| MPROVED PTMEG PCLYURETHANE ELASTCNERS EMPLOYI NG MONOFUNCT! ONAL PCL?EEﬁEﬂéHE

Techni¢al. Fi el d The present invention pertains to pol yurethane. el astoners
prepared by chain extending an isocyanate- termi nated prepslynmer prepared

by reacting a di- or 5 pol yi socyanate with a pol ytetranet hyl ene et her

gl ycol (PTMEG) . More particularly, the prqsent invention pertains to a

process of preparing PTMEG based pol yure- thane el astonmers with enhanced

physi cal properties by enploying a nonohydroxyl -functional pol yoxyal kyl ene

10 pol yether in the el astoner prepolyner formulation, topolyurethane
prepol yners suitable for use in the subject process, and to pol yurethane
el astonmers produced by this process. Background Art 15

Pol yur et hane el astoners are becom ng increas- . ingly inportant conmercial
polymer materials. IMFROVED FIMEQ® HOYURETHANE ESASTOMBERS! her noset

el astoners, the spe@MPIOYANG MONUFHUNOTIONALS POLYETHERBUr et hane el ast oner
formul ations allows the preparation of elastonmers with 20 physi cal

properties geared to the application to an extent not possible w th many
ot her pol yners. Thus, pol yuret hane el dafpchnicaliBielda nyri ad of diverse
appli- cations, including caul ks and sealants, elastoneric fibers,

vi scoel astic and energy absorbing materials, and 25 extrusi on and

i njection nol dable articles su@lg Efegéﬁsin@éﬁﬁ@pble‘i‘tfﬁ%%i Qé’pc?i%lsé‘ﬂhane.

boots, to nane but a few

elastomers prepared by chain extending an isocyanate~
terminated prepolymer prepared by reacting a di- or
5 polyisocyanate with a polytetramethylene ether glycol
(PTMEG) . More particularly, the present invention
pertains to a proéess of preparing'PTHEG-based polyure-
thane elastomers with enhanced physical properties by
employing a monohydroxyl-functional polyoxyalkylene
10 polyether in the elastomer prepolymer formulation, to
polyurethane prepolymers suitable for use in the subject.
process, and to polyurethane elastomers produced by this

process.

‘Background Art

15 Polyurethane elastomers are becoming increas-
ingly important commercial polymer materials. Unlike
many other thermoplastic and thermoset elastomers, the
spectrum of raw materials used in polyurethane elastomer
formulations allows the preparation of elastomers with

20 physical properties geared to the application to an
extent not possible with many other ?Qlymers. Thus,
polyurethane elastomers have a myriad of diverse appli-
cations, including caulks and sealants, elastomeric

25 extrusion and injection moldable articles such as gears,

automobile fascias, and ski boots, to name but a few.
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fibers, viscoelastic and energy absorbing materials, and

*



The uni que properties of polyurethane elasto- mers are attributable, at

| east in part, to the somewhat uni que pol yurethane pol ynmer norphol ogy which
i ncl'udes” both hard and soft segments in the sane polynmer nole- 5 cul e.

By adjusting the nature and rel ative anmounts of "hard and soft segnents, as

wel | as the degree of:-cross- |linking, elastoners may be produced with

har dnesses fromthe | ow Shore A range to the high Shore D range. The hard

and soft segnent content also influence a nunbef of 10 ot her properties

such as low tenmperature flexibility, tensile strength, nodulus, and high

tenmperature proper- ties such agnheghigag f@%e@tiggréf%lﬁ%xﬂéﬁéhéfﬁsto-

el astoners may be prepared b

wever
preferred method 15 ™R G* e?tF’ﬁg‘btra@dfr'aFFoﬂe?ﬁt d'nsB?ftsé:Q?rrEHF somewhat
| socyanat e- term nat edupiduaireehiane theepolppigmeby moepbology awhioic etsc hides

di - or polyisocyanate }%Eﬁ‘ @dled séggyasrgftte sfe%?r{éht¥elﬁ0'€l?l@”§9ﬁ1e° ofﬁﬁ@“"kﬁ’é]o -
hi gh nol ecul ar wei ght exanp a nol ecydl ar wei gtLLhe range of 1000
Da to 4000 Da. 20° ‘éf% gryFeY ar‘rg’lu&:&flﬁr t%u%"t“ﬁ%&dﬁaﬁ BELES TR Ro-
nents general |y resul thard sarsbisoét stomemtimr as whlyrasttdre clegmgat oHNcins-
| over tensile strengt hlm&ﬂaaduhagto@ﬁs h&%“bé'ﬂ%du%%ﬁym %a&aaehgég%om

prepol yner is then chajn-extended | ower u ar. wei
§g‘8)| %6

i socyanat e-reactive cofpontnt S ‘ﬁ'@n@r d‘TaI“?e tg) g d?lé‘ﬁ?‘?lgo ‘f"i‘f‘qeorm?l’f?e
el astomer product. Anohard Pmdmsftlmmdntpobytlem dse éhibtteansy a ausbgt bl

ext ended pol yur et hanes,g Hé&f aﬂ)fﬁﬂ&t%.%f { (s&ﬁg%ntl%“p?%ﬁ‘r%eggture flexibility

pol yt etramet hyl ene et her col Eeatl ng uri't
contai ni ng four methyl &fRS tsé"rFPﬁREd ‘?‘Pf?“’c;d’gﬁ'! 8RGgRICI SRR Erﬁeﬁ’ﬂé‘?%ﬁr'
formul a of which may beiespnederisetieas: sag and distortion.

Polyurethane elastomers may be prepared by a

number of wmethods. However, the preferred method

15 involves the preparation of a soft-segment, isocyanate-

terminated polyurethane prepolymer by reacting an excess

of a di- or polyisocyanate with an isocyanate—reaétive

component of somewhat high molecular weight, for example

a molecular weight in the range of 1000 Da to 4000 Da.

20 The higher molecular weight isocyanate-reactive compo-

nents generally result in a softer elastomer with

greater elongation but Ilower tensile strength and

modulus. The resulting isocyanate-terminated prepolymer

is then chain-extended with a lower molecular weight

25 isocyanate-reactive comporient-, generally a glycol or
diamine, to form the elastomer product.:

Among the most useful polyurethane elastomers
are glycol extended polyurethanes containing soft-
segments based on polytetramethylene ether glycol

30 (PTMEG) . PTMEG has a repeating unit containing four
methylene units linkeéd thrdugh oxygen atoms, the general
formula of which may be represented as:



-3- HO [ CHerr]CHerr]CHerr]CHerr]-O][err]-H where n is such that the
PTMEG has a nol ecul ar wei ght of from 250 to 10000 preferably from 1000 to
4000. Howev- er, PTMEG is nore expensive than other soft-segment 5

pol yol s such as pol yoxypropyl ene gl ycol s and- pol.yester diols, and thus for
PTMEG products to be conpetitive, they nust provide inproved properties

W th respect to the desired application. The pol yurethane industry has
continual |y sought methods to increase the Berfornmance 10 and | ower the
cost of PTMEG based pol yuret hane el asto- ners, as well as to devel op. '
conpeting elastoners with simlar properties but at |ower cost by
substituting other isocyanate-redS—[€HOHHCE,—0st] PIEG i n the soft

segnents of the t han E X I |
e Patent No. MHSRH §03808uCh R e Fhung nag 2 mopekliaf GRS SF
"Conpari son of tH&raw@H¥ ¢oPlofedt preferabdlyyfiremhifABOELas40n®r s Baged- on

Low Unsaturati Polrex n S n y ( 8 ne
oxi de) Gycals," @I%-(}Y RET%%%?%%?%S st é:?%aslg %&9%?]: Oéc?%%ggr@%gﬁg

1993 (pp. 388- 39PPlyals Suf QEAPLRR HEHEC R & APl YR BHRF ed
from pol yoxypr opyi®ils dianid tiavs nfornpEMEGaproductst i rNsegeombeOiOide ;

0,07 eal o have S ISEH, ALARGLAL ShaBPo RO RE Bl S R BT e Sl ol
ref erence, prepa-theadesired pppyiérapiopyl efbeppbipizethane atndustey hase
catal yzed pol ymerdzatindiy 19t Rouphe e thddle dd®idWléase the performance
10 and lower the cost of PTMEG-based polyurethane elasto-
mers, as well as to develop competing elastomers with
similar properties but at lower cost by substituting
other isocyanate—reactive polymers for PTMEG in the soft
segments of the polyurethane elastomer.

15 o For example, in U.S. Patent No. 5,340,902 and
in the article by A.T. Chen et al., "Comparison of the
Dynamic Properties of Polyufethane Elastomers Based on
Low Unsaturation Polyoxypropylene Glycols and
Poly(tetramethylene oxide) Glycols," POLYURETHANES WORLD

‘20  Coneress 1993, October 10-13, 1993 (pp. 388-399), it is
disclosed that polyurethane elastomers prepared from
polyoxypropylene diols having unsaturation in the range

of 0.014 - 0.017 meq/g have enhanced properties as
compared to PTMEG based elastomers in the same Shore
25 hardness range. '

As discussed in the latter reference, prepa-
ration of polyoxypropylene polyols by traditional base
catalyzed polymerization of propylene oxide (methyl-
oxirane) onto a suitably functional initiator molecule,

30 for example propylene'_glycol or trimethylolpropane,
results in a product whose unsaturation and monol
content rapidly increases with increasing molecular



oxirane) onto a suitably‘functional initiator nolecule, 30 for exanple
propyl ene glycol or trinethylol propane, results in a product whose
unsaturation and nonol content rapidly increases with increasing nol ecul ar
-4- weight. The nmechani smof formation of unsaturation is still subject to
gquestion, and has been di scussed, for exanple, in BLOCK AND GRAFT

POLYMERI ZATI ON, v.2, Ceresa, Ed; John Wley &_gons, on pages 17-21.

What ever the nmecha- 5 ni sm the result is the formation of al Iyl oxy
groups whi ch are nonofunctional and which result in the forma- tion of

pol yoxypr opyl ene rmnod:elgﬁﬁh aﬂHeyInieehhﬁw&mdf fonedtiiloal ioENunsaGuhgei dheis

pol yoxypr opyl ene nono | , f n n |es
their 10 presence %1 ters ‘nglt\@%rt he ﬁﬁ%ﬁ%ﬁlﬁ{ﬁ oa;g)'?%euf ﬁ%%g gédeé

as wel | as the nol.ecuddgmRks .ghif BLASKr ANBUERATHA . PW&}%T&PW(Y[ %n%?@%ﬁ‘ecﬁd
during base catal yzedsH®omiiege s08bfle, syl WikjelsZ av 20, MghadtevaRashs afledha -

titration with rcur ce e RLO e l.she

ASTM D- 2849- 69, rrg Tes‘tlf i Lﬁﬁ% hﬁﬁéé15 airr%1 Poﬁé FS%L*;% ¢t ?ifﬁ‘%ﬂ]rﬁd’f&}i’s
pol yoxypropyl ene gl yc‘(')]lnsc faxe é‘?&ﬁﬁPJéCt%qu@luﬁslét Uha'c:ho*ﬁesq%&r daskhefferma-
about 0.027 neq. unsatwﬁtbﬁnb@lWo@Ueaé egubyal emthwawml@ftéﬂﬁ)n?aop

to in excess of 0.09 equ en 0

These | evel s of unsatur%| on co?lr es %n oe%gapolﬁgﬁnﬁg&ﬁeg%t %OK% Sw 2re
mol ecul ar wei ght di ol %OW%dmgbemarpémehtfofmqmﬁemcr:hoaahoenems’ecumﬁlr
wei ght pol yoxypnopy! epeeginseld1tbie dvehaghe f enedt iRlliity, o8t.th8ef s@i®hed

tine, decreases fr0n1$£E§gl as well as the molecular weight distribution.

The unsaturation cfeated during base catalyzed
propylene oxide polymerization may be wmeasured by -
titration with mercuric acetate using the protocol

15 established by ASTM D-2849-69, "Testing Urethane Foam
Polyol Raw Materials." With polyoxypropylene glycols,
for example, the unsaturation increases from about 0.027
meqg. unsaturation/g polyol at an equivalent weight of
600-700 to in excess of 0.09 meqg/g at an equivalent

20 weight of c.a. 2000. These levels of wunsaturation
correspond to c.a. 10 mol percent in low moleculaf
weight diols, and 50 mol percent of monol in a 4000
molecular weight polyoxypropylene glycol! The average
functionality, at the same time, decreases from about

25 1.9 to about 1.6 at these levels of unsaturation, as
compared to fhe theoretical functionality of 2.0.

In U.S. Patent No. 5,340,902 and the Chen et
al. article previously cited, polyoxypropylene polyols
were prepared using a zine hexacyanocobaltate-glyme

30  catalyst instead of traditional, KOH catalyst.- By this
method of preparation, the unsaturation of a c.a. 4000
molecular weight polyoxypropylene glycol is reduced to



25 1.9 to about 1.6 at these | evel s of unsaturation, as conpared to the
theoretical functionality of 2.0. In U S Patent No. 5,340,902 and the Chen
et al. article previously cited, polyoxypropyl ene pol yols were prepared

usi ng a zi ne hexacyanocobal tate glyme 30 catal yst instead of traditional
KOH catalyst. By this nethod of preparation, the unsaturation of a c.a.
4000 nol ecul ar wei ght pol yoxypropyl ene gl ycol -iss reduced to -5- levels

in the range of 0.015 neq/g, corresponding to approximtely 4 nole percent
monol and- an average functionality in excess of 1.9. The authors disclose
t hat pol yoxypr opyl enelgvet®sl $nhabengangeobéc@l- 42 5weeghig. 5correspendis®y cem
be used Eﬁ preparf, Chébﬁr&lk(irﬁﬂgﬁ@t ﬁhasﬁ&e_@éﬁgéﬂf@tt%néggr&ld\ %Qil hay&ps >
range wi properties_sinm]ar .t. 0se _prepar rom ecul gr |
PTMEG  Unfort unat el §9% th‘i”faegt:’t%ycd'r?p 'c§8% 8§nr}019'be1r2’§d€gg§8r?h 1sclose
pol yoxypr opyl ene- pr epbhat rpélasxyperpydieneigdlyk®ls hhuirgiaemtliecalahaveligsses

as thei r PTMEG cgunt eppast 850 Q‘afrf HLRHRY kB %éﬂé]ﬁésclﬁifr?%txt@ﬁméd elasto-
properties, nost notably tensile gtren th, e oncﬁ_tatlon, a
a _

nd m)gul us. .
Furthernore, to the e®fERt IRhEYS aPRPTOpad WoPFNRE FARISxYBFBpPrengrties
gl ycol -derived el ast osenilaenbpsthasedpi8pared ofieemsppPDe - medecslarngeighthan

PTMEG products. The apirhkgy t onzoeRah&e EINVEG CaiPatt t L¥RpPR] X YR HIVH ehe
gl ycol - based pol yur et ha{_ie el aghom&rs utiliz | ow unsat urgt i on e{)%l % I

| Ol S
orepared by doubl e meFARS cAh EHS R WHRYPEPRYLEPe FRSBATER SheP e P P B0
monol content oft0t hesbapel y@denticdthdardpespas eds eelteirf BTMEG counterparts.

Differences in hardness affect many properties, most

notably tensile strength, elongation, and modulus.

Furthermore, to the extent they are comparable, thé

polyoxypropylene glycol-derived elastomers demonstrated
15 lower split-tear strength than PTMEG products.

The ability to prepare PTMEG competitive
polyoxypropylene glycol-based polyurethane elastomers
utilizing low unsaturation polyols prepared by déuble_
metal cyanide-glyme catalysis is premised on the low

20 monol content of these polyols. The ‘902 patentees, for
example, indicate that the normally relatively high
monol content of conventional polyols act as chain
terminators in polyurethane formation, limiting the
elastomer molecular weight and "downgrading ' physical

25 properties. Elimination or reduction of monol content
raises polyol functionality and increases elastomer
molecular weight, thus increasing physical properties.

That the monol content in polyurethane elasto-

mer formulations act as chain stoppers is further

30 supported, for example, by U.S. Patent. No. 3,483,167,
| wherein a lower alkanol is added to a linear urethane
prepolyme'r and then amine extended. The lower alkanol

]



exanple, indicate that the normally relatively high nonol content of
conyent ional polyols act as chain term nators in polyurethane formation
limting the el astomer nol ecul ar wei ght and downgradi ng physical 25
properties. Elimnation or reduction of nonol content raises polyol
functionality and i ncreases el astonmer nol ecul ar weight, thus increasing-
physi cal properties. That the nonol content inegpolyurethane. el asto- ner
formul ati ons act as chain stoppers is further 30 supported, for exanple,
by U S. Patent No. 3,483,167, wherein_ a |ower alkanol is added to a linear
ur et hane prepol yner amddihten df AEaksd divddevweTHelsenRditYapkditsl prepogymer.
addi tion i'stF at %‘é g 0s%awgarvii|§§@§&§ yabﬁs i&;&;ﬁe@qlryn%m .13 &%nglmol rasul t gn
are reported in : : : n t .3, ower

al kanol s or nono- hyd o>§<y| %&ﬁ@ﬁ RLEY 30??@%‘?@ ggve'exéd&g?faf%}%olo i BRROT
borne pol yur et hane préﬁét?#@l#%ﬁ@ﬂég Podrepbeydxgre aplge@ntot spdhtion-
useful for treatisng | eakner po g&Me | repilgmie@ sS PrepadedCliabn BboekRY S,
i ncreasing the plastichkﬁlgget éaéywo%slkgfeg éﬂé%éé Ly Igeééﬁ% Pag nt _No.
3,384, 623-, |ower al kRS SS AR HShShyEFo%yI S Fudtrsn™d1 Al p F\?e@?@?ls
and pol yethers are added saidott Senveo asn ekl ablodkers nedncyrASinEt bade

prepfl yner whi chdi S d'pagisaecﬁas el achel @zfr?%m?ké@agsﬂﬁ?uo&pi n&hp@.doggataﬂe
oL S 21 e SLated 10, sgulee el L U ROLYT b A Slher e e
for cast pol yureo0 t hard pdlessianssand polyethers are added in splution to an
uncatalyzed 1linear polyurethane prepolymer which is

diamine extended to form a spandex spinning dope..  The

monols are stated to reduce gelling in the polymer

solution after diamine addition._  Neither of the latter

15 patents provide compositions useful for cast pdlyure—

thane elastomers. '

. In U.S. Patent No. 3,875,086, up to 50 weight
percent hydroxyl-functional polyoxyalkylene polyether
monols are added to the B-side of a one-shot. polyure-

20 thane elastomer formulation containing significant
amounts of polyoxyalkylene triols to control hardness
and improve reactant flowability in production of
flexible polyurethahe foams. The elastomers prepared by
the disclosed process were far softer and exhibited

25 lower tensile and tear strengths than comparative
products not ¢ontaining the monols.

It would be desirable to prepare PTMEG prod-

ucts having enhanced properties as compared to those

30 commerciallf available. It would further be desirable
to lower the cost of PTMEG-based elastomers.



In U S. Patent No. 3,875,086, up to 50 wei ght percent hydroxyl-functional
polyoxyal kyl ene pol yether nonols are added.to the B-side of a one-shot

pol yure- 20 thane elastonmer fornulation .containing significant
anmount s of pol yoxyal kyl ene triols to control hardness and inprove reactant
flowability in production of flexible polyurethane foans. The el astoners
prepared by the disclosed process were far softer and exhibited 25 | ower
tensile and tear strengths than conparative products not Contai ning
the nonols. It would be desirable to prepare PTMEG prod- ucts having

enhanced properties as conpared t SruiesfrdOf Thedvehtion | y available. It
woul d further be desirable to |ower the cost o ased el ast oners.

+7- Summary O The Invention It has now been surprisingly discovered that
the addition of minor anpuntsiofndy GewWBeaaukarpwes 1P iwesyakkyl eng:

nonol s to PTMEG bas pol.yur et hane 5 prepol yneLs iI'ch .are._subsequent|y
gl ycol extended to ﬁgﬁn?ﬁ%fﬂﬁrét%ﬁ'&n&raﬁnf?ﬁﬁ}% ?%cl? dwlecylaz, weight
decreases, the physpodvopyaperkenes afoncls. &basPTMEE-mamduc®lyurethane
I ncor poration af th?;@ﬁbiﬁ?{é&@é kvt £81€ . 0 OdiSod R fe@ 14+ §'1Ng@oi?r BRELYAES dges

o Ut Tige 1ol at i ver§ hnconosbabal yOAROROF nciirFRaRESy n T4RNSTor FOFAL | on
results in a cost-adeeneagest othhe ghyedeal froroperatiesnsf Thhs. edssbomes
particularly surpri girBaubfsVi evh&brgdiRtli8acBENgfie Obol MSyTky1BAE ABASLS
content O__f in the A-side prepolymer does not appear to Qignif.icant-
10 ly affect hardness. Moreover, the ability to utilize.
relatively inexpensive polyoxyalkylene monols in the
formulation results in a cost-advantage to the present
formulations. This result is particularly surprising in
view of the teachings of the art that monol content of
15 polyoxypropylene diols is responsible for decreased

physical properties.
Description.of the Preferred Embbdiments

The polyurethane elastomers of the present

invention comprise the reaction product of a prepolymer

20 prepared from a di- or polyisocyanate, preferably a
diisocyanate or low functionality polyisocyanate, with

a polyol soft segment-producing composition comprising

in major part a PTMEG of number average molecular weight
between 600 Da and 6000 Da, more preferably between 1000

28 Da and 4000 Da, and most preferably between about 1500
.Da and 3000 Da, and a minor portion, i.e., between 0.5%

and 10%, more preferably between 1% and 8%, and most
preferably between about 2% and 5%, based on the weight

of PTMEG, of a pélyoxyalkylene monol, preferably a

30 polyoxypropylene or polyoxybutylene monol; with a chain
extender, preferably a low molecular weight glycol.



15 pol yoxypropylene diols is responsible for decreased physical
properties. Description of the Preferred Enbodi nents The pol yur et hane

el astoners of the present invention conprise the reaction product of a

pr epol yner 20 prepared froma di- or polyisocyanate, preferably a
diisocyanate or low functionality polyisocyanate, with a polyol soft
segnent - produci ng conposition conprising in majgor part a PTMEG of nunber
average nol ecul ar wei ght between 600 Da and 6000 Da, nore preferably

bet ween 1000 25 Da and 4000 Da, and nost preferably bet ween about 1500
'Da ?nd gPOObDa andloa/WKEﬂorscé/ﬂSHé—ilqlﬂkeH Eeladeiniaen Qré%@é@.brwﬁ) Z?/Drﬂldn%]g/
preferably between 1% an 9 and ,nost r era e out 0. an 0
based on the wei ght of g gfq: o?? yasfk P%%lep%%\rlﬁ pre]eeraabfly at %b
pol yoxypr opyl ene or péh99k¥%ﬂﬂ%ﬂﬁ%u§ﬂﬁﬂﬁ@ﬁ thﬁﬂhtaochépﬁ exempberfrom 3 to

preferably a | ow nol ea%at yvel @b&fsfé{sp} the p&lyoMhemi€hoske |e|x@:|é9@10n of
el astoners are d S|re gg ilon of Hheaggégs %tgg%i Z8 g hav
noni nal functionaity BFéﬁf ﬁﬂ? YT P ex@np S on3 X § Bgﬁ 1§na
Preferably, the polyols, mnth t he exception of 5 t he pol yoxyal kyl ene

nonol , are essentially di functigpahe B¥rihheodBAIRe ﬂwahgurg%rﬁgyht bSpHBHMEr @

I wh t t t d t el | i nk
Dot voen ropeat i ng uni PESSS SERICT A SOBEAPE BET IR By oL Re B

reacti on between an organi c i socyanate group R—[ NCE] and an organic
hydr oxyl group .

10 ' ' —04m+{>o—r—
linkages between repeating units. Such linkages are

formed by the addition reaction between an organic-
isocyanaté group R--[-NCO] and an organic hydroxyl group
[HO-]—R. In order to form a polymer, the organic
15 isocyanate .and hydroxyl group-containing compounds must
. be at least difunctional. However, as modernly under-
stood, the term "polyurethane" is not limited to those
polymers containing only urethane linkages, but includes
polymers containing allophanate, biuret, carbodiimide,
20 oxazolinyl, isbcyanurate, uretidinedione, and urea
| linkages in addition to wurethane. The reactions of
isocyanates which lead to these types of linkages are
summarized. in the POLYURETHANE HANDBOOK, Gunter Oertel, Ed.;
Hanser Publishers, Munich, ®1985, in Chapter 2, p. 7-41;
25 and in POLYURETHANES: CHEMISTRY AND TECHNoLOGY, J.H. Saunders
and K.C. Frisch, Interscience Publishers, New York,
1963, Chapter III, pp. 63-118. In addition to polyols
(polyhydroxyl-containing monomers), the mwmost common
isocyanate—reactivé monomers are amines and alkanol-
30 amines. In these cases, reaction of . the amino group
leads to urea linkages interspersed within the polyure-

thane structure. -



[HO]-R In order to forma polyner, the organic 15 | socyanat e and
hydroxyl group-containing conpounds nust be at |east difunctional. However,
as nodernly under- stood, the term "polyurethane" is not limted to those
pol ymers containing only urethane |inkages, but includes polyners
containing all ophanate, biuret, carbodiimnmde, 20 oxazol i nyl,

I socyanurate, wuretidinedione, and wurea |linkages in addition to ur et hane.
The reactions of isocyanates which |lead to these types of |linkages are
summari zed in the POLYURETHANE HANDBOOK, Qunter Certel, Ed., Hanser

Publ i'shers, Munich, [err] 1985, Tha drgshape2 formipgqreaption gHigd generally

PCLYURETHANES: CHEM 145 dTEClNEa@g £ sJ ddefSaungder sveand Hﬁoen el &q{bse
r

| nt er sci ence Publi shers Yo ter I ||
addition to polyols (?)]fjir ScBhtai ﬁ%g‘g “glggt He be fourrrdc‘t?r

i socyanat e-reacti ve nexmbies anetmnPﬁéWRHﬁﬂNalﬂmpK g@apte?arﬁ'n§53 4.1 on
these cases, reasgti Ongifeé rﬁ)-—@ﬁ‘ nQn&rlquPoﬂ.ﬁﬂﬂ&Aﬁé) @kﬁés*fﬂynﬁfﬂagﬁ&:rmomcy, in

d hi h
oo e et o 8 ¢ atpgl yggasg{yctﬁ&? stcsomtﬂnsélflﬁl utél %e |cmm

formng reaction is g
to those skilled in tlwstart arandtmrarxamiw n@yldbeotmlﬂorcmdﬁ, in
IDEEYLPJCRJI%}I{%EMIC\I:EE:\_/I'AE AN Ellﬁut Beth g%aaeéatevmmbae 96in a4l

a
cormonly utilized cat%ratr?/stg Nr%"e’r?q Pr§l ‘é’?‘ﬁ% 8%?‘8591‘3& uﬁe%‘dﬁp%?ﬁ?d
particularly dibutyltin diacetate and dibutyltin dilau- trat-e. Conbinations
of catalysts arggpoften useful &hS@ne preparation of polyurethane elastomers,

the isocyanate-terminated prepolymer is reacted with the

active hydrogen-containing compound(s) in an isocyanate
to active hydrogen ratio of from 0.7 to 1 to 2 to 1.
The "index" of the composition is defined as the

15 ~NCO/active hydrogen ratio multiplied by 100. While the
range described previously may be utilized, wmost
polyurethane elastomers are prepared at indices of from
90 to about 120, more preferably from 95 to about 110,
and most preferably 100 to 105. In calculating t_he

20 quantity of active hydrogens present, in general all
active hydrogen containing compounds other than non-
dissolving solids are taken into account. Thus, the.
total is inclusive of polyols, chain extenders, func-
tional plasticizers, etc. ' '

25 Hydroxyl group-containing compounds (polyols)
useful in the preparation of polyurethanes are described
in the Por..m'rHANE HanpBOOK in Chapter 3, § 3.1, pages 42-
61; and in POLYURETHANES: CHEMISTRY AND TECHNorocY in Chapter
II, §8§8 III and IV, pages 32-47. . Many hydroxyl-group
30 containing compounds may be used, including simple
aliphatic glycols, dihydroxy aromatics, bisphenols, and
hydroxyl-terminated polyethers, polyesters, and poly-



10 In the preparation of polyurethane el astonmers, the
I socyapate-term nated prepolyner is reacted with the active _
hydr ogen- cont ai ni ng conpound(s) in an isocyanate to active hydrogen ratio
of from0.7 to 1to 2to 1. The "index" of _the conposition is defined
as the 15 -NCO active hydrogen ratio nultiplied by 100. Wile the
range described previously may be utilized, apst pol yurethane el astoners
are prepared at indices of from90 to about 120, nore preferably from95 to
about 110, and nost preferably 100 to 105. In calculating the 20
quantity of active hyefbdbhs PREREnPLhers. gefeft@nsdve ddiStee #f dFBieable
cont ai ni ng conpoundspeliels tadNbBOfourtl S80LHe oS réfebéfcdlk@id iAlRany
account. =~ Thus, the LoLdle! Sdreklibye 13 BOlNELS, Hasn £ endgrs, fyne-
tional plasticizers,“etc. 25 _ roxyl” group-containi ng
conmpounds (pol yol s) 8s€$2163% tapdupneparat PbnUof - pRAtuMet-n4nd3ladd2; and
described in theg POL¥YREANE- SHANEBXIS.i redthaphier 8,316,6132,-pa@e§se42thgéé
and i n POLYURETHANES; gg@g T gj %'EQHN%C%Y I.n ter.ll 11 and 1V,
pages 32-47. Many ﬁ? roxyI%eg%r¥1 §Q§ con é’.ﬁrﬁtﬁg@ oﬁ%fo%%écflsce'rray be
used, including sinple aliphatic glycols, dihydroxy aronatics, :
bi sphenol Si and hydroxyl -t er mmayegcpel RS, fmde% ilféser?alndpiﬁéférre%
-10- acetals, anong ?S E‘? lye _|i suif.ahl e s _may_be
found in the abovekrggﬁé e%%%%ané?n 9 nihénfeﬁé%éﬁgg; foéfucexa?_r%f%élﬁ%nerdsol%ﬁs 2
and 3 of U.S. Pat. Neeld kBows3g thel @whsandease prepayest simglysbu2nolg?;
and 5 col umsg 4-6metikisy pdldcardexytidbitlor these ddvik@tives, for
example their acid chlorides or anhydrides, with a
polyol. Numerous polycarboxylic acids are suitable, for
example malonic acid, citric acid, succinic acid,
glutaric acid, adipic acid, pimelic acid, azelaic acid,
15 sebacic acid, maleic acid, fumaric acid, terephthalic
acid, and phthalic acid. Numerous polyols are suitable,
for example the various aliphatic glycols, trimethylol-
propane and trimethylolethane, o«o-methylglucoside, and
- sorbitol. Also suitable are low molecular weight
20 polyoxyalkylene glycols such as polyoxyethylene glycol,
polyoxypropylene glycol, and block and heteric polyoxy-
ethylene-polyoxypropylene glycols. These 1lists of
dicarboxylic acids and polyols are illustrative oniy,
and not limiting. An excess of polyol should be used to
25 ensure hydroxyl termination, although carboxy groups are
also reactive with isocyanates. Methods of preparation
of such polyester polyols are given in the POLYURETHANE
HanDBOOK and in POLYURETHANES: CHEMISTRY AND TECHNOLOGY..

Also suitable as the polyol are polymer

30 modified polyols, in particular the so-called vinyl
polymer modified polyols. Such polyols are well known

to the art; and are prepared by the in situ polymeriza-



pat ents bei ng hereby incorporated by reference. Polyester polyols also
represent preferred pol yurethane-form ng reactants. Such pol yesters are
wel |l known in the art and are prepared sinmply by poly- 10 meri zi ng

pol ycarboxylic acids or their derivatives, for exanple their acid chlorides
or anhydrides, with a polyol. Numerous polycarboxylic acids are suitable,
for exanple malonic acid, citric acid, succiniil-acid, glutaric acid, adipic
acid, pinelic acid, azelaic acid, 15 sebacic acid, naleic acid, fumaric

acid, terephthalic acid, and hthallc acj d.. Nunerous polyols are SU|tabIe
for exanple the vari diCTmPERREE i BPYEof Yk FPREMAYF olRrSfesphhy agkyloni-
tri met hyl ol et hane, a-teitley|aidicasimdae, arich sﬂfeblglimalsence AfS @ ;ﬁdﬂﬁe&hle@ o €
| ow nol ecul ar wei ght |y, kyI p xyet hyl ene
gl ycol , pol yoxypr opyI%% egslt{%%o E%(%% gQEt #8{56&[9 8 Xt?a}' 3(
ethylene pol yoxypr opyMéifF GMpests. °f 4?&%%? I|Qﬁ:3lnéﬁcﬁﬂcaﬁmﬁﬁﬁnﬂainmu ds
and polyols are 5| | uNettidase ol prepaird ngotpdliytieii @@ly&lﬂs emaﬁsl‘anffoﬂﬁliy(i'n

shoul d be used to 25 olmurg_@yg;ﬁxyinte%%enﬁﬁ%{@heﬁa o oxyé\r&h
pré

groups are also reactlve Wwth isocyanates aratlon of

pol yester pol yol s ar & fiafe®3Pn %%eCCPjG_“‘FlﬂQETF{A HeMDEERPARE ¢H U.S. Pat.
POLYURETHANES: CHEM SidRY At\lﬁ)zi'ﬂid-iNd_ﬁﬁftlé\hmmul m.blcealaﬁm*shQ-l@Ol R4 %Ih%
pol ymer 30 nodi fi I p i cplar S al | I p

nodi fied pol yol s. e,% 1))2% ?f o8, ?%E HL £|??mé};'.asrct nd‘ arQ% pr %ﬁir’ed
by the in situ % Iymé?‘-? zéJ 24, %Wm Eb]fl %WBFCW@%WIarﬁDhemrs incorpo-
preferably acryl oni - gatddde bgndeSéyémse, in the presence of a polyether or

Other additives and auxiliaries are commonly
used in polyurethanes. These additives include plasti-
cizers, flow control agents, fillers, antioxidants,

15 flame retardants, pigments, dyes, mold release agents,
-and the like. Many such additives and auxiliary materi-
als are discussed in the POLYURETHANE HANDBOOX in Chapter 3,
§3.4, pages 90-109 and in POLYURETHANES: CHEMISTRY AND
TECHNOLOGY, Part II, Technology.

20 . The polyurethane elastomers of the subject
invention are gljrcol extended, predominately 1linear
polyurethanes having soft segments derived £from an
isocyanate-terminated PTMEG prepolymer and a polyoxy-
alkylene monol.

25 The polyoxytetramethylene ether glycols
- (PTMEG) utilized to form the soft-segment polyurethane
are dihydroxyl functional polyoxytetramethylene polymers
prepared in the conventional manner by polymerizing
tetrahydrofuran in the presence of a suitable polymer-

30 ization catalyst, for example a Lewis acid catalyst such
as boron trifluoride-etherate. Other catalysts may be



pol yester polyol, particularly polyols containing a mnor anount °of
natural, or induced wunsaturation. 5 Met hods of preparing pol yner
polyols may be found in colums 1-5 and in the Exanples of U S. Pat. No.
3,652,639; in colums 1-6 and the Exanples of U S. Pat. No. 3,823, 201;
partlcularly in colums 2-8 and the Exanples of U S. Pat. No. 4,690, 956;
and in U S Pat. 10 No. 4,524,157; all of wwpch patents are hereln

i ncorpo- rated by reference. O her addi ti ves and auxiliaries are comonly
used in polyurethanes. These additives include plasti- cizers, flow control
agents, fillers, antiokilibzrd asigell, fandnthe aranrdanos, PPIRfhwoilyredyzztioml d
rel ease agents, and thg ljdee. cMaeaSUCh @dﬁlttabies ﬁ{FMtG%UXé;Lé a"ckSmﬂ&k&[éIlﬁ' s
are di scussed in the POLYURETHANE HANDB 2% ? S, 9 09
and i n POLYURETHANES: 2¥RE Y TR%D STRER %i; *ia‘ﬁ 4 hﬁﬁﬁ%

The pol yuret hane el asabker §rof DmqunﬁnGhﬁmuqa&entl@heaP§M§Gyeh¢ub&t@mdeda
predom nately |irear HQW&%J&%%% mB YR wlbhtssgaﬁélé& sdbethsﬂd émﬂ
an i socyanate-term nated PT epol NYx ene _nonpl . 25
The * holyoxyt et ac: ot orie Teable: betgian, 3080 BRUASE Prr i St SPoPREF i e
sof t - segment pol yur et hane laeis«re:hmyamx?a dnhcxdadnda .pol yoxyt et r anet hyl ene

polymers prepared in the conventional manner by polynerizing

tetrahydrofuran in the presence_of a s ble_p ner- i zat i
catal yst, for exanple a Lewi s adi%d Eﬁ?%.%é% §tBBP?ﬁ1 p°1Y°xYagﬂylene
trifluoride-etherate. pAlhethent shgskds cantcadia polyoxypropylene or polyoxy-

10 butylene residues in major part, i.e., greater than 50
weight percent based on the total weight of the polyoxy-
alkylene polyether monol, preferably greater than 70
weight percent, and most preferably, greater than 90
weight percent. The polyoxypropylene and polyoxy-

" 15 butylene residues may be derived from oxetane and
tetrahydrofuran, respectively, as well'as from propylene
oxide and butylene oxide. The remainder of the polyoxy-
alkylene polyether other than the monofunctional initia-
tor residue, may comprise other oxyalkylene moieties

20 such as. oxyethylene moieties. In the most preferred
embodiment, the hydroxyl-functional polyoxyalkylene
polyether monol is a homopolyoxypropylene monol.

When moieties other than those derived from

propyléne oxide are present in the hydroxyl-functional

25 = polyoxyalkylene monol, they may be present as a block or
in random (heteric) fashion. Preferably, however, the
amount of oxyethylene moieties is less than 30 weight-
percent, more preferably less than 20 weight percent,

and most preferably less than 10 weight percent. The

30 number average molecular weight of the hydroxyl-func-
tional polyoxyalkylene monol should lie between 500 Da

and 10,000 Da, more preferably between 1000 Da and 6000



-12- utilized as well , and the manner of PTMEG pol ymeri zation i s not

crjtical. Sui tabl e PTMEGs are commercially avail able, for exanple as
Ter at hane[err] 2000 PTMEG avail - able from Du Pont Chenicals.. The PTMEG
shoul d have a 5 nunber average nol ecul ar wei ght between 600 Da and 6000

Da, preferably between 1000 and 4000 Da, and in particu- |ar, between 1500
Da and 3000 Da. The nonohydroxyl -functi onal ggLyoxyalkylene pol yet her
shoul d contai n pol yoxypropyl ene or pol yoxy- 1 butyl ene residues in
mej or part, i.e., greater than 50 weight percent based on the total weight

of the pol ygxy al kyluaneagfld yﬂiéterpmeﬁblpggéewabiﬁymo@abgrahbaaoéﬁ pgi. ght
per cent, .an nost pr era fer_,t han |g er t e
gI egilgf oleculdr u%lrl)t clgﬁq:l'be hYSé'P?‘\Yé g

pol yoxypropyl ene e fesl

f rom oxet ane and tetﬁmwdpoahrmﬂquééyﬂemlqon@s ah@ullda%pwmnprt@pyhene

oxi de and butyl ene oxigdeculhe weﬂngd@f @metﬁ@mlmc Huipphene pakyether
ot her than the nof unct i_onal #ni tor EI due %*ynge conprise ot her

oxyal kyl ene nvoi €ties BF§Parigdc h Steﬁi'z‘F‘e‘ In the nost
preferred enbodinent, the hydroxyl-functional pol yoxyal kyl ene pol yet her

(rjmnol :j Sf a honopol Iyoxyloropél en?héﬂlfﬂrox?meﬁu{i@&ﬂ#ﬁls poll s;]gcya éﬂ@%nol
erived from propyl ene oxi de are sent. .in the un

pol yoxyal kyt ene nmonol™® ﬁ ‘“t??%?e@%‘%ﬁ 9% §°H¥ é‘%%ose sghﬁ%ﬁ]m the
(heteric) fashion. Prae.fter aB'bly e:m\yéﬁerone melgnolne psflvexysihyleme digilebifes
is less than 30 wei 9%&@5@8%@%&1&%&&&@&@@&% béséaﬁﬁwaQhV&Leg%ulva-

Bver age mol ecul S WerlHE oPF: re ATROR - PARES. (T9hMh 2Bol JERS R e onol
should |ie between S@j.olba:ylsulfate, and the like, to produce an alkyl ether
capped diol, i.e., .a monol. In similar fashion, an

. alkyl -ester capped monol may be prepared by capping a

polyoxyalkylene diol with an ester forming reagent such

15 as acetic anhydride, butyric anhydride, octanoic acid

chl'oride, and the like. However, in such methods,

additional purification steps may be required to sepa-

rate the predominately mono-capped products £from un-

capped diol and di-capped diol. The term "hydroxyl-

20 functional polyoxyalkylene” includes such ether and

ester capped products as well as others. The important

criterion is that ‘the monol be essentially a polyoxy-

alkylene monohydrox'yl—fundtional polyether polyol with

only a single isocyanate reactive functionality, the

25 single hydroxyl group. The nature of the unreactive cap

is essentially unimportant since it comprises such a

small portion of the total hydroxyl-functional polyoxy-

alkylene monol. ' -

Thus, the preferred process of preparing the

30 hydroxyl-functional polyoxyalkylene monocl is to oxy-
"alkylate a monohydroxyl-functional initiator compound.

The initiator compound may, for example, be an aromatic,



and 10,000 Da, nore preferably between 1000 Da and 6000 -13- Da, and
most preferably between 1000 Da and 4000 Da. Most preferably, the nolecul ar
wei ght of the hydroxyl- functional polyoxyal kyl ene nmonol shoul d approxi nat e
t he nol ecul ar wei ght of the major PTMEG conponent used in 5 preparing
the soft-segnent prepolynmer. The hydroxyl -functional polyoxyal kyl ene nonol
may be prepared by nethods known to those skilled in the art. For exanple,
one nol e of a pol yoxyal kyl ene diol aof suitldbl e nol ecul ar wei ght may be

capped wi th one equiva- 10 lent of a capping agent such as-
dlnethylsulfate di octyl sul fate, and the like, to produce an al kyl ether
capped diol, i.@li aEﬁ@Q' or |6y616h1ﬁph£a$blQMQnamY@taxyl££um¢trm¢¢md

nonol may be prepared ca .al k

form ng reagent QE§4 g@ g%ki% EQhﬁgé‘ &t %Fg ﬁ%%y%?ﬂ%ﬁé&octan0|c
aC|quhIor|de, bamzyilhe aliciohol, Fhmkyér subatsuuhedetpbde¢ladd$m¢bnaas
purification ste requy, e re

nono- capped pro&%&i;%r %%ldn-gﬁ& ot (? di §Faand 5?‘.’%%%6%(1 éq'&ﬁfé%aetlfcerm
"hydroxyl - 20 infidietionsal ins al &¥g kahexan uorze% Y5 ucFuehiruted

ester capped pngi&m to‘iﬁeac%m\&” agyLibséstadde, | Byl et @andN ,i Safdat

t he nmonol be ess yO al kyl ene nono dro l-fu ctlQna
pol yet her pol yolthg tlalléw y ap%?frfb‘ly%b}rlé'ocg}a?ﬁi’ﬁrr ea?ét ?‘Ehﬁ%’ﬁnd‘l St3% the
25 single hYQ£EM§HaﬂlhOUﬁlcoﬁb& nagoike ekambeeunrmethanelpapethanol,

eosent Al 1y un! TRovin SICE obhy SOIRELAGE, HClefyEHBkbnBE! 1 Bolab e

total hydroxyl -
10 and the like. The initiator may also be an aliphatic

carboxylic acid, in which case the oxyalkylation will
produce an aliphatic ester capped polyoxyalkylene monol.

The oxyalkylation may be 'performed- by an-
suitable method, for example by base catalysis utilizing
15 strong bases such as sodium hydroxide, potassium hydrox-
ide, sodium or potassium methoxide, and the like. Other
suitable catalysts include diethylzinc, combinations of
metal naphthenates and tertiary amines, and the like.
Preferred catalysts are double metal cyanide complex
20  catalysts such as the zinc hexacyanocobaltate ‘glyme
catalysts disclosed in U.S. Patents 4,843,054 and
5,158,922, and in particular, the substantially amor-
phous zinc hexacyanocobaltate t-butyl alcohol complei
catalysts disclosed in EP-A-0654302. The use of the
25  latter catalyst, for example, is capable of producing
truly monodisperse ‘polyoxyalkylene monols having
exceptionally narrow molecular weight distributions.

In the prepolymer technique utilized in the

subject invention, an isocyanate-termiﬁated, soft-

k 30 'segment—containing, A-side prepolymer is prepared by
reacting an excess of diisbcyanate with a mixture



al kyl ene nmonol . Thus, the preferred process of preparing the 30
Hydr oxyl - f uncti onal polyoxyalkylene monol is to oxy- alkylate a
monohydr oxyl - functional. initiator conpound. The initiater conpound nmay, for

exanpl e,” be an aromati c, -14- aliphatic, or cycloaliphatic
monohydr oxyl -functional initiator. Suitable aromatic initiators include
phenol , benzyl alcohol, alkyl substituted phenols such as nonyl phenol, and
the like. Sui t abl e cycloallphatlc 5 initiators include cyclohexanol,
al kyl substituted cycl ohexanols, cycl opentand?; cycl ohexyl net hanol, and
the Iike. Preferably, however, the initiator is an aliphatic alcohol, for

exanpl e, nethanol, ethan I a

1-octanol, 10 and f: ﬁgp?lilrpé %%ﬁ@&l %ll‘lélr}’l %O%tggfq QR% g’ o‘iyﬁ%kﬁfﬁ? ené
carboxylic acid, in ®Anreh &taseingwe R%F&P@yl areéﬁr%?hr lassdthanahlarepeati c
ester capped poIyoxygékyéﬁﬁebﬁﬁﬁuﬂon1%ﬁecne&ﬂﬁqﬂdﬁ|mmMEGaymbetppkéﬁéﬂaﬂlﬁy '

an suitabl e nmet hod exa b eg 4

bases such as sodlun;ﬁyﬁ?%§qgl pétggéluﬁﬁ%ég%';%rg%ht A &%%3rp§£¥ Tum
met hoxi de, and the | bk, bekwran AouEhR eardt T WedEdt| EQ?-”%Fét d| éﬁiﬁyﬁﬁpﬁzan-
combi nati ons of et agtaamtht@@nphtenél EMiAALAES, ratdb t ecd/dt. of

Preferred catal ysts are ggg?c&aéﬁgte £S& ¥ ”'u1‘é §0{rpln%xreZO erﬁ{}al )iséa}eﬁum

as the zinc hexacyaﬁES% 'ynme” ca & 1i"SC1%08ET
4,843,054 and 5, 158, 9921,amﬂumpqsamceéarabIthO%t?sthht F<al$y0-ailrmr- phous
zi nc hexacyanocobaltate t- butyI al cohol conpl ex

Many isocyanates are useful in the preparation
10 of urethané elastomers. Examples of such isocyanates
may be found in columns 8 and 9 of U.S. Pat. No.
4,690,956, herein incorporated by reference.  The
isocyanates preferred are the commercial isocyanates
toluene diisocyanate (TDI) methylenediphenylenediiso-
15 cyanate (MDI), and crude or polymeric MDI. Other
isocyanates which may be useful include isophoronediiso-
cyanate and dimethylxylylidenediisocyanate. Other
iéqcyanates may be found in the POLYURETHANE HANDBOOK,-
Chapter 3, §3.2, pages 62-73 and POLYURETHANES: CHEMISTRY AND

20 TECHNOLOGY, Chapter II, S§II, pages 17-31.

Modified isocyanates are also useful. Such
isocyanates are generally prepared through the reaction
of a commercial isocyanate, for example TDI or MDI, with
a low molecular weight diol or amine, or alkanolamine or

25 .by the reaction of the isocyanates with themselves. In
the former case, isocyanates containing urethane,
biuret, or urea linkages are prepared, while in the
latter case isocyanates containing allophanate, carbodi-
imide or isocyanurate linkages are formed.

30 Preferred isocyanates include aryl diisocyana-
tes such as 2,4- and 2,6-toluenediisocyanate, 2,2’'-,



catal ysts disclosed in EP-A-0654302. The use of the 25 | atter

catal yst, for exanple, is capable of producing truly nonodisperse
po]yoxyalkylene monol s havi ng exceptionally narrow nol ecul ar wei ght
distributions. In the prepolynmer technique utilized in the subject

I nvention, an isocyanate-term nated, soft- 30 segnent - cont ai ni ng, A-side
prepolyner i s prepared by reacting an excess of di i socyanate with a m xture
conprising PTMEG in maj or portion and a poflgoxyal kyl ene nonol in mnor
portion, preferably |less than 10 wei ght ‘percent based on the wei ght of
PTVMEG nost preferably between about 1 and 6 wei ght percent, and nost
prefera- 5 bl y, bet-yveean@boum 2- ardi phewi gt eTeBilsocyHitites0C Y MDT )at e

may be used in t he Lva r ter t 5.t.0,about
20:1, nore pref e?ﬁ’ﬁgggil%l tnboﬁ)é]fémogg ?)1%&@?% Sé'fﬁ?aé 1phr,
6.0: 1. Many |socaﬁnaixsnayanaﬁ&#|sMchnaer»¢ﬁh§xanﬂdxnsduyanatﬁ, isephane

el ast oners. Ex e 0 at and 9
of U S Par. NGRS BifiedtEieiEr AT e AR ARS8
|socyanates5pref@Ya@dtareiﬂﬁh tofhedicyelohexytnekoane iﬁ@@yin¢@®c?adate

~(TDI). net hyl emdié’&ﬁé&‘é%ﬁétéé? 1Rhen 9&5&9@5%3;@{9&8 aé@du‘ééadet%lr
polymeric Ml . h | spcyapat es whi useful include

i sophor onedi i so- fE?‘éﬁé‘P%alhm 1%1.%%#«5%&4%%1&@%1% LR Hei% Q her
I socyanates may be found in the POLYURETHANE HANDBOOK Chapter 3, 3.2,

pages 62-73 and POLYURET STRY AND .20 NCL . Chapter |1,
I, pages 17 31. Modifi em%cﬁ%%%%n%r%reaﬁ%meﬁ i %’-n 33Pkeb |

group welght percent tailored to the elastomer end use.

10 For elastomers with large quantities of hard segments,
the NCO content of <the soft—segment' prepolymer may
advantageously be from 10% to 20%, while for softer
elastomers where the percentage of hard segments is
less, the NCO group content of the soft-segment prepoly-

15 mer may advantageously be between 3% and 14%, preferably
between 4% and 10%, and most preferably between 5% and -
8%.

Adjustment of the NCO group content of the.
soft-segment prepolymer is within the level:of skill in |
20 the art. NCO group contents in weight percent of the
two most widely used isocyanates, toluene diisocyanate
(TDI) and methylenediphenylene diisocyanate (MDI) are
- 48% 'and 34%, respectively. Reaction of these or other
di- .or polyisocyanates with any isocyanate-reactive
25 component will progressively lower the isocyanate group
content until a ratio of one equivalent of isocyanate to
one equivalent of isocyanate reactive groups is present,
at which time the theoretical isocyanate group content
is zero. However, with a given equivalent ratio
30 (index), the NCO group content will be inversely propor-
tional to the molecular weight of the isocyanate reac-
tive component. Thus, the isocyanate content of a



i socyanates are generally prepared through the reaction of a commerci al

i socyapate, for exanple TDI or MDI, with a | ow nol ecul ar wei ght diol or

ami ne, or al kanol am ne or 25 by the reaction of the isocyanates with
-thenselves. In the forner case, isocyanates containing urethane, biuret,
or urea |linkages are prepared, while in the-latter case isocyanates

cont ai ni ng al l ophanate, carbodi- imde or i sqcyanurat e | i nkages are forned.
30 . Pref'erred i socyanates includée aryl diisocyana- tes such as
2,4- and 2, 6-tol uenedii socyanate, 2,2'-, -16- 2,4'-, and 4,4 - '

di phenyl met hanedi i sogyanatae A Mloduesr kediai Akde Freei f e Wil ,quantt ialyi pimt i
and cycloaliph- atic isocyanates s cg as %’ 6- heﬁ%g_%digfsocym embi?&ﬁ@:‘
rone diisocyanate, 2IRCYHRE éf-erﬁtéﬁ | &FEPoRERy "I so- B <7 cyanate, - and
4, 4' -di cycl ohexy! metieaimgdi idiody anal ebe ahtighenidan thateobtaipes from one

pol yi socyanates are psgd.of hehbobunsidamaly eight pieierably about 2.2 or
| ess. The resulting prepolynmers will contain an NCO group wei ght percent

tailored to the el astoner end use. 10 For elastoners with |arge
quantities of hard segments, (The NEcpelynewrs ajye tinersyrd- B¥gheretinepdig ner

may advantageously begfiamakA% baq200acinatel Okesbtivs @lcapbaeRts WHETE
t he percentage of hard, segnrrents I S Qup cgnjent, o t he

“soft-segment prepol ySt3%E-L %rgﬁwaégézwgggogggﬁg% bet Reeh 39 ;anrcF 4%
preferably between 44t ihikzdd%omnilf mesilijged cimbhindet apeuntsd shPwen be
Adj ustment of the NCQ g .QU CAREYheObrbB8lymer prior to glycol extension
10 to form the elastomer. The reaction 1is generally

conducted at elevated tempetatures, for example from 40-

100°C, more preferably from 50-80'C{ and may optionally

be catalyzed by traditional urethane promoting cata-

~ lysts, e.g., dibutyltin dilaurate, dibutyltin diacetate,

15 ' tertiary amines, phosphoric acid, and the like. The

prepolymer may be advantageously degassed by application

of vacuum.

The soft-segment polyurethane prepolymers are

chain extended with hydroxyl-functional chain extgnders

20 of relatively low molecular weight, i.e., generally less
than 300 Da. Examples of suitable hydroxyl-functional

chain extenders are ethylene glycol, 1,2- and 1,3-
propanediol, 1,2- and 1,4-butanediol, neopentyl.glycolp
2,2,4—trimethyl-1,5-pentanédiol, 1, 6-hexanediol, 1,8-

25 octanediol, 1,10-decanediol, 1,12-dodecanediocl, diethyl-
ene glycol, triethylene glycol, dipropylene glycol,
tripropylene glycol, the polyoxyalkylene glycols of
molecular weights of up to about 300 Da; dihydroxyaroma-

tic compounds such as hydroquinone, resorcinol, 4,4'-

30 dihydroxybiphenyl, the various bisphenols, for example
bisphenol A and bisphenol F, the various dihydroxynapht-



soft-segnent prepolymer is within the level:of skill in 20 the art. NCO
group contents in weight percent of the two nost widely used isocyanates,
tol uene diisocyanate (TDI) and net hyl enedi phenyl ene diisocyanate (MDl) are
48% and 34% respectively. Reaction of these or other di- or

pol yi socyanates with any isocyanate-reactive 25 - conponent will
progressively lower the isocyanate group contggt until a ratio of one

equi val ent of isocyanate to one equival ent of isocyanate reactive groups is
present, at which tinme the theoretical isocyanate group content is zero.
However, wth a gihsdenesquandltehd vardbis SOyalkyliateaxdihydoNGDogaetp

content will be i nvercﬁlg%uﬁﬁgp\gf.ﬁh trﬂ[;ﬁ%?ultta%esllgf%ﬂpé qg:%“t%r LNt fDaaI.he

i socyanate reac- tive conponent. sbcyandat e content o

-17- prepol ymer product obtained from a given quantity of isocyanate
reacted with one nole of a 200Qen&talciyt,ar usei gbf dirssliihkebe hélghad t ban
that obtained fromo . f. I | ar ' [ .

The prepolynmers are B’r&er{é'glrl%gaw@r gg%ﬁ%aﬁ%gcifé\é%ggn%gga% idzeosclfaer?ét'éfor
reacti ve conponeht wd etdei riggipe gefieresplinldprani inwwases, Jeemedtare

not utilized, or if YrddesedblDity Ripidlpuidésresdaal dMdsr Hibbppatbddt@meEhe

prepol ymer prior to 94%%%31%2&&%9%%& Nnrovkl dldRelie eée%f%ti‘igersu nThcfx

reaction is generally conducted at | VAL S tenperatures, Tor exanﬁg rom

40- 100[err]C, nore mEughl §ndreARB®sgaper £¢0, YHrid enapnepel bndimingsh-

catal yzed by traditi dig) elbggiieden RnATOEAN Gta@hathl Y Tudtable -crsidlunkelsn

di I.aur ate, di bu:tl.(y It nar% %8?{/3{7§roxyl functional compounds such as glycerine,
trimethylolpropane and thei; oxyalkylated oligomers,
N,N,N’,N’-tetrakis[2-hydroxyethyl or 2-hydroxypropyl]-
ethylene diamine, the various oxyalkylated aliphatic and
aromatic diamines, aminophenols, and the like, particu-

15 larly triethanolamine and tripropanclamine. The forego-

ing list of crosslinkers is illustrative, and not
limiting. ©Preferably, the polyurethane elastomers of
the subject invention are substantially or completely
.devoid of crosslinkers. )

20 The amounts of chain extenders and optional
crosslinkers are chosen such that virtually complete
reaction of prepolymer NCO groups is achieved when
maximum polymer molecular weight is desired. Greater
amounts of chain extenders over the stoichiometric

25. amount may exert a plasticizing effect which may be
desirable in some instances. Too little chain extender
and/or crossglinker will produce a product containing
residual NCO groups which®may react with each other to
form allophanate, uretdione, or isocyanurate linkages,

30 or with moisture to form urea linkages. In any event,
the polymer properties will change over time, which in
most cases is undesirable. Preferably, chain extenders,



15 tertiary am nes, phosphoric acid, and the Ilike. The prepol yner may
-be, advant ageously degassed by application of vacuum The soft-segnent

- pol yur et hane prepol yners are chain extended with hydroxyl-functional chain
ext enders 20 of relatively |ow nol ecular weight, i.e., generally |ess
than 300 Da. Exanpl es of suitable hydroxyl - fhnctional chain extenders are
et hyl ene glycol, 1,2- and 1, 3- propanedi ol % and 1, 4-but anedi ol ,
neopentyl glycol, 2,2,4-trinmethyl-1, 5- pentanea ol , 1, 6-hexanediol, 1 8- 25
oct anedi ol , 1, 10-decanediol, 1,12-dodecanedi ol , dlethyl ene egcoI

tr:et hyl |eEe| gl yco: @:njar PY.E.SHQID*Y@J.Eﬂssltlﬁ'l![klékg]?)’laﬁélfugédlcéﬂ .ar n%ocyanate
pol yoxyal kyl ene gl ycq wei s_ of .up.to a

di hydr oxyarona- tic éﬁﬁﬁguﬁgnk a§°h§g90qﬁFﬁgﬁ§ﬂﬂﬂé§% # g&g 4,4 - 30
di hydr oxybi phenyl, the various bi sphenols; for exanple bisphenol A and

bi sphenol F, the various di hydfmxﬁagmymer, wa&aeéxt&mért(la? %3 iB¥Sonal
oxyal kyl at ed di hydr ox aro

npoun S | ar _wei ght.,s up to about
500 Do Goner al Iy, wEoBR AP KEE [Tk oPis SRBGHERDL. ARRE TSt THOH HaR O RsL | c
el astoners are dbsir@dgmenos 5 £illeys,t heetmipreingf £ibevss| igdndugtivity

increases, the ”E|tnQHQ@?ﬁﬁﬁb'égéﬂtéfﬂﬂdﬁiﬁa@geheaﬁﬁé ﬁ&%%adBdT@E aﬁEQBES
of crossllnkers may | tensile st

i
conpr essi on set, whi % gr‘r&f’ﬁ?f ypﬁ??ﬁ*ﬁ’szﬁersi ‘g (fﬁﬁ'atlildﬁ‘?'aﬁfg‘epeé’rresent
strength. Sui tabl e cmaysbentimrouphly nixed paoldyhydf exaid 1y dagassedlambnpsunds

iluﬁthlas ng| yceri Ee tzrdﬁnﬁkl?i‘h@é@r Q)%@gnégii%tmﬁ:l beﬂé}féii(ylﬁit %He%f&%?&!es of
-tetra |S[ détagﬁge Xalysts, Qé roé%p Rycéllular products If

microcellular or foamed products are desired, e.g., for
applicatiohs such as jounce bumpers or shoe soles, the
desired amount of reactive or non-reactive blowing agent
may be added. Preferably, the elastomers are non-

15 cellular, and are ‘allowed to cure for 5 to 10 minutes.
Full development of physical properties generally does
not take place until after at least 48 hours.

Having generally described this invention, a

further understanding can be obtained by reference to

20 - certain specific examples which are provided herein for

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

Example 1
Polyurethane Elastomer Using 1.0 Weight % Mono!l Based On Polyol Weight

25 °© An  isocyanate-terminated prepolymer was
prepared using the following formulation:

H



et hyl ene di anmi ne, the various oxyal kyl ated aliphatic and aromatic diam nes,

-am nophenol s, and the |ike, particu- 15 larly triethanol am ne and.
tri propanol am ne. The forego- ing list of crosslinkers is illustrative,.and
not limting. Preferably, the pol yurethane el astoners of the subject

i nvention are substantially or ‘conpletely devoid of crosslinkers. 20

The anpbunts of chain extenders and optional crosslinkers are chosen such
that virtually conplete reaction of prepoF%%Er NCO groups is achi eved when
maxi mum pol yner nol ecul ar wei ght is desired. Geater anounts of chain
extenders over the stoichionetric 25. amount nmay exert a plasticizing
effect which ma e _desirabl e 1 n sone 1 nstances. Too T e charn extdnder
and/ or crossl i n{ePRERQLYMER, FORMUWATION cont aj ni ng resi dual NCO gro ps

whi ch may react |[Witheg ther to form phapat t di on

I socyanurate |i kaes ﬁ%ng or with noi|s a#ﬁre ?g@feE Hirt‘frgea i %e' t(g)
any event, the fgg DI ope hange overl TTHe,
cases is unde5|r

crosslinkers, Eﬂf}s gﬁ%ﬁf@{e ag%ggsgo%i'tg ?ﬁé%@ rorﬂ 8%6%[ Sl%pqsg?lr!a%l y

about 100. The chain extend r(s) and dptional g osslinker(fs),

and opti onag ad | trﬁjr}i nt s orfci ng
fi bers, conhduct} vh?g %aii:égﬂgps oxXi (}aﬁE andd ?jf F avi oI e? q%

t when presgnt may he fhnrmmhly

i nhibitors, pladtf

m xed and pr ef erfadbdoo geg,@ﬁﬁglqnﬁﬁggdcast 2070 0.0016 3.29
polyoxypropylene monol "
(hydroxyl # 27.1)

10 | Total Prepolymer Weight | 449.82

M) [] 110

The 2000 Da polyoxytetramethylene ether glycol
(Terathane® 2000), 2000 Da octanol initiated polyoxypro-
pylene monol, and 4,4’'-diphenylmethane diisocyanate
(MDI) were charged to a 1000 ml, 3-neck round-bottom
15 . flask equipped with a thermocouple, stirrer and nitrogen
" inlet. While stirring, the mixture was heated to 80°C.
The components were reacted at 80°C for approximately 6
hours forming an isocyanate-terminated prepolymer with
a weight percent isocyanate content of 5.87 (theoretical

20 NCO = 6.00%).

The isocyanate-terminated prepolymer was
degassed ul:xder vacuum (<1 mmHg for 20 minutes) and then
chain extended using 1,4-butanediol at isocyanate to
hydroxyl ratio (NCO/OH) of 1.05 (105 index). The

25 ‘prepolymer (174.55 g; 0.2440 equiv.) was added to an 8- |
ounce container followed by the 1,4-butanediol (10.45 g;
0.2323 equiv.) The mixture was stirred thoroughly for.
approximately 1 minute, then cast into closed molds
preheated to 100°C. The molds were transferred to a

30 100°C vented oven and cured about 16 hours. The cured



or extruded, optionally but generally in the presence of 10 sui tabl e
-catal ysts, to formnon-cellular products. |If mcrocellular or foaned:
products are desired, e.g., for applications such as jounce bunpers or shoe
sol es, the desired anmpbunt of reactive or non-reactive bl owi ng agent may be
added. Preferably, the elastoners are non- 15  cellular, and are -
allowed to cure for 5 to 10 mnutes. Full _devel opnent of physica

properties generally does not take place'%htil after at |east 48 hours.
Havi ng general ly described this invention, a further understanding can be
obtai ned by reference to 20 certain specific exanples which are provided
herein for purpsastandend | wereatdemelgidd) and dihemocondibhoredt Cae 4
limting unles her wise»speci L8d. a : 2ol o] Usi ng
10 Vel ght % Voal Backa A Bol Sa e g e eV MEAUIR BaskonES

i socyanat e-t er il pFegorlagtomeraphys ipat faechanicahePFoPEBEHLAg

formul ati on: are GrepgdirRd YVERSHIRMILATI ON MATERI ALS Equi v.
W . Equiva- Weight (g) lents 4,4 -di phenyl met hane diisocy- 125.0
0. 9668 120. 85 anate (MDI) 5 2000 Da pol yoxyt etranet hyl ene 1011

0.3224 32%. 68 Etamgple @l ycol (hydroxyl # 55.5) 2000 Da octanol initiated

2070 0. 00 plyurethdne Fl@seoms <Ysing BV WaghronMohblyBased \On PoBél Weight

An isocyanate-terminated prepolymer was
prepared using the following formulation and the
procedure described in Example 1: '

10 | PREPOLYMER FORMULATION R

MATERIALS Equiv. Wt. | Equivalents | Weight (g) |
4,4’-diphenylmethane 125.0 0.9653 ©120.67
diisocyanate , '
2000 Da polyoxytetramethyl- 1011 | 03193 322.73

15 Il ene ether glycol ‘
(hydroxyl # 55.5)
2000 MW octanol initiated 2070 0.0032 | 6.61 .
polyoxypropylene monol
‘(hydroxyl # 27.1)

20 Total Prepolymer Weight ' 450.01

The isocyanate-terminated prepolymer had a
weight percent isocyanate content of-5.87 (theoretical
NCO = 6.00%).

Cured polyurethane elastomer moldings were

25 = formed from this isocyanate-terminated prepolymer using
the procedure described in Example 1. The elastomer
physical/mechanical properties are reported in Table 1.



10 Total Prepol yner Wi ght 449. 82 The 2000 Da
‘pol yoxyt et ranet hyl ene ether glycol (TerathaneO 2000), 2000 Da oct anol
initiated pol yoxypro- pylene nonol, and 4, 4'-di phenyl net hane diisocyanate
(MDI) were charged to a 1000 m, 3-neck round-bottom 15 fl ask equi pped
with a thernocouple, stirrer and nitrogen inlet. Wile stirring, the

m xture was heated to 80[err]C. The conponents were reacted at 80[err]C for
approxi mately 6 hours forming an isocyanatZ-terni nated prepolymer with a
wei ght percent isocyanate content of 5.87 (theoretical 20 NCO = 6. 009%.
The isocyanate-terminated prepolynmer was degassed under vacuum (<1 mrHg
for 20 mi nut es) Examplen®n chai n ext ended using 1, 4-but anedi ol at isocyanate
to hydroxyl rat PolyutétkiNe Flastonter Usino4.(0( Weigh 1%l dfonol Bakbd OX5Polydlr Wesghy mer
(174.55'g; 0.2440 equiv.) was added to an 8- ounce container followed by
the 1, 4-butanediol (10.45 g; 0.2323 equiv.) The m xture was stirred

thoroughly for. approxi mapaly isotpsh&telbermingtednt préESBfne®! dsyas
preheated to 100 err%C. The nol g_?} were hr ansferrfed tq a.30 %#gog_’ei}rﬁr?]c
vented oven andPEPEESEholfiRE h&hPs. fOMEWERTeq formuiation r re
denol ded afAd t hproceddirei deedriibed4ineBkample2BE and 50%rel ative hunmidity
prior to testing. The el astoner physical/nmechanical- properties are reported
in Table 1. 5 Sar-a—2—Paol e ethane—tlastoner—Usina2 0 Wi abt. 06 AHnol
Based On Pol yol pr epol yner was

“ MATERIALS Equiv. Wt. | Equivalents .Weight ®

4,4’-diphenylmethane 125.0 0.9623 120.29
diisocyanate :

10 2000 Da polyoxytetramethyl- 1011 0.3131 316.48
ene glycol (hydroxyl # 55.5)

2000 MW octanol initiated | 2070 0.0064 13.23
polyoxypropylene monol :
(hydroxyl # 27.1)

15 Total Prepolymer Weight | 450.00

The isocyanate-terminated prepolymer had a
.weight percent isocyanate content of 5.89 (theoretical
NCO = 6.00%).

Cured polyurethane elastomer moldings were

20 formed from this isocyanate-terminated prepolymer using

the procedure described in Example 1 but using 174.51g

of prepolymer. - The elastomer physical/mechanical
properties are reported in Table 1.

Comparative Example:
25 Polyurethane Elastomer Without Monol

An isocyanate-terminated prepolymer was
prepared using the following formulation and the



prepared wusing the followng fornulation and the procedure described
tn Exaople 1: 10 PREPCLYMER FORMULATI ON MATERI ALS Equi v.
W. Equivalents Wight (g) 4,4'-diphenyl nethane 125.0 0. 9653
120. 67 diisocyanate 2000 Da pol yoxytetranet hyl - 1011 0. 3193 322.73
15 ene ether glycol (hydroxyl # 55.5) 2000 MWoctanol initiated 2070
0. 0032 6. 61 pol yoxypropyl ene nonol (hydroxyl # 27.1) 20 Tot al
Prepol yner Wei ght -4%50. 01 The isocyanate-tern nated
prepol yner had a wei ght percent isocyanate content of 5.87 (theoretical NCO
= 6.00% . Cured pol yurethane el astonmer nol dings were 25 formed fromthis
i socyanat e-t er mprdcatyre: pleEsorebeads iimg Exfampdreodedur e descri bed i n Exanpl e
1. The el astonmer physical/ mechanical properties are reported in Table 1.
-22- Exanple 3 R ' | | 9

Pol yol Vi ght Al prEPORYEVMIRIEF ' N Prepol ynmer was prepared [using
-the follow ng ' ' | e
1. PREPOLYMER F TERI ALS Equiv. Wt. | Equivilentd! .| Waigheqgert s
*Weight (g) 4,4 {=k . . .
4,4’-diphenylmethane 125.0 0.9683 121.04
5 diisocyanate

2000 Da polyoxytetramethyl- 1011 0.3254 | 328.96
ene ether glycol ' .
(hydroxyl # 55.5)

2000 MW octanol initiated - - -
10 i polyoxypropylene monol .

| (nydroxyl # 27:1) |
" Total Prepolymer Weight ] 450.00

The isocyanate-terminated prepolymer had a
weight percent isocyanate content of 5.98 (theoretical
15 NCO = 6.00%). |

_ Cured polyurethane elastomer moldings were
formed from this isocyanate-terminated prepolymer using
the procédure described in Example 1 but using 174.369g
(0.2483 equiv) of prepolymer and (10.64 g; 0.2364

20 equiv.) of 1,4-butane diol. The elastomer
physical/mechanical properties are reported in Table 1.

The physical/mechanical properties of the
elastomers are summarized in the table below. It was
found that the addition of monol to elastomers based on

25 polytetramethylene glycol gave unexpected improvements
in the % elongation, tensile strength and tear stfength,
while the other properties remain relatively constant.
It was expected that monol would act as a chain termina-
tor lowering the elastomer molecular weight and thus

30. lower the elastomer physical/mechanical properties;



di i socyanate 10
ene gl ycol (hydroxyl
13. 23 pol yoxypr opyl ene nonol
Vi ght

2000 Da pol yoxytetranet hyl - 1011 0.3131
# 55.5) 2000 MWoctanol initiated 2070 0. 0064
(hydroxyl # 27.1) 15 Tot al Prepol yner

. 450. 00 The isocyanate-term nated prepol yner
had a .wei ght percent isocyanate content of 5.89 (theoretical NCO = 6.00% .
Cured pol yuret hane el astoner nol di ngs were 20 formed fromthis

i socyanat e-t erm nat ed prepol yner using t he24rocedure described in Exanple 1
but using 174.51g of prepol yner. The el astonmer physical/nmechani cal
properties are reported in Table 1. Conparative Exanple: 25 Pol yur et hane
El ast oner Wt hout Monol An | socyanat eTIABIE nat ed pr epol yner was
prepared using the followng forrmulation and the -23- procedure
described in Exanple 1: PRERgL . ‘
Equiv. W. Equivalents | gt
0. 9683 121.
0. 3254 328. §6 ene et her gl ycol
initiated

316. 48

Example 3

10

15

Weight % Moriol

1.0

—_————————————

4.0

Shore A Hardness

83

83

Rebound (%)

72

71

Elongation (%)

508

520

564

619

Tensile Strength (psi)

4520

4930-

5320

100% Modulus (psi)

770

790 -

780

760

Die C Tear Strength (pli)

396

411

428

432

These results are especially surprising in
view of the fact that all the elastomer raw materials
other than the polyoxyalkylene monol are difunctional,
i.e., there is no "excess" functionality over that
required to produce a linear polymér. Thus, addition of
even small quantities of monofunctional reactant would
be expected to severely impact physical properties,

which are known to be molecular weight-dependent.

- Further surprising is that addition of monol does not

20

appear to significantly affect the hardness of the
elastomer, in contrast to the process where monol is
added to the B-side (polyol side) of one shot formula-
tions as disclosed in U.S. Patent No. 3,875,086 where
severe decrease in hardness was observed.



10 pol yoxypropyl ene nonol (hydroxyl # 27:1) Total Prepolyner Wi ght
450. 00 .The i socyanate-term nated prepol yner had a wei ght percent isocyanate
content of 5.98 (theoretical 15 NCO =6. 00% . Cured pol yuret hane el ast oner
nol di ngs were formed fromthis isocyanate-term nated prepol ynmer using the
procedure described in ExXanple 1 but using 174.36g (0.2483 equiv) of

prepol yner and (10.64 g; 0.2364 20 equi v.) of 1, 4- but ane di ol .

The el ast oner physi cal / mechani cal proper2S-es are reported in Table 1. The
physi cal / mechani cal properties of the elastonmers are sunmarized-in the
table below. It was found that the addition of nonol to el astoners based
on 25 pol yt et ranet hyl ernravginge alowg afel 1 &iqmgtmlad e VEpeai iom, the %

el ongation, tensil trengt h_an ear str th..while ot,her, _.pr e ties
‘remain rel ati vel"ﬂf'lgbﬁ%? aﬂ paf?ngzag e>?|5’€ct ﬁ‘afnmoﬁ}(ﬁgall d"a Etpea Eéchai n
term na- tor IoWﬂﬁungumWecMaasEGWBndnmbdaﬁhaatﬂehghCaanHetmadeSﬂheret@mer
the el astoner p 4 El st r
PhyS|caI/NbchanF%htﬁ%#éggg ?ggg nggr |véﬁﬁxaﬁﬁ it %H%é% Exanp e 2
Exanpl e 3 i ghtimgentisin as set fprgh herein.g 4.0 Shore A

Har dness 83 83 83 . 83 5 Rebound (%
75 72 C72 71 .



El ongation (% 508 520 564 619 Tensile
(psi) :4520 ~ 4440 4930 5320.100% Modul us (psi) 770“'!’!@“@%“'" I ]
780 760 Die C Tear Strength (pii) 396 " 411 428 * WS
These results are especially surprising in view of the fact that all the

el astomer raw materials other than the, pol yoxyal kyl ene nonol are

difunctional, i.e., there is no "excess" functionality over that required

to produce a linear polynmer. Thus, additiq%@bf 15 even small quantities

of nmonofunctional reactant woul d be expected to severely inpact physical
properties, which are known to be nol ecul ar wei ght-dependent. Further
surprising is tHglaimisti ti on of nonol does not appear to significantly

af fect the hardness of the 20 el astonmer, in contrast to the process

where nonol is added to the B-side (polyol side) of one shot formula- tions

‘as disclosed in U S. Patent No.p %&%%a\ﬁée@qagg\éﬁgg,dggﬁ@@ggih? predness
was observed. -25- Having now ful'l y described the invention, it wll be

apparent to one ¥FaHIIMBEPMGY °F the art that many changes and
nodi fications can be made gyer eim V\Aimyamﬁémﬂaﬁatheprépblyﬁe@r
scope-of the 5 Ll iNE"LhONGS §RbubC ddht B B £ro CanShé' P’ weight
percent to about 20 weight percent, which is the reac-
tion product of a di- or polyisocyanate having a func-
tionality of about 2 to about 2.2; a polytetfémethylene
ether glycol having a molecular weight between about 600
10 Da and 6000 Da; and from 1 weight percent to about 10
weight percent, based on the weight of said polyoxy-
tetramethylene ether glycol, of a hydroxyl-functional
polyoxyalkylene monol containing in major part oxyalkyl-
ene moieties derived from propylene oxide, butylene
15 oxide, and tetrahydrofuran or mixtures theréof, said
polyoxyalkylene monol héving a molecular weight of from

about 500 Da to about 10,000 Da; and

b) a glycol chain extender at an isocyanéte

index of from about 70 to about 130.

20 2. The polyurethane elastomer of claim 1
o wherein said NCO group content of said prepolymer is
from about 4 weight percent to about 16 weight percent.

3. The polyurethane elastomer of claim 1
wherein said NCO group content of said prepolymer is
25 from about 4 weight percent to about 10 weight percent.

4. The polyurethane elastomer of any one of
claims i to 3 wherein the weight percentage of said
polyoxyalkylene monol is from about 1 weight percent to
about 6 weight pércent.



4

1. A pol yur et hane el astoner, conpri sing the reaction produc
i socyanat e-term nat ed prepol yner 5 havi ng an NCO group c “mm“ﬂ Ill ﬂﬁl?“l“‘
about 2 wei ght percent to about 20 wei ght percent, is the reace

product of a di- or polyisocyanate having a func- tlonallty of about 2 to
about 2.2; a polytetranmethyl ene ether glycol having a nol ecul ar wei ght
“between about 600 10 Da and 6000 Da; and from 1 wei ght percent to about

10 wei ght percent, based on the weight of “¥aid pol yoxy- tetranmethyl ene

et her glycol, of a hydroxyl-functional polyoxyal kyl ene nmonol containing in

maj or part oxyal kyl - ene noieties derived from propyl ene oxide, butylene 15
oxi de, and tetrahydrofura®.or & xalpyratiansfelastonenl y\sxxdladyrledleimonol

having a nol ecul; g f @é)ﬁ.{ﬁ . 10

a glycol chain e%?ewggrggt%% l|£1§éoecyan e mﬁ Pm??%%&g%oﬁgg%%%tgﬁgut

130. 20 product. of:The pol yurethane el astomer of claim 1 wherein

sai d NCO group cont ent, of as,ar dap.r Gj%dy‘g}{atleg f@?@,ﬁ?ﬂé@- ﬁawh?htalpeﬁ@@nt to
ast oner

about 16 wej ght percent ol yur et hane wherein
sai d NCO grloup %ﬂ@n?ofif:eg&l prEE%B %trﬂé“r t 4 weight PereeRbohe gfb%é t gl
percent to abouwelighteipgticeds,Caiiictd. is thHee yedotiier harmlwitnsdprerddt any
R A e EL e
about 2.2; a polytetramethylene ether glycol having a
molecular weight between about 1000 Da and about 4000
10 Da; and from 1 weight percent to about 6 weight percent
Based on the weight of said polyoxytetramethylene ether
glycol of a hydroxyl-functional polyoxyalkylene monol
containing in major part oxyalleene moieties derived
from propylene oxide, butylene oxide, and tetrahydrofur-
15 an, said polyoxyalkylene monol having a molecular weight
of from about 500 Da to about 4000 Da; and
b) a glycol chain extender at an isoc_:yanaite
index of from about 90 to about 110. |

_ 6. The polyurethane elastomer of any one of

20 the preceding claims wherein the oxyalkylene moieties of
said polyoxyalkylene monol comprise minimally 90 weight
percent oxypropylene moieties.

7. The polyurethane elastomer of any one of
the preceding claims wherein said polyoxyalkylene monol
25 is a C;, alkanol initiated polyoxypropylene homopolymer.

8. The polyurethane elastomer of claim 7
wherein the molecular weight of said polyoxyalkylene
monol is from about 1000 Da to about 4000 Da.

. 9. The polyufethane.elastome.r of any one of
30 the preceding claims wherein said di~ or polyisocyanate



5. A pol yurethane el astoner as clained in any one of the pg i(
cl-ai ms: conprising the reaction product of: a) an i socyanatl Rilmﬂgl)“"#"ll)l"l
havi ng an NCO 5 group content of from about 4 weight percent €0 about sl0«
wei ght percent, which is the reaction product of a di- or poly-isocyanate
having a functionality of about 2 to about 2.2; a polytetranethylene ether
gl ycol having a.nol ecul ar wei ght between out 1000 Da and about 4000 10
Da;, and from1 wei ght percent to about 6 Ffght percent based on the wei ght
of said pol yoxytetramet hyl ene ether glycol of a hydroxyl-functional

pol yoxyal kyl ene .nonol__contai ning i n_major part oxyal kyl ene noieties derived
from propyl ene é%i @edipspgranatexsatected frematherafonp cmsisthingaifd

pol yoxyal kyl ene2nanol adivbng-8olReRE Ukl seRvaatef; f3 om aboygt ;500 Dg 4o
about 4000 Da; gng,b), a g& co] chaip, extender at an | socyanat e’ i ndex of
fromabout 90 t§r&poHiPRepYLecthante GictSRA¥ANRERY cRadt omer2of any afite of
20I theI Erfacedkm,g4 cladnscyhele met:hyllﬁxﬁgdoh)alxgaﬁ od gtil €% O aSRiatk 'F ;

pol yoxya ene rise m.nimally wei ght _percent _oxypropyl ene

noi et i es. Y) ?rﬁrg:&g%wégg&t%aﬁelgﬁgﬁ omef 145 A2 BAE ot thé’ﬁ'&b@géﬁﬁ

cl ai s wherei n daigopgphpekeal kisepeonome| ®bisocyametd er rdndl kExures

i niti'ated pol yoxygeag¥l ene honopol yner. 8. The pol yur et hane el ast oner of

claim7 wherein the nol ecul ar wei ght of said pol yoxyal kyl ene nmonol is from
about 1000 Da to about 4000 Da. 9. The pol yur et hane el ast omer of any one

of 30 the preceding claiov WREpeLp@lkihine 1AM eSO ORI one of

the preceding claims-wherein said glycol chain extender

10 - is selected from the group consisting of ethylene
glycol, 1,2- and 1,3-propanediol, 1,2- and 1,4-
butanediol, 1,6-hexanediol, neopentyl glycol, 1,4-
cyclohexanediol, - 1,4-cyclohexane dimethanol, 2,2,4-
trimethylpentane diol, . hydroquinone, 0,0’-bis(2-

15 hydroxyethyl)hydroquinone, 4,4’ -dihydroxybiphenyl,
bisphenol A, bisphenol F, and mixtures thereof.

11. A process for enhancing the physical
properties of a polytetramethylene ether glycol based
polyurethane elastomer prepared by the reaction of an

20 isocyanate terminated prepolymer prepared from poly-
tetramethylene ether glycol with a di- or polyisocyanate
followed by reaction with a glycol chain extender,
comprising:

preparing said prepolymer in the presence of

25 from about 1 weight percent to about 10 weight percent,
based on the weight of said polyoxytetramethylene ether
glycol, of a hydroxyl-functional polyoxyalkylene monol
having a molecular weight of from 500 Da to about 10,000
Da, said polyoxyalkylene monol comprising in excess of

30 50 weight percent of oxypropylene or oxybutylene moi-
eties, or mixtures thereof.



-28- is a diisocyanate selected fromthe group consisting of 1
6=tolfuene diisocyanate; 2,4'-, 2,2'-, and 4,4' -diphenyl netha HI ‘"ﬂw I "HI"“"'
dii socyanate; 2,4'-, 2,2'-, and 4, 4'-dicycl ohexyl met hane diisdcyanate;n5s =

t et ramet hyl xyl i dene di i socyanat e; 1, 6- hexane diisocyanate; isophorone
di i socyanate, and m xtures thereof. 10. The pol yurethane el astoner of any
one of the preceding clains wherein said glycol chain extender 10 IS
selected from the group consisting of%gthylene glycol, 1,2- and

1, 3-propanediol, 1,2- and 1,4- butanediol, 1, 6-hexanediol, neopentyl
glycol, 1,4- cyclohexanediol, 1, 4-cyclohexane dinethanol, 2,2,4-
trimethyl pentane diol, lZwdThgui popeess @' chiagn2-115wherkeyidr oggedhyl )
hydroqui none,  prbdh1ynlNEenhesy REPREGN! abdihe PP GRAgHA R n d

m Xt ures thereogf E% %giwocess-for eﬁ%d%é?%%n?he ﬁﬁéépga?ggﬁogérg#%§gof

pol yt et r anet hyl éife ¥SHERE gPRESENEANEP FFGPet haRd daist chelyexybetra- by
the reaction of mth3lene |esxiaam yaccslermgaaeﬁou@@aq!awwei@rrﬁp%@ﬁé&ﬁm

poly- tetr t hyl ene .et her _gl yco i.th_a di- or polyisocyanate followed by
reaction w%?ﬁ a&&e&{;’caa &?aia%oé%{ &‘W& ,BaCOITpI‘i sing: preparing said :
prepol yner in the presence of 25 from about 1 weight percent to about 10

wei ght percent, based on tjhe paht i d I etyanmet hyl ene_et her
glycol, of a hydroxyL-fung?Fona gpo?%%%%%#ky enéaéé#oliﬁa§FﬁgcgaﬁBIe | ar
wei ght of from HeTBiN oSabdupolyocsye lkylepsi dnpaodd odyal &kylCepe aikamol
gg;ﬂ;u ; : ggel goieii‘h‘i.%ia@ed%bolyoﬁ%ﬂfﬁﬁﬂer@r CeRindl RAVPREPY-GRSL Qbular
weight from about 500 Da to about 4000 Da.

10 1l4. The process of any one of claims 11 to 13
wherein said glycol chain extender is selected from the
group consisting of ethylene glycol, 1,4-butanediol,
diethylene glycol, 1,6-hexane diol, and mixtures
thereof. '

15 - 15. The process'of.claim any one of claims 11
to 14 wherein said polyoxyalkylene monol is present in
an amount of from about 1 to about 6 weight percent.

16. The process of claim 15 wherein said
polyoxyalkylene monol is present in an amount of from
20 .about 1 to about 4 weight percent.



eties, or mxtures thereof. -29- 12. The process of claim 11 wherein
‘saizdi prepol yner contains from about 4 weight percent to about 10 wei ght

per cent NCO groups, and said pol yoxytetra- nethyl ene ether glycol has a
nol-ecul ar wei ght of fromb5 1000 Da to about 6000 Da. 13. The process of
claim 11l or claim 12 wherein said pol yexg8l kyl ene nonol is a Cferr] al kanol
initiated pol yoxypropyl ene nonol havi ng a nol ecul ar wei ght from about 500
Da to about 4000 Da. 10 14. The process of any one of clains
11 to 13 wherein said glycol chain extender is selected fromthe group
consi sting of ethylene glycol, 1,4-butanediol, diethylene glycol,

L 6-hexane _di ol ,IMPROVED FFMEGROLYURETHANE ELASPOMBRSr ocess
of claimany one o . N ygonol is
present in an annuA@R%?Ig?gzég%gﬁﬁﬂgﬂ?gqgggﬁfﬁgﬂkggbggr%gpggﬂ.f . The
process of claim 15 wherein said pol yoxyal kyl ene nonol is present in an

anmount of from 20 about 1 to about 4 weight percent.
Abstract

. The addition of minor quantities of a

5 hydroxyl-functional polyoxyalkylene monol to a PTMEG-

derived isocyanate-terminated prepolymer during pre-

polymer preparation enables the preparation of glycol

" extended polyurethane elastomers which exhibit improved

physical prOperties, particularly elongation, tensile

10 strength, and tear strehgth, without significantly
affecting elastomer hardness.



