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9@9%¥9§yprquﬁﬁg§/polyoxyethylene polyols suitable for
their preparation. More particularly, the subject

invention pertains to polyurethane elastomers having
improved demold and green strength while exhibiting low

to m X

water absorption, and further, to polyoxypropylene )

polyols having random internal oxyethylene moieties
suitable for preparing these elastomers. Surprisingly,
polyoxyethylene-capped polyoxypropylene polyols contain-
ing random oxyethylene moieties do not develop haze upon
storage, nor do 4,4'-methylenediphenylene diisocyanate
based, isocyanate terminated prepolymers prepared from
them.

Background Art '

Processing characteristics are critical in-

assessing the commercial wviability of polyurethane
elastomers. Ekamples of these processing characteris-
tics are the pot life, gel time, demold time, and green
strength, among others. A commercially useful pot life
~is necessary to enable sufficient working time to mix
and degas, where necessary, the reactive polyurethane
forming components. Gel time is critical in enabling
complete filling of molds  before gelation occurs,
particularly when large, complex molds are utilized,



30 particularly when {arge, conplex nolds are utilized,-

-2- s whil e denold tine is inportant in maxim zing part

production. Too long a denold tinme necessitates |arger nunber s of
relatively expensive nolds for a given part output. Denold tine is
especially critical for glycol 5 extended el astoners which tend to be
slow curing. These requi renments aré-often conpeting. For
exanple, a decrease in catalyst level will generally result in

| onger pot life gng in reaf d gel tine,, but will often _ ., render denvold
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type of "poor" green strength is when the part is soft 25 and pliable,
and pernaqiptly distorts guring the d (o]
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poor green st rercligetmrc])lldrlcr'%ﬁgec asrcarc%:%l':ri%tt?és of the polyurethane forming
reaction is such that full strength of the polyurethane
15 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
20 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
25 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"
green strength. While demold time limits production,
30 poor green strength increases scrap rate.

Various methods of increasing green strength
and decreasing demold time have been examined. Increas-



Vari ous net hods of increasing green strength and decreasi ng denol d
ti me have been exam ned. |ncreas-

-3- . ing catalyst level, for exanple, may often desirably

i nf 'uence these properties. However, as previously st at ed,
I'ncreased catal yst | evels al so decrease both pot life and gel tine.
Moreover, when mcrocellular elasto- 5 _Rers are to be produced, sone
catal ysts increase the i socyanat e/ water reaction to a greater degree
t han t he isocyanat e/ polyol reaction, and thus can affect process-
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appl i cations. FhaeXa{Pl eur8ChYNE €EN2BEomers. 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
15 diisocyanate prepolymer reacted with the diamine extend-
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
20 green strength. 1In addition to this, there is minimal
sensitivity to changes in processing conditions with
this system. Howevér, some of the physical properties
of the elastomers containing urea linkages are inferior
compared to all urethane elastomers (i.e. softness, tear
25 strength, resilience and hydrolysis resistance).

. Water absorption is critical in many polyure-
thane elastomer applications. For example, polyurethane
elastomeric seals which are exposed to agueous environ-
ments may experience seriously diminished physical

30 properties due to plasticization by water or by disrup-
tion of the hydrogen bonding between elastomer polymer
polar groups. Elastomers used in expansion strips for
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No. 5,1080874, c.ehe2uweight percenpobyoRYprapylless psl hbgkehademmpra-
unsaturations i guihe. range of 0.02 nmeq/g polyol to 0.04 neq/g polyol
are said to | ower denold tinme. However, as shown in our copen-

ding U S. patent application, filed on even date here- 25 wth, even at
unsaturations as |ow as OHOW8ver(/ ¢het IBETMEG utilized in PTMEG-based

elastomers is a much higher cost raw material, and
elastomers based on homopolyoxypropylene polyols gener-

15 ally have long demold times and less than optimal green
strength. Addition of greater amounts of'catalyst, for
example tin octoate, can lower demold time and increase
green strength, but at the expense of shorter pot life
and gel times, as discussed previously.

20 In U.S. Patent No. 5,106,874, the. use of
' polyoxypropylene polyvols having unsaturations in the
range of 0.02 meqg/g polyol to 0.04 meq/g polyol are said

to lower demold time. However, as shown in our copen-

ding U.S. patent application, filed on even date here-

25 with, even at unsaturations as low as 0.010 meqg/g, the
demold time of glycol extended elastomers is still quite

long, with improvement only possible through the use of
polyoxypropylene polyols having exceptionally 1low
unsaturation in the range of 0.007 meq/g. Such ultra-

30 low unsaturation polyols are preferably prepared through
the use of a substantially amorphous double metal cya-
nide-t-butyl alcohol (DMC-TBA) catalyst. Greater than
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pol yol s, however tren th is still not
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are known to Iovmctderndldrotllsr;re howevemn paleew ekbaspgehasionetdllatndtnmes
sacrificing pot jfe and gel tine.. The inprovenent in reactivity is
due to the d?lnary hydr oxyl term nation of such polyols. However,
el astoners prepared from such polyols are 10 notoriously water-sensitive,
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In U S Pat ent No. ol t
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sensiti vi - However, no nmeasure SOr pt i"on”was
nmade. Mbreover, F%et§?s$€ﬁ@@§&ﬂﬁ¥QHQK&ieﬁQ¥mﬂanM%$cPf such gpghyads.

“ext ended pol yuremdsw@@éw e%l@!s&@iu@lﬁ‘ér Spﬁé{ﬁhf&i #2om p@u&mrqidl@ms are
el ast oners Iar qkf ure € ’ re ect tC)£O .l s |ng
| ower unsa}aratl% ACRLtOR Wa eL= seﬁﬁb BE® of %8?? Wﬁﬁeﬁ%ﬂ %Eﬁé found.
in U S. Patent welghNopescgzgts aPowater at low temperatures. In U.
Patent No. 5,106,874, the use of polyoxyethYlene capped
polyoxypropylene polyols having low unsaturation, i.e.
0.02 to 0.04 meq/g, is said to reduce the amount of
15 oxyethylene cap necessary to provide the requisite
primary hydroxyl content and thus lower water sensitivi-
ty. However, no measurement of water absorption was
made. Moreover, the systems exemplified are all rigid,
diamine extended polyurethane/urea elastomers and not
20 polyurethane elastomers. Similar disclosure with
respect to polyols having lower unsaturation but a high

degree of oxyethylene cap may be found in U.S. Patent
No. 5,185,420.

Polyoxypropylene polyols, whether homopolymers

25 or copolymers with other alkylene oxides, are generally
prepared by base catalyzed oxyalkylation of propylene
oxide onto a suitably hydric initiator molecule. During

the polymerization, the competing 'rearrangement of
propylene oxide into allylalcohol, as discussed in Block

30 and Graft Polvmerization, Vol. 2 Ceresa, Ed. John Wiley
& Sons, pp. 17-21, introduces monofunctional species at

an increasingly higher rate as oxypropylation proceeds.
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reduce the | evepEBeRlh b2 RbreC EhEs crpafing ¥ Raml DR MR, TE 0
expense of togpedyPyyPrepEhere rgqb@ssmhe@laruyelghts peC| aI cat a-
lysts, for exanple alkaline earth hydroxides and conbi - nati ons of

insaturatton. Hovever .t nobe it 3. 1oker Conpexar ke AR Lonst L1
mar gi nal i nproeénechttalyst has bewmat doanfortaonedncet dchehelewaye aff 0. 02
to 0.04 myg/ g unsattﬂtQ'E}LBEe BS’ErHH]]J ﬁl&?&ﬁnﬁilQ Obhd %tltﬂe”'@%égnse of

characteris- ase cat I.gni ficant

i nprovenent in ﬁﬁﬁéﬁzlé’or’rtné?ﬁtea&ﬁdZ@mceﬁﬁl FoRSpr ofFe RE FRSFIA A deen
achi eved using deughlse for exambpdé LYedlide] earkdl Yydrorigieexandtadmsi-s, for
exanpl e the nations of metal naphthenates and tertiary amines has
been used to lower unsaturation. However, these alter-
15 native catalysts give only margihal improvements in
unsaturation content to the range of 0.02 to 0.04 meq/g
from the normal levels of 0.06 to 1.0 meq/g characteris-

tic of base catalysis.

Significant improvement in monol content of

20 polyvoxypropylene polyols has been achieved using double

metal cyanide-glyme complex catalysts, for example the

non-stoichiometric zinc hexacyanocobaltate-glyme cata-

lysts disclosed in U.S. Patent No. 5,158,922. Through

_ use of such catalysts, polyoxypropylene polyols of much

25 higher molecular weight than previously thought possible.

have been prepared, for example 10,000 Da polyoxypro-

pylene triols with unsaturations of 0.017 mneq/g. J.W.

Reish et al., "Polyurethane Sealants and Cast Elastomers

With Superior Physical Properties", 33RD ANNUAL POLYURETHANE

30 MARKETING CONFERENCE, September 30 - October 3, 1990, pp.
368-374.
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havi ng saddHairra bty nddrgy Lavs Aamodt |C<9ﬁl)ten@ sthepalpéﬁit Nbought

5,100, 997 (di amm exsended p@hameétr@pﬁwﬂeaixﬁmgt @iaﬂly&rethanef aaaihl gh
nol ecul ar wei ght%Jx_)oI yol 3 havi.n

g ess thﬂn 0 g uns urat
U S. Patent No. B 946 P53 Frh&reon 14% r%‘f’a ?oﬁ%‘?@p ffo oﬁBF rret al
cyani de cat al yzeatents aym|U.8.s Ph&&nthbeSS;. 12M2n ququmpﬁsaturat ion);

and Yo S. Péﬁf@tsé\@laﬁbszeﬁvogyglﬁﬁl ARSI 88E1Sr mtp BV s having
equi val ent wei gh ol none of ,thes atents address
processi ng chara ‘Fg‘? i&aes Heg % (‘J‘F‘sﬁﬁuraﬁéPﬁ?muﬁ’[ §- np‘(’#)"'ceoﬂ‘ﬁe NPw the

cast el astoner iBdLBOFY97 (dlamlne extended pClifur&thale flired elashomers
" Ther mopl asti ¢ Pﬂ'éﬁ'dr}?igh molecular weight polyols having less than 0.06
meq/g unsaturation); U.S. Patent No. 5,116,931 (thermo-
15 set elastomers from double metal cyanide catalyzed
polyols having less than 0.04 meqg/g unsaturation); 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
20 paramount importance in the cast elastomer ihdustry.

C.P. Smith et al., in *"Thermoplastic Polyure-
thane Elastomers Made From High Molecular Weight Poly-L™
Polyols", POLYURETHANES WORLD CONGRESS 1991, September 24-26,
1991, pp. 313-318, discloses thermoplastic elastomers

25 (TPU) prepared from polyoxyethylene capped polyoxypro-
pylene diols with unsaturation in the range of 0.014 -
0.018 meqg/g. The polyols used were prepared using
double metal cyanide-glyme catalysts, and the elastomers
showed increased physical properties as compared to

30 elastomers prepared from a conventionally catalyzed diol
of 0.08 meqg/g unsaturation. Processability is not
discussed.



t hane El astonmers Made From H gh Mol ecul ar Weight Poly-L[err].

Pol yol 5", POLYURETHANES WORLD CONGRESS 1991, Septenber 24-26, 1991,
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simlarly DMJerr me_cat al d 6000 weight .triol for a
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catal ysts prepare X1 n gt | yS gag't These
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in X-ray diffractjioirast elagtgﬂégsapﬁpgcéj@ir&%/er exhibit threefold to

tenfold

15 In copending U.S. application Serial No.
08/152,614, herein incorporated by reference, is dis-
closed novel double metal cyanide t-butanol (DMC-TBA)
complex catalysts prepared by intimate mixing of cata-
lyst reactants. These catalysts lack the crysi:allinity'

20 of DMC':glyme catalyéts observed in X-ray diffraction
studies, and moreover exhibit threefold to tenfold
higher activity in propylene oxide polymerization. It
is especially surprising that the unsaturation is
lowered to an unprecedented, ultra-low value through use

25 of these catalysts, with measured unsaturations of from
0.003 meq/g to 0.007 meq/g routinely achieved.

While the measurable unsaturation implies an
exceptionally low but finite monol content, it is
especially surprising that analysis of the product

30 polyols by gel permeation chromatography showed no
detectable low molecular weight fraction. The polyols
are essentially monodisperse. The virtually complete
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t he product 30 pol yol s by gel perneatf%ﬁ chromat ogr aphy showed no

det ect abl e | ow nol ecul ar wei ght fraction. The polyols are essentially
nonodi sperse. T, Lrt I 0 t . .

-9- abse%%%el){% %ra]é ' ngwnPn%‘?egnuqlfrcuvlveaﬁrgh?’eﬁglﬁgl m%rboelci gpecies
renders pol yol srérdenyg Rekyels davinganbeser bew dmsatwration difffeent from

even those prepgsefihgomBNCEeRh] ghyee ¢3eared Frbo¥SIDMC-gl9me cata-

Preparati on of gol oxyet hyl ene capped pol yoxy- propyl ene pol yol s using
doubl e netal cyahfde: catal ysts has thus far proven unsuccessful. | f
pol ymeri zati on onto a double netal cyanide catal yzed pol yoxypropyl ene

polyol is attenpted with Jﬁggﬂ I h% cat al yst
to a conve%tional base ca a?ﬁgls , %?OE%O 0 I%)Eﬁ}rinte%eu‘}%p%?&ryﬁ%g I;?/cycapped
pol yoxypr opyl eneropryleps| polsobhdisinapirtbininahaioramnidee qasiajaisssi s ob-
tained. Wile nphsWithilisNEd© Lo NGnRcedys Al ! i culfarpolymerikR@iVn it 1S
bel i eved t hat ox§gth¥I?;|BT ochri at a.%S suPstqgth{hy hkﬂﬁﬁf rate
than catal yst/SUb8t Paf8UPie MEERLLEYRPITR SREH ¥R PoLyoxypropylene
polyol is attempted without changing the double metal
10 cyanide catalyst to a conventional base catalyst, a
complex mixture of highly capped polyoxypropylene
polyols and uncapped polyoxypropylene polyols is ob-
tained. While not wishing to be bound to any particular
theory, it is believed that oxyethylation occurs at a
15 substantially higher rate than catalyst/substrate
transfer in such cases.

However, even polyoxyethylene capped polyoxy-
propylene polyols obtained from conventional, base cata-
lyzed oxyalkylation of double metal cyanide catalyzed

20 polyoxypropylene polyols unfortunately generate a haze
upon storage, which is generally thought to be undesir-
able. Moreover, isocyanate- terminated prepolymers
prepared from such polyols and excess 4,4'-

- methylenediphenylene diisocyanate (4,4'-MDI) also

25 develop a haze, thought to be crystalline 4,4'-MDI.
While the effect of polyol haze on polymers prepared
from such polyols may be difficult to quantify, MDI
crystals in MDI prepolymers may sediment, and thus.
artificially create a prepolymer with an NCO content

30 which varies with time, temperature, and agitation of
the storage tank.



However, even pol yoxyet hyl ene capped pol yoxy- propyl ene polyols |
obt ai ned-from conventi onal, base cata- | yzed oxyal kyl ati on of doubl e
nmet al_ cyani de catal yzed 20 pol yoxypropyl ene pol yols unfortunately
generate a haze upon storage, which is generally thought to be
undesir - abl e. Mor eover, |socyanib term nated prepol yners
prepared from such pol yol s and ess 4,4-

nmet hyl enedi phenyl ene dii socyanate (4,4'-MDI) also 25 devel op a haze,

-thought to be crystalline 4,4 -NR,.. V\hlII e the effect of polyol haze
on pol ymers prepared from’\@r]?éﬁ%?—@g‘%—ﬂﬁﬁ—gémdl fficult to quantify,
MDI crystals in M prepolyners may sedi nment, and thus

artificially create a prepol yner Wi th, an NCO content 30 which varies with
tinme, tenperature, and ag&t Sorffprobiect qethe gprgrentaniavention to

-10- provide polyuﬁﬁﬂhanbseahstbﬁefﬁvﬁaﬁiﬁ@ improved demold It
I s an object of 4ﬂgadyég%egkgjné%§tlon to provi de pol yur et hane

el astomers havi ng | nprove and green strength. 5
It is a further object of the present inven- tion to provide

pol yuretharge el astoners wirith ilsow Walr@her obje8bSEEPELENpYBLLS: MRLPL AL ”' ng
S

commercially feqﬁb ect r goceim n aranet ers.

still a further object’ & TH fpane g 9§E?m%ﬁst‘ﬁ1'b‘ilo]ﬁ"dew¢lmlé free
pol yoxyet hyl ene al¥gsyadion whllllet r adiawainiagur ebmnerpbh YOXY pf &pyisne

pol yol s. processing parameters.

It is still a further object of the present
10 . invention to provide haze-free, polyoxyethylene capped,
ultra-low unsaturation polyoxypropylene polyols.

It is yet a further object of the invention to
provide precippate—free prepolymers of 4,4'-MDI and

ultra-low unsaturation polyoxypropylehe/polyoxyethylene
15 polyols. -

Summary Of The Invention

) It has now been surprisingly discovered that
polyurethane elastomers having short demold time and
improved green strength can be prepared using ultra-low

20 unsaturation polyoxypropylene polyols having from 1 to
about 20 weight percent internal oxyethylene moieties.
The elastomers thus prepared exhibit surprisingly low
water absorption. It has also been surprisingly discov-
ered that yet further improvement in green strength and
25 demold is possible through the use of polyol blends
having multimodal molecular weight distribution coupled
with ultra-low unsaturation, and that these same polyols
may be used to prepare both haze-free polyoxyethylene



It is yet a further objeét of the invention to

prepol yrers of 4,4'-MD and ultra-low unsaturation
pol yoxypr opyl ene/ pol yoxyet hyl ene 15 pol yol s.
Sunmary O The I nvention It has now been surprisingly

di scovered that

| nproved green strength can be prepared using ultra-low 20

provi de preciptate-free

pol yur et hane el astoners having short denold time and

pol yoxypropyl ene polyols having from1 to about 20 wei ght percent

i nternal oxyethyl ene noieties.

surprisingly | ow

wat er absorption. It has also been surprisingly -

The el astoners thus prepared exhibit

unsat uration

di scov- ered that yet further inproverkht in green strength and 25
denol d is possible through the use of polyol blends havi ng nul ti nodal
nol ecul ar wei ght distribution coupled with ultra-1ow unsaturation, and

t hat these sane pclappes polyolhsmankeprseib itontE-efraes 4hat AMbazardpcdgmers

pol yoxyet hyl ene

based on them.

4,4' -NMDl prepol ynmers ased on them Bri ef

Description O The Draw ngs

FIGURE 1 is a bar graph of

wat er absorption at Brief Description Of The Drawings
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FIGURE 1 is a bar graph of water absorption at
0°C, 23°C, and 50°C of a series of elastomers prepared
from polyoxypropylene polyols having ultra-low unsatur-
ation (< 0.007 meq/g) containing 0 weight percent to 40
weight percent internal oxyethylene moieties;

FIGURE 2 is a plot of resilience build with
time for polyurethane elastomers prepared from two
ultra-low unsaturation 4000 Da polyols: a monodisperse
polyoxypropylene homopolymer diol, and a monodisperse
polyoxypropylene diol containing 10 weight percent
internal oxyethylene moieties; and

FIGURE 3 is a plot of hardness build with time
for the same elastomers as in Figure 2.

Description of Preferred Embodiments

The polyurethane elastomers of the subject
invention are prepared by the reaction of a di- or
polyisocyanate, preferably a diisocyanate, with a
polyoxyalkylene polyether polyol mixture by either the
prepolymer, one-shot, or other techniques, using diols
as chain extenders. While the process of preparing
polyurethane elastomers and the raw materials which have
been used in the past are well known to those skilled in
the art, reference may be had to the following material
for purposes of basic reference.

capped polyols and precipitate-free



5 O[err]C, 23[err]C, and 50[err]C of a series of .el astonmers prepared
from pol.yoxypropyl ene pol yols having ultra-Iow unsatur- .ation (<
0.007.nmeq/ g) containing 0 weight percent to 40 wei ght percent internal
oxyet hyl ene noi eti es; FIGURE 2 is a plot of resilience
build with 10 time for polyurethane g{ﬁgtoners prepared fromtwo
ultra-1ow unsaturation 4000 Da pol yol s: nodi sper se

pol yoxypr opyl ene honopol yner diol, and a nonodisperse pol yoxypr opyl ene
di ol containing 10 wei ght gpge n "o yet.h | et es, and
15 FI GURE 3 |§9aEﬁé Eer hafir1 nee'E ngx i Mégﬁﬁn%%&@or t he
same eIastonersw§§sﬁnsﬁF§GFBr9.contalns predomlnate@ggggpﬁppgﬁ of Preferred
Enbodi nent s The pol yur ey hane el astoners of the subject
invention are prepared by the reaction offa di- or 20 pol yi socyanate,
preferably 5 a diisocyanate, wth a%NHﬂ}{deyoxyalkylene pol yet her polyo

m xture by elthq_ 1k es betme%qpl%/’ﬁ 1%99&3 or soter; et %%squaerse usi ng
diols as chai n extenders e process o prepaH
pol yur et hane el XGRS &n&h%eaﬁée«FWerr%lm Fegmn 290 Cb@afﬁlmed in

the past are welisdoyeitiatieo girbapeRskHiid@H dr an orth@iar hydrekel efesugmy be

had to the foll teri 0ses of basi c r f erence.
-12- g r%y tf@t%’rcmerpo yu?%flﬁar?e" PLYRENt RepoPEFRRLC
whose st r udt ur e iconvained eppradohvdrnexy) arauh@eataining compounds must

0 "be at least difunctional. However, as modernly under-
' stood, the term "polyurethane" is not limited to those
polymers containing only urethane linkages, but inclludes
polymers containing minor amounts of allophanate,
15 biuret, carbodiimide, oxazolinyl, isocyanurate,'
uretidinedione, and urea linkages in addition to ure-
thane. The reactions of isocyanates which lead to these
types of linkages are summarized in the POLYURETHANE
HaNDBOOK, Gunter Oertel, Ed., Hanser Publishers, Munich,
20 ®1985, in Chapter 2, p. 7-41; and in POLYURETHANES: CHEMISTRY
" AND TECHNOLOGY, J.H. Saunders and X.C. Frisch, Interscience
Publishers, New York, 1963, Chapter III, pp. 63-118.

The urethane forming reaction is generally

catalyzed. - Catalysts useful are well known to those .
25 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,
30 particularly .dibutyltin diacetate and dibutyltin dilau-
trate. Combinatiqns of catalysts are often useful also.

In the preparation of polyurethanes, the
isocyanate is reacted with the active hydrogen-contain-



[err] - | i nkages between repeating units. Such |inkages are

formed by the addition reaction between an organic | socyanat e group
R-[-NCO and an organi ¢ hydroxyl group [HO-]-R  In order to forma
polyner, the organic 10 I socyanat e and hydroxyl group-containing
conpounds nust be at |east difunctiqnal. However, as nodernly under-
stood, the term "pol yurethane" is not | iThi*ed to those pol yners
contai ning only urethane |inkages, but i ncl udes polyners cont ai ni ng

T nor_amounts ofngl LBARaNARe) 130 BAUSbeyanatar ol bt iEe. nyadeatal i1

| socyanur at e, I ne i one, and ure es In a ure-

thane. The reack?®he of FERyAnatts WhicH & k-0 t'IHl%e" index"t 9§e§heof

li nkages are sgsmposZeton nd h@fEﬁh&LEEHﬂ%NENCO/acHM@B% ngfraruQertel
Ed., Hanser Pub E§Hi¥yUglchK%P &EE i n Chapt er 8 -41; and in
POLYURETHANES: ‘E‘,‘#EE/} TE osRe o%F %&%Pr?ﬁe? r%‘ﬁdrﬂn@e
Frisch, |nberscidesceibed pifainlduwtiar mayNow ﬁ’bxk;zé@ﬁfiuommleﬂuﬁelthanpp
63-118. u ﬂ%#§ r e [ i n |

catal yzed. Cata §%?%S%%Sefﬂ%@%r£ﬁ Igné)v\%%{&g 7t0hel:th agﬂéauts 1%%I %3 13)6

art, and nany eReHpIREeHKANY fFORI9P oo about dLAnpRd most tH?@fP@éWRETHANE

HANDBOCK, Chapt €rom, abdué. loton to 105.pages BRe9%asendfl HdAGAdRRAHANE:
CHEM STRY AND T Nost _conmmonl y

G T seq cats. R Erdp dneain, SIRARESEALY RBAcdEYRE e MHERTON Y
30  partil@ul ar hyatiebargups n ididicesabé girrhttithdinant 2A0dandwreferablyr at e.

Conbi nations of Eéﬁﬁéi‘Sttﬁaﬁr e.i(Rf trﬁ'é& ugéef HEeal 3% conjunction w:.th Iy the
preparation of g ur et hapes, Ei . cyanate I's reacte \T th the
active hydrogen? EbfHeRigation cata yst in ad ition to the usual polyurps

thane catalysts. In calculating the quantity of active
hydrogens present, in general all active hydrogen
15 containing compounds other than non-dissolving solids
are taken into account. Thus, the total is inclusive of
polyols, chain extenders, functional plasticizers, etc.

Hydroxyl group-containing compounds (polyols)
useful in the preparation of polyurethanes are described
20  in the PoOLYURETHANE HaNDBoOK in Chapter 3, § 3.1, pages 42-
61; and in POLYURETHANES: CHEMISTRY AND TECHNOLOGY in Chapter
II, 8§ III and IV, pages 32-47. Many hydroxyl-group
containing compounds may be used, including simple
aliphatic glycois, dihydroxy aromatics, particularly the
25 bisphenols, and hydroxyl-terminated polyethers, polyes-
ters, and polyacetals, among others. Extensive lists of
suitable polyols may be found in the above references
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.
30 4,421,872; and columns 4-6 of U.S. Pat. No. 4,310,632;
these three patents being hereby incorporated by refer-

ence.



i ng conmpound(s) in an isocyanate to active hydrogen ratio of fromO0.5
to 1to-10 to 1. The "index" of the conposition is defined as the
-NCO active hydrogen ratio mul tiplied by 100. VWhile the extrenely
| arge range 5 descri bed previously may be utilized, nost pol yurethane
processes have indices of from70 to about 120 or 130, nore preferably
from 95 to about 110 and nost preferablyl4-  from about 100 to 105. In
t he case of pol yurethanes whi ch al so contain significant quanti t i es of
i socyan- 10 urate grou |nd es of eater than.200 and refe
greater than 300 may be 8’5«?5 f:%nj L}fﬁ:%ona\ﬁeth B groxyf f
catalyst in ad@iotl'w@myadkwﬂenasaati polyester polye¢hane Tl afgrsher a\m
calculating th thi S al |
\ 9 %e‘i‘%ﬂll y 9& éféa"%z well Mgﬁﬁ%ér 'ﬁ}cﬁse - ek&mﬁfé‘eﬁ

active hydroge |ng conmpounds ot her than non-di'ssofving solids
are taken int ot&’@coﬁﬁf’e T%%a ¥#Rd t gogiitioni ef usitve adkylene owidei s,

chai n ext ender @réﬂéi@blggaétwwe CoREAS (%Bdirane) , prﬁpylene oxid&r O])fy'

gr oup- cont ai ni ounds t he paration o

pol yur et hanes ?tbe c??ﬁllfgﬁl ]\'{%lﬁylt% B&%R%%@’ﬁﬁ%l?%d? R Thapt er

3, 3.1, pages Udtiator melecahel ¢onROMURETHANES: 2 \GHEM STRY ANDnTECHNOL OGY
in Chapter actlllve yhk:bg@ﬁg | \‘éxa?@ﬂ% ég ﬁefﬁrf@i‘ﬁnm‘_@éﬂé% ndloup

cont ai ni ng conpounds nay used in atic_glycols,
di hydroxy ar omgdies %tqwd&rllcy 1tnﬂé1§§°rsb§§15 ef8| ethykgne 91YC°1'
hydr oxyl -1eer m natéchadnetidr,s, p(hlyyn@qulnone t er sresodcpabyacet atlge anong

ot hers. EXtenSiB’iesgﬂé%os.L of ffmlltlegw leoﬁ?éﬁ'c’la?:og@(:l%e I’n8i'{8gm in the above

IOﬂ

ref erences nts, exanp I 'n €Ol unns
U S. Pat. No. 3lphads aeonganinese o¢n® snormstem of glxcemngzz and

colums 4-6 of éi‘fn&/d?ﬁtc iMIti4+3%9, §32h as glyddigse, tl&ﬁ:‘iﬁeﬁﬁyﬁalér@e' ng
?i;fby | ncorporate trlmethylolethane?' N-alkylphenylenediamines,
15 mono-, di-, and trialkanolamines; tetrahydric initiators
such as ethylene diamine, propylenediamine, 2,4'-
2,2"—, and 4,4'-methylenedianiline, toluenediamine, and
pentaerythritol; pexitahydric initiators such as diethyl-
enetriamine and a-methylglucoside; and ‘hexahydric and

20 octahydric initiators such as sorbitol and sucrose.

Addition of alkylene oxide to the initiator
molecules may take place simultaneously or sequentially
when more than one alkyiene oxide is used, resulting in
block, réndom, and block-~-random polyoxyalkylene poly-

25 ethers. The number of hydroxyl groups will generally be
equal to the number of actiwve hydrogens in the initiator
molecule. Processes for preparing such polyethers are
described both in the POLYURETHANE HANDBOOK and POLYURETHANES :
CHEMISTRY AND TECHNOLOGY as well as in many patents, for

30 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,



Preferably used are hydr oxyl -t er m nat ed pol yoxyal kyl ene and

pol yester polyols. The forner are general ly prepared by well known
met hods, for exanple by t he base catal yzed addition of an al kyl ene
oxi dé, 5 preferably ethyl ene oxide (oxirane), propylene oxide

(et hyl oxi rane) or butyl ene oxide (ethyIO{ﬁnane) onto an Initiator
nol ecul e contai ning on the average two or active hydrogens.
Exanpl es of preferred initiator nole- cules are dihydric initiators
such as ethyl en%rgaldécr@d’ u%@n dc;T@Ié“ﬁ?é%Q?Ldeénlde {?ﬁ&i%@bﬁ?&fysts as .
resorci nol , ani 't ne” and ot aromat | ¢c” nbnoarmi nes,
al i phatic nnnoaHQﬁS¥ﬂ%%blﬁéﬁéesters of glycerine; trihydric
initiators such as glycerine, trinethylolpro- pane,
trimethyl ol et hane, N-alk hen Ienedlan1n

tri al kanol ani nes; tet_rahyé’:pH Fléf&ﬁ?ls éls%u&ﬁQﬁ?%ﬁ?b1@$ﬁf%ﬁ%ﬁﬂne
propyl enedi anm n@ol¥wethane- formmg reactadts'. - nehghepediyasitierse, are

t ol uenedi arg ne, @4 known Qeﬁn yitrlgrl ?18' ar@eB]é@BXQé%Cﬁilﬂb y§§r§ ch as

di et hyl - enetriam ne an gl ucosi exa Ic a
oct ahydric |rnt|%ﬁ§ﬁ%¥%ﬂﬂ9?¥¥§a§BP§Y%bF %ﬁkﬁ%dﬁ%é@@lr derivatives, for

Addi tion of al kyd-eagplaxi dheid tdteid nchlékddes or mhym:&@@s /mayitakes pl ace
si mul t aneousl y OQﬂgﬁﬁyenhgﬁLLéusH%. égyg%ﬁy 6Foc€f-s ]y %L§¥5§E§ao ide is

used, resultlng N dom - A random po 9t ene
poly- 25 et hesxampIkhe makendec ofichgdr osdtrig o@ssidai | sugensial | ycba,

equal to tHe nunpricfiAcdive Bm%@eeaélan g1 taﬂcquorazelalcn&éféul e.
Processes for preparin Suﬁ%L et hers, gref . cLi 3% t he
POL YURETHANE HA o FRANESE uma’ﬁ%v?%’réw ERES %}ﬂ&‘ésv as
wel | as in many apraid‘e,ntamd pbthadic a@mdanpNamer&s RaalydNcs are, 8@22t4ble,

2,674,619, 1, 9221?3? Jfam;?_le thel 98rP8ds Qfﬁlﬁ%qﬁ?@ols???&ﬁé H%fofre

poI yet her avi ng .exceptiona unsaturation,
-15- propane and trlmethylolethane, a-methylglucoside, and
15 sorbitol. Also suitable are low molecular welght

polyoxyalkylene glycols such as polyoxyethylene glycol,
polyoxypropylene glycol, and block and heteric polyoxy-
ethylene-polyoxypropylene glycols.' These 1lists of
dicarboxylic acids and polyols are illustrative only,
20 and not 1imiting. An excess of polyol should be used to
ensure hydroxyl termination, although carboxy groups are
also reactive with isocyanates. Methods of preparation
of such polyester polyols are given in the POLYURETHANE
HanpBook and in POLYURETHANES: CHEMISTRY AND TECHNOLOGY.

25 Also suitable as the polyol are vinyl polymer
modified polyols. Such polymer polyols are well known
to the art, and are prepared by the in situ polymeriza-
tion of one or more vinyl monomers, preferably acryloni-
trile and/or styrene, in the presence of a polyether or

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



prepared using double netal cyanide conplex catal ysts as descri bed
infra. - Pol yester polyols also represent preferred

pol yur et hane-form ng react ants. Such polyesters are 5 well known in the
art ‘and are prepared sinply by poly- meri zi ng pol ycarboxylic acids or

their derivatives, for exanpl e their, _acid chlorides or anhydrides,

wth a pol yol . Nunerous polycarboxjﬁsc acids are suitable, for

exanpl e malonic acid, citric acid, succinic acid, 10 glutaric acid,

adi pi ¢ aci d, pi el EBIEELPQ 1@236';}1& B8 fne EXﬁmﬁ%FQaCdfC G d, pgl ejyg aci d,

fumaric aC|d tere aci d. Nunerous Iyols

are suitable, 3.652 %}9ex1dmﬂ°é‘¥‘ﬁ’§ \laﬁl 60@ ‘é‘l@ prsamrl e wolUs S - tPF“H‘fet hyl ol -
propane and trimet hyd @2t ,2ang, perticumkitiy gibcasédannsand- 95 and S@hBi tol .

Al t abl I ht I | I
S0 sunable ePRoLLe ) SEUbAL ! Bipay osePRLXOYA) Y BB Lol s
and heterib pol 4o0x34,157; 393@14112:?&3 pbi 3&x\FSlopyd &3S, 0@I3ycd| §53 3%Bese

lists of — 3dicarHexyl Iaqldacudm@@beﬂol &QhS@fevJH1EHSt§§EéIY& oghy, 20
and not limtin An excess of e%fgéﬁ houl d be wsed to ensure

hydr oxyl terningFF%hn B PRIy ¥ PSGBEeare al so reactive with

i socyanates. Methods of preparation of such pol yester polyols are
given in the PCLYURETHAN Y E STRY
AND. TECHNOL OGY. fNon- vmﬁk}%@ﬁé&u ta%‘?gfgg&t# Sﬂ ?r rcgggl Cnyl
pol yner maefﬁéne@olr‘;@ﬂaa@éﬁ ot germrapaAngesl byvak eweeacu@mwf

to the artp andaaéglﬁﬂéﬁﬁyéﬁbﬂé/ﬁimﬁ éﬂ élﬁ&hdl&dﬂﬂﬁwlﬁathe preséﬂdé"d@f one
or more vinyl mpnone

the presence of %a B8i¥g%ﬁégfg:%§%ﬁl ye t§r pB??OIrﬁé%a?pfé%H rggﬁyols
containing a 4,296pRbd¢ amdurd, 35, ﬁaﬂur@hspersndnse@fumxﬂDUEﬂnxmmn
_Migf“’ds of prepgLhRdsSHER R YA oMY 2rlBY gP6upQUAY taught by U.s.
Pat. No. 4,386,167; and polyisocyanurate dispersions
15 also containing biuret linkages as taught by U.S. Pat.
No. 4,359,541. Other polymer modified polyols may be
prepared by the in situ size reduction of polymers until
the particle size is less than 20 um, preferably less

than 10 um.

20 Many isocyanates are useful in the preparation
of urethanes. Examples of such isocyanates may be found
in columns 8 and 9 of U.S. Pat. No. 4,690,956, herein
incorporated by reference, and in the POLYURETHANE HANDBCOK,
Chapter 3, §3.2, pages 62-73 and POLYURETHANES: CHEMISTRY AND
25 TECHNOLOGY, Chapter II, §II, pages 17-31. Modified
isocyanates such as those containing urethane, biuret,
urea, allophanate, uretonimine, carbodiimide or isocyan-
urate linkages are also useful.

Chain ektenders may also be useful in the
30 preparation of polyurethanes. Chain extenders are
gene;ally' considered to be low molecular weight poly-



in colums 1-5 and in the Exanples of U S. Pat. No. 3,652,639; in

colums 1-6 and the Exanples of U S. Pat. No. 3,823,201; particularly
in colums 2-8 and the Exanples of U S. Pat. No. 4,690,956; and in
U S “Patents 5 4,524, 157; 3,304, 273; 3,383,351; 3,523,093; 3,953, 393;
3, 655,553; and 4,119,586, all of which patents are herei n incorporated
by reference. Non- vi ny+1pel ymer nodified polyols are al so

preferred, for exanple those prepared by the reaction of 10 a
pol yi socyanat e th. an alkanolan1 in the presence of
taught by U.S. \géin ‘ﬂffs or oligogers) sreaphive 3W4t809the

di spersi ons of p@qpyammMalgroup kaﬂfphammiagmyﬁclpeﬂﬂﬁ@i é&ﬁ?h&gﬁyps as
taught by U. S ocyanurat e S si ons
15 al so cont ézlorlﬂmr?g §| ‘d?%fﬁ age%ﬁg’gl? g@?y%&f pé OpgLEne giyg%
4,359,541. O hér 4 Wdﬁﬁél'fﬁéé boﬁybevsarm@mﬂe and ther épheed by the in

situ size reduction of polynmers until the particle size is less than
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Polyurethane microcellular elastomers contain

an amount of blowing agent which is inversely propor-

15 tional 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 include a variety of saturated and
unsaturated hydrocarbons having relatively low molecular

20 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-forming reaction will promote

volatilization.

25 _ . Until recently, the most commonly used physi-
cal blowing agents, however, were the halocarbons,
particularly the chlorofluorocarbons. Examples are
methyl chloride, methylene chloride, trichlorofluoro-
methane, dichlorodifluoromethane, chlorotrifluoro-

30 methane, chlorodifluoromethane, the chlorinated and

fluorinated ethanes, and the like. Brominated hydrocar-



-17- functi onal conpounds or oligoners reactive with the

| socyanat e group. Ali phatic glycol chain extenders commonl y used
i ncl ude et hylene glycol, propylene glycol, 1, 4- but anedi ol , and

1, 6-'hexanedi ol , and the |ike. 5 ~ Other additives and
auxiliaries are commonly used in pol §urethanes These additives

I ncl ude pl asti - ci zers, fl ow contr ol agents, fillers, antioxidants,
flame retardants, pignents dyes, nold rel ease ‘agents, and the liKke.
Many such addi tig ldear teri a o i n.the
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Chemical blowing agents are generally low
molecular weight species which react with isocyanates to
15 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
systems have not proven successful in some applications
20 such as rigid insulation, and thus it is still common to
use water in conjunction with a physical blowing agent
in some cases. Polyurethane high resilience microcellu-
lar elastomers are typical all~water blown foams.

Blowing‘agents which are solids or liquids

25 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

theory, but have not proven commercially viable.

30 Research in such areas continues, particularly in view
of the trend away from chlorofluorocarbons.



bons may al so be useful. Blow ng agents-are listed in t he ~
POLYURETHANE HANDBOOK on page 101. Current research is directed to
~lowering or elimnating the use of chloro- fl uorocarbons, and-:
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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
TeECHNOLOGY, Part II, Technology, in Chapter VIII, §§ ITT
and IV on pages 7-116 and Chapter VIII, §§ III and IV on
pages 201-238.

Having now described polyﬁrethane raw materi-

20 als generally, the polyoxypropylene polyols of the

subject invention containing random, internal oxyethyl-

ene moieties have unsaturations of less than 0.015

meq/g, preferably less than 0.010 meqg/g, and most

preferably from 0.001 to 0.007 meqg/g. The polyols are

25 preferably prepared utilizing double metal cyanide

: éomplex catalysts. Traditional base catalysis using

alkali metal or alkaline earth metal hydroxides or

alkoxides will not produce polyols with these low levels

of unsaturation. Suitable double meétal cyanide-glyme

30 catalysts are disclosed in U.S. Patent No. 5,158,922,
which is herein incorporated by reference.
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ly require a surfactant to pronote uniformcell sizes and prevent
foam col | apse. Such surfactants are well known to those skilled in
the art, and are generally 5 pol ysi | oxanes or pol yoxyal kyl ene

pol ysi | oxanes. Such surfactants are described, for exanple, in the
POLYURETHANE HANDBOOK on pages 98- 1€20- Commercial surfactants for

t hese purposes are avail able froma nunber of sources, for exanple

from Wacker Chemie, the Union _ Carbide 10 Cor poration, and the
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assumedly monol.

15 The polymerization generally proceeds from a
"starter" molecule, most often a polyoxypropylene polyol
of relatively low molecular weight, i.e., 200-700 Da.
These starter polyols may be prepared by traditional
base catalyzed propylene oxide polymerization, as at

20 these relatively low molecular weights the unsaturation
produced is relatively low, and will be diluted as
polymerization proceeds. Starter polyols in the lower
range of molecular weight are preferred.

Following addition of the double metal cyanide

25 catalyst to the starter polyol, propylene oxide is added
to a pressure of about 4 psig (0.27 bar). A rapid drop

in pressure indicates that the so-called "induction
period" characteristic of double metal cyanide catalysts

is over and additional alkylene oxide may now be safely

30 added at higher pressure, for example about 40 psig
(2.72 bar). The added alkylene oxide may be initially
entirely propylene oxide, or may be the desired weight



- 20- Preferably, however, DMJerr] TBA cat al yét s such as

t hose di.scl osed in copending U.S. patent application Serial No.

08/ 156, 534 are used. Exanples of suitable catal ysts are presented
hereinafter. Use of the pre- 5 ferred catal ysts shows a distinct

| nprovenent over the DM err]glyne and other catalysts. Not only is

t he unsat ur - . ation reduced to incretibly | ow val ues, but noreover,
despite having a neasurabl e unsaturation, gel perneation
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' 15 moieties are contained in the subject polyoxypropylene
polyols.

If desired, the polyoxypropylene polyols
" containing random internal oxyvethylene moieties of the -
subject invention can be capped with ethylene oxide to

20 provide significant amounts of primary hydroxyl groups.
When polyoxypropylene homopolymers prepared from double
metal cyanide catalysts are capped with ethylene oxide,

the resultant capped polyols rapidly develop a haze upon
storage, for example within a 3 to 14 day period. It

25 has been surprisingly discovered that oxyethylene cgpped
polyoxypropylene copolymers coﬁtaining internal oxy-
ethylene moieties are haze-free even after long periods

of storage. The amount of internal oxyethylene content

must be an amount effecﬁive to produce the haze-free

30 characteristic. It has been found that this amount
depends upon the weight percent of oxyethylene cap in

the finished polyols, with 2.5 weight percent of inter-

nal oxyethylene moieties sufficient for a 14% oxyethyl-



-21- . rati o of propyl ene oxi de and et hyl ene oxi de. It is

I nportant that the ethyl ene oxi de be added together with propyl ene
oxi de as under these conditions ethyl ene oxide will randomy .

copol ymerize to the sane extent as with 5 conventi onal base catal ysis.
The resulting pol yoxypro- pylene/pokyoxyethylene polyol will have a
random oxy- et hyl ene distribution iTf4hat part of the pol yner forned
during copol yneri zation. The anount of ethyl ene oxide random y

copol yneri zed w t t LO ercent based on
t he wei ght of }A%}éép%ﬁ/éﬁ@rﬁ%%q' %h%ﬁg&%f%y]] e (?&ggfnglgﬁ%brr]\%'ea{n)’t 6|C§Eligpgater
than about 20 Morewdsgkedyareantort BeRodneleWishomsr 487 19xvethyBeneconsi d-

erabl e water absgpptivthe afheferablincekham dxyotmpbetie moieth?¥ wHRES

preferably 5 to,abo 2% 1 nt ernal, oxyet hyl ene .15 iefies are cqntained
in the subject ﬁigl§/g§<‘§/%$10‘ﬁ‘§llléhgr°duCl %I%/é e-free pSTYSL 'may reaF]fﬁéfesi red,

t he pol yox$pr opbeedeteohimeéd by prepeaingi ai sgriesdofn rardomalindeyatilyl ene
moi eties of the PRLEELnd VSN dQ0 he ﬁﬁﬂg@&n i b, I oxi de
to 20 provide?g%%ﬁr¥§c§%f éth%tQ}gﬁgbﬁgggry ydr ;%%%Q%ﬁ%?%x@&%g When
pol yoxypr opy| endRRERBRSI yorRfetHrlans eqonkent do@idk cabpingetvwithcydiede
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pol yol s rapidly OoR,.,Aa storage, far exappl (thin a 3
to 14 day peri o&ggwﬁ{i %EF Pﬁéaﬂs;_ ggﬁﬁegﬁ%ﬁ s%ﬂﬁl% cﬁ%rcléj\?gr ﬁp?ﬁaﬁk Yo
oxyet hyl eA® capgays- Theorimigr opffereivopanguet sofordngennag ioxyer nal
OXy- et hykeRrg1BRkehb 86t PES WEZEHd @0a@V8R 8hbehol PHD wiH Adsver of
storage. The anpunt of |ntergﬁl o&get@ylene 2@2 ent fust be an anount
effective to proQTEERRheOKEGERY RRE RPULEN WhACE, FepRins ci@ahas been found
that this anount depends upon the wei ght percent of oxyethyl ene cap
I n the finished pol ygl ] . ' 1At er: nal
oxyet hyl ene noi eties suff?gigﬁ?ﬁ%%?ni.é%%gﬁégﬁaéﬁﬁfé¥g36ghefg’ it has

_ been upexpectedly discovered that the use of polvoxy-

15 propylene polyols containing about 20 weight percent
internal oxyethylene moieties improves green strength as
compared to polyoxypropylene homopolymers of the same
molecular weight. Hardness and resilience build also,
in general, increase more rapidly. These effects are

20 surprising in that the internal oxyethylene moieties do
not provide significantly“greater amounts of primary
hydroxyl group termination which would be expected of
oxyethylene capped polyols. The latter would be expect-
ed to react faster.

25 Further improvement in demold and green
strength may be achieved by utilizing a multimodal
mixture of polyols of different average molecular
weight. The polyols prepared by double metal cyanide
catalysis, particularly DMC-TBA, have narrow molecular

30 ~ weight distributidéns. The polydispersity of a polymer
or polymer blend may be defined by the ratio of Mw/Mn
where Mw is the weight average molecular weight and Mn



-22- ene capped polyol, whereas a |arger anount, c.a. 6-8% or

nore is_required for a polyol with an 18% oxyet hyl ene cap. The anobunt

of internal oxyethylene noieties which is effective in producing a

haze-free polyol may readily 5 be determ ned by preparing a series of

- random i nternal pol yoxypr opyl ene/ paglyoxyet hyl ene copol yners wi th
varyi ng I nternal oxyethyl ene content, and capping with the

desi red amount of ethyl ene oxide. The product is then stored at room

tenperature foris m@d(nhmﬁemﬂmmmréﬁb1ﬂoledayar welbhtm ni Then ekfigati ve
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to react East ﬂi and

o een L BRYefthar weidhtn dbod My and |TBH BT ihsnertiuks e/

m xture of polydls &h préa¢eicst Magaosiﬁspen‘saty is newsi gltthievEde
pol yol s prepar ednBY igoWHee sr@ﬁct'PY%%ilCi%\%:llon, g:%tl?ﬁé%bs’de%@i:tlbﬁﬁl aldy

DM err] TBA, have r.row nol ecul ar but i The
pol ydi s%)er5| ty B‘Pnﬁgbﬁpﬁﬁﬁ? %ave polydispe s:.tles ess t 2, and
often 1.20 or less. The molecular weights reported
15 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
being essentially monodisperse. Such multidisperse

20 blends are advantageously prepafed 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
catalyst suitable for preparing an ultra-low unsatur-
25 ation polyol, but at a later time.

Ultra-low unsaturation polyols may |be

described as truly monodisperse, as they contain but a
monomodal molecular weight distribution which is rela-
tively narrow. The polydispersity, Mw/Mn is often below

30 1.10, for'example.' By blending two or more polyoxypro-
pylene - polyols of different molecular weights, each
containing from 1 to about 20 weight percent internal



or polymer blend may be defined by the ratio of Mw Vh . where Mvis the
wei ght average nol ecul ar wei ght and M

-23- is the nunber average nol ecul ar wei ght. The wei ght

average nol ecular weight is defined as Mv = [err]Merr] where M is
the ith nol ecul ar wei ght and [err]i is thg weight fraction in the
total of the ith nolecular weight 5 conponent . The nunber average

nol ecul ar weight is defined as [err]Merr] where Merr] is defined as

above and ni 'Soxyethjlhﬁ‘lé“%mtﬁésacérld)rb@ind hguta@taﬂmpémhembﬁ@dﬂ@l ecul ar
wei ght conponent. For_a theor |caII H% ect ol ymer
I
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rel a- tivehy baré@ieultedAsitips pRES EbY1ohid/hednsa idan: bel ow 30
1.10, for exanple. By bl endi ng two or nore pol yoxypro-

MWyiena = Mwy; + Mw,a,,
15 Mrlblend = Mn1Mn2/ (Mn1a2 + anal) P
Polydispersit¥yiena = MWpiena/Mpienas

-where Mw, and Mw, are weight average molecular weights,

Mn, and.NmQ are number average molecular weights, and a,

and ¢, are welght fractions of polyols 1 and 2, respec-
20 tively.

The isocyanates useful in the preparation of

the subject elastomers may, in general, be any organic

di- or polyisocyanate, whether aliphatic or aromatic.
However, preferred isocyanates are the commercially

25 ' available isocyanates toluene diisocyanate (TDI) and
methylenediphenylene diisocyanate (MDI). Toluene diiso-
cyanate is generally used as an 80:20 mixture of 2,4-

and 2,6~TDI, although other mixtures such as the commer-
cially available 65:35 mixture as well as the pure

30 isomers are useful as well. Methylenediphenylene
diisocyanate may also be used as a mixture of 2,4'-,



pyl ene polyols of different nolecular weights, each containing from.
1 to about 20 wei ght percent internal

- 24- oxyet hyl ene nvoi eties and bei ng substantially nonodi s-

persé as characterized by an unsaturation of |ess than 0.010 neq/g
pol yol, or by bl ending one of such polyo>§%inD propyl ene pol yol s
containing 1-20% i nternal oxyethylene 5 leties with a pol yoxypropyl ene
honopol ynmer pol yol ~ having an unsaturation of |less than 0.010 neq/g,
pol y- ur ne oRBL epar r
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The polydlsper3| I t olyols can be ca cuI ted
using the foll ovxﬁ't’éngsné{c)fhofa%cﬁn bt ' e 014 oty 2r 715 DGhRe A ﬁ

MNerr], 35 latter may ofiffeswy gffecy phyfm&rpmm@mﬁ@ rijn er mpheer] +

Mn[erre][err][e | [err] =
M/\[err]/l\h[err]ﬁétl aeSlgﬁaiia%ﬁﬁegw%artleghggeég?ag?%ymeight aver age

nol ecul ar wei ght s, Mn[err] and MM err] are nunber average nol ecul ar
weights, and [err][err] Modifiel [i&ockhattksabase&i GtTHT agid ¢MI akrepol yol s

1 and 2, respeca1%9 usekh¥e|Xnd manY aFe commerc1aIE§ a%gCXa gtes seful in
the preparation © subject elastoners i N gene any

organi ¢ anC§¢a§%I$m§OGV§mﬁQ? ﬁh@bhb#thlpéhdﬂlb ofonr exarpd e,
However, popefergpdllsepranatessar gehBeat0pmeekaldnin 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.

Also suitable are the well known carbodiimide,
15 allophanate, uretonimine, biuret, and urea modified
isocyanates based on MDI or TDI. Mixtures of diisocyan-
ates and modified diisocyanates may be used as well.
Also suitable are aliphatic and cycloaliphatic isocyan-
ates such as 1,6-hexane diisocyanate, isophorone diiso-
20 cyanate, 2,4- and 2,6—methylcyclohexyl diisocyanate, and
4,4'-dicyclohexylmethane diisocyanate and its isomers,
1l,4-bis(2-(2-isocyanato)propyl)benzene, and mixtures of

these and other isocyanates.

In general, the isocyanate index of the

25 overall formulation is adjusted to between 70 and 130,
preferably 90 and 110, and most preferably about 100.
Indexes of from 100 to 105 are particularly suitable.

Lower indexes generally result in softer products of

lower tensile strength and other physical properties,

30 while higher indexes generally result in harder elasto-
mers which require oven cure or cure for long periods at



25 avai |l abl e i socyanates t.ol uene diisocyanate (TDI) and

nmet hyl enedi phenyl ene dii socyanate (MDI). Tol uene dii so- cyanate is
generally used as an 80: 20 m xture of 2,4- and 2, 6-TDI, although

ot her m xtures such as the comer - cially available 65:35 m xture as
wel |l as the pure 30 I somers are wuseful .as well. ,

Met hyl enedi phenyl ene di i socyanate-pgy al so be used as a m xture of
2,4" -, - 25- 2,2'-, and

4,4 -MDl isomers. A wide variety of isoneric m xtures are commercially

avai | abl e. Heamhient bemperatures eter dovelop 4h¢irMiirgl tphgsicalrer.
containi ng onl y,» rop er s g?@@ro@r{‘é%@&%n?f:etﬂ?d&éls iﬂ@cg.agly'ét%@és as

the 5 | atter f f ect si ca erties’in a

ot
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based on TDI anad tMAmerr £zation ad:astcauaaaj‘ Wnd aresulnyimr& eeoBelinkédy
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or nodest nDIeduﬁﬁﬂlmﬁﬁ%ﬂﬁlqhﬂ9F§xy- ~al kyl ene glycol or triol may be
reacted with 2 nol es of dllsocyanate to forma urethane nodified

i socyanat e. : SO suitahle are t wel I known _ |
carbodi i mi de, 15 aIIopﬁgﬁ%tﬁﬁglﬁré?ﬁﬁP ¢ 10 uPBBIABHI i ed

| socyanat es basiatvencidd ozladblomddsxt @res @tederabiyanthe aliphasiand

Piona e ons SRS b sl gl St PG
di i socyani®e, %ﬁé’&PléBQUQOSOOI%Vaﬁéﬁéeré hy'¥ﬁﬁﬁ than 300 Da.
.2, 6-nethyl cyclomdxyétp&lmqw@b@ abfipounds 4suh disgy chedewsyhimbhane
Gl oeyanate and bl Sl SRR, bagabbitaRkaLREl FabnseY ek oPYLhgerzene.
bisphenols, and 4,4'-dihydroxybiphenyl may be used as
well. The chain extender may be a sole chain extender
15 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, neopentylglycol, 1,4-dihydroxycyclohexane,
1,4~-cyclohexanedimethanol, and the like. Most preferred
20 are ethylene glycol and in particular 1,4-butanediol and
-1, 6-hexanediol.

Amine chain extenders may also be used, but

preferably in most minor amount. The resulting elasto-

- mers should be characterized as polyurethane elastomers

25' rather than polyurethane/urea elastomers which have
acquired a distinct status in the art. Examples are
ethylene diamine and 1, 6-hexanediamine, and diethylene-.
triamine among the aliphatic amine chain extenders.
Suitable and preferred aromatic diamine chain extenders

30 are the various_tbluenediamine isomers and their mix-
tures, the various methylenediphenylene diamines and

their mixtures, and preferably the slower reacting



In general, the isocyanate index of the 25 overall formulation is

adj usted to between 70 and 130, preferably 90 and . 110, and npst
preferably about 100. | ndexes of from 100 to 105 are particularly
sui t abl e. Lower indexes generally result in softer products of

| ower tensile strength and ot her physical__properties, 30 while higher

I ndexes generally result in harder el ast 7- mers which require oven
cure or cure for long periods at
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consi der abl e po Yiso- cyanur at e | i nkages. he chain
ext enders usef u ??9 %% subj ect i nvention el astonmers are preferably
the aliphatic gl ycol s and polyoxyalkylene glycols with nDIecuIar 10

wei ghts upsto about 500 D, ¢ Eﬂée ﬁ@éé’ uﬁfe%t‘l%?xh gQQtSHers, it AOPRL! C
di hydr oxy conpounds such as é none

bi s( 2- hydr oxyetPQtyefhy po EPmP°Pﬁ§t Whld%l%% igalandPelyoxy-
' - di hydr oxybi phelisy1 ey belyéeﬂeﬁsblends\A@ohta-{h@ngh@dly%@BQF&lgﬁé be a
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pr opanedi ol , bullyill%mzabIO}W@thYlenebummfestaWh1£h6€xhlblt lwx:apedonlal—
neopent yl ghycol 1y 110»411%3»&@&@&%%9@@@@%%(1 Tﬂeé}néavsqiz@aeasﬁesﬂwet hanol ,

and the |ike. Mst and in particular

r
1, 4- but anedi ol %ﬁﬂog ?AST% EeﬁExEﬁEng 582 68) ls most preferably
less than 0.010 meg/g for the polyol blend. Further-

more, the individual polyols, regardless of the overall

blend unsaturation, must have individual unsaturations
15 of less than 0.015 meqg/g. ' Preferred are polyol blends

where the overall unsaturation is less than 0.007 meqg/g

and no individual polyol has an unsaturation greater

than 0.010 meqg/g. Most preferred is the use of individ-

ual polyols in the blend where each polyol has a mea-
20 sured 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

0.010 meg/g, must be an essentially monodisperse poly-
oxXypropylene polyol containing from 1 to less than 20

25 weight percent internal oxyethylene moieties which may
be prepared by polymerizing a mixture of propylene oxide

and ethylene oxide onto an initiator molecule of suit-

able functionality in the presence of a catalyst qapable

of prodﬁcing this ultra-low level of unsaturation, for

30 example a substaﬁtially amorphous double metal cya-
nide:TBA catalyst such as those prepared as disclosed in
copending U.S. application Serial No. 08/156,534, which



Am ne chain extenders may al so be used, but - preferably in nost mnor
anmount. JThe resulting el asto- mers shoul d be characterized as

pol yur et hane el astoners 25 rather than pol yurethane/urea el astoners

whi ch have acquired a distinct status in the art. Exanpl es are

et hyl ene di amine and 1, 6- hexanedi ani ne, and glethylene- triam ne
anong the aliphatic am ne chain extendersT ~ Suitable and preferred
aromati c di am ne chain extenders 30 are the various tol uenedi am ne

i soners and theiis Metrein incédttf@atddhenyakedisenBENy! exedipRBRPYL eRe
di am nes and m Xt ures andzé)referabl t he sl ower reacting

he
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the subject invention elastoners, it Is r"’lclorrponent
which is cPiticadl. MeRPYLSHELse: 1.8.kfhere bonperéec {ibh@sl@orﬂmilamuwg

pol yoxypr opyl enéar weightyobmpdmentng from1l to | ess than 20 wei ght percent
i nternal oxyethyl ene noi eties which exhibit exceptional- 10 ly | ow
unsaturation nmust be used. The neasured unsatur- ation (ASTMtest -

met hod D-2849-69) is nost Theef d?@akfgxypropyilese t haplPold0 rmegitgifdmgt he

pol yol bl end. Eﬁlttabﬁéi oxyetffenet M ilchdieki dua} QPéé(mc%ntéﬁﬂa Rss of
t he overall unsat ur,at i, on, ave i ndivi dua unsat ur | ons 15

of less than o.Bﬁ’aﬁgéi}ane Wéﬁ&i?éddsrévﬁal $EPMpCend & LKy leng, opd dese
overal | udg$at ur suichn aiss dregmrneharl R-GAitytegeg oxide,arthd@ i Ndiuwdydedle pol yol

has an unsaturabkga r eell éhﬁ 0 L9 fern ﬁ_ls t he
use of individ- e? eérag F ol Sal n ?ﬁgrb%glﬁgﬁ\?\‘ﬁer%é\/ggé %gl yok % nea-
20 “sured unsapéﬁlﬁlﬁﬁen HPWP8§§ t haniappreferosy thajy gche predominate

C;.4 alkylene oxide be propylene oxide, and most preferred

that it be all propylene oxide. By the term

15 "polyoxypropylene" as used herein is meant a polymer
whose non-oxyethylene moieties are predominantly propyl-
ene oxide-derived.

The random, internal oxyethylene moieties are

introduced by copolymerization of ethylene oxide and

20 propylene oxide (optionally in conjunction with any

other alkylene oxides) in the presence of a catalyst

suitable for prepération of ultra-low unsaturation

polyoxyalkylene polyols, preferébly a double metal

cyanide catalyst, and most preferably a DMC-TBA catalyst

25 as disclosed in copending U.S. abplication-Serial No.

' 08/156,534. The amount of internal oxyethylene moieties

should be between 1 weight percent and less than 20

weight percent, preferably between 3 weight percent and

15 weight percent, more preferably between 5 weight

30 percent and 12 weight percent, and most preferably
between 5 weight percent and 10 weight percent.



Thus, the major portion of the polyol .bl end, in order to have an
overal | unsaturation of |ess than 0. 010 neq/g, must be an essentially
monodi sperse pol y- oxypropyl ene polyol containing froml to |less than
20 25 weight percent internal oxyethyl ene noieties which may be
prepared by polynerizing a m xture of prgayl ene oxi de and et hyl ene
oxide onto an initiator nolecule of suit- able functionality in the
presence of a catal yst capable of producing this ultra-low | evel of
unsaturation, for 30 exH®l usa sUbstbmtbathyyaneraﬁauﬂdﬁmﬂﬂfnnthal cya-

ni de[ err] TBA caipbysh §Q 0S cl.0s
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Seri_ al
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pol yol preparat a abl e t at_ultra-1ow
unsaturatlgn po (3%?29%% gr&egn rzzicl %he ?‘eaﬁ%ﬂ%%péﬂsea qraé:lQPhergefLs no
det ect abl e | ow R@FBegtion chnqmanmgrgnhYCgﬁppuhmwls prepared w1th suchhe

Pol yoxypr opy! enéatabps ! Surpri¥IdiLyl Sfiow no adide ggeurml eties
may al so contai al kyl ene ngletl erlve fromderr]-[err]

al kyl ene OX|desf35 we%ggﬁ 5g¢ Ské?an (84 Et?PiM@ lsxpae, essenteisliyt yl ene
oxi de, as wel | mesnodicpenswuiiayiol algﬁkydiﬁﬁqﬂsﬂmy of lesxitlies: 1Haoever, it

is preferfgd thgﬁdthgugiggqgu?aqg Cerr]-[err] al kylene oxide be
propyl ene oxi de,. and nost” pre erre that it be all propylene

oxi de. By the term15 "pol yoxypropyl ene" as used herein is neant
a pol ymer whose non- WW%e@bﬁbﬁe%ﬁﬁ@%M%ﬁyg&prl
ene Ox'de*der'VEPOpylene polyols containing less than 20 weight percent
random internal oxyethylene moieties cannot, in general,
be prepared by terminating propylene oxide addition and

15 continuing ethylene oxide addition, as under these
circumstances, ethylene oxide polymerization, for
reasons not clearly understood, is not uniform. The

polyols resulting from attempts at such polymerizations
tend to be mixtures containing substantial quantities of
20  uncapped polyoxypropylene polyols containing internal
oxyethylene moieties and substantial quantities of
highly'oxyethylene capped polyols. Thus, the polyoxy-
ethylene cappedfpolyols must be prepared by polymerizing
_ the ethylene oxide-derived cap in the presence of other
25 catalysts, for example traditional alkali metal hydrox-
ide or alkoxide catalysts. For example, from about 0.1
to about 2.0 weight percent sodium or potassium meth-
oxide, preferably 0.1 to 0.5 weight percent, may be
added to the reaction mixture following preparation of
30 the backbone polymer. The DMC catalyst need not be
removed prior to addition of the basic catalyst. The
mixture is then stripped under vacuum to remove water
and/or methanol or other alkanol follOwing which ethyl-



The random internal oxyethylene noieties are I nt roduced by
copol yneri zati on of ethyl ene oxide and 20 propyl ene oxide (optionally in

conjunction with any ot her al kyl ene oxides) in-the presence of a
cat alyst suitable for preparation of ultra-low unsaturation
polyoxyalkylene polyols, preferably a double netal cyani de

catal yst, and nost preferably a DMC-TBA catal yst 25 as disclosed in
copending U.S. application Serial No. -30- 08/156,534. The anount of

i nt er nal oxyethylene noi eti es shoul d be between 1 méight per.cent and
| ess than 20 : %ht er cent preferably bet ween 3 wei ght percent and
15 wei ght percefit® #Hree eFagnybeeaided BnﬂéFgﬁPngentlﬁ%?%eﬁ?nﬁhd 12

wei ght per cent , ticmsl. nnsthptehemabﬂg of pobgiesrepawdiigit 6 cgnsoand 10

wei ght percent. _ -29-

The use of the Tht a?kills? s PECYAFABEthS, WhfFa-1ow uggaturation anad etler
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meq/ g i s possible. E@{eov r, ,desgite i as rable unsaturatlon
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noi eti es nnot, i n,genera ed b er m nat.i.n opyl ene
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cont ai ni ng i nt erhal polyol blends may comprise two or more polyoxypro-
15 pylene polyols containing internal oxyethylene moieties;
an essentially homopolymeric polyoxypropylene polyol and
one or more polyoxypropylene polyols containing internal
oxyethylene moieties; an essentially homopolymeric
polvoxypropylene polyol and one or more haze-free
20 polyoxyethylene capped polyoxypropylene polyols contain-
ing ' internal oxyethylene moieties; or other suitable
combinations. '

Preferably, the elastomers are prepared by the

prepolymer process, however, the one shot process is

25 useful as well. In the prepolymer process, the polyoxy-
alkylene polyol mixture is reacted with excess di- or
polyisocyanate to form an isocyanate-terminated prepoly-

mer containing from about 1% to about 25% by weight NCO
gfoups, preferably from about 3% to about 12% NCO, more

30 preferably about 4 to about 10% NCO, and most prefera-
bly about 6% NCO. Prepolymer preparation may be
catalyzed, preferably by tin catalysts such as



oxyet hyl ene noieties and substantial quantities .of hi ghl y oxyet hyl ene
capped polyols. Thus, the pol yoxy- et hyl ene capped pol yol s nmust be
prepared by pol ynerizi ng t he et hyl ene oxi de-derived cap in the
presence of other 25 catal ysts, for exanple traditional alkali netal

hydr ox- I de or al koxi de catal ysts. For exanple, from about 0.1

to about 2.0 weight percent sodi um or peBassi um neth- oxi de,
preferably 0.1 to 0.5 wei ght percent, nay be added to the reaction

m xture follomnn%)preparatlon of 30 t he backbone pol yner. The DMC
cat al yst need rbitbweyltin Jdigwsredepriand t dibdtyltdn ofilaerdesi c tatal yst.

The M Xt Wrkodrfed AN £8bl @P@G‘l W%bo\ﬁﬂmﬂ%'mrﬁ&%%‘f%r%ﬁy 0.001

and/ or net hanol or .ot her. al kanol | ow_n

- 30- eneF QAR trel® t%ﬁ’%@%de&‘}{‘?ﬂ&@m@éﬁ\%ﬁﬁl 8faPrepajymers
tions. Qher net heishix piod ybevel epfirsitibh hi etled sart. I1sudbtabred,
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Gel perneation chrona- tography of such bl ends denonstrates a bi- or

trimdal, etc. ol %“c}il%wﬂ‘@’eﬁg?é?&'i@ﬁﬁé% BULIRQR 1 o ttfhéﬁ?@p%gﬁ@?

ori gi nal onoIs reﬁresentlng a arrow peak
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i nternal oxyet hykeaelems ebueﬁ, that tB8 GswRPbnakky 1HA@POLY MBI Cthe
poloryr 0P| engeBRLUE rRIG . e OREeRHIREE FRLYSEBEOBKL SRS POLYS
honmopol ynmeri ¢ thoroughly mixed, degassed if necessary, and introduced
into the proper mold or, if thermoplastic polyurethanes
15 are desired, reaction extruded and granulated or depos-
ited on a moving belt and subsequently granulated.

Preferred chain extenders are the aliphatic
and cycloaliphatic glycols and oligomeric polyoxyalkyl-
ene diols. Examples of suitable aliphatic glycol chain

30 extenders are ethylene glycol, diethylene glycol, 1,2-
and 1, 3-propane-diol,.2-methyl-1,3-propanediol, 1,2- and
1,4-butane diol, neopentyl glycol, 1,6~ hexanediol, 1,4-
cyclohexanediol, 1,4-cyclohexanedimethanol, hydroquinone
bis(2-hydroxyethyl) ether, and polyoxyalkylene diols

25 such as polyoxyethyl-ene diols, polyoxypropylene diols,
heteric and block polyoxyethylene/polyoxypropylene
diols, polytetramethylene ether glycols, and the like,
with molecular weights up to about 300 Da. Preferred
are ethylene glycol, diethylene glycol, 1,6-hexanediol

. 30 and 1,4-butanediol, the latter particularly preferred.



pol yoxypr opyl ene polyol and one or nore haze-free 20 pol yoxyet hyl ene

capped pol yoxypropyl ene pol yols contain- i ng' internal oxyethyl ene
noi eties; or other suitable conmbi nati ons.

Preférably, the elastonmers are prepared by the pr epol yner process,
however, the one shot.process is 25 usef4¢l as well. In the prepolyner
process, the pol yoxy- al kyl ene polyol mxture is reacted with excess
di - or pol yi socyanate to form an i socyanate-term nated prepoly-
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that the ocyaWSFE Ly, fram abo“&es@r%dt?hn%%°utTﬁb4pr%b@Fyner and

chai n ext ender ésecyanatehm:mngidt;e&rpxeﬁolytegmm gknaeabbparil iged
i ntroduced 1Nt dhh ! d he! a3t L0l rethanes 15
are desired, reactloﬁ§23¥$ﬁgﬂgt ggggrgﬁglg%g% 5@8& %bb éﬁﬁt d%h a
" novi ng belt and9§R6Eeduchh®y HherRAsRadymers used to' form non- Cellular

elastomers. Isocyanate group contents of from 8 to 25
15 weight percent, more preferably 10 to 22 weight percent,
and most preferably 13-15 weight percent are suitable.
The formulations are generally crosslinked and diol
extended, the crosslinking being provided by employing,
in addition to the glycol chain extender, a tri- or
20 higher functional, low unsaturation polyol in the B-
side, optionally also with a low molecular weight cross-
linker such as diethanolamine (DEOA). Alternatively,
the isocyanate-terminated prepolymer may be prepared
from a tri- or higher functional low unsat1_1ration polyol
25 or a mixture of di~ and higher functional low unsatur-
ation polyols. Polyols utilized in significant amount
in the formulation, whether incorporated into prepolymer
or in the B-side, should have unsaturations of 0.015
meq/g or less, preferably 0.010 meq/g or less and the
30 total average unsaturation of all polyol components
~ should also be below 0.010 meqg/g.

Having generally described this invention, a
further understanding can be obtained by reference to



Preferred chain extenders are the aliphatic and cycl oal i phatic

gl ycol s and ol i goneri c pol yoxyal kyl - ene diols. Exanples of suitable
al i phatic glycol chain 20 extenders are ethylene glycol, diethylene
gl ycol, 1, 2- and 1, 3-propane-diol, 2-nethyl-1, 3- propanedlol 1,2- and

1, 4- but ane diol, neopentyl glycol, 1,6- hexanediol, 1,4-

cycl ohexanedi ol , 1, 4-cycl ohexanedi net hangB> hydroqui none

bi s(2- hydroxyet hyl ) ether, and pol yoxyal kyl ene di ols 25 such as

pol yoxyet hyl - ene dial s, polyoxypropylene di ol s, heteric and bl ock
pol yoxyet hyl en&%%f@e@pﬁﬂénéxmples dilvich qml prewi dedt hyirene Bds:her

glycol s, and t'ﬁhﬂpdﬁés of 111M5Efbiﬂﬂﬂﬂaﬂ aﬂ@'ﬂ?% fd%e B%
Preferred eth ne dlet ene exaneJaoI 30
and 1, 4- butanedﬁﬂ} XVéf?ér %EPFW&ﬁ?aﬁP fred

- 32- The subj ect elastoners are highly suitable for

m crocel | ul ar ?%gﬁigg?rqﬂuzgﬁtgégﬂgke t hose suitable for use in shoe
m dsol es. The T st o- mers contain a nminor anount
of reactive or volatile 5 bl owi ng agent, preferably the fornmer. For
exanpl e, 0, 0, f,rom about 0.1 to about
1.0 wei ghtaS percrrené(ﬂg’hpref’}t-:-,r%a'%'-liﬁkg‘J ‘g‘{)’ Aallf”% 6‘5[9{" szgi?')out 0.4 wei ght
percent water, tian Véirls Ten-bafyl We%ol as thet 1Oxin aderr],
preferably fron10.15 to 0.5 g/cnB, and 10 nost preferably from about 0,2

to about 0.4 g/cnferr]. | socyanate term nated prepolyners are
generally utilized HrﬂonhﬂefmnuaﬂeﬂjanmdeQWEAfuﬁﬁhlysﬁmﬂsPﬁi@nontent
in genergj ddh LRE REERSS d; |
el ast oner s é?%na?& rou conten%gagggg lﬁ Sé@d%@mﬂgF% é%{ciercent
nor e preferablytHRPtS?EEQ ogh08gdpEends- and nost preferably 13-15
wei ght percent are suitable. The fornulations are generally
cross! inkggl and diol  popanlRdnekhSySESSATEINS (NG P A5G DY

to deionized water (150 mL) in a beaker, and the mixture

is blended with a homogenizer until the solids dissolve.

In a second beaker, zinc chloride (20 g) is dissolved in

deionized water (30 mL). The agqueous zinc chloride

15 solution is combined with the solution of the cobalt

salt using a_homogenizér to intimately mix the solu-
tions. Immediately after combining the solutions, a
mixture of tert-butyl alcohol (100 mL) and deionized
water (100 mL) is added slowiy to the suspension of zinc

20 hexacyanocobaltate, and the mixture is homogenized for
10 minutes. The solids are isolated by centrifugation,
and are then homogenized for 10 minutes with 250 mL of
a 70/30 (v:v) mixture of tert-butyl alcohol and deion-
ized water. The solids are again isolated by centrifu-

25 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 vaéuum oven at 50°C
and 30 in. (Hg) to constant weight.



in addition to the glycol chain extender, a tri- or 20 hi gher-' functionali,

- | ow unsaturation polyol in the B- side, optionally also with a | ow
nol ecul ar wei ght cross- | i nker such as di et hanol am ne (DEQA).

Al térnatively, the i socyanate-term nated prepol yner may be prepared
froma tri- or higher functional |ow unsﬂuratlon pol yol 25 or a mxture
of di- and higher functional |ow unsatur= ation polyols. Polyols
utilized in significant anount in the formul ati on, whet her

i ncor por at ed |@tf.‘96,9; %olyrrer or in the B-side, should have
unsaturations 0O 61 rreq/g or |ess, preferably 0. 010 rreq/g or |ess
and the 30 @ 21l ; epd Teinl B \ bE

shoul d al so be beI ow 0. 010 rreq/ g Havi ng general ly
described this invention, a - further understandi ng can be obtained by
reference to To a high pressure stainless st&88L autoclaveertain

speci fic exanples Whiahodr o 8" BELARE 1T 85Nk Or Lam-240 PU PORRS Ol ne-

illustration only an e not nten

ot her wi se Speciifii¢dated polyeompanyletedyatbriet pfeieminagh 708 Da

Preparati on of n@l’&uﬁ%@é&@ﬁ&obﬁats?\lﬁfl@ﬂeiityﬁa&:ab_yst as prlep@eediFat i on
Wth Tert-butyl_ Al cqghol the Co doubl e

Al
met al cyani de[ K c]at y?trovg'g% g')ﬂongpprgeﬁg};%?iy%%/ t"ﬁ‘e t%e[ r%%l%ﬁ cl osed
i n copendi ng UrSodymil.i caThe mixtureniSesitakrid. apg/ IsmtedU . to 105°C

under vacuum to remove traces of water from the triol
10 starter, and an initial charge of a mixture of propylene
oxide and ethylene oxide (90:10) is added and the
reactor pressure monitored carefully. An accelerated
pressure drop indicates that the catalyst has become
activated. Additional propylene oxide/ethylene oxide is
15 added over a period of approximately 6.5 hours until a
' total of approximately 57.5 1lbs. (26.1 Kg) has been
added. The reactor is then stripped with nitrogen at
117°C under vacuum and the product discharged through a
cartridge filter to remove residual catalyst. The
20 resulting polyol is a c.a. 6000 Da triol containing 10
weight percent internal oxyethylene moieties, and having
an unsaturation of c.a. 0.004 meq/g.

Comparative Example 3:

Preparation of 6000 Da Triol with 14%
25 Polyoxyethylene Cap, No Internal Oxyethylene Moieties

To the stainless steel autoclave of Example 2
was added 7.6 1lbs. (3.45 Kg) LHT-240 and sufficient
catalyst of Example 1 to provide 100 ppm catalyst in the
polyol product. The reactor was stirred at 105°C under

30 vacuum as before, an initial charge of propylene oxide
added and the pressure noted. After the catalyst had



10 Pot assi um hexacyanocobal-tate (8.0 g) is added to

dei oni zed water (150 nL) in a beaker, and the m xture I's blended with
a honogeni zer until the solids dissolve. In a second beaker, zinc
chlotide (20 g) is dissolved in dei oni zed water (30 nL). The
aqueous zinc chloride 15 solution is c@®ined with the solution of -the
cobal t salt using a honogenizer to intimately m x the sol u-

tions. | medi ately after conbining the solutions, a m xt ure of

tert-butyl al coh}é?c?f&%)@%l)vaé'-@@ dei epkakdf 48.3 &hﬁer(%h(ﬁ) Kell) prepwiided
slowy to the suspensiide a&aglaaaeaooverhaxgéyﬂ@@wpaé 1Aty @nd gphecgixture

is hom)genl zed forl o m _nut sol i ds a I,sol at.ed bl%/sf
centrifugation, Y x%%ﬁol%%]ee"}%e °‘H%%§6Pﬁ’”ze&r118 S RRERINGS hwaso ni
of a 70/ BOane@)3Brﬁx1guroef oZStweigHmtgéraénmhsbdmmd nethoxide in ized

wat er. The gol i dﬁe@ggn@gadr{a |2scg| ghed Ili’%xﬁ?é‘”k{ggsn O?tl?fﬁc{lo i?tn%lnd are

finally honpogenized for 10 minutes wt ¥ conol .
The catal yst is V3bPatREPsent wexe semevefulyt $onipRIRE iaf dr Pedaj r60a2'\7acuum

O\éen at 50[er r] Ghar) andntil B i for (HRou® aﬁiﬂ“&ih’ﬂi’i foRH &lht addltlonal 3h
- 34- aration 0 ene Tri Wt
Random | nt er nal n%ﬁ %ene &ng %pcuum }'QOIF T%E P%P sguEL

st ai nl ess st eel é‘éut dfal ethylengaoxifiaryms aﬁ.@dpaunl;lﬂfe oﬂiEeMg) peHled40, a

glycerine-16  bpiiigtigshmo!l yw&%QXhﬁEEdcéﬁéPys@é Wil Rlen QQmD@e
nol ecul ar wei ght_and sufficient catalyst_as g ggﬂre In Ie lto

provi de 100 ppm At BFSRment t"‘f'?é:hpB'IWGleso an erat g mTikeuFés}létstl rred
and heated to 1051[1@rp1:6?duct waadar cvacuwimmnoUaerpmgroﬁdy@ﬁte@yménwat@ﬁ.oirOm

the triol 10 a | g ture of propyl ene
oxi de and et hyl ene oé?de (gg % qﬂs gﬁréglg%d%tohgo%%ﬁy?g%t q'ap re Sure
noni t ored car ef ubRyernah grrethybere moietiesesamdecanr ypskhurabies dfat t he
catal yst has becel®. 0.006 meq/g. The polyol product developed a haze

after storage at room temperature for a short period.
Example 4

The procedure of Example 3 was followed,

except that initial oxyalkylation was with 48.3 1bs.

20 (21.9 Kg) of a propylene oxide/ethylene oxide mixture
(93:7) over 6.5 hours at 105°C. Following preparatiori

of the polyoxypropylene triol backbone containing random
oxyethylene moieties, 332 g of 25 weight percent sodium
methoxide in methanol was added and the autoclave

25 stripped as in Example 3. Then, 9.1 1lbs. (4.1 Kg)
ethylene oxide was added at 117°C over 1.5 hours. The
catalysts were removed using magnesol treatment and
filtration as before. The product was a polyoxy-
propylene triol containing 5% random internal oxy-

30 ethylene moieties with a 14 weight percent polyoxy-
ethylene cap, and an unsaturation of c.a. 0.003 meq/g.



activated. Additional propylene oxide/ethylene oxide is 15 added over a
period of approximtely 6.5 hours until a : total of approximately 57.5
| bs. (26.1 Kg) has been added. The reactor is then stripped with
nitrogen at 117[ err] C under vacuum and the product di scharged through
a’ cartridge filter to renove residual catalyst. The 20 resul ting
polyol is a c.a. 6000 Da triol containing 10 wei ght percent internal
oxyet hyl ene nvoi eties, and havi ng am@msaturation of c.a. 0.004 neq/g.
Conpar ati ve Exanpl e 3: Preparation of 6000 Da Triol with 14% 25

Pol yoxyet hyl ene Dpst No. ter nal h Iene Moi eties To
the stainless st@8 BAH a\)'éa%fhﬁ%rf{)‘? oeven. a%é\ﬁ’é q4g85e%. §hpBs 69 3. 45
Kg) LHT-240 and dsuysf b(fl ebhbrage. catalyst of Exanple 1 to provide 100 ppm
catalyst in the pol yol product. The reactor was stirred at 105[err]C
under 30 vacuum as before, an initial charge of propyl ene oxide

added and the pfzemples Sodted. After the catal yst had

- 35- becone activated, a total of 48.3 Ibs. (21.9 Kg) propyl-

ene oxi de was added over a period of 5.5 hours. To the

pol yoxypr opyl ene -honmopol y FrBr 3 r MgMneKy sS Wik A e §onashat Pr&éééﬁeQSng of 25

V\H/gl ght perﬁnt m::wne@el thaxidesr] ng &rlé@t@ﬁn@blﬁﬁﬁyﬁr&(?}Me t 4
xane, ne ano a e resen Le,reno Strl| |ng a
. o5 "Ml e i ARhe, ool 45 ISR ¥RLE1 S PRRRC A0 SRR |
hours at full vamnmmal Fobcyewhmgeserupqmertgl,esg Welrles. prepared, 1 KgI)he :
ethyl ene oxide \eﬁﬁﬁﬁ%e@e% dddt&d rﬂoQ @&%énaeae;sépfbciso at 95014\ e

resi dual catal ysts were en r.enpyv i treat %ﬁrmatq neso and
filtration. The 3@&f and exan}wg%pp&aae@lﬁa 1y E‘? %‘é‘é mation of
pol yoxypr opy| enéhadad .0l The rdsanitisg aael&abaﬂgbédpéncmblaolyoxmﬁaﬂwlﬁle cap,

no i nt er nal ow%%lge%%err% ﬁbh?ﬁtl@@ }g_c;}mﬁ’bséa_t uration of



15 c.a. 0.006 nmeg/g. The polyol

storage sat roomtenperature for a short period.
The procedure of Exanple 3 was foll owed,
oxyal kyl ation was with 48.3 | bs. 20

oxi de/ et hyl ene oxide m xture
Fol | ow ng preparation
cont-ai ni ng random

(

93: 3y

oxyet hyl ene nvi eti es,
was added and the autocl ave 25

product devel oped a haze after

Exanpl e 4

except that initial

(21.9 Kg) of a propyl ene

over 6.5 hours at 105[err]C.
of the pol yoxypropyl ene triol backbone

332 g of 25 wei ght percent

sodi um met hoxi de i n met hanol
stripped as in Exanple 3. Then, 9.1 Ibs. (4.1 Kg)
was added at 117[err] C over S5——Tho c
usi ng magnesol treatnment a flil ratli on ag b
a pol yoxy- propyl ene cont aifni ng 4% rfan
ethylene noieties with a 1 t pergentl pgl ygxy-
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! Examples 5, 3 and 8 turned hazy from 3-14 days after manufacture.



ature and exani ned periodically to defect formation of 10 haze. The
results -are tabulated in Table 1. Exanples 5 3 and 8 are
conpar ati ve exanpl es. -37 - - [err]

-38-

Table 1 shows that as little as 2.5% internal

oxyethylene moieties are sufficient to render a 14%

polyoxyethylene capped polyoxypropylene polyol haze-

- free, while a similar polyol without internal oxXy-

5 ethylene turned rapidly hazy. Table 1 further shows

‘that higher degrees of polyoxyethylene capping will

require additional random, internal oxyethylene moiéties

to render the polyols haze-free. Example 8, with 18%

polyoxyethylene cap, was not rendered haze-free by 5

10 weight percent internal oxyethylene moieties. A higher

amount of internal oxyethylene will be required to
produce a haze-free polyol in this case.

Examples 9-14

A series of 4000 Da molecular weight polyoxy-

15 propylene diols containing 0, 5, 10, 20, 30 and 40

weight percent internal random ethylene oxide moieties

were prepared as in Example 2. The diols were reacted

with 4,4'-methylenediphenylene diisocyanate to prepare

isocyanate-terminated prepolymers containing 6 weight

20 percent NCO, and extended with 1,4-butanediol to prepare

polyurethane elastomers, Dibutyltin dilaurate was used

as the polyurethane catalyst; the amount of catalyst was

adjusted to give similar pot life in order that demold

times and green strength could be subject to proper

25 comparison. Blends of polyoxypropylene homopolymer

diols having exceptionally low unsaturation and found to

beneficially affect demold time and green strength as

disclosed in our copending application filed on even

date herewith are also included for purposes of compari-

30 son. The results are presented in Table 2. The exam-

ples presented in the first column and the last two
columns of Table 2 are comparative examples.
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shows that as little as 2.5% i nternal oxyet hyl ene noieties are
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adjusted to give simlar pot life in order that denold times and green
strength could be subject to proper 25 conpari son. Bl ends of

pol yoxypr opyl ene honopol yner di ol s having exceptionally | ow
unsaturation and found to beneficially affect denold tinme and green
strength as di scl osed in our copending application filed on even

date herewith are also included.for pur pgges of conpari- 30 son. The
results are presented in Table 2. The exam pl es presented in the
first colum and the |ast two colums of Table 2 are conparative

exanpl es. -39- As can be seen from the table, the demold

times for the polpoypropylene diols containing 5 weight

percent and 10 weight percent internal random oxy-

ethylene moieties are similar and in some cases superior

5 to elastomers prepared from a monodisperse polyoxypro-

pylene homopolymer diol and multidisperse polyoxypro-

pylene homopolymer blends. However, the green strength

at demold is improved over the monodisperse, low unsat-

uration polyoxypropylene homopolymer, and the ténsile

10 strengths of the random oxyethylene-containing elasto-

mers are considerably higher'than those prepared from

monodisperse or multidisperse polyoxypropylene homopoly=

mer diols. Moreover, the green strength after 60

minutes for the elastomers prepared from polyoxypro-

15 pylene polyols containing 5 and 10 weight percent

internal oxyethylene moieties was excellent, while that

of the elastomer prepared from the 4000 Da monodisperse
homopolyoxypropylene polyol was average.

The polyoxypropylene polyols of the subject

20 invention, having up to about 20 weight percent internal
oxyethylene moieties and ultra-low unsaturation, have

been demonstrated td process well in terms of exhibiting
commercially uéeful demold times and good green
strength, as well as providing elastomers with superior

25 physical properties. However, as disclosed previously,
many elastomers are required to retain their physical
properties in wet environments. We have found that

polyurethane elastomers prepared from low unsaturation
polyoxypropylene polyols having up to about 20 weight
30 percenﬁ random oxyethylene moieties surprisingly show
minimal room temperature water absorption, and elasto-
mers prepared from polyols containing less than 20
weight percent random internal oxyethylene content,
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-41-

preferably 5-15 weight percent, exhibit water absorption
of less than 10 weight percent, and generally less than
5 weight percent, even at 0°C, whereas elastomers
prepared with 20 weight percent or more internal oxy-
ethylene moieties as well as oxyethylene capped polyoxy-
propylene polyols show absorptions of greater than 100
weight percent under these conditions. The water
absorption at 0°C, 23°C, and 50°C of elastomers prepared
from polyols containing varying amounts of random
internal oxyethylene moieties is presented in Figure 1.

, As can be seen from Figure 1, for elastomers
where problems expected with respect to water absorption
is limited to higher temperatures, i.e. room temperature
or higher, up to 20 weight percent internal oxyethylene
moieties are suitable in the polyols used to prepare the
elastomers. However, when minimal low temperature water
absorption is required, for.example low absorption at
0°C, the amount of internal oxyethylene moieties is

- preferably less than 15 weight percent, more preferably

in the range of 5 weight percent to 10 weight percent.
Under these conditions, 0°C water absorption is less
than 5% by weight, nearly the same as is obtainable with
polyoxypropylene homopolymer polyols and PTMEG polyols
but without the processing problems of the former or the
higher cost of the latter. '

The actual weight percent water absorption of
the elastomers is presented in Table 3, along with a
comparative elastomer prepared from a 4000 Da, 20 weight
percent polyoxyethylene capped polyoxypropylene diol
(Example A), having an unsaturation of 0.009 meq/g.



- 40- As can be seen fromthe table, the denold . times
for the pol yoxypropyl ene diols containing 5 weight ~percent and 10

wei ght percent internal random oxy- " ethylene noieties are simlar and
I n,*some cases superior 5 to el astoners prepared from a nonodi sperse

pol yoxypr o- pyl ene honopol yner di ol and nul tidi sperse pol yoxypr o-

pyl ene honopol yner bl ends. However, the green strength at.denold is

i nproved over the nonodi sperse, | ow unsal uration pol yoxypropyl-ene
honopol ynmer, and the tensile 10 strengths of the random

oxyet hyl ene-cont ai ni ng el ast o- yconsi derably higher than those
prepared from nonodi sperse or nﬂ?ﬁgg;égerse pol yoxypr opyl ene honopol y-
nmer di ol s. Moreover, the gr.een strquth after 60 m nutes for the
el astomers prepared from pol 8‘“? containing 5 and
10 wei ght percent unctiphof fgn jre (/e HAl Erenolymers/BLU 8 ent, while
t hat of the el astoner prepared fronlthe 4000 Da nonodi sperse

hormopol yoxypropyl ene _pol yol was_aver age. The
pol yoxypropyl ene pgdfyolrs o € subj ect rnven ng §p to about
20 wei ght percent i oxyet hyl ehe rmv\%‘ltF’eéma'i‘Fﬂs'?Htra Iflow

unsat uration, have dennnstrated to rdEe@eewuyne In terfnms of

exhi biting co ) reen
strength, as wel | 5¥%WPU|rg ePEEFBhers vﬁqF} Jup&iGr |25 9°Cphyisi ca
properties. Howevel K as di s¢l Jdexsthylengi ousl y, manyl el astoners are

required tg retain hdleWw<|cal pr[nyfles iflmet e &ro ment s. We
S prdpar éd friomT38w dnsat urati on

have found™t hat

pol yoxypr opyl ene pojf yol gohavijng up'5t o abopt 229 wel gm 30 psrcdnt random
oxyet hyl ene noi eti SUTprisingty—Show T TTE - at ure water
absor ption, and eI;Eto 11 ner s 19r epar pd %% orh polJol s| cobfai rji ng | ess
t han 20 wei ghit perlsent ranao%l nter nalzé)xyet hg/.bene C(mi‘ent ,
13 30 3.5 23.1 129.5
10 14 40 10.4 116.0 189.0
C 20% capped 5.1 14.2 76.4

The development of hardness and resilience
build with respect to time are considerably enhanced
with the subject polyols containing internal oxyethylene

15 moieties as compared to polyoxypropylene homopolymer
polyols. Figure 2 shows the resilience build of elasto-
mers prepared from a 4000 Da. molecular weight polyoxy-
propylene homopolymer diol (no internal EO) (Plot A),
and a 4000 Da monodisperse polyoxypropylene diol con-

20 taining 10 weight percent random oxyethylene moieties
(Plot B). To measure resilience build, a series of
identical elastomers were prepared from the aforemen-
tioned polyols and oven cured at 100°C. Elastomers were
removed at various intervals and resilience measured.

25 As can be seen, even though the polyoxypropylene diol



. 141- preferably 5-15 wei ght percent, exhibit water absorption

of less than 10 wei ght percent, and generally |ess than 5 wei ght
percent, even at O[err]C, whereas el astoners- prepared with 20 wei ght
percent or nore internal oxy- 5 et hyl ene noieties as well as
oxyet hyl ene capped pol yoxy- propyl eng, pol yol s show absorpti ons of
greater than 100 wei ght percent under these conditions. The
wat er absorption at O[erer]C, 23[err]C, and 50[err]C of el astoners
prepared fORtRDhYIOY S TONtREIGHE VSedddtt a0l BRdemyilne

internal oxyethylene, moieties is prtesented in Figure.l. . ]
As can be seen %?bﬁFﬁ?ﬁurvéaS_L, mPBPBéFB?f%ﬁerst%e geﬁﬁéF‘gnﬁ?oﬂ?‘b‘ﬂé exfect ed
with respect tocoasedernaisby pireater thans thati aebievedi T a4 enmpeddisur es,

i.e. roomtenpe e o i g 0 i i nf.ernal
oxyet hyl ene 15 fJé%r!gléét iuelstraar el o?ui?g%?%ﬁ%léﬁ{g Bgﬁgg&pﬁﬁﬁfﬁe p?l ég’%r'e t he
el ast onmer s> HowMQEROV@Ken GHeni paYsieal t expeeatiee wft ekhe elastieserstion is
required, for epeEpheelO¥r8RSORA 8081 atontainirty einddzndinaaratimtl e

i nternal oxyet hiﬁl eng. noi et i esg 1 s .%}eger%%ég | es thglp 15 pei %%
percent, nore pPetEF4GFY 226 2% nSHRE 1%nge®o %eiYht SePTenPti &

wei ght percent. other tyodeexdnEss .con@hei hegdneser G dhtef &hsorsatrieon i s

| ess t han p%sPymues ot o r}&’e& r]_gl Ak @s 3i s obtainable with
pol yoxypr opyl ene honopol yner polyols and PTMVEG pol yol s but w t hout
the processing problens of the fornmer or the 25  higher cost of the
latter. 10 whike adthienl baet ghtodeer £ent csadrarinabsoupt itdie of
the el astoners i; t i b : ng. Wi rative
el ast omer pr epaﬁéﬁbﬁggﬂaﬁgﬁogeﬁ, hgﬁgﬁ/le?&%tﬂi_%é&%'r cte}h Sego yoxl%éat%yl ene
capped pol yoxypWas¥ ellee diafit 3bo, whimtanphésA)in¥RRLiRP arelates uritlilon of
0. 009 req/g. recognize various alternative designs and embodiments

for practicing the invention as defined by the following

.15 claims.
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TABLE 3 Vi ght
Per cent, Water Absor ption As A Functi on of Tenperature (6% VDI
Prepol i mers/ : Wat er
rersion - (UATNANIN Temper atur e
Exanpl e rcfenL N efr 23[err] C Oferr]C :
Oxyet hyl ene 044- 2.1 2.1 2.2
10 5 2.0 . 2. 1 2.5 11 10
2.3 2.5 4.7 12 20 2.3 3.9 1
10. 4 , What Is3Claimed Is30 . 3.5 23.1 129.5 10
14 40 10. 4 116.0 189.0 _ C 20%
capped 5.1 14. 2 76. 4 The devel opnent of hardness

and resilience

bui 1d wi Nha:m—rfmﬁe polyoxree el aon sageedbylwsihanced

with the subje ‘59&[ r I es as
conpared to poﬁ%ox ﬁyg%ilene onnpop fEﬂEﬂs Q§%@ Qﬁ% ﬁ}gurelgggﬁ%ms t he

resilience bui IRplyfole| Femprising: pers prepar ed from a 4000 Da nol ecul ar
wei ght polgoxy- prepyl eaedmorrwcﬂmmwtqlonmopbmysw@foﬁﬂ)eﬂa ot A),

and a 4000 Da
wei-ght percent

10

15

20

25

30

Weiﬁkﬁﬁ gﬁﬁ%r&% en],«:a di oi ean about 20t al nj r}gt 10

percent random internal oxyethylene moieties;

b) from about 5 weight percent to about 25
weight percent polvoxyethylene moieties present as a cap
onto said backbone polyol; '

wherein said backbone polyol is prepared by
polymerizing a mixture of propylene oxide and ethylene
oxide onto & di- to octafunctional initiator molecule in
the presence of a double metal cyanide catalyst;

wherein said haze-free polyoxyethylene capped
polyol has an equivalent weight from about 500 Da to
about 15,000 Da;

. wherein the amount of random internal oxy-
ethylene moieties is such as to prevent the formation of
haze in said polyoxyethylene capped polyols for a perlod
of at least 20 days when stored at 23°C; and

wherein all weight percents are relative to
the 'weight of the haze-free polyoxyethylene capped
polyol.

2. The haze-free polyoxyethylene capped
polyol of claim 1 wherein said unsaturation is 0.010
meq/g or less.

3. The haze-free polyoxyethylene capped
polycl of claim 1 wherein said unsaturation is .0.007
meq/g or less.



(Pl ot B). To neasure resilience build, a series of I denti cal -
el astonmers were prepared fromthe aforenen- tioned polyols and oven
cured at 100[err]C. El astoners were renoved at various intervals and

5 I > e R e

wei ght percent*irft etnal okyet hyl ene -4®0i eti es was nonodi sperse, the
resilience build is consi-derably greater than that achieved froma
nonodi s- perse, ultra-low unsaturation pol yoxypropylene diol. 5

Mor eover, the physical pTOpeHMEeshmheFﬁQee|a@bQW@k?eth¥le@éepééﬁﬂeér0”]the

di ol contalnln rn hyl e ti ar.e eri1or to
t hose of elthe?p%{&flh 8k Q,?i)éei%nth ?ﬁer%:%(%nﬁﬁég 'Vf?e]' h&? dﬁescgwr}ul‘PH of the

" sane eIastEF&Q%-ls presented in Figure 3. 10 Wiile the
best node for carrying out the I nvention has been described in
detail, those famliar %@ &Pﬁ art to which this_ invention re|ates
will recogni ze vari oUs al'tr ndfaes £gesi gReLyRuYerbvleR@nt 8apped f or

pr acti ci ng5t he padxmk | off aslaliod i dedwibyrdire balbowdlgcbeyethgll@nes. cap
C Jﬂmprf%es 5 to about 15 weight percent of said polyol
and said random internal oxyethylene moieties comprise

from 2 to about 10 weight percent of said polyol.

6. A multidisperse polyol blend.having an

10 average unsaturation of less than about 0.010 meq/g and
a polydispersity of greater than 1.4, comprising:

two or more individual polyoxypropylene

polyols, each of said individual polyoxypropylene

polyols being a substantially monodisperse polyol having

15 an unsaturation of less than 0.015 meqg/g and an average

molecular weight of from about 1000 Da to about 20,000

Da, at least one of said two or more individual poly-

oxypropylene polyols comprising a polyoxypropylene

polyol containing from about 1 weight percent to about

20 20 weight percent random, internal oxyethylene moieties.

7. The multidisperse polyol blend of claim
6 whereln each of said individual polyoxypropylene
polyols has an unsaturation of 0.010 meq/g or less.

8. The multidisperse polyol blend of claim
25 6 wherein each of said individual polyoxypropylene
' polyols has an unsaturation of 0.007 meq/g or less.

9. The multidisperse polyol blend of claim
7 wherein each of said: individual polyoxypropylene
polyols comprises a polyoxypropylene. polyol containing



What Is Cained Is: 1. ‘A-haze-free oxyet hyl ene

ol yol  comprising: 5 o o e oration of Tess i ﬁﬂﬂﬁﬂmﬂ"ﬂlﬂﬂﬂe v

pol yoxypr opyl ene backbone pol yol containing from 1°t 0" abbut® 20 wei ght

percent random i nternal oxyethyl ene nvoieties; b) from
about 5 weight percent to about 25 Mg'.ght percent pol yoxyet hyl ene

noi eties present as a cap 10 onto sai d backbone polyol;

wherein said backbone pol yol is prepared by polyrrerl zing a m xture of
propyl ene oxi defze@ btwslghe percerdxitdeabotb 30 dﬁlgmt cmslhaj‘emcu(tjmaal_ I
initiator nolec %h@c ESRN oubl e netal cyani de catal yst;
15 H%\ﬁeifﬁ?crilonsla? r?el f reg%po}cty%xyet hyl ene capped pol yol
has an equi val ent wei ght from about 500 Da to about 15,000 Da;
wherein the amount of rant®m Im@rmtﬁ@ﬁ)&perse pgqg,alyl Q;I]_@na'ﬁb?t 88 1S sgch
as to prevent the {10 2 sai o] et ene cappe
pol yolg for a pgrl‘{’)dé]@lﬂ r;5‘-’11(@:“atgf‘easatl 018§ ¥l %@ﬁ s‘%lﬁ °?§[€F1|e] C, and
wherein al P wei BRLYPLES cBass amr aunsstatratd.ono of lessg hehari gbbubf ot. Ioe7

haze-free pol ym&q?@y&f@%%ﬁ% internB®! ¥Qireth ]?éu? conten orfelfﬁoglal ghe
haze-free  pol yogge{ihg weight 3 £ tes BoutO1s welgﬁtl:mpercerg'—
unsaturation is 0 rd:%‘r |t8s &0 The

haze-free pol yoxyethyl ene capped pol yol of claim1l wherein said
gnsat 922?' on is.0.007 30 13 e $AVUREBane elastomer exhlbltlgg less
than 10 weight percent water absorption at 23°C, said
10 elastomer being the reaction product of:

a) a di- or polyisocyanate at an index of
from 70 to about 130;
b) a polyoxypropylene polyol component
having an average equivalent weight of from 1000 Da to
15 about 8000 Da, an average unsaturation of less than
about 0.010 meq/g and comprising at least one polyoxy-
propylene polyol containing from 1 to about 20 weight
percent internal random oxyethylene moieties and a
nominal functionality of two or three; and | '
20 c) an aliphatic glycol or oligomeric poly-
oxyalkylene diol chain extender having a molecular
weight of less than about 300 Da.

12. The elastomer of claim 11 wherein said

- polyoxypropylene polyol component comprises a single

25 polyoxypropylene diol having an unsaturation of less

than about 0.007 meq/g and an internal random oxy-

ethylene content of between about 1 weight percent and
about 15 welght percent.

13. The elastomer of claim 11 wherein said
30 polyoxypropylene polyol component comprises a multi-



- 4. The haze-free polyoxyethylene capped . pol yol of claim1l wherein

sai d paql yo triol. 5. The haze-free

poI yoxyet thmmlﬂlm#m"u! pol yol of claim 1l wherein said pol yoxyethyl ene
i ses to about 15 weight percent of said polyol and

sal d random i nternal oxyethyl ene noietigg;conprise - from .2 to about

10 wei ght percent of said polyol. 6. A multidisperse

pol yol bl end having an 10 average unsaturation of |less than about 0.010

meq/ g and dl&pé@bédpspﬁéBléoméﬂnéﬂﬁaﬂd@&nbhanpélﬂdlﬁﬁéﬁgiéy’Hf at

two or nore in IVI Xypr.opyl.ene ch of _sa
i ndi vi dual pol g g‘pﬁ (‘ydD %’Ilﬁgl ?tb&eﬁ‘& slr‘ﬁﬁt rﬁS’f}Ebdl sperse
pol yol having $5antanlﬂlmsmom@i$mnrsﬁ Hodyexybanp@lensé p@rycglanqumgaverage

ol eoul ar Vel OBl Gk AFhARGH! o000s Dok AP AP ar 1B And CoS!

one of said two or more 1.ndivid 0I5
conpri sin@ a pSfy8xiPrapylisast two 1%}‘?(9“ EP&VH?‘M@rPPISHF%cnﬁlm]wel ght
percent to abogon2@ining V&o@htl p&é@gnt; foRRdent ltm ealﬂ@ht ozyetuilgie

noi eti es. tidi rse . blend of clalm

6 wherein each®§F Rt | ﬁgor\r}l ﬁﬁ%\?nb%fy tﬁg’ En&° %Q ©Pol yol s has an
unsaturation of 0.010 rreq/ g or |ess. 8. The nult i di sperse
po: yol bl endI of claim 2514 6 Msr %&Hsééﬁ% OBft %@a@mf '1r1dlvoﬂe<11éaln/ d,

pol yoxypr opyl ene has an unsaturation of 0,007 meq ess.

9. “The mul ti diPI P%‘é(pg § FOB| QRIS cFaRRFises 2 \WRelvorRyRiRpy n%al d

i ndi vi dudlo pol ydboaproapydréed havingohyokbguioabens ese Bglpol oF By QmdEne

pol yol Conta'mﬂ¥3to about 8000 Da, an unsaturation of about 0.007
meqg/g or less, and an internal oxyethylene content of 5
to about 12 weight percent based on the weight of the
polyoxypropylene diol or triol.

15 15. A polyurethane elastomer exhibiting less
than 10 weight percent water absorption when measured
following immersion in water at 0°C, said elastomer
compri_sing the reaction prodﬁct of:

a) an 1isocyanate terminated prepolymer

20 containing from 3 weight percent to about 25 weight
percent NCO having. been prepared by the reaction of a
di- or polyisocyanate containing in major part 4,4'-
‘methylenediphenylene diisocyanate with a polyoxy-
propylene polyocl component comprising:

25 a) i) at least one polyoxypropylene diol or

triol having an unsaturation of less than about
0.010 meqg/g and a random internal oxyethylene
content of from 1 weight percent to about 12 weight
percent;

30 ' a) ii) optionally, one or more polyoxypro-

pylene diols or triols having an unsaturation less



-46- from1 weight percent to about 20 wei ght percent inter-

T ™ I o S
pol yoxypropylene 5 polyols has &n bnstt uyat'ion of |ess than about 0.007

meq/ g and a random i nternal oxyethyl ene content of from about 5 wei ght
percent to about 15 wei ght percent. _48- 11. A pol yurethane

el astonmer exhibiting l-ess than 10 wei ght percent water absorption at
23[err]C, said 10 el astomer being the reaction product of:

D) 2 pol yoxypr opyl o e M0N0 gl and | sk interd)Z iladiO
equi val gnt yWein(;ht pgp’?’re&'ﬁg’gﬁ\éﬁ fﬁan’E'iBop Lassutthesod %ﬁflghﬁ E'a@éng%ry‘e
unsaturation of |ess thawhereinaticeitavier@h@ eguigadeft GasUHSbRY, AL ) east
percont 1 pt er 518 FISALRBaREhEp, 1 EPEEGH Wi a¥B pho B ShbuE Rl O
functionaldty At Witdy three; and 20 c) an aliphatic glycol

or oligoneric poly- HIXYabKkYA Biph4t i aeBai St &xdehdaaVv. | ecul ar
wei ght of |ess tlhan # 2. heée%gg?%éar) of

bout 300 Da.. .. .
claim1l wherei rfog%itg‘e grouR GORSAAN GGy PERREGI SRS gﬁ@ﬁﬁgneﬂ%e%n%es a
single 25 polgdwandr.opyéepantiilol ghpvehg anddbsbamediobn bf 6+@&sane- than
about 0.007 neqdip1and;a8 iINkek hy].en nt ent of
bet ween apout 1, %gh? per cent Qgggﬁgﬂgﬂg%ﬁ%%%hﬁ%clv\e%ht&lrgerg?:(g%fé}na ©
13. The Oaston’éﬁ A Firere 7 0wker 8Pautal30 30  pol yoxypropyl ene pol yol

conponent conprises a multi-

16. The elastomer of claim 15 wherein said
polyol component a) i) and a) ii) together has a poly-
dispersity of 1.4 or greater.

17. The elastomer of claim 16 wherein each of
15 said polyoxypropylene polyols a) i) and a) ii) are
substantially monodisperse, with individual polydispers-

ities of less than about 1.20.

'18. The elastomer of claim 15 further com-
prising the reaction product of water as a reéactive
20 blowing agent in an amount of from 0.1 weight percent to
about 1 weight percent based on the weight of the total
reactive composition such that the resulting elastomer
is a microcellular elastomer having a density less than

0.8 g/cmd.

25 19. The microcellular elastomer of claim 18
wherein the density of said microcellular elastomer is
from about 0.2 g/cm’® to about 0.4 g/cm’.

20. The microcellular elastomer of claim 19
wherein the polyurethane polymer comprising said micro-



.[err] ' -47- di sperse pol yol conponent
havi ng_a pol ydi sper si ty of at | east 1.4 and contai nJ lll m
i ndi vi dual sub- stantially nonodi sperse pol yoxypr opMl “ﬂ“ﬂ% 1 l”lWﬂ"

havi ng an unsaturation of |ess than 0.010 neq/g, at |%east 6ne"5 ®

said at |east two individual polyoxypropylene polyols cont ai ni ng from
1 weight percent to about 20 wei ght gercent random i nt er nal
oxyet hyl ene noi eti es. 13 The el astoner of claim 11
wherein said pol yoxypr opyl ene pol yol conprises a pol yoxypropyl ene 10
diol or triol haailRgaan equt\éalb@nbxn@bgbé 8f whtem d888rption [ tegpout
8000 Da, an un tureglon %& about 007 meq/ g or |less, and an internal
oxyet hyl ene co peFSeHBoﬁ? 9°F wei ght percent based on the

wei ght of the polyoxypropylene diol or triol. 15. A

pol yur et hane el ast oner e§a|b|h#n??%§f§nate cd 14 m&hggglgfé%[err ter

absor pti on when neasured nmersion 1 n C, said
el ast oner domrracdipigates PééE@F%@th(ﬁﬁﬁﬁtkﬂg an excess of a diy) an

i socyanat & tergg mewmme%@neneoebﬁpmagnér am 3-MetfteRer cent to
about 25 weight,, erceg} .NCO h avhﬁg been(fre ared b the rfactlon of a
di - or polyisoﬁyﬁﬁﬁ?gﬁf?ﬁﬁ lﬁﬁﬂayﬁﬂa J

net hyl enedi pherprdamyet edis spmlwarlatcemﬁzatﬂmmgp(ﬂrmxﬁ to abquo@BAd eneigiot yol
conponent  conprigidye 2§ﬂternal oxyet %(He}m %o:.eecallsets Ogﬁ%p?ﬂayrgﬁépré)r?yl ene
di ol or triol having an_dnsa uratlon ess t a

0.010 neq/g euuPQ§%QHﬁﬁ£ﬁqnhﬂ@FﬁaFhéQyéPHVFe%ep meq/d. content of from1
wei ght percent to about 12 wei ght percent; 30 a) ii)

optional | one or nore YOXVYPL Q- : Laols-.or triols having
an unsat u¥at i on | ess . % 3% Ingocyanate tern@ﬂaﬂ% %r%p%lyme% f:'PeeS
of precipitates prepared by reacting an excess of a di-
or polyisocyanate component comprising 4,4'-methylene-
diphenylene diisocyanate in major part, with the haze-

free polyoxyethylene capped polyol of claim 1.

15 23. An isocyanate terminated prepolymer free
of haze prepared by reacting an excess of a di- or
polyisocyanate component comprising 4,4'-methylene-
diphenylene diisocyanate in major part, with the haze-
free polyoxyethylene capped polyol of claim 2.

20 24. An isocyanate terminated prepolymer free
of haze prepared by reacting an excess of a di- or
polyisocyanate component comprising 4,4'-methylene-
diphenylene diisocyanate in major part, with the haze-
free polyoxyethylene capped polyol of claim 6.

25 25. A polyurethane elastomer exhibiting less
than 5 weighti percent water absorption at 0°C, compris-
ing the reaction preduct of:

a) an isocyanate terminated prepolymer having
an NCO content of from 3 to about 25 weight percent and



.[err] - 48- t han about 0.010
meq/ g and an internal random ntent of less than 1
wei ght percent; wher rl l ui val ent vvel ght of a)

i) and a) ii) together is fron1about 1000 Dm to about 8000 5 Da;

wth b) an aliphatic diol chain extender selected from
t he group consisting of ethylene glycol ;5@ et hyl ene gl ycol, neopentyl
glycol, 1,4-butanediol, 1,6-hexane- diol, and

1, 4- cyclohexanedlnethgn at an .1 socyanate, 10 i ndex of from70 to about
130. prepare g’Y LG Siferd F L EFAFHANAF SURATRRAS; (Fom-

pol yol conponemiriz)ing) 4add —a\)ethylehegephemyhasedmmﬂqyanate ih eyt ty of

1.4 or greater | gi Mherei n each
of 15 sai d paayroxfplr%lpy The poleoﬁé (l;»%g ?:F 5 ?‘rﬁﬁ 2&15%}%@,1% a
substantial | y msdegiudpar seeight h afhdfvpBudithoPadi efper 000 Datjesnof |ess
than abouts 1. 2Qnsaturation of 0.008. me&)’@ 8- ask8Ber 03 i fhderddy t her

h duct t 20 m
Soent in an amBORE PRBHY I RoRGHESRRr ebnrrep absut e Sogk gt

per cent - based oveildht wergentof wihbk t ot al reacti ve conposi t| on such
that the resulting el ast - rocellu | ast vihg a
‘Bge /10 4-buk néqﬂb‘f Qeekhuifbes @g Pf@ﬁi, TRVLY

density Il ess than nferr
nmicrocel | ul ar ée43st dﬁ’erth@f PEF&FH‘F%O

10 c) an effective amount of a urethane promot -
ing catalyst.

26. The elastomer of claim 25, wherein said
reaction proauct is further the reaction product of 0.1
to about 1.0 welght percent water relative to the
15 amounts of a) and b) '



wherein the density of said microcellular elastomer is from about 0.2

g/cnfery] to about 0.4 g/cnferr]. 20. The m crocel |l ul ar

el astoner of claim19 wherei n the pol yurethane pol yner conprising said
m cro- _ - 49- cel | ul ar

el astonmer exhibits a water absorption g l-ess than 5 wei ght percent at
O[err]C 21. An isocyanate term nated prepolymer free -

of precipitates prepared by reacting an excess of a di- 5 or

pol yi socyanat e conponent conﬁlri SiAQ\\? 4, 4" -met hyl ene- di phenyl ene

di i socyanate in nmaj oPOJaXURKEHANBELASTOMERS: BEHEBETING ol

containing from1l tIMPROVED BEMOLD, GREENBTRENGEH, K X3 hy! ene

noi eties and having anwa TEREBY 'quqllzsilqbaﬁ& S
I

22. An isocyanate } Qat V. relglEgllfa{ng/ g-repa}gd
by reacting an excggf‘gai‘ﬁ IPH?X%IOEE%Q ﬁﬁé@}&&’t %MM@Ncorrpri si ng

4, 4" - met hyl ene- di phenyl ene diisocyanate in nmajor part, with the haze-
free pol yoxyet hyl ene capped pol yol of claim1. 15 23. An

i socyanat e5term nated prepol ymer free Abstrachf haze prepared by reacting an
excess of a di- or pol yi socyanate conponent conpri sing

4, 4" - met hyl ene- di phenyl ene diisocyanate in nmajor part, with the
haze- free pol yoxyerdipharethaagpesl astondrof ekhtbit £ag  improved

green strength while maintaining short demold times are
prepared from ultra-low unsaturation polyoxypropylene
polyols containing up to 20 weight percent internal

10 random oxyethylene moieties. The elastomers adsorb less
‘than 10 weight percent water at 0°C. The internal
polyoxyethylene moiety-containing polyoxypropylene
polyols may be used to prepare ultra-low unsaturation
polyoxyethylene capped polyols which are haze-free and

15 which may be used to prepare haze-free 4,4'-MDI prepoly-
mers. Multidisperse blends of monodisperse internal
oxyethyliene moiety-containing polyoxypropylene polyols
of ultra-low unsaturation provide yet further improve-
ments in elastomer processing.

FIGURE 1



20- 24. An_isocyanate term nated prepol ynmer free of - haze
prepared by reacting an excess of a di- or pol yi socyanat e conponent
conpri sing 4, 4'-nmethyl ene- di phenyl ene dii socyanate in major part,

wi th the haze- free pol yoxyet hyl ene capped pol yol of claim6. 25
25. A polyurethane el astonmer exhibiting |ess than 5 wei ght percent
wat er absorption at 0C, conpris- 1iag the reaction product of:

a) an isocyanate term nated prepol ynmer Kaving an NCO content of from
3 to about 25 wei ght percent and [err]

- 50- prepared by reaction of a diisocyanate conponent com

prising 4,4'-nethyl enedi phenyl enedi i socyanate in najor part with one
or nore pol yoxypropyl ene diols having a nol ecul ar wei ght of from 500
Da to 20,000 Da, an 5 unsaturation of 0.007 neqg/g or |ess, and an

i nternal random oxyet hyl ene content of from about 3 to about 12

wei ght percent; wth : b) 1, 4-butanediol at an index of from 70
to 130; in the presence of 10 c) an effective anount of a
ur et hane pronot - i ng catalyst. 26. The el astoner of
claim25, wherelP @4 d reaction product is further the reaction
product of 0.1 0 abouf t percent water relative tg—4he 15
amounts of a) and b)f
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