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Background Art

25 Processing characteristics are critical in
.assessing. the commercial viability of polyurethane
elastomers. Examples of these processing characteris-
tics are the pot life, gel time, demold time, and green

strength, among'dthers. L commercially useful pot life
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: longer pot life and increased gel time, but will often

render demold time unsatisfactory, and vice versa.

15 Green strength is also important. Green
strength is a partially subjective measure of the
durabiiity of a polyurethane part immediately following
demold. The characteristics of the polyurethane forming
reaction is such that full strength of the polyurethane

20 part does not develop for a considerable time after
casting. The partially cured, or "“green" part must
nevertheless be demolded within a reasonable time.
Polyurethane parts typically display two types of "poor"
green strength. One type is such that the part is

25 gelled and rigid, but is brittle and easily torn. Those
normally skilled in the art of polyurethane elastomers
refer to this type of poor green strength as "cheesy" in
reference to its "cheese-like" consistency. The other
type of "poor" green strength is when the part is soft

30  and pliable, and permanently distorts during the demold-
ing process. By contrast, parts which upon demold
display durability and which can be twisted or bent
without permanent damage are said to possess "excellent"
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It is well known in the art that polyurea and

polyurethane/urea elastomers are much easier to process

15 than all urethane elastomers. Polyurea and polyure-

thane/urea elastomers are prepared using amine-termi-

nated polyols and/or diamine chain extenders. The most

common urethane/urea elastomer system uses a toluene

diisocyanate prepolymer reacted with the diamine extend-

20 er, methylene-bis-(2-chloroaniline), better known as

MOCA or MBOCA. This system is known to give a long pot

life (10 to 20 minutes) with commercially acceptable

demold times of less than 60 minutes with excellent

green strength. In addition to this, there is minimal

25 sensitivity to changes in processing conditions with

this system. However, some of the physical properties

of the elastomers containing urea linkages are inferior

compared to all urethane elastomers (i.e. softness, tear

strength, resilience and hydrolysis resistance). Other

30 common diamine chain extenders may unduly affect pot
life and gel time, however. '
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In U.S. Patent No. 5,106,874 is disclosed the
use of polyoxyethylene capped polyoxypropylene polyether
polyols in diamine extended polyurethane/urea elastomers

15 where the polyol is prepared using alkali metal cata-
lysts and low temperatures to minimize polyol unsatur-
ation. The '874 patentees indicate that when ethylene
oxide' capped polyols having an unsaturation of 0.04
meq/g polyol are used in the preparation of diamine

20 extended elastomers, demold time and green strength
improve. However, the systems disclosed are rigid
polyurethane/urea elastomers with a high proportion of
urea linkages only suitable for RIM, as demold times are
on the order of 30-40 seconds.

25 Polyol unsaturation and its effect on polyure-
thane properties has beeﬁ commented upon at great
length, although the effects are unpredictable and
difficult to quantify. The relationship of unsaturation
to processing has not been studied to any great degree.

30 During synthesis of polvoxypropylene polyols by base
catalyzed oxypropylation of a suitable polyhydric
initiator, a competing r=arrangement produces monohydric
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percent, a similarly prepared diol of 2000 equivalent
weight may contain 45 mol percent to 50 mol percent of
monol. This large increase in monol content lowers the

15 nominal functionality of two to an average functionality
of c.a. 1.6 or less.

Polyol unsaturation is generally measured by
titration in accordance with ASTM test method D-2849-69
or its equivalent, and is expressed in milliequivalents
20 of unsaturation per gram of polyol, hereinafter,
"meqg/g" . Traditional, base-catalyzed polyols in’ the
moderate to higher equivalent weight range, for example
from 1000 Da to 2000 Da equivalent weight, generally
have unsaturations in the range of 0.03 to about 0.095
25 meq/q. '

To lower the unsaturation, and thus the monol
content, various process parameters have been adjusted,
such as the catalyst level and oxyalkylation tempera-
ture. However, improvement in the level of unsaturation

310 in such cases comes at the expense of process time.
Moreover, the improvement is at best marginal. Use of
alternative catalyst systems, such as barium hydroxide,
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Significant improvement in monol content of
polyoxypropylene polyols has been achieved using double
metal cyanide catalysts, for example the non-stoichio-
metric zinc hexacyanocobaltate-glyme catalysts disclosed

15 in U.S. Patent No. 5,158,922. Through use of such
catalysts, polyoxypropylene polyols of much higher
molecular weight than previously thought possible have
been prepared, for example 10,000 Da polyoxypropylene
triols with unsaturations of 0.017 meqg/g. J.W. Reish et

20 al., "Polvurethane Sealants and Cast Elastomers With
Superior Physical Properties", - 33RD ANNUAL POLYURETHANE .
MARKETING CONFERENCE, September 30 - October 3, 1990, pp.
368-374.

Numerous patents have addressed the use of

25 ' higher molecular weight polyols to prepare polyure-
thanes. 1In such cases, the improvements are said to
result either solely from the ability to provide higher
molecular weight polyols of useful functionality, or
‘additionally, the low monol content, the monol thought

30 to react as."chain'—stoppers“ during polyurethane addi-
tion polymerization. Illustrative examples of such
patents are U.S. Patent No. 5,124,425 (room temperature
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PaPent No. 5,100,922 (high molecular weight polyols,
preferably DMC-glyme catalyzed, together with aromatic
crosslinking agent useful in preparing integral skin
foams); U.S. Patent No. 5,300,535 (hiéh.molecular weight
polyols with unsaturation less than 0.07 meq/g useful in

‘preparing foams with low resonant frequencies for

20

seating applications); and U.S. Patent No. 4,239,879
(elastomers based on high equivalent weight polyols).
However, none of these patents address processing
characteristics, which are of paramdunt importance in
the cast elastomer industry. '

C.P. Smith et al., in "Thermoplastic Polyure-

. thane Elastomers Made From High Molecular Weight Poly-L™

25

30

Polyols", POLYURETHANES WORLD CONGRESS 1991, September 24-26,
1991, pp. 313-318, discloses thermoplastic elastomers
(TPU) prepared from polyoxyethylene éapped polyoxypro-
pylene diols with unsaturation in the range of 0.014 -
0.018 meq/g. The polyols used wege prepared using
double metal cyanide-glyme catalysts;'énd the elastomers
showed increased physical properties as compared to
elastomers prepared from a convention&lly catalyzed diol
of 0.08 meqg/g unsaturation. Additionﬁl examples of low
unsaturation polyols in polyurethane eiastomers is given
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It has been reported that low unsaturation
polyols sometimes produce polyurethanes with anomalous
properties. For example, the substitution of a low

15 unsaturation 10,000 Da molecular weight triol for a 6000
Da molecular weight conventionally catalyzed triol
produced an elastomer of higher Shore A hardness where
one would expect a softer elastomer, whereas substitu-
tion of a similarly DMC-glyme catalyzed 6000 Da molecu-

20 lar weight triol for a conventional 6000 Da molecular
weight triol showed no increase in hardness. R.L.
Mascioli, "Urethane Applications for Novel High Molecu-
lar Weight Polyols®, 32ND ANNUAL POLYURETHANE TECHNICAL/MARKETING

- CONFERENCE, October 1-4, 1989. Moreover, and as more

25 fully set forth below, butanediol extended elastomers
prepared from DMC-glyme ‘catalyzed polyols exhibited
demold times of 150 minutes or more, which is commer-
cially unacceptable in cast elastomer applications.

In copending U.S. application Serial No.

30 08/156,534, herein incorporated by reﬁerence, are dis-
closed novel double metal cyanide-t—butanol (DMC - TBA)
catalysts prepared by' intimate mixing of catalyst
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CONFERENCE, Cctober 1-4, 1989. NMbreover, and as nore 25 fully set forth

bel ow, butanedi ol extended el astomers prepared from DMC glyme catal yzed
pal'yol s exhibited denol dWhikestbe megsurablesunsabwratiohigipliesamer-

ci-ally unggcept ght-g t@oﬁaﬂye@&&o%{t apphiicat i @ikifol | %o%%ﬁ'ﬂd' nge U
application Seri /156, 534, herein_ingorpara l?*B ref erence,
@ﬁVC A)

are dis- cl osedeﬁaﬁﬁl‘a&gﬁbl%u’r%‘f]a"rl%a .t PR HET AUy st s
prepared by i nt poiyelsi xbyg gl cgeahgation chromatography showed no

détectable low molecular weight fraction. The polyols
are essentially monodisperse. The virtually complete

15 absence of any low molecular weight species renders such.
polyols different in kind from even those prepared from
DMC-glyme catalysts. '

Summary Of The Invention

It is an object of the present invention to
20 provide polyurethane elastomers with improved demold
times and green strength.

It is a fu:ther object of the present inven-
tion to provide diol extended polyurethane elastomers
which may be demolded in one hour or less.

25 It is a yet further object of the present
invention to provide diol extended polyurethane elasto-
mers which develop good green strength in one hour or
less.



-9- ‘react ant s. These catalysts lack the crystallinity characteristic of
DMC. gl yne catal ysts _as shown by X-ray diffraction studies, and noreover
exhibit threefold to tenfold higher activity in propyl ene oxide polyneriza-
5 . tion. It is especially surprising.{hat the unsaturation is |lowered to
unprecedented ultra-Iow val ues through use of these catalysts, with
nmeasur ed unsaturations of from0.003 neqg/g to 0.007 neqg/g routinely

achi eved. Wile the neasyEa?gesgg§?tgr@h&gﬂegng H%%ta%f1Qhe %?%9 %ﬁonally
|l ow but finite nonol content, i I s especi ally surpr[s[né) at anal ysi s
of the productipvenbianyie gaovidenealyeokhehRaiodgrapRysshbers wik.ch
det ect abl e | ow,pB! gEidraE 1 YEAHY tdd T PrephFengObY DY Sratkarks Sadral] ¥
nonodi sper se. The V|Eﬁuall o ete .15 absence onPgﬁﬁg%gm/nolecular
wei ght _Speci esPPERAUEE s ARSI CERgLeT ST PHasty § Fiese
prepar€d Brom béEaghyng phyalgal sprdeentargs . Of The | nvention It is an object
of the present invention to 20 provi de pol yuret hane el astoners with

i mproved denold tinmes and green strength. It |{s ,a further object of the
present inven- tion to prbvi@g BPBI PERR eRUER pRigA et RiFrrwaLes dhsts whi ch
may be denol ded mdrenehdimutwefol®sedutfrion in polyurethahé &laiofay t her

ol hsto- er 5 whPER et bRY iy b ALHNRGE Bl ¥HETAEE B peddmine
nately polyoxypropylene polyether polyols having mea-
10 sured unsaturations of 0.010 meq/g polyol or less. It
has further been surprisingly discovered that even
further improvements in demold time are possible when
the ultra-low unsaturation polyols have a polydispersity

of 1.4 or greater.

15 It has further been discovered that micro-
cellular elastomer formulations exhibit a surprising
decrease in shrinkage when the majority of the polyether
polyols used in their preparation are polyoxypropylene
polyols having measured unsaturation of less than 0.010

20 neqg/g.

Brief Description Of The Drawings

FIGURE 1 is a gel permeation chromatography
trace of a polyoxypropylene triol prepared in the pres-
ence of a DMC-glyme catalyst;

25 FIGURE 2 is a gel permeation chromatography
trace of a polyoxypropylene triol similar to that of
Figure 1, but prepared in the presence of DMC-TBA
catalyst; and



| ess.’ -10- It is still a further object of the present invention to
provi de pol yet her polyol conpositions which are uniquely adapted for
prepari ng pol yurethane el asto- ners with inproved denold and/or green
strength while-5 retaining physical prgperties. It has now been
surprisingly discovered that a nore than twofold reduction in polyurethane
el astoner denold tine nay be achleved t hrough the use of predom - nately
pol yoxypr opyl ene pol yeth 0 n urations of
0. 010 neq/ g pol yol, or Ie?IMEyO% E??ﬁ;‘i’%@g# s?JfF ?Fé?%%%yﬁlga Jer ed
that even furt FSFRINHT SPERERESUFR @%ﬁbp@ lyurethaae Qﬂm?EMmynpahed

ul tra-1ow unsatfirct i @n I&Q|thf@L§oha\(ﬂls&tlﬁQh‘tdbﬁp%fo%M Qif,f 1tﬂe0%u35%§Eer 15
It has further been ,di scov

f m cr o- ceII%t% zkoner formul ati ons

exhibit a sur prﬁ%l‘aﬁbtlt?&raél sgnl?‘l LTRSS SRS T EO%? % pnsptuga-
pol yet her Pol ydlimmugesdlyal t heir preparation are pol yoxypropyl ene pol yol s
havi ng nmeasured unsaturation of less than 0.010 20 . neg/g. Brief
Description O The Drawings FIGURE 1 is a gel permeation chronatography
trace of a polyoxypropyle?*S“lu:O-*-cFMi;r i nbedimendsce of a DMVC. gl yne
catal yst; 25 FIGURE 2 is a gel perneation chromatography trace
of a pol yoxypropylene triol simlar to that of

The polyurethane elastomers of the subject

invention are prepared by the reaction of a di- or
polyisocyanate, preferably a diisocyanate, with a

10 polyoxyalkylene polyether polyol mixture by either the
prepolymer, one-shot, or other techniques, using diols,
or mixtures thereof as chain extenders. While the
process of preparing polyurethane elastomers and the raw
materials which have been used in the past are well

15 known to those skilled in the art, reference may be had
to the following material for purposes of basic refer-
ence.

By the term "polyurethane" is meant a polymer
whose structure contains predominately urethane

20
~[-NH—-C—0-]—
linkages between repeating units. Such linkages are
formed by the addition reaction between an organic
25 isocyanate group R—[—NCO] and an organic hydroxyl group

[HO—]—R. In order to form a polymer, the organic
isocyanate and hydroxyl group—containipg compounds must
be at least difunctional. However, as modernly under-
stood, the term "polyurethane" is not limited to those
30 polymers containing only urethane linkgges, but includes
polymers containing minor amounts=:of allophanate,
biuret, carbodiimide, oxazolinyl, isd¢yanurate, ureti-



Figure 1, but prepared in the presence of DMC TBA catal yst; and FI GURE 3
contains plots of storage nodul us agai nst tenperature of a pol yurethane

el astonmer prepared froman ultra-1ow unsaturation polyol of the subject

i nvention and an el astoner prepared froma,l ow unsatura- 5 tion polyol.
Description of Preferred Enbodi nents .The pol yuret hane el astoners of the
subj ect invention are prepared by the reaction of a di- or polyisocyanate,

-preferably a dii;socyanate, with a_l ol yoxyal kyl eng pol.yet her pol yol

i xtur e by of t hOLOERIORPept YT - 2Bfle- QHBTE  dEkBRER  HehAcasLon, Sy

diol's, or m xtungethhseeof The ctraatimusermferssocyandtes twieigir doess ©f

preparing pol yukgklaneyskasd PBikaAR e LahaPLALA A ot ShRavRaheen
| 15 K killed in the art,

used in the past are we nown to those. ski .

reference may bEANRIKo GRS IV Sy Bt-er HaRses: PHBLpEBEES of MpRLER: 1 ef er -
ence. By ti5edt e_®m9'85?I yurcaiatg:aaa" 2i, Sp Mepi1 ;aapdl oL YhesEaNgs | tt@;buf&ny]

cont ai ns predom n . .lerr

| i nkages bet V\Beﬁ{ﬁ? t&%@é‘#ﬁ@‘uﬁi' Fé.zé)au%eﬁ PR es ERE Por P%’é'ae’a%ﬁ’f%%ce

addi tion reacti Gubdashess.aNewr Yanke 2%63, Chartematld.gmpup 6B-LIRCO  and
an organi ¢ hydroxyl group [HO]-R In order to forma polyner, the

organi c i socyanate and hyq‘ oxyl gr.oup-cont ai ni ng con‘gound,s must be_at | east
deF PRIt cact

di functional . However, orming on 1s generally
catalyzed. Catalysts useful are well known to those
10 skilled in the art, and many examples may be found for

example, in the POLYURETHANE HANDBOOK, Chapter 3, § 3.4.1 on
pages 90-95; and in POLYURETHANE: CHEMISTRY AND TECHNOLOGY, in
Chapter IV, pp. 129-217. Most commonly utilized cata-
lysts are tertiary amines and organotin compounds,

15 particularly dibutyltin diacetate and dibutyltin
dilautrate. Combinations of catalysts are often useful
also.

In the preparation of polyurethanes, the

isocyanate is reacted with the active hydrogen-contain-

20 ing compound(s) in an isocyanate to active hydrogen
ratio of from 0.5 to 1 to 10 to 1. The "index" of the
composition is defined as the —NCO/active hydrogen ratio
multiplied by 100. While the extremely large range
described previously may be utilized, most polyurethane

25 processes have indices of from 70 to about 129 or 130,
more preferably from 95 to about 110, and most prefer-

ably from 100 to 105. In calculating the quantity of
active hydrogens present, in general all active hydrogen
containing compounds other than non-dissolving solids

30 are taken into account. Thus, the total is inclusive of
polyols, chain extenders, functional plasticizers, etc.



stood, the term "pol yurethane"” is not limted to those 30 pol ymer s
contai ning only urethane |inkages, but includes polyners containing mnor
anounts of allophanate, biuret, carbodiimde, oxazolinyl, isocyanurate,
ureti - -12- dinedione, urea, and other_]inkages in addition to urethane.
The reactions of isocyanates which | ead v these types of |inkages are
summari zed in the POLYURETHANE HANDBOCK, CGunter Vertel, Ed., Hanser
Publ i shers, Munich, 5 1985, in Chapter 2,,g“ 7-41; and_i n POLYURETHANES:
CHEM STRY AND TECHNOLOGY, FYA59xY8E, SF@MPs CoRGakNENI FEpmRAundst adycdisde

Publ i shers, NewiYefkl itDGhe Shepaeatidh,oppoliRdrbthantbeate eldmirg dedr N Ng
reaction is gen |3 ul, age 11 _kno to those
10 skilled i%B?h%gg%?%&gﬁéﬁﬁﬁH§M%§é€ﬁ¥ggﬁﬁ%§%%ébfoéné' tup %ﬁn)%i in

t he POLYURETHANEL HAAIDBOOK, PENERATEANES : CBEMISTRY0 AND JERSENGOGO 5N fnter

POLYURETHARE: CHEM §ERY ANRIECHNOLEEYesi B2CA80t erydn) wfaré%?r?g%#y\/ost
commonly utilized cata; lysts are tertiary am nes, an gapot’i n “conpounds,

(0]
15 par ti cul afPHtaynbRg yIGaPouRcsc elaY e P2 aFed bapyhﬁihnsai | SHnla e
Conbi nati ons of at#phhybst glarenlaf,t dbhydebxl atamtias,t pbarpiepdanly Ahef

pol yur et hanes, j n [ eq i t. -achl r n- cont ai n-
20 I ng conpo§2§?§§88¥%'§%§?§§%£§%§?éqf%h%%F%§g ﬁ§%¥%g%%M$h&%§¥§sfron1
0.5 to 1 to 10 kers, amd Palyisetads t ABOBGNPERSXS on Exsensivaekisis tafe
-NCO actiye hydsggeablat belpulsi phivebeb¥ol@d in Whd ealidiee exdfa&r@ided ar ge
range and in many patents, for example in columns 2 and 3 of
U.S. Pat. No. 3,652,639; columns 2-6 of U.S. Pat. No.
4,421,872; and columns 4-6 of U.S. Pat. No. 4,310,632;
these three patents being hereby incorporated by refer-

15 ence.

Preferably used are hydroxyl-terminated
polyoxyalkylene and polyester polyols. The former are
generally prepared by well known methods, for example by
the base catalyzed addition of an alkylene oxide,

20 preferably ethylene oxide (oxirane), propylene oxide
(methyloxirane) or butylene oxide (ethyloxirane) onto an
initiator molecule containing on the avérage two or more
active hydrogens. Examples of preferred initiator
molecules are dihydric initiators, such as ethylene

25 glycol, 1,6-hexanediol, hydroquinone; resorcinol, the
bisphenols, aniline and other aromatic monoamines,
aliphatic monoamines, and monoesters of glycerine;
trihydric initiators such as glycerine, trimethylolpro-
pane, trimethylolethane, N-alkylphenylenediamines,

30 mono-, di-, and trialkanolamines; tetrahydric initiators
such as ethylene diamine, propylehéﬁiamine, 2,4'-,
2,2'-, and' 4,4'-methylenedianiline, tbiuenediamine, and
pentaerythritol; pentahydric initiatoié;such as diethyl-



described previously may be utilized, nost pol yurethane 25 processes
have i ndices of from70 to about 120 or 130, nore preferably from95 to
about 110, and nost prefer- ably from 100 to 105. 1In calculating the
guantity of active hydrogens present, in _general all active hydrogen
cont ai ni ng conpounds ot her than non- di sSO1 Vi ng solids 30 are taken into
account. Thus, the total is inclusive of polyols, chain extenders,
functional -plasticizers, etc. - 13- groxgl %rou -c%gta'ning conpounds
(pol yol s) LweﬁLﬁn??Fﬁﬁmﬁﬁﬁeﬁ%?aﬁrﬂﬁt8¥t% 1527 L hanadsda PEXFa¥EF tBe@n t he
POLYURETHANE HAMPROGAT v Graiptietcls shich apagesbdPel6dnd amgcrdse.
POLYURETHANES: CHEM STRY AND TECHNCLOGY in Chapter 5 1, 11l and 1V,
pages 32-47. Many hydroxyl -group containing conpounds nmay be used,

i ncl udi ng sinpl e al i phat i23H5A3} of drhyvlens axd@at tes thsarimidiladory t he

bi sphenol s, andny&E@xys hpF rdakat ;giaal@! }é@hﬁ@?éne@@él@so_r tdfuerdNdlly
Ists O

pol yacetal s, anong ot hers.. Extensi L .10, suit abl e .pal yol,S may be
Pound in the abBier ATEs SHAR Oty AKVISRS BEIGRL LS PErde.Bom iR dB ums 2
and 3 of U.S. Patockb. r3ndsm, 639d ddlaphsaddemofpdly®exyRdkyline 4Hod3t 872;
and col ums 4- 6.@fe bk S. s 403 1L B9Rphiee1 PELRNL P!
her eby incorpor%téﬁ b refePL gr ° gﬁ%e, re eragly ] uggg. ,angﬁkﬂg
ydroxyl -term n n : r are
hyd | i n% p‘%’?%&/& rEnet ARkt Jweregeps ¥B she vimd tigtes
general I'y prepancliedylae! | Pkoosss et fard sprémar imenpich IpoIykhease @ al yzed
addi tion % an géggzlrfﬂgd %&e in the POLYURETHANE HANDBOOK and POLYURETHANES :
CHEMISTRY AND TECHNOLOGY as well as in many patents, for
example U.S. Pat. Nos. 1,922,451; 2,674,619; 1,922,459;
3,190,927; and 3,346,557. Preferable are polyether
polyols having exceptionally low levels of unsaturation,
15 prepared using double metal cyanide complex catalysts as

described infra.

Polyester polyols also represent preferred
polyurethane-forming reactants. Such polyesters are
well known in the art and are prepared simply by poly-

20 merizing polycarboxylic acids or their derivatives, 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,

25 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, a-methylglucoside, and
sorbitol. Alsc suitable are low molecular weight

30 polyoxyalkylene glycols such as polyoxyethylene glycol,
polyoxypropylene glycol, and block af;_d random polyoxy-
ethylene-polyoxypropylene glycols. " These lists of



20 - preferably ethylene oxide (oxirane), probylene oxi de (met hyl oxirane)
or butylene oxide (ethyloxirane) onto an initiator nolecule containing on

t-he average two or nore active hydrogens. Exanpl es of preferred
initiator nolecules are dihydric |n|t|ato ? such as et hyl ene 25 gl ycol,
1, 6- hexanedi ol , hydroqui none, resorcinol, "The bisphenols, aniline and

ot her aronatic nonoam nes, aliphatic nonoam nes, and nonoesters of

glycerine; trihydric.initiataors uch erine, t t hyl.ol pro ane,
trlnethyloletha Carbﬁggﬁkclaﬁé Ieﬁbdlégﬁﬁbs I*é?%fgk J) %%ﬁ
trlalkanolanlnegndtaptahymlttnw{nIﬁnaﬁucsssu@ﬁ Eﬁixnﬂnﬂhgméddbanuaed to

propyl enedi am ngpedréd h d3®£¥l téyﬁin%tﬁoh”eébﬂﬁgﬂﬁﬁ“éﬂyﬂd groups are
t ol uenedi am ne, andngﬁécaer hritol; ‘ﬁﬁ?ta dric nltlators sucﬁ

di et hyl - enefAs8 SRS BFFR-IRR S| N@F hofg ﬂéx@ﬁ%ﬁl%tm
oct ahydri ¢ 5i ni t ioft @S Usdlvass tsea hdiInto 1an chrsel of Deen Addthéopo@bnﬂiwkene

oxide to the i”h&hn\%ﬂ% é‘i’?é%%o}yﬁé%énﬁ»{%ée Bl ey 1M H%Qﬁ%g&

sequentially 5 en nor e yl éne~oxi de use resultlng in
bl ock, random and bl ock-random pol yoxyal kyl ene poly- ethers. The nunber of

hyd{gxyl groups wi || genenabbysie#6ualad CHAGNYBICELE! viky vSoWHEPTENS
in the initiator ecul e cesses reparin yvethers are
descri bed both Wﬁggﬁée%CEV& %ﬁANE H& DB@EngﬁdpﬁgxqﬁﬁE$a% i CFREAWISTRY
AND TECHNOLOGY &® Wwhkl aas, |andaayeppmepangdfhy uheaapleltmspofamerﬁba—
1,922,451 o2, 674,48 9oflo§320r4§r%re3vlﬁ9l dnor %@eﬁ%laragfgi&ﬁfbl e are

polyether polyols avi ng excepti onal ve s of unsat
trile and/or styrene, 1n the presence of a polyether or

polyester polyol, particularly polyols containing a
minor amount of natural or induced unsaturation.
Methods of preparing polymer polyvols may be found in

15 columns 1-5 and in the Examples of U.S. Pat. No.
3,652,639; in columns 1-6 and the Examples of U.S. Pat.
No. 3,823,201; particularly in columns 2-8 and the
Examples of U.S. Pat. No. 4,690,956; and in U.S. Patents
4,524,157; 3,304,273; 3,383,351; 3,523,093; 3,953,393;

20 3,655,553; and 4,119,586, all of which patents are
herein incorporated by reference.

Non-vinyl polymer modified polyols are also

preferred, for example those prepared by the reaction of

2 a polyisocyanate with an alkanolamine in the presence of
25 a polyol as taught by U.S. Pat. Nos. 4,293,470;
4,296,213; and 4,374,209; dispersions of polyisocyan-
urates containing pendant urea groups as taught by U.S.

Pat. No. 4,386,167; and polyisocyanurate dispersions

also containing biuret linkages as taught by U.S. Pat.

30 No. 4,359,541. Other polymer modified polyols may be
prepared by the in situ size reduction of polymers until



15 < prepared using double metal cyanide conplex catal ysts as descri bed
i nfra. Pol yester polyols also represent preferred pol yurethane-form ng
react ant s. Such-pol yesters are well known in the art and are prepared
sinply by poly- 20 meri zi ng polycarbgggLic acids or their derivatives,
for exanple their acid chlorides or anhydrides, with a polyol. Nunerous
pol ycarboxylic acids are suitable, for exanple malonic acid, citric

acid, succini acj gl Ut arsi ' eV hd, pi kc_acid,.azelaic
acid, 25 se%gg i ?a%ctllcgi%llérra lezl%calgéc?kde, géju%aarﬁll ?gcfnaj gg?!’g%ﬁ%ﬂjﬂi te88id, and
pht hal i ¢ aci d. tha®ed8usmpol yol s are suitable, for exanple the various

aliphatic glycols, trinmethylol- propane and tri nethyl ol et hane,
[err]-methyl gl ucosi de, apd sorbitol. Al so sgi iabl e are |ow nol ecul ar
wei ght 30 pol yoxyal kyMBRE §POTHRRALRR REEs UEEFYOXYR(TRA BRergrpELen
pol yoxypr opyl eref ghretbhhneand Ixangkl end fr andhnipotyanates may be found
sthyl ene- Rol y ORI QIMLERE 8 W% Sor p. SNeBAL | 1815 4,850,956 19herein
pol yo I

di carboxyl1 c acids an s are IlTustrative only, and"not I'mmmting. An
excess of pol y@n%mret@é Wedrefrranag-e hYBeotyrcyeratast Psaferredough

C?r b0X¥ grlomos afee @{néo comfdrota iBokyanyeast esolididods i8bc Aﬁaega_tion S
POLYURETRANES: (@ BY OV ARREH BB e SR S0V aPrLR LS+ RBSBFUOF are
vi nyl pol yner rodpbilgtepoey¥PE. Qdierpdlspeyrnpbesoviich enayebe kaefnlto t he
art, and gj e prigRanet MeddioridheSidid R 4IBREZ@nd dimethylxylylidene
diisocyanate. Other isocyanates may be féund in the
POLYURETHANE HANDBOOK, Chapter 3, §3.2, pages 62-73 and
POLYURETHANES : CHEMISTRY AND TECHNOLOGY, Chapter II, §II, pages
17-31.

15 " 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, polyoxyalkylene
glycol, alkanolamine, or by the reaction of the isocyan-

20 ates with themselves. 1In the former case, isocyanates
containing urethane, biuret, or urea 1linkages are
prepared, while in the latter case isocyanates contain-
ing allophanate, uretonimine, carbodiimide or isocyan-
urate linkages are formed.

25 ' Chain extenders may also be useful in the
preparation of polyurethanes. Chain extenders are
generally considered to be low molecular weight poly-
functional compounds. or oligomers reactive with the
isocyanate group.  Aliphatic glycol chain extenders

30 commonly used include ethylene glycol, diethylene
glycol, propylene glycol, 1,4-butanediol, 1,6-hexane-



10 " tion of one or nmore vinyl nonomers, preferably acryloni- trile and/or
styrene, in the presence of a polyether or polyester polyol, particularly
pol yol s containing a mnor anount of natural or induced unsaturation.

Met hods of preparing polymer polyols may_pe_ found in 15 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; particularly in colums 2-8 and the

. S3; : 56, : | N S, Ratents 4,524, 157;
S Son Sya 5 sdiaEy %fé@%%}%?Bg%?gg%\fd%wetlylé%?ggg; GHREE) .
4,119,586, al | c¥flohecanedinetkanake w@ci fhencdiler at edAmine efdtrdnce.
Non-vi nyl pol ymekxt&ndéis ednpolinel 213p8aghs0 ridn@hagfingd, H' {sg?é@aelfﬁ,hose
prepared by thedgeafélon ofha olgés %ga ate,mnth<fn,al anol am nei thg
presence of 25 GTARIOET| FHFD &2 © %g SARMING NG Pt PN cularyghed 70;
4,296, 213; 5and drgmat LQodidinipesssonh af phleyitxdayemedidimdhes @@t 3y ng
pendant urea gr9y§?1§§b§@yggge Y (4 el %?ygé%egggF%ﬁég and

pol yi socyanur at e spersions al so containin ruret 1 ages as taught by
US Pat. 30 No. 4, 359, 541. O her polynmer nodified polyols nmay be

prepared by the in situ SQEEEfeam&iiiﬁbgﬁ?ﬂﬂﬂagﬂifiégﬂ%%]areE?%ﬁﬂéﬁl .
P aocyanat o5 ar STEST IR BoLrRee R o, HoRo5r S0PLFHERE st n R At such
i socyanat es maychzersund®w cpntrolumsergsand £41dkry), S.aatoxiNants,
4,690, 9563 0her eflame retardants, pigments, dyes, mold release agents,

and the like. Many such additives and auxiliary materi-

als are discussed in the POLYURETHANE HANDBOOK in Chapter 3,

§3.4, pages 90-109 and in POLYURETHANES: CHEMISTRY AND

TECHNOLOGY, Part II, Technology.

15 Microcellular elastomers contain an amount of
blowing agent which is inversely proportional to the
"desired foam density. Blowing agents may be physical
(inert) or reactive (chemical) blowing agents. Physical
blowing agents are well known to those in the art and
20 include a variety of saturated and unsaturated hydrocar-
bons having relatively low molecular weights and boiling
points. Examples are butane, isobutane, pentane,
isopentane, hexane, and heptane. Generally the boiling
point is chosen such that the heat of the polyurethane-

25 forming reaction will promote volatilization.

Until recently, the most commonly used physi-
cal blowing agents were the halocarbons, particularly
the chlorofluorocarbons. Examples are methyl chloride,

_ methylene chloride, trichlorofluoromet}iane, dichlorodi-
30 fluoromethane, chlorotrifluoromethane, ¢hlorodifluorome-
thane, the chlorinated and fluorinated ethanes, and the

L



I ncor porated by reference. The isocyanates preferred are the commerci al

| socyanat es tol uene diisocyanate (TDI) nethyl enedi phenyl ene dii socyanate
(MDI), and crude or polymeric MDI. Qther isocyanates which may be useful 10
i ncl ude i sophorone diisocyanate and dine[&ngylylidene di i socyanat e.

O her isocyanates may be found in the POLYORETHANE HANDBOCK, Chapter 3,
3.2, pages 62-73 and POLYURETHANES: CHEM STRY AND TECHNOLOGY, Chapter ||

1, pages 17-31..15 . Modi fied isocyanates are al so useful.
Such i socyanat eg'lkee ger?éﬁ"éfﬁ'ﬂ?t&depy‘gﬂo 7Y 2830 &% owseaful.
comerci al i socPanutieg fagentsamree 1TBIt edr ﬂbDIcheM BoLYGRETAAMETRRARSHbIAT onvei ght
di ol or amne 0 | kyl y anqQl am r ythe reaction of
the isocyan- ngg )ﬂﬁ Cﬁ&%eglt ?P\%gg?kﬁ 18 ﬁﬁgg}:ﬁgrtg %%w FE%%y3hat es
cont ai ni ng ur et ﬁ&ﬁé‘lnﬂltérpgt thgruse ef Iqml@@ﬁsllwr@%rm@sedandhmblmwt he

latter case i soeylgnahesmﬁataan Pt@@o@éi opﬁeggaa St RE0ARFENBees aRHQdi | M de
Chai n_ext enders nmay
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di ol , hydn@qui nblewhihsg( 2aggnit ox yeivey | beehheo £ £ &kEE) ,commercially. A
preferred group are, for example, the highly fluorinated
alkanes and cycloalkanes (HFCs) and perfluorinated
alkanes and cycloalkanes (PFCs).

Chemical blowing agents are generally 1low

15 molecular weight species which react with isocyanates to
generate carbon dioxide. Water is the only practical

chemical blowing agent, producing carbon dioxide in a

one-to-one mole ratio based on water added to the foam

formulation. Unfortunately, completely water-blown

20 foams have not proven successful in some applications
such as rigid insulation and thus it is still common to

use water in conjunction with a physical blowing agent

ir_l some cases. Polyurethane high resilience micro-
cellular elastomers are typical all-water blown foams.

25 Blowing agents which are solids or liquids
which decompose to produce gaseous byproducts at elevat-
ed temperatures can in theory be useful, but have not
achieved commercial success. Air, nitrogen, argon, and
carbon dioxide under pressure can also be used in

30 theory, but have not proven commercially viable.
Research in such areas continues, particularly in view
of the trend away from chlorofluorocarbons.
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di chl orodi - 30 fl uoronet hane, chlorotrifluoromnmethane, chlorodifluorome-
thane, the chlorinated af&oregsesniesdtie Harrparafiien o€ polyurethane

microcellular elastomers and the equipment used there-
fore are well known to those in the art, and are de-
scribed, for example, in the POLYURETHANE HANDBOOK in

15 Chapter 4, pages 117-160 and in POLYURETHANES: CHEMISTRY AND
.TecHNOLOGY, Part II, Technology, in Chapter VIII, §§ III
and IV on pages 7-116 and Chapter VIII, §§ III and IV on
pages 201-238.

With reference to the subject invention, the

20 isocyanates useful in the preparation of the subject
elastomers may, in general, be any organic di- or
polyisocyanéte, whether aliphatic or aromatic. However,
preferred isocyanates are the commercially available
isocyanates toluene diisocyanate (TDI} and methylene-

25 diphenylene diisocyanate (MDI). Toluene diisocyanate is
generally used as an 80:20 mixture of 2,4- and 2,6-TDI,
although other mixtures such as the commercially avail-

able 65:35 mixture as well as the pure isomers are
useful as well. Methylenediphenylene diisocyanate may

30 also be used as a mixture of 2,4'-, 2,2'-, and 4,4'-MDI
isomers. A wide variety of isomeric mixtures are
commercially available. However, most preferable is



-18+ |ike. Brom nat ed hydrocarbons may al so be useful. Bl ow ng agents
are listed in the POLYURETHANE HANDBOOK on page 101. Current research is
directed to lowering or -elimnating the use of chlorofl uorocarbons, and
follow 5 ing the Montreal Protocol , g eat strides have been nade to
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argon, and isocyanates such as those derived from hydrogenated
aryldiamines such as toluene diamine and methylene-
dianiline. Examples are l-methyl-2,4-diisocyanatocyclo-~
hexane and 1l-methyl-2, 6-diisocyanatocyclohexane; bis (4-
15 isocyanatocyclohexyl)methane and isomers thereof; 1,2-,
1,3-, and 1,4-bis(2-(2-isocyanato)propyl)benzene; and
isophorone diisocyanate.

Modified isocyanates based on TDI and MDI are

also useful, and many are commercially available. To

20 increase the storage stability of MDI, for example,

small quantities, generally less than one mole of an

aliphatic glycol or modest molecular weight polyoxy-

alkylene glycol or triol may be reacted with 2 moles of
diisocyanate to form a urethane modified isocyanate.

25 Also suitable are the well known carbodiimide,
allophanate, uretonimine, biuret, and urea modified
isocyanates based on MDI or TDI. Mixtures of diisocyan-
ates and modified diisocyanates may be used as well. 1In
general, the isocyanate index of the overall formulation

30 is adjusted to between 70 and 130, preferably 90 and
110, and most preferably about 100. Lower indexes
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The chain extenders useful in the subject
invention elastomers are preferably the aliphatic
glycols and polyoxyalkylene glycols with molecular
weights up to about 500 Da, preferably 300 Da. Aromatic
dihydroxy compounds such as hydrogquinone, the
bisphenols, and 4,4‘'-dihydroxybiphenyl may be used as
well. The chain extender may be a sole chain extender
or mixture. Preferred are ethylene glycol, diethylene
glycol, propylene glycol, 1,3-propanediol, 2-methyl-1,3-
propanediol, butylene glycol, 1,4-butanediol, 1,6~
hexanediol, hydroquinone bis(2-hydroxyethyl) ether
(HQEE), cyclohexanedimethanol (CHDM), 1,4-cyclohexane-
diol, and the like. Most preferred are ethylene glycol
and in particular 1,4-butanediol and 1,6-hexanediol.

Amine chain extenders may also be used,
preferably in minor amount. Examples are ethylene
diamine and 1,6-hexanediamine, and diethylenetriamine
among the aliphatic amine chain extenders. Suitable
aromatic diamine chain extenders are the various
toluenediamine isomers and their mixtures, the various
methylenediphenylene diamines and their mixtures, and
preferably the slower reacting aromatic diamines such as

es
be any



| socyanat es tol uene diisocyanate (TD) and net hyl ene- 25 di phenyl ene
dii socyanate (MDI). Tol uene diisocyanate is generally used as an 80: 20
m-xture of 2,4- and 2,6-TD, although other m'xtures such as the

comercially avail - able 65: 35 m xture as ge as the pure isoners are
useful as well. N@thylenedlphenylene dIIS% yanate may 30 al so be used as
a mxture of 2,4 -, 2,2'-, and44' | soners. A w de variety of

i someric mxtures are rci | abl e, we nost _ preferabl e
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Modi f i ed | socyagaiesy B3sad A akDl ndRdaMhgdg feen strength is important
due to the minimal number of very expensive molds
utilized. Preferably, however, the subject elastomers
are polyurethane elastomers prepared with chain extend-

15 ers consisting essentially of diols.

In the subject invention elastomers, it is the
polyether polyol component which is critical. Polyoxy-
alkylene polyether blends containing polyoxypropylene
polyols with exceptionally low unsaturation must be used

20 and must be prepared with this low level of unsatura-
tion. The measured unsaturation (ASTM test method D-
2849-69) must be less than 0.010 meg/g for the polyol
blend. Furthermore, the individual polyols, regardless
of the overall blend unsaturation, must have individual

25 unsaturations of less than 0.015 meq/g. Preferred are
polyol blends where the overall unsaturation is less
than 0.007 meqg/g and no individual polyol has an unsat-
uration greater than 0.010. Most preferred is the use
of individual polyols in the blend where each polyol has

30 a measured unsaturation of less than about 0.007 meq/g.

Thus, the major portion of the polyol blend,
in order to have an overall unsaturation of less than
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In Figure 1 is shown a GPC trace of a "low

unsaturation" polyoxypropylene triol prepared using a

DMC-glyme catalyst as disclosed in U.S. Patent No.

5,158,922. Even though the unsaturation is considerably

15 lower than those disclosed, for example, by U.S. Patent

No. 5,106,874, notable is the low molecular weight peak

centered at approximately 21 minutes. In Figure 2 is

illustrated an ultra-low unsaturation polyol prepafed.by

the DMC-TBA catalyst as disclosed - -in U.S. application

20 Serial No. 08/156,534, and the Referential Examples of

the present application. It is notable that this polyol

is essentially monodisperse, i.e. there is no detectable

low molecular weight component. Notable also is the

symmetry of the GPC peak which does not show any appre-

25 ciable tailing due to lower molecular weight components.

This polyoxypropylené polyol has a measured unsaturation

of only about 0.005 meq/g, however, the two polyols are

otherwise analytically similar in terms of average
molecular weight and functionality.

30 The polyol of Figure 1 has a monol content of
from 5-10 mol percent, as compared to conventional, base
catalyzed polyols where the monol -cont;e_nt for a polyol
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was most surprising that elastomers prepared from the
latter polyols exhibited demold times in excess of 150
minutes, while elastomers prepared from the subject

15 ultra-low unsaturation polyols, in similar formulations,
exhibited demold of 60 minutes or less, an improvement
of 150% !

The polyether polyols useful in the subject

invention are preferably prepared by polymerizing

20 propylene oxide or a mixture of propylene oxide and

another alkylene oxide having more than 2 carbon atoms,

for example, 1,2-butylene oxide, 2,3-butylene oxide,

oxetane, or tetrahydrofuran, onto a suitably functional

initiator molecule, in the presence of a catalytically

25 effective amount of a substantially. amorphous double

metal cyanide-TBA catalyst, preferablyzzinc hexacyano-

cobalt-TBA. Other synthetic methodgﬁwhich result in.

ultra-low unsaturations of less than 0.010 meq/g,

preferably 0.007 meg/g or less are al$6 suitable. By

30 the term "polyoxypropylene polyol" and like terms is

meant a polyol wherein the major portiop of oxyalkylene
groups are oxXypropylene groups.
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of a substan- _. s1xali metal hydroxide.

The amount of randomly copolymerized ethylene
oxide should be most minor, i.e. from 0 to about 1% or
thereabouts, as the polyocl backbone should be substan-

15 tially all polyoxypropylene or polyoxypropylene copoly-
merized with another alkylene oxide having more than two
carbon atoms. Ethylene oxide derived moieties may be
present as a cap when blends of polyols are utilized as
described herein or in microcellular elastomers, and in

20 such cases it is preferable that the- weight percent of
such cap be from 3 weight percent to about 30 weight
percent, preferably 5 weight percent to 25 weight
percent, and most preferably from about 10 weight
percent to about 20 weight percent based on the weight

25 of the finished polyol. For purposes of preparation of
low water absorption elastomers, it is preferred that
the total ethylene oxide content of the polyol, both
external (cap) and any minor internal oxyethylene
moieties, be less than 15 weight percent, more prefera-

30 bly 1less than 10 weight percent. Preferably, all
propylene oxide-derived polyoxypropylene polyols are
used.
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| ower than those discl ogé%ll nge by 8 g BRERT RBta %‘gebéﬂ

notabl e i s theDMOwghyhe cort aDMG/\;éh’B}htca;tadlysd:snt eneg‘eaerabprhmrm e}qry21

or opar ed by 1 he BCOfeR a%%%’%{?”%&f%&‘-’s R %%cat.ﬁp %

Serial No. 08/asBobgmer ¥ Pﬁ el?Jefm draydgpietingd t thees@itio
applicatign. |&fiMwneatierd Mot ikhte pad gt la&e&&@@nhbaé&ulémw@ig&ﬁer se,
i.e. there is no d ect abgﬁ | ow | ecul ar. wei t onent %bl e al so
is the syrmetr 5 f':cH3 FTEEH oo H0 y 3?)%1?% 25 ci abl e

tailing due toweug\bt amtmg& a0 lesiudlatr wengbhehs sdeffiniesd pal wasypi«npm ene
pol yol has a ”@ﬁéj:' o, !i'%sf’_‘ﬁgr?éﬁ%l@(cﬁ@ryw@?@m: 80 E‘Eqé}g? ‘é‘@

two polyols are ot er’\mse anal yti cal sim Inte
mol ecul ar wei ghFa2@h#OR UM | GH&I |'E‘§/ta]80 of the ith m?%éclséﬁyqu;fglm gure 1
has a nmomol cosbgmpbnehtfr onThel hunideypervenhgeasmelepaiad weighvvend i onal ,

base catal yzed,pl YOhS WPl eyt Ag NG, GRNHERIALE" a8 BBLYE! and n, is

the number fraction of the total of the ith molecular

weight component. For a theoretically perfect monodis-

perse polymer where all polymeric spedies have a single

15 molecular weight, M, = M, and the polydispersity M,/M, =

1. In practice, true monodispersity is never achieved,

and in the subject 'application, polymers described as

monodisperse have polydispersities close to 1, for

example 1.20 or less, and preferably 1.10 or less. The

20 molecular weights reported herein are number average
molecular weights.

The term “multidisperse" as used herein
indicates a bi- or trimodal, etc. distribution of
molecular weights, with each individual distribution

25 being essentially monodisperse. Such multidisperse
blends are advantageously prepared by mixing two or more
essentially monodisperse polyols, or by introduction of
a second portion of the same or different initiator
molecule into the polymerization in the presence of a

30 .DMC-TBA catalyst.

The polydispersities of a blend of two polyols
can be calculated using the following equations:



-24- in this nolecular weight range is comonly from 25-35 nol percent. It

I s.not surprising, therefore, that the polyols of Figure 1, with their

hi gher average function- ality and | ower nonol content, would respond
differently 5 than the conventionally_catal yzed pol yols of nuch higher
nmonol content. However, it is highly sﬁ?ﬁfising that the ultra-Iow

unsat urati on pol yoxypropyl ene polyols of the subject invention would behave
so differently fromlow unsaturation polyols having unsaturation in the 10
range of 0.014 to 0.018 Hegkg, =a¥¥ithe*ntffif2- cont ent of these polyols is

already very low. In papticular nost I sing that el astoners
prepared fromthe Iatter&BvﬁyorsM%Q%ﬁzﬁﬁﬁdhdén@?dp Fnes I n excess of 150
m nutes, while elastoner§ Egﬁﬁgﬁg? n1thelayb je ultra-1 ow

unsaturation polyols, in si 1§?|ons‘“% FT%d denol d of 60

minutes or |esgye3l %@H&Wt e mq@dt E%rHBEY%EQEuEQJ:y@ég%ﬂégf ulin

t he subj ect |nvent|o re pref erably prepared pol yner| zi ng

propyl ene Joxi déferand Hw Gre WPBp?V@ﬁ%g%x’FﬂJee%]cﬁ%wfRWSal RAce e oxi de
havi ng nore thand agasbe wed ghits, £ifart ieamplfe polydlutly kade2 pxiéepec-
2,3-butylene o |q% oxet ane, or tetrahydrofuran, onto a suitably functional
|n|t|ator nnlecll Y'n the presence of a catalytically 25 ef fective
anount of a substantlally anor phous doubl e netal cyani de. TBA catal yst,

preferably zinc hexaCyanQ‘heCObﬂd:tTﬂ'IBAcata@yﬁéa sy@w@ucgﬁbta%a wWatch
result in ultra-|l ow ua%FH ti,ons

preferably 0. 08PTHEY & 15P815V58r§u F£H|Bearé¥ gEUlY Pﬁﬁggé?n1
"pol yoxy@drlopy!| ereeseol yadlth a:ﬂnda molecudems wegghts of the various mole-

cules concentrated within a tight band with virtually no
detectable lower molecular weight species. The polydis-
persity of such polyols is generally less than about
1.2. It has been surprisingly discovered that further
15 improvements in demold time and green strength may be
"achieved if the polydispersity of the polyoxyalkylene
polyol is greater than 1.4, while the level of unsatur-
. ation is maintained, as before, at less than 0.010
meqg/g. This greater polydispersity may be accomplished

20 in several ways.

If very low amounts of double metal cyanide
catalysts are utilized in the propylene oxide polymer-
ization, polyoxypropylene polyols may be obtained which,
as 1is the case with normal levels of catalyst, have a

25 level of unsaturation less than 0.010 meqg/g, but which
have a much broader molecular weight distribution than
analogous polyols prepared at higher catalyst levels.
These polyols are monomodal in the sense that they
contain only a single, albeit broad, peak by GPC.

30 However, their polydispersity, Mw/Mn is greater than
1.4, and preferably greater than 2.0. The latter



meant a pol yol wherein the major portion of oxyal kyl ene groups are

oxypr opyl ene groups. -25- If a nost mnor anmount of ethylene oxide, or
f anot her al kyl ene oxide, for exanple, butylene oxide, is to be

copol ynerized with propylene oxide in r ggonl(heteric) fashi on, the two
al kyl ene oxi des may sinply be 5 adde sinmultaneously to the
pressurized reactor. Surprisingly, this process cannot, at present,

be utilized to provide pol:yoxyethyl.ene capped polyoxypro- pylene, hono or
r andom copol yl?v?ﬂé',o\iﬁut r&‘!ﬁ%’@r ,poelt’%%ﬁsé)r?éfs&% d@%@ﬁyereoﬂ'ia&l bg dad‘g}éﬂf%s a cap
shoul d be pol yeteiinddgl@ery lLowthespresEnion andmr aonemodbilvmotatalyst,

preferably an l%lrk@le:igﬁ%t ﬁhs@%ﬂﬁﬁéigﬁ; .J%]g W?m‘i‘fﬁ‘l‘dom y copol yneri zed

et hyl ene oxi de shou be nost mnor, i to about 1% or
t her eabouts, as the polyol backbone should be substan- 15 tially all

pol yoxypropyl ene or pol goxxeaomd,| eiirl oopoferratermettbdv b ppepaeingl kyl ene
oxi de hawyi ng ngr.e t han two o1 bog.a;lom;o.l ol::tt hyvlve e ox'leg.deri ved, noi eti es
my be present’&&%a t23) WHER BrENIS o DS YRR BEYPIERSEE L HLSR i bed
herein or in gireeses |than &l.4stiohere, kdead ntw® or swate cudbsailows

preferable thahdbihe MR GR! pBEyEES twitth auﬁh%sfpapgpéfmﬁ B! abfﬁgfi cent to
about 30 wei ght perﬁgnt grefergbly wei ght percgit to 25 wel ght percent,
and nost pref &3HFP COAPELBELIRES ne Oht SR (e 201089 gRR per cent

based on ‘the Hioghtvi2h an 8000 Hea fdiilshed pobyehd ofFar 20M0pDaedioi,
prepar atlioon Of4000 Da diol, and 8000 Da diol. In such cases, the
blends may be termed multidisperse, as they have a

bimodal, trimodal, etc., molecular weight distribution.

The polydispersity Mw/Mn of the blends are preferably

greater than 1.4, and may suitably be greater than 1.8

15 or 2.0, or higher. Each of the individual poiyols in

the blend has a polydispersity preferably less than 1.2.

It is most surprising that such blends exhibit
demold times much lower than a monodisperse polyol with
low polydispersity. For example, a 2000 Da averade

20 molecular weight multidisperse polyoxypropylene diol
derived elastomer where the diol component is a blend of

. monodisperse 1000 Da and 4000 Da diols exhibited a
demold time of only 21 ninutes, as compared to an
otherwise similar elastomer containing a single, mono-

25 disperse 2000 Da diol which exhibited a demold time of
45 minutes. In addition, the elastomer containing the
ultra-low unsaturation, multidisperse 2000 Da diol
exhibited a surprising improvement in green strength.

It is further highly surprising that a 4000 Da average

30 molecular weight blend of a conventionally catalyzed
1000 Da polyoxypropylene diol having a conventional
level of unsaturation with an ultra-low unsaturation



| ow-wat er absorption elastoners, it is preferred that the total ethylene
oxi de content of the polyol, both external (cap) and any m nor
internal oxyethylene noieties, be | ess than 15 wei ght percent, nore
prefera- 30 bly less than 10 meighgzggrcent. Preferably, al
propyl ene oxi de-derived pol yoxypropyl ene”pol yols are used. - 26-

Pol yoxypr opyl ene polyols whet her catalyzed by DMC-glyme or DMC. TBA

ol ydl sper si 1y PBRYRToHANAD op ' Siaclar] il RO s FOY, OB Bt o 0T
of Mm Mh whereumatgraheowepéhpnéyeﬂag%rmeqégll éall\gﬂgm ramMeumy he

nunber averagej HIFkS’s}HlnéﬁtV\@hgHEmoldTEfmwebS aﬁél&r@&ea”?b?& ht is
defined as Mwv errtl] ere err he it ular wei g t and err] is

the wei ght fra®gi oG5 te¥ (pisat 1attll‘?é‘ |Q°r?~yl?&l é’&ﬁ ru’%\%?'%j-l'ﬁatf(?n o
conponent 5 TbeODBnbﬁq@/edagplﬁel et afacei ghati S:l'chefbneldiazhaﬁeréﬂ wher e

Merr] is defi ne! gé a88¥§F&PQtﬂ£S%% dé)o _}1%%%% E&aﬁé of _the total

of the ith nol ecuira onen r& |ca y perqfné%? nonodi s-
perse pol yner ®hace #f y%?@%ué?)'é%?@slﬁa@@té slooaentss ang|netul ar

vei g{l_t , M terr] merdl rrﬂh@“@ybbalmohﬁﬁa&ﬁﬁ{a&lﬂohd%ﬂr rtlh/eMEIhédd —bl Tlilé‘
practice, true eLsity, e chieved,, an ubj ec

appl i cation, Téﬁgf’ % EE‘PIF 5’3%@8@ SPRYRCHRR éﬁ'l"&df’lg ettffdes
_close tolD, fabweuasptwaeratﬂm atidlesd soadilsplayed guor greénogtiesgth The 20
ol ecul ar wei gt}teﬁ_ali._gggr ESdO'Eﬁéﬂvfs@r&Mrbl%\ﬁ%rsa%ere both polyols

have ultra-low unsaturation.

The polyol blends useful in the subject

invention include polyoxyalkylene polyols having equiva-

15 lent weights of from 400 Da to 10,00'0 Da or higher,
. preferably 400 Da to 8000 Da, and more preferably 500 Da
to 8000, providing polvol components having average
equivalent weights in the range of 1000 Da to 8000 Da.

The ultra-low unsaturation polyols of the subject

20 invention may have nominal (i.e. initiator) functionali-
ties from 2 to 8, preferably 2 to 6, and most preferably

2 to 3. Diols or mixtures of diols and triols are
preferred, particularly polydisperse blends of monodis-
perse diols, while in some formulations additions of

25 minor portions of tetrols or hexols, for example, may
lead to increases in desirable propgrities. Suitable
initiators are well known to those skilled in the art,

and include, for example, ethylene glycol, propylene
glycol, 1,4-butanediol, glycerine, tﬁimethylolpropane,

30 pentaerythritdl, a-methylglucoside, s‘_orbitol, sucrose,
ethylene diamine, propylene diamine, toluenediamine,
diethylenetriamine, and the 1like. In preparing the
ultra-low unsaturation polyols, the chﬂb'sen initiator or



nol.ecul ar weights. The term "nul ti di sperse” as used herein indicates a bi-
or trinodal, etc. distribution of nolecular weights, wth each individual
di stribution 25 bei ng essentially nonodi sperse. Such nul ti di sperse

bl ends are advantageously prepared by m_ xpng two or nore essentially

nonodi sperse polyols, or by introduction of a second portion of the sane or
different initiator nolecule into the polynerization in the presence of a

30 DMC. TBA cat.al.yst. The pol ydi spersities @f _a. _blend.pf.two.polyols can
be cal cul ated dSIGATRE AU o4 SodoREraRaY LirSsyoxyal Ky IaEed WiER )
where My err] ancanflMG |catralyi gin avéewgroletetal aveibghyhpselydxy-
Mi[err] and MM_gH r cpilig)cgﬁ vV e haht.s,s d J.er and
[err] are wei ght krrlae?te;aons of eprta)ll 6%?5 nghd ) E’g\gﬁgg-_kﬁl\?g%y.lrﬁ'h{.éﬂlﬁvc TBA
cat al yzed pol ydieQgs 8fatBA-4P0 s métt F‘yé?WFE ¢ higher, Bpeqebary truly
nonodi s- 19 wadalgde, oliilglomielre nmlyebal asedei ght s of the various nole- cul es
concentrated within a tight band with virtually no detectabl e | ower

nmol ecul ar wei ght species. The polydis- persity of such polyols is generally
| ess than about 1.2. |t Fxefexaklyurphe slagitprgrscaverekerdrad byr ther 15

i nprovenents i prdgiahghelri Broduk L’ eRswstéeNgthe Mehed&hot process is
useful as well. In the prepolymer process, the polyoxy-
alkylene polyol mixture is reacted with excess di- or

10 polyisocyanate to form an isocyanate-terminated prepoly-
mer containing from about 1% to about 25% by weight NCO
groups, preferably from about 3% to about 12% NCO, more
preferably about 4 to about 10% NCO, and most preferably
about 6% NCO. Prepolymer preparation may be catalyzed,

15 preferably by tin catalysts such as dibutyltin diacetate
and dibutyltin dilaurate, in amounts of from 0.001 to
about 5%, and more preferably 0.001. to about 1% by
weight. The manufacture of prepolymers is within the
level of skill in the art. If desired, the prepolymer

20 polyol component may be augmented with hydroxyl-func-
tional polyolé other than polyoxyalkylene polyols, for
example polyester polyols, polycaprolactone polyols,
polytetramethylene ether glycols (PTMEG), and the like.

Following prepolymer formation, the prepolymer

25 is then mixed with a proportion of’ one or more chain
extenders such that the isocyanate index is in the
desired range. The prepolymer and chain extender are
thoroughly mixed, degassed if necessary, and introduced
into the proper mold or, if thermoplastic polyurethanes

30 ‘are desired, reaction extruded and graﬁulated or depos-
ited on a moving belt and subsequently;éranulated.



achieved if the polydispersity of the pol yoxyal kyl ene pol yol is greater
than 1.4, while the level of unsatur- ation is maintained, as before, at
Jess than 0.010 neq/g. This greater polydispersity may be acconplished 20
in several ways. If very |ow amounts of dguble metal cyanide catalysts are
utilized in the propyl ene oxi de pol yner- 1zation, polyoxypropylene polyols
may be obtai ned which, as is the case wwth normal |evels of catal yst, have

a 25 | evel of unsaturafl n. 0 O..-bu i.Gh e a nuch
br oader nol ecul ar wei rnEﬁf%ﬁ%ﬁfgﬁff%%g@%aﬁgé%gggg%u%?%o 9§P§&6P§§§?8d at

hi gher cat al ystandgaicdoafipbatpel gbreoks andoabhoemer i ¢ nyoxwadkyilhat t hey
contain only a g ngiéls 2l bstdndI@achs paaked CRAipHatic daYewer chhlgir

pol ydi spersity, NM/N@ i s greater thanébi4 a%G&& ef.er abl griat r _t han
2.0. The |at¥erenders,dre gtpyleng, ghvooly g 3?%’ 8ater+Bhan 2.0
whi | e ret ab ni nganrly, 3 -owapesEdiodt,i @nmenby d- hphepoeldnedi elcu-l,Rar andi ght

di stribution, €yl r ct n od,of, _
preparing 5 a%?%pgy éﬁ?&%ggfuﬁgpﬁgﬁg g|§%¥§835Fﬁg%gﬁiﬁﬁ§%§%§rpﬂéé great er
than 1.4 is to Bremhaxanesiodsr & 4reyGlehsranssdmgrieneh. Jeidraiinens | ow

pol ydi spersi ty Wi (ZHtydfoxyethyln| eethar, wairght polfoxyeKayidee adibgad of a

1000, ol M2 el fle TS SRRl Ol 400

mul ti di spk® se, hetemiy hapd ablock polyoxyethylene/polyoxypropylene
diols, polytetramethylene ether glycols, and the like,
with molecular weights up to about 300 Da. Preferred
are 1,6-hexanediol and 1,4- butanediol, the latter
particularly preferred.

15 Diamine chain extenders, for example the
amnine-terminated polyoxyalkylene polyethers sold under
the tradename Jeffamine™, and particularly the slower
reacting deactivated or sterically hindered aromatic
diamines such. as 3,5-diethyltoluenediamine and 4,4'-

20 methylenebis(ﬁ-chloroaniline) (MOC2) may be used, but
generally only in most minor amounts. The advantageous
effects of the subject polyol blends with diamine chain
extenders 1is more difficult to quantify, _as these
systems are especially formulated for exceptionally

25 short demold. Mixtures of aliphatic or cycloaliphatic
diol chain extenders with diamine chain extenders may be
used. When any significant amount of diamine is used,
high pressure reaction injection molding technidques
should be utilized.

30 The subject elastomers are highly suitable for
microcellular elastomers, for example those suitable for
use in sheoce soles. The formulations of such elastomers



bi rodal , trinodal, etc., nolecular weight distribution. The pol ydi spersity
MV WMn of the blends are preferably greater than 1.4, and nay suitably be
greater than 1.8 15 or 2.0, or higher. Each of the individual polyols
in the blend has a pol ydispersity preferghly less than 1.2. It i s nost
surprising that such bl ends exhibit denold tinmes nmuch | ower than a

nonodi sperse polyol with | ow polydispersity. For exanple, a 2000 Da

average 20  omhecth af MeAEhtamBldd d&ﬁ%p@éaﬁ@cmywmmsﬂl@%loq}'gﬂg deri ved
el astoner where the diol _conponent is a blend_of nonodisperse 1Q6 Da and

4000 Da diols %9?ﬁ§ﬂt¥%ﬁ§?¥éghﬁcF ¢ nEOBPehnl y FOF FXANPEE; &s WBHSAled to an
ot herwi se si m farmel@siciewitbntahnaig £romgmutohot 256 abodispense 2000

Da di ol which I,bi t ' ' S.n N ,addition,. the
el ast oner cont"g%(%lﬁl@] f%%%ﬁ@ﬁd%%%g uf;igqnl{noan%t&lﬁr:ylot'izdit;%p%rbs? Q?(?O(} Da di ol
exhi bited5a surpidltt mpriagmtovehent iTPQvemntst Fenginated nredalymears hi ghly

surprising thajra §0RO-HRIAVEERUEzE8 in ERIACWHormuiBitdBhsh! and ¢ava
conventionally,

convent i onal  1BBH<! NGfls SARESBEon WA « BEBFCRTt  BEPBw ttifs RASERINGIPTS - 2o.
pol yol havi ng ased| ez ulam weingitelduldgOelBatendran uhsatyarsteografupon! y
trat ght 4000 TR RO A o I BPrarr R unoze FiafeilPg 10 @
0.005 ne§fg dekbi tte® th2 fd@hthape¥eenbl ef@Shdtrsth Bvefsgebivisddnd® i on of
0.007 neq/ g, shewgmeg PeedeMporare suitable. The formulations are
generally crosslinked and diol extended, the crosslink-
ing being provided by employing, in addition to the
glycol chain extender, a tri- or higher functional, low
15 unsaturation polyol in the B-side, optionally also with
a low molecular weight cross-linker such as diethanol-
amine (DEOA). Alternatively, the isocyanate-terminated
prepolymer may be prepared from a tri- or higher func-
tional low unsaturation polyol or a mixture of di- and
20 higher functional low unsaturation polyols. All the
polyols utilized in significant amount in the formula-
tion, whether incorporated into prepolymer or in the B-
side, should have unsaturations of 0.015 meg/g or less,
preferably 0.010 meq/g or less, and the total avefage
25 unsaturation of all polyol components on a molar basis
should also be below 0.010 meq/g, preferably 0.007 meg/g
or less. In addition to taking advantages of the
shorter demold times and higher green strength, it is
most surprising that the use of the subject polyols and
30 polyol blends produces microcellular elastomers having
sharply reduced shrinkage, a physicél property of
paramount importance in the polyurethape microcellular
elastomer shoe sole industry. o



tance of | ow unsaturation in both conponents and not nerely the overal
unsaturation of the blend. - The el astoner fromthe blend of conventional
diol and ultra- 10 | ow unsaturation diol also displayed poor green
strength relative to otherwi se simlar blends where both pol yols have
ultra-1ow unsaturation. The polyol blenduseful in the subject invention
I ncl ude pol yoxyal kyl ene pol yol s havi ng equi va- 15 | ent weights of from
400 Da to 10,000 Da or higher, preferably 400 Da to 8000 Da, and nore
preferably 500 Da to BOGBivlprQ)\gfd’letgilpim ﬁﬂsmmm@ Hawiemd iaver age

equi val ent wei gihtgnd &Haeféea@dm 1999 betﬁQﬁedD%y F&%%h&é L
unsaturation polyols of the subjec venti on ave non1na| (|.e.
initiator) qu%??Eﬁ%ﬂlsP?Q¥£$qléﬁﬂ@?hﬁﬁ wh 16 eFE?aB¥9V§3éQ)h§r%%ﬂj
preferably 2 tpuidposedial 41dustiratibasonly dimd sarendotr inténdéd® 4y Qfeer red,
partlculagly pf%x% ﬁgréﬁiéggﬁgghég ﬂg% % e%lfggdse diols, while in sone

formul ati ons ad t1ons of tetrols or hexols, for

exanple, may lead to increases in deS|rabIe properties. Sui t abl e
initiators aregygldnsikinE¥impie: t@gﬁstsﬁe#&@gjﬁ!ﬁ n the art, and include, for
exanple, ethylene glycol, propylene glycol, 1, 4-butanediol, glycerine,
tri met hyl ol propane, 30 pentaerythritol, a-nethylglucoside, sorbitol,

sucrose, ethyl pf}ﬁaﬁiﬂtﬁmdfﬂzmpmmyaﬁ&o@hm talys?d pyenedi am ne,
di ethyl enetrianmne, and t -eraaln the uI;ra | ow
el . ad t 44 & S

unsat ur ati on pEPkmage

A double metal cyanide-TBA catalyst is pre-
10 pared by the method disclosed in copending U.S. applica-
tion Serial No. 08/156,534.

Potassium hexacyanocobaltate (8.0 g) is added
to deionized water (150 mL) in a beaker, and the mixture
_ is blended with a homogenizer until the solids dissolve.
15 In a second beaker, zinc chloride (20 g) is dissolved in
deionized water (30 mL). The aqueous zinc chloride
solution is combined with the solution of the cobalt
salt using a homogenizer to intimately mix the solu-
tions. Immediately after combining the solutions, a
20  mixture of tert-butyl alcohol (100 mL) and deionized
water (100 mL) is added slowly to the suspension of zinc
hexacyanocobaltate, and the mixture is homogenized for
10 minutes. The solids are isolated by centrifugation,
and are then homégenized for 10 minutes with 250 mL of
25 a 70/30 (v:v) mixture of tert-butyl alcohol and deion-
ized water. The solids are again isolated by centrifu-
gation, and are finally homogenized for 10 minutes with
250 mL of tert-butyl alcohol. The catalyst is isolated
by centrifugation, and is dried in a vacuum oven at 50°C

30 and 30 in. (Hg) to constant weight.



initiator mxture is generally first oxyal kylated with a non- DMC cat al yst
to a | ow nol ecul ar wei ght pol yoxy- al kyl ene ol i gonmer having an equi val ent
wei ght in the range of 200-400 Da, although | ower and hi gher nolecular 5
wei ght oligoners may be used. Preferably,the el astoners are prepared by
the prepolyner process, however, the one shot process is useful as well. In
t he prepol yner: process t he pol yoxy- al kyl ene polyol mxture is reacted
with excess dig,Q glylsocyanate to forman isocyanate-termn nated
prepol y- ner qg=eweg ,Rg. , @Gta ah h}% QQtXm' 1t NCO groups,
preferably from ’ A [ [ “bout 4 to about
10% NCO, and nost preferably about 6@6NCO Prepolyner preparatlon may be

catal yzed, 15 preferagg)yogéﬁgo%eﬁghgl Byaehs s gkgg % Redi@cetate

and dibutyltin.dilaurate n anou on10 001l to a % "and nore
preferably 0. O%he tREdolRt ©F Rehrgegiia Tﬁeaﬂﬁﬁﬁfbcture of prepolyners i s
within the | evel of skill |n the art. If desired, the prepolyner

pol yol copponent may be ment N dr X I-func- naI ol s ot her
Phan pol yokyal kyl ene. polares el SEARE0IGARdR” il s PPgaet o,
pol ycapr ol act onegpyrpoline QM#PM&Q&%nﬂQ%MQNMPnﬂﬂﬂieqy3Mxﬂqi(Fﬂmﬁﬁpa and t he

l'ike. Fol | ow ngopregel Y”EEai-@éimt(BQQ gt N@nlr eﬁqicyrf?éxgc@anodo%atme@em xed
with a proportion of on ext enders such_that e I socyanate

index is in th%aﬁ%%Yﬁ%d?PgﬂggBA)Tﬁe BSeH&Ifﬁ%fpﬁﬁRF¥ﬁﬁu+Pe§P%n@@ﬂ°§re
t hor oughly ni Xﬁelfemgca’saledaxémpimess'aeymmﬁdre ni s oslitiveed e IhleatleEiOper

nmold or,,51f th Iﬂﬁg ti S & g r e t|
extrudedlgnd g?ém afée’d ag}ép pgag uﬁggrn%%clt'n eé(% xeeq“ a;su sequent |y
gr anul at ed. of water from the trlol starter. Propylene oxide (102

g) is fed to the reactor, 1n1t1ally under a vacuum of 30

in. (Hg), and the reactor pressure is monitored careful-

ly. Additional propylene oxide is not added until an

15 accelerated pressure drop occurs in the reactor; the
pressure drop is evidence that the catalyst has become
activated. When catalyst activation is verified, the
remaining propylene oxide (5713 g) is added gradually
over.about 2h while maintaining a reactor pressure less

20 than 40 psi. After propylene oxide addition is com-
plete, the mixture is held at 105°C until a constant
pressure is observed. Residual unreacted monomer is

-then stripped under vacuum from the polyol product. The

hot polyol product is filtered at 100°C through a filter

25 cartrldge (0.45 to 1.2 mlcrons) attached to the bottom
of the reactor to remove the catalyst ‘The polyoxypro-
pylene triol has a hydroxyl number of 27 and an unsatur-
ation of only 0.005 meq/g. A similar triol prepared

using a DMC-glyme catalyst of the prior art had a

30 - hygr0xyl number of 27 and an unsaturation of 0.017
meg/g. A polyoxypropylene diol prepared from the
DMC-TBA catalyst using a 450 Da polyoxypropylene glycol



-31+ Preferred chain extenders are the aliphatic and cycloaliphatic glycols
.and oligoneric pol yoxyal kyle- ne diols. Exanples of suitable aliphatic

gl y¢ol chain extenders .are ethylene glycol, diethylene glycol, 1,2- 5
and:1, 3-propanedi ol , 2-nethyl-1, 3-propasssdiol, 1,2- and 1, 4-butane diol,
neopentyl glycol, 1,6-hexanediol, 1,4- cyclohexanediol,

1,4- cyclohexanedlnethanol hydrqu|none bi s( 2- hydroxyethyl) et her, and
pol yoxyal kyl er@taiwéxs et aspohy0x vekbykeae Ui ohad f0lymatu-arybane

di ol's, 10 q@ & and bl ock pol yoxyet hyl ene/ pol yoxypr opyl ene di ol s,
polytetranethy? Hhdd %{ cols and the like, with nol ecul ar weights up
to about 300 Da. Preferred are 1 6- hexanedi ol and 1, 4- butanediol, the

latter particularly prefgdefiya was subjected RiAEpReanghR{s . © %nder s,
for exanple the am ne- ternlnated Eolyqualgiiene pol yether's sol'd under

the ‘tradenane 98¢ f BRRA8[ &fr L1 IASETRELH 2@ di1dP%he? sI oWBR PEA¥PLNgGS
deacti vatsd ormohedi spdtye hnnderm e ot dlul el i Joowene mclletulas weight

(Voo . be LEBPREREC ARELT che itk qr Rl DAHONeR Bkt §AR W

advant ageous e$1@%¥§lQﬁn¢rﬂﬂQHnﬁeﬂﬁ %ﬂﬂhyGPm§P§ﬁ§§Smnth di ani ne chai n
extenders is nore difficult to quantify, as these systems are especially
fornul ated for , deo).d. M xtures of aliphatic or
cycl oal i phati e e X wER-d-afrne chain extenders may be
used When any S|gn|f|cant anount of dlanlne i s used,

"1

A series of 6% NCO terminated prepolymers were

10 prepared from 2000 and 4000 Da diols prepared with

either DMC-TBA catalyst (subject invention) or DMC-glyme

catalysts (compafative) . The measured unsaturation,

demold times, and green strength, where applicable, are

presented in Table 1 below. Green strength was not

15 measured where demold times are greater than 150 minutes

as such compositions are not commercially acceptable due

to the long demold time. All formulations had a pot

life of from 3-5 minutes. It is important, when compar-

ing formulations, to compare formulations with similar

20 pot life. The prepolymérs were heated to 60°C prior to

adding chain extender, which was at room temperature.

Dibutyltin dilaurate at 15 ppm was used as the urethane
promoting catalyst.



hi gh pressure reaction injection nolding techniques should be utilized. 30
The subject elastoners are highly suitable for mcrocellular el astoners,
for exanple those suitable for use in shoe soles. The formul ati ons of such
el astoners -32- contain a m nor annumgéﬁ reactive or volatile blow ng
agent, preferably the forner. For exanple, a typical fornulation wll
contain fromabout 0.1 to about 1.0 weight percent, preferably from about
0.2 to about 0.4 5 wei ght percent mg%%zg %Isocyanate t erm nat ed

prepol yners are generally utilized in rmul ati ons, and have hi gher
NCO content, in general, than the ners u o formnon-cel | ul ar

el astoners. |socyanate rougr‘lfﬁ?ﬂ‘?&gpgg ¥¥P&ﬁ§gfﬁgsg’gﬂ%, ght percent, nore
preferably 10 10 to W é‘P'éé’ﬁf'Pa“&n"a“ﬁﬂ%M pfatalysinl vy 13- 15 wei ght
percent are suitable. » 4% , Z eRdedioss| i nked and dio
ext ended, the crossllnk- ' b ' In addition to

t he glycolschal '
unsat uration pd
wei ght cross-li
isocyanate-ter
func- tional

prem@zsed romg tri{ orghig jer

Of 2t O potyui—or ja M xturejof —dr=—ami—26-
functional | ow funsatu ALﬂEﬂ@bQLygrgmo | 9908 polyvol HOuti| {zeddit n
significant angunt in the formula tion] whether f{ncorporated into
prepol yner or ijp—tthe—H- ‘
A DMC-glyme 2000 0.014 >150 n.d.’
B DMC-glyme 2000 0.013 >150 - nd.
10 C DMC glyme 4000 0.014 >150 nd.
D DMC-glyme 4000 | 0010 >150 nd.’
* Not determined because sample could not be demolded within 150 minutes.

- Table I clearly indicates the dramatic reduc-

tion in demold time when using ultra-low unsaturation

15 polyvoxypropylene homdpolymer diols for use in polyure-

thane elastomers. Not even Comparative Example D yields

an acceptable demold time despite having an unsaturation

of 0.010 meq/g. Clearly, the unsaturation must be less

than 0.010 meq/g when using a single polyoxypropylene

20 polyol to prepare polyurethane elastomers having accept-
able demold time.



si de,
nmeqg/ g or

and the total average 25

| ess. In addition to te

denol d times and hi gher green strength,

of the subject polyols and 30
el astonmers havi ng sharply reduced shr
i nportance in the pol yureth
- 33- Fbvin%ygenerally described this invention,
Astemen Prppsréies Ysing; the 4809 MY Rjpls
%PWﬂe‘é’"@fDMq Gﬁ‘ﬂ&tﬁ on ‘(i)nl y and -are not

par amount
I ndustry.

under st andi ng can be obt
whi ch are provided herein for
intended to be 5 )

pol yol

TA

shoul d have unsaturations of 0.015 neq/g or
| ess,

| ess,

preferably 0.010
unsaturation of all
conmponents on a nolar basis should al so be bel ow 0.010 neq/ g,
0.007 nmeq/g or

pol yol
preferably
j ng advant ages of the shorter

I's nmost surprising that the use

a physi cal

Ref erenti

bl ends produces m crocel lul ar
property of
rocel | ul ar el astoner shoe sole
a further
|f|c exanpl es

al

Exanpl e: Cat al yst Preparatlon Preparatlon of Zlnc Fbxacyanocobaltate
Cat al ysts by Honf
A doubl e Petal ¢ J
di scl osed in copEn y I Ca- 5 Pot assi um
hexacyanocobal t A EOWS?ynéﬁt“r?tég'gﬂB%gg‘f‘b dei onl ; ifn a
beaker, and the Wb% N0 ni ntii | lids
di ssol ve. 15 al H@%ér%?iﬂ%ﬁ&si"’@??@% - (r)g??gﬂ u%”g, i cﬁéﬂgc | ved in
dei oni zed wat er [ Peepdlymer Visdositp (pep@803n¢ c8oorijde310 370
Hardness (Shore A) n 61(57)" | 65(63)
10 Rebound (%) 68 60 64
~ Elongation (%) 953 607 878
Tensile Strength (psi) 3320 1180 1840
100% Modulus (psi) 440 341 346
300% Modulus (psi) 880 685 674
15 Die C Tear Strength (pli) 374 220 272
* Shore hardness needle penetrated slowly into the sample.
In Table 2 are presented the physical proper-
ties of the elastomers from Table 1 prepared from 4000
Da diols. Table 2 indicates that elastomers prepared
20 from ultra-low unsaturation polyols have greatly im-
proved properties as compared to those prepared from
higher but still low unsaturation analogs. All the
measured physical properties of elastomers prepared from
ultra-low unsaturation diols having unsaturations less
25 than 0.010 meqg/g are significantly higher than the

physical properties of elastomers prepared from poiyols
having low but higher unsaturation.



solution is conbined with the solution of the cobalt salt using a
~honogeni zer to intimately mx the solu- tions., |Imediately after :
conbi ning the solutions, a 20 m xture of tert-butyl alcohol (100 ni) an
dei oni zed water (100 nlL) is added sl owsg-0 the suspension of zinc
hexacyanocobal tate, and the m xture is honogeni zed for 10 m nutes. The
solids are isolated by centrifugation, and are then honogeni zed for 10
mnutes with 250 nL of 2fhe eBad@dmér (WEV)ExEmELE € Ohndedonpaiil igkcohol
and deion- iz water .. The soli,ds are ain isaolated.by.centrifu- gation,
and are final F‘?f‘aﬁ[&ﬁ?gege%iv%%%ef%%bjﬁf dnaﬂ%’es&mwcbﬁ-qﬁa\éwaﬁertbg I

al cohol . The canalyssisis Asolshowd iy dgube upat imnthandirstdcuetei,n a

vacuum oven at d Oall. ( t | ght. - 34-
Ref erenti al Exdérr%%a{déoal {;; hé?eggfég}\ g}'/nttlrg%)siés“?)o Ef -eclﬁ(g%\%i/%at gfyg on
y

Pol yol Un%at uretdhPisy yby 8By Péned ol RIIRELA QLSS plit e dWR | BY The

cat al yst of RefenimntdtlrdXssiple Heldw the soft scelmmmlga:sl (tﬁtaﬁ'ﬁsiil’—lre((j7oo
reactor is ch 1.1 ] lycerine initja : (o] ene_trio

D ol i) Eﬁ%ﬁ?e?@'&g@«ﬁagﬁénﬁw e Mo aEian SAsE S R T DeaPRESEEEEoLC Ta
(1.63 g) as preasgesl ilasthe pEForr¥®idr eliagisyexaaphre Thwlergoes eai s

stirred and hegtftki0ion te 8% eruKeryngtite St(b)PRags UREST staghym to
renove tyaces of ter fromthe triol_starter., Propyl efe oxi de %%Fg g) is
e

fed to the redBHYS nidacEERFeindEPPE e uditde 38 i FeldHgielvan

react or presswkteauds reactledar éBldstomeric behavior is obtained in
the region of the plateau (C), until the temperature

reaches the melt temperature or softening temperature

(D) of the hard segments T,4,- At this point, the
15 elastomer begins to soften and flow. While in theory

the useful elastomeric range is between Ty and Tuue s

in practice, it is limited to an upper temperature of

approximately 80°C. Extension of the. lower range by

lowering T,s results in an elastomer useable at lower
20 temperature.

In the second curve is shown DMTA analysis of
a second elastomer having a higher T, and a plateau
which displays a steeper slope. The slope of the
plateau determines how well a part_iéular elastomer
25 retains its physical properties with ing#_easing tempera-
ture. In general, it is desired that an elastomer have
the same degree of flexibility at low temperatures and

high temperatures within its use range;:for example.

A further important pro_per_;ty is the loss

30 modulus, which is a measure of the engfgy loss of the
elastomer due to the flow character or cOmponent. The

ratio of loss modulus to storage moduihs is the loss



| y.- Addi tional propylene oxide is not added until an 15 accel erat ed
pressure drop occurs in the reactor; the pressure drop is evidence that the
catal yst has becone activated. Wen catalyst activation is verified, the-
remai ni ng propyl ene oxide (5713 g) is adged gradually over about 2h while
mai ntai ning a reactor pressure |ess 20 than 40 psi. After propyl ene
oxide addition is com plete, the mxture is held at 105[err]C until a

constant press LS. 0 rned. R 'ﬂg@l »eact £0 r; is.t
stripped undergég%%lt%%n Firseg‘r% h TE%I 5% pr od%?’féﬁ“rhgghor%yi%orﬁ%?ol é%rcl;l:uct S
filtered at 10elestpmex he odyRamic| Peaformancesgr t Thegdower4they oss

m crons) attachggéRr tdel hot ttord abwhbherheasdsy Yud IRPVE the €atalyst. The

pol yoxypro- pylene triol_ has .a hydroxyl punber of 27 and an unsatur- ation
o7 ol v 0. 005 G/ e Aytiamis: SEFPRF” pr BN BFORETEY A5 CRELLAGRA af yst
of the prbor aimpbataatdih appljdatiphsnuhbee tife 21aztdmer i sadntriai+ on of

0. 017 neq/g. ol o] e | epag fe'i:%ﬁ?p he-%!ﬁé cat al yst
usi ng a 450 Dau%o}gox%%r%%l ?rge gﬁg}gg%sga'-%-‘&fsjt arter ltﬁadla i roxeyl

nunber of 14 aRWMBATENEt tFeRt orhiesl dinjoe Wekiglethe pol yol was subjected
to GPC analysis. The GPC trace is illustrated in Figure 2. The polyol is

whil e the DV glyme cat afJBLt fol JOTURRREReR: e | dawb: arBiAREIeteh
conponent s. Expiptesul-slopsd Cebpaent 20CCExampl d20RCH and the loss
10 tangent delta of an ultra-low unsaturation (0.005 meqg/g)
polyol-derived elastomer and a similar polyol-derived
elastomer prepared from a polyol having an unsaturation
of c.a. 0.015 meq/g. As can bé seen from the Table, the
ultra-low unsaturation polyol-derived elastomer has a
15 much lower slope in the region of the plateau, indicat-
ing a much slower drop off in physical properties as
compared to an analogous elastomer prepared from a low
but higher unsaturation polyol. The loss tangent delta
of the subject invention elastomer is also much lower
20 (less than half) of that of the comparative elastomer,
lowering heat buildup substantially. Finally, the
subject invention elastomer extends the low temperature
elastomeric range by 2°C.

TABLE 3
25 Thermal and Dynamic Properties of Polyurethane

Elastomers Based on 4000 Da Diols
6% mer, red

Polyol
Unsaturation Tse (° 20-C/120-C Tan Delta @ 20-C

30 0.015 meq/g 43 78 0.120
0005 meqfy | -45 42 0.057 |




A series of 6% NCO term nated prepol yners were 10 prepér ed from 2000 and
4000 Da diols prepared with either DMC-TBA catal yst (subject invention) or

PMC. gl yne catal ysts (conparative). The neasured unsaturation, denold
times, and green strength, where applicalhe, are presented in Table 1
bel ow. G een strength was not 15 measured where denold tines are

greater than 150 m nutes as such conpositions are not commercially

accept abl e dueEtxg tpeg_ignr}g4deml dtime. Al fornmulations had a pot |ife of

from 3-5 m nut €5° ortant, when conpar- ing fornulations, to
conpare formulations with simlar 20 pot life. The prepolyners were

heated to 60[err]C prior ' chai I i at_room
tenperature. Dibutyltin E‘f" ?agggégggt %&%ﬁ%&ﬂwgﬁaggf Eﬁsﬁ?%?‘ﬁ% e
pronot i ng cat albpsh from g rapARWEuRSREYERSEPAPOVRRErePYdenesddbls,
El ast omers Made, \MbhheBolyolis sRneganednVithl PMEcEahal ¥5t x4R3 HNCO ML

ool @ Th e BB Cat of AR00 DRvPoLephiar gifiabt . merRaiseprseciiahgin 1
DMC. TBA 200@as utili@e_dOSwhile imMExample 4,failplénd of MOOOTBA and 4000
s u@%‘*&%’ne"a di%%o&"vm%%g%wse noftiilar weignf'dg 2000 150
DVC. gl yne Ao were mtgidzed. Thegpyepolymegsqwepe chapnreytemded 4000
0.010 > 1H@h 1;4bdtanediol as before. Example 3 showed a
10  demold time of 45 minutes, a considerable improvement
over elastomers prepared from polyols having unsatur-
ation of 0.010 or higher where the demold time was
greater than 150 minutes. Even more surprising was the
improvement in green strength. Overall, the elastomer
15 physical/mechanical properties were retained.

However, the 2000 Da molecular weight 1000
Da/4000 Da multidisperse blend surprisingly exhibited a
demold time of only 21 minutes, less than half of the
monodisperse diol. Moreover, elongation, tensile
20 strength, and tear strength were markedly improved, with
only the modulus properties being slightly lower. 1In
addition, green strength was improved. The processing
characteristics and physical properties are set forth in

Table 4 below. |



" Not ~det ermi ned because sanple could not be denol ded within 150 m nutes.
Table | clearly indicates the dramatic reduc- tion in denold tinme when
using ultra-low unsaturation 15 pol yoxypr opyl ene honopol yner diols for
use in polyure- thane el astoners. Not evgq Conparative Exanple D yields an
acceptabl e denold tinme despite having an unsaturation of 0.010 neq/g.
Clearly, the unsaturation nust be | ess than 0.010 neq/g when using a single

pol yoxypr opyl ene 20 pol yol to prepqr Pelgyur et hane el astonmers havi ng
accept- able denold tine. - 37- IZ‘I:A_Z"El"astorrer Properties Using the

4000 MW Di ol s Prepared V\Ehfg qatlaMXFcula{'Q’V/elg l\/g_lbllftrl@ool ymer / BDO

Ext ended) 5 / P D Pol yol
Unsaturation (meqg/gm 0. 0@ =& °(5'i°47 roﬁesﬁ'fé alﬂrd ! pfl’FFé"r‘ \/ i scosity (cps) @
310 370 Hardness (Shore A)

20[err]C 6380 5598%N O[err]C 380

Rebound (%
953 607 40} 100%
ot o2 (810 [ ponetworbiRepil, o 207 0 {acrb u;og%g
272 * Shor efthardress—heedl-e—penet+at-ed—sowy—inte 4 1 Tabl e
2 are presentefl Dipemitysi cal proper- : monodlsperse multxdxsperse
Polydispersity (Mw/Mn) : 1.05° 1.72"
Unsaturation (meq/gm) 0.005 0.005
PROCESSING CHARACTERISTICS
10 | Demold Time (minutes) 45 21
Green Strength fair good
PHYSICAL PROPERTIES
Hardness (Shore A) 68 69
Rebound (%) 61 59
15 Elongation (%) 528 732
Tensile Strength (psi) 2060 2370
100% Modulus (psi) 480 430
" 300% Modulus (psi) 990 840
Die C Tear Strength (pli) ' 281 302
20 *  Determined by gel permeation chromatography (GPC).

** Calculated based on GPC of individual components.



ties of the elastonmers from Table 1 prepared from 4000 Da diols. Table 2

I ndi cates that el astoners prepared 20 fromultra-l ow unsaturation

ol yols have greatly im proved properties as conpared to those prepared
from higher but still [ow unsaturation analogs. = Al the neasured physical
properties of elastoners prepared from ul 4€ra-1 ow unsaturation diols havi ng
unsaturations |less 25 than 0.010 neqg/g are significantly higher than the
physical properties of elastoners prepared from polyols having | ow but

hi gher unsat ur dixamples 5-7 apd Compareivgdixamnlesocb-GExanpl e 2 and Conpar ati ve _
Exanpl e C were subjected to dynam c nmechani cal thermal analysis. As shown
in Figure 3, in the first curve, delineated by letters A-D, the storage
modul us of an 5 el ast dndunthen gieries of @éﬁﬁépalﬁﬁﬁeye(-’ﬁ) pgeparedt he

temperature beigd) bekeyet haysaf t thegr@mburd asE td%&ylﬁu@”di?&ﬁf&@éure
T[err]. As the ela;storrer tedn%%{ature Jaasses T[err] l& its gl assy

nat ure under god&2ta Sty Adius &% VR BN At gfsanHeF §S§F¥5rage 10
- modul us  decr edserdapitdl ygompane |lelasteimelr mloycesislmg pl afheaavef:agéached

El ast omeric behawiQi, 1 n e t 49 ntil

t he terrperaturg%rgg{: ggﬁﬁéﬂﬂﬁetﬁeﬁ%grgﬁ éﬁ%r Cgr n%PA 1?errpe%a Bre (D)
of the hard sedtRd® sDRferr]In ExXgmphes oj At , MORG@L %H’Prse:el aétﬁﬁelowegl ns

to soften and fmsstur\@idilon |4rm01ohearghbmewa1§aiséd elv&sém e ERBAB1ES
between T[err] é”“igT?rrklengspgﬁcgigga i&w unsaghrggl fgﬂﬁpBa and

t enperature of
10 8000 Da diols, and DMC-TBA catalyzed 1000 Da and 8000 Da

diols were used, respectively. The total average

unsaturation of both blends was 0.005 meq/g. In Compar-
ative Example E , an 8000 Da ultra-low unsaturation
(0.005 meqg/g) diol was blended with a conventionally
15 catalyzed 2000 Da polyoxypropylene diol_ with an unsatur-
ation of 0.026 meq/g. This diol blend had an average
unsaturation of 0.012 meg/g. In Comparative Example F,
the same 8000 Da ultra-low unsaturation diol was blended
with a conventiohally catalyzed polyoxypropylene glycol
20 of c.a. 1000 Da molecular weight (0.015 meg/g). The
blend of Comparative Example F had an average unsatur-
ation.of only 0.007 meqg/g due to the relatively small
amount of low molecular weight poleXypropylene diol
'present In Comparative Example G, a blend similar to
25 . that of Comparative Example F was prepared but the 8000
Da diol was a DMC-glyme catalyzed polyol The average
unsaturation of the blend was 0.01S mggﬁg The process-
ing parameters and physical propertieéﬁére tabulated in
Table S below. L



approxi mately 80[err]C. Ext ensi on of the | ower range by lowering T[err]
results in an el astoner useable at | ower 20 tenperature. In the second
curve is shown DMIA anal ysis of a second el astoner having a higher T[err]
and a pl ateau which di splays a steeper sl gpe. The sl ope of the plateau
determ nes how wel |l a particul ar el aston®? 25 retains its physical

properties with increasing tenpera- ture. 1In general, it is desired that
an el astoner have the same degree of flexibility at |ow tenperatures and

hi gh tenperatures within its SisIm _ et rtant
property is the loss 30 nmoqul :‘8whi ch js p nfjasyre |of |th¢ ehergy | oss
of the elastonmer due to the flfow |[cl&@af acl ex| or| coffparnyent|. The|r.afiojof |oss
modul us to storage nmodul us is |t Kel Fosst| 2 By t 4nBenE BI|tB | (Fhrd Pel t a)
. . (o] Q.
which is related to the el astqmerjj K dynpm g perf§rmgnce. The fowgr the
| oss tangent delta, the |ower |t hegj BRept buil du t he ¢l agto{ ner finder
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of cta. 0.015 meq/ g. As can be seen fromthe Tabl e,
much | ower slope in the

unsat urati on pol yol
regi on of the pl ateau,
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i ndi cat -
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ing a much slower drop off
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Exanple 3, a 2000 ba

i nventi on
:of that of the
Finally,

Dynam c Properties of
Pr epol ynmer s/ BDO

7 120[err]C Tan Delta

0.120 0.005 neq/g

Two simlar 6% NCO
uration

referential exanpl es.
i sperse diol was

4000 Da di ol s having
The prepol yners were

Ultra-low unsaturation, monodisperse polyoxypropylene diol of subject invention

Conventionally base-catalyzed high unsaturation polyoxypropylene diol
DMC.-glyme catalyzed polyoxypropylene diol

n.d. = not determined



wi th 1,4-butanedi ol as before. Exanpl e 3 showed a 10 denold time of 45
m nutes, a considerabl e inprovenent over el astoners prepared from pol yols
havi ng unsatur- ation of 0.010 or higher where the denold tinme was greater
than 150 nminutes. Even nore surprising was the inprovenent in green
strength. Overall, the elastomer 15 ﬁﬁ Si cal / mechani cal properties were
retai ned. However, the 2000 Da nol ecul ar wei ght 1000 Da/ 4000 Da

mul ti di sperse blend surprisingly, exhibited a demol.d-tinme of only 21
mnutes, less than hal f &RPLReS nbhbes Slee thitolit is petLeBEely the

el ongat ijon, L &ﬂ%:rhgeZQweraSﬂr afrgidturand oheathisit e:'lngt Hn%t@ft%ﬂmr kedf y

| nproved, wt n t he rop 1 el sl i.ght. ower .. |

addi tion, greeﬁ%gp%gﬁteﬁﬁgaggg#{ 1?0‘8@2‘5‘3#%}% (?c%g:shsisﬁ'gnéﬁéf:ﬁggg??g{‘?gs and
physi cal properin tbeafermgelation must Navecaslow|drgree of4unsTNBLEC - Ef f ect

of Polyol gWbl eql 3 WEiagREof 86T LRSI DEh P hARHaRS @ﬁbﬁ%%?ﬁ%“@né@@'—
Properties (6% NCO,MDI Prepol ymi?ri B% Extended:d.105 I nde}ézfo angl e 3
Exanple 4 5  Urata@iyg ectft2® wepghRer 1ndicates thajygphysical
2000 (1000/ 400prBpert)ieb sperelagtomers prepared from all nobodaspewse

mul tidi sperse Eglls%gr\%?%%riﬁht ypéf%f@) ar(? Oggeatly enﬂargéengSaE ¥i|'] I 1. 72**

Unsat uration (nmeq . ( NG
CHARACTERI STI C®articularly noted in this respect are the tensile

10 strength, 300% modulus, and Die C tear strengths.

In order to better quantify the green strength
of these elastomers, the build in elastomer properties
with time was measured while curing at 100°C. This was
done by simply removing the elastomer samples from the

15 ~oven and quickly measuring the Shore A hardness and
resilience at 100°C. The property build was measured
through the first two hours of cure. Surprisingly, the .
Shore A hardness and resilience increase much faster
with the multidisperse, ultra-low unsaturation polyols

20 of the subject invention than with the monodisperse,
ultra-low unsaturation polyol. For eicample, the elasto-
mer based on the 8000 Da / 1000 Da blend achieved 95% of
its final Shore A hardness and 86% of its final resil-
ience after only 120 minutes versus 62% and 57%, respec-

25 tively, for the monodisperse 4000 Da polyol.

A . series of microcellular elastomers were
prepared to demonstrate the unexpé¢ted improvement
resulting from the use of the ultra-low unsaturation
polyols of the present invention. Microcellular elasto-

30 mers in accordance with the preseritf: invention are
derived from a prepolymer component i}repared using a
substantial quantity of polyoxypropy]:é_'f_i'e- diol, prefera-



10 - Denol d Ti ne (m nutes) 45 21 Green

Strength fair . good PHYSI CAL PROPERTI ES
Har dness (Shore A) 68 . 69 Rebound (%

61 59 15 El ongation (%_ 528

732 Tensile Strength (psi) 2060 ' 2370 100% Modul us
(psi) 480 430 300% Modul us (psi)

990 . D13 2eBBEnleRl SLIAIAD APt percent of B caral.,

302 2 0 rmne per meat I"on~chronat ogr ap
Cal cul at ed bas@aplyelcP@usfanadilyi drgatesnpbaantd. weight? peEganpl esnd- 7 and

Conpar ative Exgfiepleferhdiy tAssusess eGeOhne! BeLOBRES V‘@E:,%pB&?@éEEd as
before, with the anou of dlbuayltlg dllafrate catgégst dj usted to give
simlar pot Ii\Pé?,parFéasféféﬁ“yd%O S PRAOFHAPLE REBMEFECEN St oner processi ng.
The average nol ecul ar wei ght of all polyols or polyol blends was 4000 Da.

I n Exanpl 5, nonodi sperse, . ubLtira-l oy unsaturation 4000 Da di ol was
used, Mefseas ib&}w I?eg' ompariye - el @ Fltra-low unsaturation 2000 Da
and 10 8000 Da diols, and DMC. TBA cat al yzed 1000 Da and 8000 Da diols
were used, respectively,

bl ends was 0. 005 neq/g. | r?régmygfqréa%l\?gl%\ig:r%%s@%}éjg%%ﬁ&f%I ?ggéhl ow
unsaturation (OSFOSTHERIRP INLAS War SImSsee BSEingh Ry epedveeti dialeyand
catal yzed 2000 d28 d1@ .y OX R0 it edit viliedls Wrdde aprepsaédrl in a 2000 ml
resin kettle equipped with a stirrer and nitrogen purge,
10 into which 1199.4 g of the respective polyol and 0.04 g
85% phosphoric acid were added. Then, 515.2 g Mondur®
M 4,4'-diphenylmethane diisocyanate was added and the
mixture heated to 90°C and stirred for c.a. 5 hours.
The free NCO contents of the products were determined by
15 titration to be between 8.2 and 8.5 weight percent. The
polyols used in Comparative Example H were PPG 4025, a
conventionally base catalyzed nominal 4000 Da polyoxy-
propylene diol and LHT-28, a 6000 Da average molecular
weight, conventionally base catalyzed, glycerine initi-
20 ated polyoxypropylene triol. The polyols used in
Comparative Example I were a 4000 Da molecular weight
DMC-glyme caéalyzed polvoxypropylene diol and a 6000 Da
molecular weight glycerine initiated polyoxypropylene
triol, also DMC-glyme catalyzed. Both the latter
25 polyols had unsaturations of c.a. 0.014 - 0.015 meq/g.
The polyols used in Example 8 were similar to those of
Comparative Example I, but both DMC-TBA catalyzed, with
unsaturations of 0.005 meq/g and 0.007 meq/g, respec-
tively. Both polyols were essentially monodisperse.

30 The microcellular shoe sole formulations used
are presented in Table 6, below, in parts by weight.



ati-on of 0.026 neq/g. This diol blend had an average unsaturation of 0.012
nmeg/ g. In Conparative Exanple F, the sane 8000 Da ultra-|low unsaturation

di ol was blended with a conventionally catal yzed pol yoxypropyl ene glycol 20
of c.a. 1000 Da nol ecul ar wei ght (0.015 m37q/ g). The bl end of Conparative
Exanpl e F had an average unsatur- ation &' onl y 0.007 neq/g due to the
relatively small anount of | ow nol ecul ar wei ght pol yoxypropyl ene di ol

present. In Conparative Exanple G a blend simlar to 25 t hat of

Conpar ative Exanple F was prepared, bulABAE 8000 Da diol was a DMVC. gl yne
catal yzed pol yol. The average unsaturation of the blend was 0.015 neq/g.
The process- ing paranefers an apjl ated in Tabl e
5 bel ow. -43- [err] | - ‘QUNT| ystflates that it is
not nerely the average pvyera unsagturation LS.l mportpnt, c.f.
Conpar ati ve Exanple F, ):éfeﬂo%‘?er h signifilcant pg‘?;@ol
Prepolymer triol 67.9
5 Polymer Polyol' 14.83 -
Water. 0.61
Niax® Al Catalyst 0.1
UL-1 Catalyst 0.02
Tegostab B4113 Surfactant 0.1
10 ! A polymer polyol prepared from a glycerine initiated polyoxypropylene

triol conventionally base catalyzed, containing 43 weight percent of a sty-
rene/acrylonitrile polymer dispersion and having a hydroxyl number of

20.2.
The properties of the microcellular elastomers
15 are presented in Table 7.
TABLE 7
EXAMPLE; H I 8 |
POLYOL IN PREPOLYMERS: Conventjonal DMC-Glyme DMC-TBA
t Base Catalyzed | Catalyzed Catalyzed
Density, g/em® 0.36 038 0.37
20 Hardness, Shore A 29 % 35
Resiliency, % 39 46" 48
Tear, Die C, Ib/in. (N/m) 44 (7705) 49 (8581) 52 (9106)
Compression Set, % 18.2 88 5.8

The results presented in Table 7 illustrate
25 that despite the analytical similarity of DMC-glyme and



in the formul ati on nmust have a | ow degree of unsaturati- 5 on in
addition to the blend having a | ow average unsat- uration. The table
farther indicates that physical properties of elastoners prepared from all
ultra-1ow unsaturation polyols are greatl LYg enhanced as well. Particularly
noted in this respect are the tensile 10 strength, 300% nodul us, and Die
C tear strengths. In order to better quantify the green strength of t hese

el astoners, the i i n_elas rQper asured whil e
curing at 100[ePB?Cl[‘g%h?at?A§§ d{;ﬁglgo% lliljIle es\éwnﬁ&llﬁ&q‘ée’h%°fé‘?§§§%%ﬁ 'sanpl es
fromthe 15 u&enaahdwqmrtﬂaqunmmlnglmbs Sirgogluaeham beresse lndlar

resiiience at 1@%§f;biln§rs mghpreﬂlﬁ%hh)édblﬂi gemeaeasw&d A UGl tfie first
two hours of cure. r|5|££¢/ﬁﬂthe Shor

at{drg‘ess agg resilience

i ncrease much f §8fé 1@PFM 3 4 SFEpEF8ea TR €at JIQWSRY¥ pol yol s
20 of tBe subhectectreasti dn t:bﬂprws*slhoﬁheeﬁDDQdesp@de&ll}thdtﬂevl'&W

unsat uration po | . S e 0Q Da /
1000 Da bl end acl?ﬁl?éve eggg/ég?ﬂ(?n %I nal h%ﬁg ﬁa?gﬁeg“é}%mﬂ@o‘hf %t s
final resil- iefbarafterishigs 1@ nmicxecellilar elastemes7shoeesyle 25
tively, for therpgepadasPense 401@93 Dﬁoxpobbﬁbreé\sﬁﬁ“s%% ForAiHAC ]y ¢4l ar

el astoners were ﬂ Eaéed to d trate E unexpg&% gﬁ rrpro enent

resul ting from 2h& OYf uPﬁ@ HFF ZOP oROGX8AB UL St i WG st t$ECr esent
i nventi on10M cr ¢bel |IDMGrglaimest cat&@lyzed npodyol nedestpolanse W Elrthdme,
DSt LVert ARG Ul oLiBm 2R B0 WBR SN YY1 PR LS N0 2

subst anti al quantlty 0 oxypr opyl ene prefer
able, an lS expectéd to be lower still when polymer

polyvols employing ultra-low unsaturation base (carrier)
polyols become available.

15 Examples 9-11 and Comparative Examples J-L

In one-shot shoe sole formulations which do
not employ prepolymers or do so only in minor amounts,
the reactivity of the polyols must be increased in order
to achieve satisfactory demold times, and thus polyoxy-

20 ethylene capped polyoxypropylene polyols are utilized.
Three one-shot, ultra-low density microcellular shoe
sole formulations, 1,4-butanediol extended, and contain-
ing various amounts of Polyol A, a monodisperse, ultra-
low unsaturation 4000 Da molecular weight polyoxypro-

25 pylene diol with a 14.6 weight percent polyoxyethylene
cap, a hydroxyl number of 28.3, and an unsaturation of
only 0.005 meq/g; and Polyol B, a monodisperse, ultra-
low unsaturation 6000 Da molecular weight glycerine
initiated polyoxyp;opylene triol containing 14.7 weight

30 percent polyoxyethylene as a cap, a hydroxyl number of
28.5 and an unsaturation of only 0.006 meq/g, were pre-
pared, and their physical properties measured. For



-46* bly representing at |east 20 wei ght percent of the total polyol,
preferably greater than 30 wei ght percent, and nost preferably about 50
viei ght percent. Prepol yners prepared fromdiols and triols are preferred.
5 Exanpl e 8 - Conparative Exanples Hagrd | Three mcrocellular

el astoners suitable for use in shoe soles were nmade using prepol ymer diols
and triols. The prepolyners were prepared in a 2000 m- resin kettle

equi pped with r.Qge g of
the respecti veacp&?%/gllrl%or{g%gug’f%eg g/”quigghg%?“&u%acég we\rMeylgl1 déég%?ﬁ

515.2 g Mondur mmaallxduqﬂﬁt@ilw@%t ﬁaﬂmoaﬁ o@?@n&t‘eemslmedPQANOﬂhé

m xture heated g 590.&@00]ﬁaaaﬂoﬁtha{rﬁﬂgfarhgdéoxﬁlhauﬁ@eﬂas bees, NGO
contents of the roduqtggnwere det er m ned bé titration to be’ between
8.2 and 8.5 \/\Bl’dﬁi Percent pEY§oP¥IGRe SRR (iﬂf"i)é}nat“nn\?é CEXS&pPB H were
PPG 4025, & corm‘erﬁmmaddw/d)asmidat abyyzedl Dois nal 6D MDamiolly@iyh a

propyl ene di ol }ggﬂ:&?;l vey gg%re
conventional | y base tglﬁ/zefqgﬁj %r ?anglsﬁﬁﬁ%@@g}ﬁﬂen‘ﬁe I yXxypr opyl ene

triol. The g8 AR q;séulsaithlr ApBr afi GeVExmpf( ¢ | Redvels £0eodDR
mol ecul ar wei ghirdNGraH Vabsl & aflvdny 281k miqoawmmélerw@aa& aBdARc@)@@O Da

nol ecul ar wei g yge | nit at ed pol yoxypr o tri SO
DMC. gl yne cat Z‘R/%’e S a{ﬁ%’r %’g e& pol 5? fl%&@“&%&f’&?at i ons

of c.a. 01@14 -ad G!lﬁ/smﬁ]g pfﬁm@r]@oleﬁohseupedsentedampl‘BaBIMJe simlar to
t hose of Conparative Exanple |, but both DMC. TBA catal yzed, with
unsaturations of 0.005 neq/g and 0. 007TARY/F8 respec- tively. Both polyols
wer e essential ly nonodi sperse.

EXAMPLE 9 I 0 | K 11 L

.
4.4-"¥D] 186 | 236 186 | 338 ne | 35 |
Polyol A 20.4 wo. | 410
15 Polyol B 29.4 1.8 - (1.8
Polyol C 29.4 0 470 .
Polyol D 94 | . | us 118
1,4-butanediol 5.9 5.9 5.9 %9 | 59 5.9
Water 060 | 060 0.60 0.60 0.60 0.60
20 DABCOe 33LV 0106 | o196 | o6 | o 196 | 0196 | 0.9
POLYCAT. SA102 0.1 0.1 o | ot | o1 0.1
NiA¥e A-1 01 0.1 o1 | oL 01 0.1
UL-1 ' 0004 | 0004 | o004 | 0004 | ooo4 | 0004
Surfactant Y10515 | Y10515 | Y10515 | Y1055 | Y1078 | ‘Y10788
25 Density, g/cm? 0.21 0.22 0.22 02 | 02 0.22
Hardness, Asker C | 55 42 50 w | 4 41
Shrinkage, % 05 49 0 142 185 30.7



30 * The m crocel lul ar shoe sole fornul ati ons used are presented

in Table 6, below, in parts by weight. -47- TABLE 6 COVPONENT
AMOUNT Pr epol yner di ol 67.9 Prepolyner triol

67.9 5 Pol ymer Pol yol [ err] ' 14. 83
Vat er 0.6I°%ax Al Catal yst

0.1 UL-1 Catal yst 0. 02 Tegostab B4113 Surfact ant
0.1 10 A pol yner pol yol prepared froma glycerine initiated

-pol yoxypropyl ene triol c&FeERLEENaI1IL bald SCompayAddvecdhmamuniiasy dslwei ght
Eeg cent | of ﬁb Stsshofw gga/camﬁ%Icﬁfé-tsﬂdte;nmaw?en%dlépeélsda{bn@:ﬁ bﬂfébﬂﬁe@ 15
ydroxyl nunber q 2. properties o e microcel lular.elastoners
are presented ilﬁ?l‘flgblpe‘a%?’.o-g'l%éf@ II:IQXI@IBEEulttra TOW-unsak:U{FElon iess I
8 POLYOL | N PREPADYMERS10 meqlonvewrpoheingly DMztdbjife consiBREaBBA Base -
Cat al yzed g Catr@(sﬂ%‘;éazosh%@i@lasgs Deigigay-e® 8 €btherwise ident%gal 0.36

0.38 ) ness, . Shor.e .
34 fggnﬁégqqo%cﬁm%oylng a blend of conygntionally catagyg
48 Tear, Die Clyded npoldbbs. Reddcéd 7@hrinkaged%id 858IProperty 53£( 9106)

Conpr essi on Se % . 2 s s The
?ggé?muflgbl em}pollﬁahrisltfe in  microc8iPular elastom2r§,

results presen n rate )
particularly those for use in shoe soles (i.e., mid-
10 soles).

While the best mode for carrying out the
invention has been described in detail, those familiar
with the art to which this invention relates will
recognize various alternative designs and embodiments

15 for practicing the invention as defined by the following
claims.



25 ° that despite the analytical simlarity of DMC glynme and - 48-
DMC. TBA cat al yzed pol yols, the essentially nonodi sperse, ultra-I|ow

unsat uration polyols produce microcellular elastoners with enhanced
properties. The increase in resiliency and tear strength are both notable.

However, 5 t he decrease in conpression set is especially notewor- thy.
Conpression set is one of the more inportaft characteristics in
m crocel | ul ar el astoner shoe sol e fornul at1ons. The | ow conpressi on set

obtained with ultra-Iow unsaturation polyols is 35% 1| ower than even 10

t he DMC-gl yne cgthézgd pol yol el ast omers. Further, this | ow conpression
set has been fo 1S he repeat- able, and is expected to be | ower stil

when pol yner pol yols enploying ultra-low unsaturation base (carrier)
pol yol s becone avail able. 15 Exanpl es 9-11 and Conparative Exanples J-L -
I n one-shot shoe sol e for kil at RPometlindhfds rdre eimpoyvemenn| piergreen do so

only in minor agewahgtht "@nd[e%'fnio\l'dt Yt Phet R§E pﬁbxghfreEH?hebeeléZEé&@ei%d in
order to achieve satlsfag nol d, tinmes, E OXYy-
et hyl ene cappedPpEPFERSPEP %rﬁe"’pﬁﬂw é’far”‘é LEpryaaat e'lq*ﬁ’l&méﬁfé: §tidth

ultra-| ow 8ensi ty polypayalkylenes podysdl antioone alr dtre biikutanatiql
ext ended, and cgggalgo bgg égrlous anounts of Polyol A a nonodisperse,
ultra- | ow unsaturation §0"BA nol ecul ar wei ght pol yoxypro- 25 pyl ene

diol with a 14.6 wei ght peeteatipgl yasxyeahsll ol yoyalkyledreoxyblypobber of
28.3, and an ungghiybalh?Ry®ine polyol component having an unsaturation
of less than 0.010 meq/g, a polydispersity of 1.4 or
10 greater, and comprising a polyoxypropylene polyol
component having an unsaturation of less than 0.010
meq/g, said polyoxyalkylene polyol component having an
average equivalent weight of from 1000 Da to about 8000
Da; | |
15 wherein when said polyoxypropylene polyol
component comprises a blend of individual polyoxypropyl-
ene polyols, each of said individual polyoxypropylene
polyols is an essentially monodisperse polyoxypropylene
polyol with an unsaturation of less than 0.015 meq/g.

20 : 2. The method of claim 1 wherein each of
said individual polyoxypropylene polyols has an equiva-
lent weight of from about 400 Da to about 10,000 Da.

3. The method of claim 1 or claim 2 wherein
said polyoxyalkylene polyol component is a blend, and at
© 25 least one of said individual polyoxypropylene polyols in
said blend is a.polyoxypropyleﬁe/polyoxyethylene copoly-
mer polyol.

4, The method of any one of the preceding
claims wherein:’saiﬁ polyoxyalkylene polyol is a
30 polyoxypropylene/polyoxyethylene polyol containing

IIIIIIII IIIIII III|| IIIII II IIII



only® 0. 005 neq/g, and Pol yol B, a nobnodi sperse, ultra- |ow unsaturation
6000 Da nol ecul ar wei ght glycerlne I nitiated pol yoxypropyl ene tri ol

containing 14.7 wei ght 30 per cent pol yoxyet hyl ene as a cap, a hydroxyl
nunber of 28.5 and an unsaturation of only 0.006 neq/g, were pre- pared,
and their physical properties measured. For -49- conpari son purposes,

simlar fornulations using conven- tlonaJlgécaIaIyzed polyols C and D were
used. Polyol Cis a 4000 Da diol having a hydroxyl nunber of

28.5, a 20% wei ght percent oxyet hyl ene cap, and an unsaturation 5 of
0.06 neq/q, with a hydroxy
nunber of 28, a 1%‘ 85?? n?x3§€5¥ﬁ§11%rf§°’c%1bl%§1d”hﬁnuPrg‘SPBF f-d-FPof

0.06 neq/g. Pol y& sahpla!ndl Dwaightyv piergieind framed hen ABR® GedihtalofCorpany as
ARCOL 1025 and EgA%,d30l yol's, respectively. The formulations 10 and

physical properties are presented in Table 8. TABLE 8 EXAVPLE 9
J 10 11 L 4,4-"MDI 33.6 33.6
2;.8 33.6 ° 33.65. Thé3. felBbMOl oA claim 4 @%@fﬁln said

11:8 5 po1yox¥fr§pggpygfpelyoxy¥tky?ene polyol 2g1¢h random

47.0 interndl. @xREthyleRe moieties further com§91§es up to

é?§8 mg%dﬂibﬂgaaggbRL percsngogxyeth¥}%ﬁp mOLeEFQﬁ)presenq)qﬁ)

0. 60 0.60 2a0cap. DABCJ err] 33LV 0. 196 0. 196

0. 196 0. 196 0. 196 0. 196 POLYCAT. SA102 0.1 0.1

0.1 0.1 0.1

6. Tgélmethod of claim 3 wherein the oxy-

10 ethylene moieties of said polyoxypropylene/polyoxyethyl-
ene polyol are present as a cap in an amount up to about
30 weight percent based on the weight of the polyol.

7. The method of any one of the preceding
claims wherein said polyoxypropylene polyol component
15 has an unsaturation of less than 0.007 meq/g.

8. The method of any one of the preceding
claims wherein each of said individual polyoxypropylene
polyols is a polyoxypropylene diol having an unsatur-
ation of less than 0.007 meqg/g.

20 9. An isocyanate-terminated = prepolymer
prepared by reacting an excess of a di- or polyisocyan-
ate with a polyoxyalkylene polyol component having an
average equivalent weight of from about 1000 Da to about
8000 Da, a polydispersity of 1.4 or greater, and an

25 unsaturation of 1less than 0.010 meq/g, wherein said
polyoxyalkylene polyol compcnent: comprises a
polyoxypropylene polyol. | :

W



NIAXT err] A- 1

0.1 UL-1

0.°004 Surfact ant

Y10788 25
0.22

40

14. 2

exhi bit considerably 5

0.

22

46

18.5

J-L show that the one-shot microcellular elastonmers prepared using polyol

bl ends havi ng uItra-IOM/ugﬁatu%Etlon | egs than 0.010 neg/g surprisingly
ed

0.1 0.1 0.1 0.1 0.1
0. 004 0. 004 0. 004 0. 004 0. 004
Y10515 Y10515 Y10515 Y10515 Y10788

Density, g/cnferr] 0.21 0.22 0.22
0. 22 Hardness. Asker C 55 42 50
41 Shrinkage, % 0.5 4.9 0
30.7 - 50- Exanpleé 9-11 and Conparative Exanpl es

8 DREPRLATETaLh oTtAlB 9t herrdnnisadid

i dentical fornupellyorypeopydgnagpal pbincompornenty eid i 01 1po§drbpy Ierrd

pol yol s.
m cr ocel
m d- 10

Red
ul ar
sol

ugegdishrinkage is a property of paranmount inportance in
e astoners particularly those for use in shoe soles (i

es). Wile the best npde for carrying out the |nvent|on has

been described in detail ,11hOS@héaakébaiyfae{»ho%hela&h 49 % iiél Nighiig

.el ates mnll recognlze vari ous” al ternative designs

i nvention
enbodi nen
cl ai ms.

t2 15 POlYGKYBFaRY

-51-pékaenBlend of individual polyoxypropylene diols having

10

15

20

25

different molecular weights.

12. The prepolymer of claim 11 wherein each
of said individual polyoxypropylene diols has an unsat-
uration of less than 0.010 meq/g.

13. The prepolymer of claim 11 wherein each
of said individual polyoxypropylene diols has an unsat-
uration of less than 0.007 meqg/g. |

14. The prepolymer of any one of claims 9 to
13 wherein said polyoxypropylene polyol component is a
blend of polyoxypropylene polyols, at least one of said
polyoxypropylene polyols comprising a polYoxypropylene/
polyoxyethylene polyol containing up to about 30 weight
percent oxyethylene moieties based on the weight of said
polyoxypropylene/polyoxyethylene polyol.

15. The prepolymer of any one of claims 9 to
13 wherein said polyoxypropylene polyol component
comprises at least one polyoxypropylene/polyoxyethylene
diol containing up to about 30 weight percent
oxyethylene moieties based on the weight of said
polyoxypropylene/polyoxyethylene diol.

16. The prepolymer of claim 14 or 15 wherein
at least a portion of said oxyethylene moieties are

Hll!ll! Hllll llll! Illll II Illl
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1. "A nethod for the inprovenent of green strength and dermold time of

pol yur et hane el astoners prepared by the reaction of an isocyanate conponent
with 5 a pol yoxyal kyl ene pol yol and one or nore chain extend- ers,
conprising: selecting as said pol yoxyal kyl ene pol yol a pol yoxyal kyl ene

~pol yol conponent having an unsaturation of less than 0.010 neq/g, a

pol ydi spersity of 1.4 or 10 greater, Zgd conprising a

pol yoxypropyl ene pol yol conponent having an unsaturation of |ess than
0.010 neq/ g, said pol yoxyal kyl ene pol yol conponent having an aver age

equi val ent wei gfan&émfr%ggpoly,f&t% e G000 P wherei n

when said pol yoxypropyle onent conprlses a bl end of
i ndi vi dual pol yoxypropyl - ene polyols, each of said individual

pol yoxypropyl ene polyols i3, arrrl@é t% mcazﬁyp%%eo@'cmﬁef gpxbe“e
S

pol yol with an S turaI| S

The net hod of cfg Ot& ?ngaf’u?aFanFﬁHFﬁﬂug‘Tmb(ﬂ%ﬁr US}H@ﬁe

pol yol s has an pqncemt tenaboet ghs wéighbnpeboeht4B8sed ba sheuivelgh00 Da
3. The ngtho aim 2 wherein said pol yoxyal kyl ene pol yol
conponent |s aq%f n%é%% d&ogﬁgﬁé | east one of said individual

pol yoxypropyl ene polyols in said bIend Is a

polyoxypropylene/polyoxyei@ylQﬂ@é rece] 4 t god.of any
one of the preceding clajns mhereln sal oxé*@L§?%ngf ZFyoﬁglg g°30
pol yoxypr opyl enkf poiye%x§:R hyfand PB&Y?ﬁYPrOEBﬁFa¢n|H§1Y° component

comprises two or more individual polyoxypropylene diols,
each of said individual polyoxypropylene diols having an

10 unsaturation less than about 0.007 meq/g, an average
equivalent weight of from 500 Da to about 10,000 Da, and
a polydispersity of less than abdut 1.20.

19. The prepolymer of any one of claims 9 to
18 wherein said polyoxypropylene polyol component
15 comprises a minor amount of a polyoxyalkylene polyether
polyol having a nominal functionality of 3 or more and
an unsaturation of less than 0.010 meq/g.

20. A polyoxyalkylene polyol composition
comprising two or more polyoxyalkylene polyols having a
20 nominal functionality of two or more, an unsaturation of
0.010 meq/g or less, and an equivalent weight of from
about 500 Da to about 10,000 Da, a polydispersity of
about 1.4 or greater, wherein at least one of said two
~or more polyoxyglkylene polyols isfﬁﬁpolyoxyprOPylene
25 polyol having an unsaturation of 0.0IO;meq/g or less.

21. The polyoxyalkylene pg]_.ir__ol composition of
claim 20 comprising two or more of sdi&fpolyoxypropylene

polyols wherein at least one of said two or more poly-
oxypropylene polyols is a polyoxypropylene/polyoxyet-
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-52-"random internal oxyethylene noieties in an anobunt of up to about 1
wei ght percent based on the wei ght of the polyol. 5. The method of
cllaim 4 wherein said 5 pol yoxypr opyl ene/ pol yoxyet hyl ene polyol wth
random i nt ernal oxyet hyl ene noieties further conprises up to about 25

wei ght percent oxyethyl ene noieties present as a cap. 6. The net hod of
claim3 wherein the oxy- 10 ethyl ene np3seties of said-

pol yoxypr opyl ene/ pol yoxyet hyl - ene pol yol are present as a cap in an anount
up to about 30 wei ght percent based on the wei ght of the polyol. 7. The

met hod of any o ced rei.n said, pol yoxypropyl ene
pol yol corrponen?@f‘%fne riq?1>:|'§r°an unsa ura Vw{r" 13k h-g)n W%ﬁ‘?‘yrﬁﬁfy‘{fn%
The net hod of a@%Y@ﬁ@Y@?nﬁhmOpB@eeélng clalns wher ei n each of said

i ndi vi dual pol yoxypropyl ene polyols is a polyoxypropylene di ol having an

unsatur- ation. of |less than O. 007 meg/ g. 20
i socyanat e-t erni nat ed plzépol rP‘M‘Sé%Y%H‘WIF%Q@tlﬁ’@é @ﬂmm%b@so@fofa di -

or polyisocyan- cahﬂnMQthaeaehnoayal&ahens PeL ¥ Ddn @AMt %¥%§¥¥1

| ent. ht _of _frgm abo out a
ggﬁ;gggpg? :Y? @Plfwiegraﬁgegﬁg °managgﬁr§§9 °xﬂﬁ55¥£?§?|%ﬂl%¥l¢%ss t han

0. 010 neq/g, wherein said pol yoxyal kyl ene pol yol conponent conpri ses
a pol yoxypropyl ene polyol 53, qne polyoxyalkylene polyol composition of
any one of claims 20 to 22 which is multidisperse.

24. The polyoxyalkylene polyol composition of
any one of claims 20 to 23 comprising at least two
10 individual polyoxypropylene polyols, each of said
individual polyoxypropylene polyols having a nominal
functionality of two, a polydispersity of about 1.20 or
less, an unsaturation of 0.010 meq/g or less, wherein
said at least two individual polyoxypropylene polyols
15 have different average molecular weights.

25. The polyoxyalkylene polyol composition of
any one of claims 20 to 24 further comprising at least
one polyoxyalkylene polyol having a nominal
functionality of 3 or more and an unsaturation of less

20 than 0.010 meq/g.

26. A multidisperse polyol blend comprising
two or more individual polyoxypropylene polyether diols
of different average molecular weight, each of said
individual polyoxypropylene diols having an unsaturation

25 of less than about 0.010 meq/g and a polydispersity of
less than 1.20, said blend having a polydispersity of
about 1.4 or greater and an average equivalent weight
between 500 Da and 10,000 Da.
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-53-+10. The prepolynmer of claim9 wherein said pol yoxypropyl ene pol yol
conponent is a pol yoxypropyl ene diol. 11. The prepol yner of claim 10
wherein said 5 pol yoxypropyl ene pol yol conponent conprises a nultidis-
perse bl end of individual polyoxypropylene diols having different nol ecul ar
wei ghts. 12. The prepol yner of claim 11 wherein each of said individual

pol yoxypropyl ene diols has an unsat- 10 _geuration of Iess.than 0.010
meq/ g. 13. The prepol yner of claim 11l wherein each of said individual

pol yoxypropyl ene diols has an unsat- uration of |ess than 0.007 neq/g. 14.

The prepol ymer of any one,of ai 9 15 3 _wherein_sai

pol yoxypr opyl ene pol yol 82]‘30 ‘éntp%#%}éw OF%'SS%SB@'W%’W*%H@%%I fol S,
at |east one of dempddpotimeywiopGPermeipetesl Lwokpsssi ngadd elastomer
polyoxypropylengé §9£¥Qﬁ¥e£ﬂ¥|féﬁc995ﬂo rg&g&@l §Eng up to about 30 weight

percent oxyethyl ené noiefies based gn the weight of said 20
pol yoxypr opyl ene/ pol yoxye@hy! ed@ poP?@FYaﬁéte'tﬁémﬁPéEGﬁyWEPNQPCéﬂVEGhe of
claims 9 tg 13 M‘ép@tédsﬁydr@&éﬂ AP Pk EEEs ROF Yl - R o%‘ir@?{dt%es at
| east one polyoxgﬁﬁogyle é¥ ﬁethylﬁg 3|0I cont |n|n% to about
30 weight per¥ 5Poly %y %y ERE PROYE §9m98&§ CoH: rﬁﬁéngmgqﬁht of
.sai d pol yoxypr opy| eneteoliyaiiypdidualenpodiyokyalkylehte dgiciw| womprdfsitigai m 14
or 15 wherein ap,|Eashy feh8" tholePfesald OL3LDY! BAEL T ELLES ¥ € said
individual polyoxyalkylene diols having an unsaturation
10 of less than 0.010 meg/g and an equivalent weight of
from 400 Da to 8000 Da, said polyoxyalkylene polyol
component having a polydispersity of about 1.4 or
greater; with
b) a hydroxyl functional chain extender or
15 mixture thereof having a molecular weight below about
300 Da, at an isocyanate index of from about 70 to about
130.

" 28. The polyurethane elastomer of claim 27

wherein said chain extender is an aliphatic glycol

20 selected from the group consisting of ethylene glycol,

diethylene glycol, triethylene glycol, 1,2- and 1,3-

propane diol, 2-methyl-1,3-propanediol, dipropylene

glycol, 1,2- and 1,4-butanediol, neopentyl glycol,

2,2,4-trimethylpentane-1,5-diol, 1,6-hexanediol, 1,4-

25 cyclohexanediol, 1,4-cyclohexanedimethanol, hydroquinone
bis(2-hydroxyethyl) ether, and mixtures thereof.

_ 29. The polyurethane elastomer of claim 27
wherein said chain extender is 1,4-butanediol.

30. The polyurethane of any one of claims 27
30 to 29 wherein said elastomer further comprises the
reaction product of an isocyanate-terminated prepolymer

. I’I!IIIICI ) 88} L




-54-"random internal oxyethylene noieties. 17. The prepol yner of any one
of claims 9 to 16 wherein the -NCO group content is from about 3 weight
percent to about 15 wei ght percent based on the wei ght 5 of the

prepol yner. 18. The prepol yner of any one of clains 9 to 17 wherein said
pol yoxypr opyl ene pol yol conponent conprises two or nore individual

pol yoxypropyl ene diols, each of said indiviflual pol yoxypropyl ene diols
havi ng an 10 unsaturation | ess than about 0.007 nmeq/g, an average

equi val ent wei ght - of from500 Da to about 10,000 Da, and a polydispersity

fol th b f
3her:?z sa?g Solyoxypropy%znégggtgo 3%%§§Leﬁ{ a§8199§8§%??§ 3 5? d?

amount of a pol RSAFARHR @Hatolpdh a}@lnmaa'lmmmbnfumtimllwlallty
of 3 or nore an z@hﬂé&sa’éw@tz Oén@f ah®anshitaraliBA0 e Uk 2&-191
polyoxyalkyleneépgby osition conprising two or nore po yoxya YEene
pol yol s havi ng *nal functionality of two or nore,

unsaturation of 0.010 neq/g or | ess, and an equival ent wei ght of f rom about

500 Da to gbout 10, 000 12 P d|s FSI of ab ut, 1.4 or _greater,
wherein at “| east one of sgl \%& eﬁ%& VaT&SFARRF pBfy Glaims 30
polyoxypropylenymﬂieln[ﬁﬂ%dﬂp¢kmwxxpzwpzkeu&upalyoh dt @ Hddmsiyepbr- | ess.
21. The pol yoxy heneRehyol conposition of claim20 conprising two or
nore of said polyoxypropyl ene polyols wherein at | east one of said two or

nore pol y-
32. A polyurethane elastomer exhibiting a

demold time of 60 minutes or less, said elastomer
10 comprising the reaction product of:

a) a prepolymer prepared by the reaction of
an excess of di- or polyisocyanate with a monodisperse
polyoxypropylene diol having a molecular weight of from
1000 pa to about 20,000 Da, a polydispersity of about

15 1.20 or less, and an unsaturatlon of less than about
0.008 meq/g; with
b) a glycol chain extender.

33. The polyurethane elastomer of claim 32

wherein said prepolymer has an isocyanate group content

20 of from 3 to 12 weight percent based on the weight of

the prepolymer and said glycol chain extender is select-

ed from the group consisting of 1;4—butanediol, 1,6~
hexanediol, and mixtures thereof.

34. A diol-extended polyurethane elastomer
25 "having a tan delta of less than 0. 10 ‘when measured at
20°C. '

35. The polyurethane elastomer of elaim 32 or
claim 33 wherein the tan delta of sald elastomer is less
than 0.10 when measured at 20° C.

A



oxypf opyl ene polyols is a pol yoxypropyl ene/ pol yoxyet - -55- hyl ene pol yol
containing up to about 30 wei ght percent oxyethylene noieties. 22. The

pol yoxyal kyl ene pol yol conposition of claim21 wherein at |east a portion
of said oxyethylene 5 noi eties are random internal oxyethylene noieties.
23. The pol yoxyal kyl ene pol yol conposition of any one of clainms 20 to 22
which is multidisperse. 24. The pol yoxyal kyd ene pol yol conposition of any
one of clainms 20 to 23 conprising at |least two 10 i ndi vi dual

pol yoxypropyl ene polyols, each of" said individual polyoxypropylene

pol yol s having a nom nal functiQnalj ol ydi spersi.ty of 6 about
1.20 or less, an uqsaturagggn 0 @bké&ﬁuﬁé5}§88r3+£§g¥mﬁ5 ’ Fha§§i34d?rleast
two individual gdiaigk@sr vherein paigotan Kdelta Hevadedsf tbarnabowerGges.

nol ecul ar wei ghts. 25. The pol yoxyal kyl ene pol yol conposition of any one of
claims 20 to 24 further cqnprising at | east one pol yoxyal kyl ene pol yol
having a nominal functi’onaffheyedpsioper afecanydons %%s%&%¢m§i3ﬁ1tﬁ | ess

20 than 0.01@6emediith 26 furthés 0tEECEEAcREbHObrBlERY GFTRY iSdNgnd O OF
nor e indlvgdualgﬁﬁéégéypropylene pol yether diols of different average

nmol ecul ar Wei ght', of said individual polyoxypropylene diols having an
unsaturation 25 of |l ess than about 0.010 neqg/g and a pol ydi spersity of

less than 1.20, said blendghaviplg 81BQL¥HESPEESLLY Sle of claims 32 to
37 wherein said elastomer comprises a microcellular
elastomer having a density of about 0.80 g/cm® or less.

39. A one-shot polyurethane microcellular

10 elastomer prepared by the reaction of a di- or polyiso-

cyanate in the presence of from about 0.1 to about 1.0

weight percent water with an isocyanate reactive compo-

nent comprising in major part, a polyol component,

wherein said polyol component comprises one or more

15 polyoxypropylene polyols, said polyol component having
an average unsaturation of less than 0.010 meq/g.

40. The microcellular elastomer of claim 39
wherein said polyol component has a polydispersity of
about 1.4 or greater.

20 41. The microcellular elastomer of claim 39
or claim 40 wherein at least one of said one or more
polyoxypropylene polyols is a  polyoxypropylene/
polyoxyethylene copolymer polyol. '

42. The elastomer of claim 41 wherein at
25 least a portion of said polyoxyethylene moieties are
present as a cap in amounts of frqm about 5 weight
percent to about 20 weighE_percent based on the weight

of the polyoxypropylene/polyoxyethylene polyol.
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about 1.4 or greater and an average equival ent wei ght between 500 Da and

10, 000 Da. -56- 27. A polyurethane el astonmer exhibiting a denold tinme of
60 minutes or less, said elastoner conprising the reaction product of: a)
an i socyanat e-t erm nat ed prepol yner 5 prepared by reacting an excess

of di- or polyisocyanate with a polyoxyal kyl ene polyol conponent conprising
one or nore individual polyoxyal kyl ene digds conprising oxypropyl ene.

moi eties in major part, each of said indiVidual polyoxyal kyl ene diols
havi ng an unsaturation 10 of less than O. 010 neq/g and an equi val ent

wei ght of from 400 Da to 000 said ene oI ol nt
havi ng a pol ydi spersity R f‘fr8Fg3hé§F ?W“‘B gé‘%&?’% 1"e
functional chaiglassendér 1m 15 wheuredmrcsaﬁlderebéshauenghasnotedud:ad

wei ght belom1a9$ﬂﬁffg¥% and s ex . of .f ou about
130. 28. The po ane e %%to%réeregéqﬁgfl mtg);j éﬁ Othile(}?al%% %allzglégtender
is an aliphati @Jga&wmer Jprepaxed ewish & omlmlgc@mpoaéngl havgifan

ethyl ene ¢ yCO'avéi:'a%e*‘XJrf’s‘éQ:\ﬂla\(:Ci@m df iggiohyl ﬁ@:‘a]/@l b%ohagiae% and 1, 3-
propane diol, 2-nethyl-1,3-propanediol, dipropyl e€ne glycol, 1,2- and

1, 4- butanedlol neopentyl gl ycol, 2,2, 4- t ri met hyl pent ane- 1 5- d|oI
1, 6- hexanediol, 1,4- 2544. c;m;leoiae&aaedilmhlai,élasﬁéméwmad&nahéa@ﬂl :

hydr oqui none claims 38 to 42 wherein said elastomer has reduced
shrinkage as compared to an otherwise similar elastomer
prepared with a polyol component having an average

10 unsaturation of 0.010 meq/g or higher}

45. A shoe sole comprising a microcellular
elastomer as claimed in any one of claims 38 to 44.

46. The shoe sole of claim 45 wherein said
microcellular elastomer comprises a midsole.

Ll



bi s¢2- hydroxyethyl) ether, and m xtures thereof. 29. The pol yurethane

el astonmer of claim 27 wherein sai-d chain extender is 1, 4-butanediol. 30.
The pol yuret hane of any one of clainms 27 30 to 29 wherein said el astoner
further conprises the reaction product @6 an i socyanate-term nated

pr epol yner -57- prepared by reacting a di- or polyisocyanate with a

pol yoxypropyl ene pol yol having a nom nal functionality greater than 2 and
an unsaturation of |ess than about 0.010 neq/g. 5..: 31. The

pol yur et hane el ast onerPGEJYUdlElmANErELIAS'HQM;ERSOHVpVBMﬂ ene polyol is

a pol yoxypro- pyIMEROVED @REENDS*DREN@T'E &NQNIEMOMD"PIMEQ a

denold time of 60 ;&m% ﬁ)ﬂrY S%‘i& ?ﬁs [ﬁ;@gyﬁtg? gge

reaction product o
excess of di- or polyi socyan Q CHSI yoxypropyl ene di ol

havi ng a nol ecul ar wei ght of from 1000 Da to about 20,000 Da, a

pol ydi spersity of about 15 1.20 or less, and an unsaturation of |ess

t han about5 0. 008 neq/g; with b) a glAbstrackai n extender. 33. The

pol yur et hane el astoner of claim 32 wherein said prepol yner has an

i socyanate group content 20 of from3 to 12 wei ght percent based on the
wei ght of the prepol yner miagtoaketsgexbobiehagndesireased temsedietlimes

and improved green strength are prepared by reacting a

di- or polyisocyanate with a monodisperse polyoxypro-
pylene diol having ultra-low unsaturation, and prefera-

10 bly prepared by the double metal cyanide-t-butyl alcohol
catalyzed polymerization of propylene oxide. Further
'improved demold times and elevated elastomer physical
properties are made possible by the use of multidisperse
polyoxyalkylene polyether polyol blends having an

15 overall unsaturation of less than 0.010 meq/g and a
polydispersity of about 1.4 or greater.

FIGURE 1



ed frxromthe group consisting of 1,4-butanediol, 1, 6- hexanediol, and

m xtures thereof. 34. A diol-extended pol yurethane el astomer 25 havi ng a
tan delta of less than 0.10 when neasured at 20[err]C. 35. The pol yurethane
el astoner of claim 32 or claim33 whe Z%n the tan delta of said el astoner
is less than 0.10 when neasured at 20? r] C -58- 36. The pol yurethane
el astomer of claim34 or claim35 wherein said tan delta is | ess than about
0.08. 37. The el 80 gner of any one of clainms 32 to 36 which is further the
reacti on product of fa polymer 5 pol yolt. 38. The el astoner of any one of
claims 32 to 37 wherfein said el astoner clonprises a mcrocellul ar el astoner
havi ng a density3ed rabout 0.80 g/cnferr]jjor I ess. 39. A one-shot

pol yur et hane microcgl lul ar 10 el astongr prepared by the reaction of a
di- or polyiso- cyagate in the presence [¢f from about 0.g,0 abput 1.0

wei ght percent wghgr-w th an i socyanate jrjeacti ve conpo : nprising in
maj or part, a polyadl conponent, whereinisaid polyol c nent conpri ses
one or nore 15 p¢l yoxypropyl ene pol yadlls, said polyol conponent having an

average unsatucagpen-of less than 0.010neq/g. 40. The m crocel l ul ar
el astoner of cfgai m 39 wherein sai d pol ygl| conponent has a pol ydi spersity of
about 1.4 or gtEatern ;
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The microcel lular el astomer of claim39 or claim40

wher ei-n -at | east one of said one or nore pol yoxypropyl ene pol yol s IS

a pol yoxypr opyl ene/ pol yoxyet hyl ene copol yner polyol. 42. . The el astoner
of claim4l:wherein at 25 | east a portion of said pol yoxyethyl ene

noi eties are€ present as a cap in anmounts, of fromabout 5 weight percent to

about 20 wei:ght :percent based on the wéfht of the

pol yoxypr opyl ene/ pol yoxyet hyl ene pol yol . -59- 43. The mcrocellul ar

el astomer of - any one of clains 38 to 42 wherein said el astoner has reduced
conpression‘set-as conpared to an otherwi se simlar elastoner prepared with
a pol yol canponeht having an 5 average unsaturation of 0.010 neq/g or

hi gher. 44. "The mcrocellular elastoner of any one of clains 38 to 42
wherein said el astonmer has reduced shrinkage as conpared to an ot herw se
simlar elastoner prepared with a pol yol conponent having an average 10

unsaturation of 0.010 neq/g or higher. 45. A shoe sole conprising a
~mcrocel | ultar el ast girer as cr ar med T any—one—of—elains.38 to_44. 46. The
shoe sole ¢f clai mS45 wherein said microcellular elastomer conpriseg a

m dsole. [ N~

20 ' 41.
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