gr_e'aft"er t han about 2000 Da; and a)ii) one or nore | ow nol ecuqzo\?s i}g'h?
di-ol s havi ng a nol ecul ar wei ght of |ess than about 400 Da, suc fhﬁaf—op

¢

b) water vapor. 26. The el astomer of claim25 wherein at |east

| ow nol ecul ar V\Bi%ﬂi ol s ha i wei ,‘ I han .ﬂ,';,f“f-_, Da.
27. The el astoner | ai m 25%’\7&%& T Eatebhatbnal Rlivbs P%"%F’gé wei ght "®0| is
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(57) Abstract

Elastomers with improved physical properties, particularly hardness and rebound, may be prepared by the diamine chain extension
or moisture cure of low isocynate group content, toluene diisocyanate-based prepolymers prepared from a polyot component comprising a
high molecular weight, low unsaturation polyoxypropylene diol and a low molecular weight diol. The clastomers are useful for applications
such as rollers and other applications where hardness and rebound are important.




