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LOW DENSI TY M CROCELLULAR ELASTOMVERS BASED ON

| SOCYANATE- TERM NATED PREPOLYMERS Techni ca
Field The present invention pertains to the field of

m crocel | ul ar ywapbyissmt hane el astoners and in one enbodipt®bodiodr10

m crocel l ul ar el astoners suitable for athletic m dsol es prepared by
t he di ol chain extension of an isocyanate-term nated prepol ynmer

havi ng an NCO group content in the range of 6-16 weight percent,
prepared froma high functionality, high nolecular wei ght

pol yoxyal kyl ene diol in the presence of water as a reactive blow ng
agent . Background Art

M crocel | ul ar pol yuret hane el astoners have becone i ncreasingly

I mportant in the athletic shoe and ot her markets. The m dsol es of

athletic shoes in partic | ow
conpr essi on set while rraqﬁgw %Mg:% gjﬁ‘&?denm ty of
the mcrocellular mdsoles is al so of ght

wei ght are general |y desi I SOCYANA WRMINA'EEI}BREBOISYMERS he

I ndustry to prepare mcrocellular m dsol es and ot her products of
simlar density is to chai n extend an 18% NCO cont ent,

| socyanat e-t er mi nat ed prepol yner wheehafcgll Fidldti c diol. The Shore A

har dness may be adjusted within the range of Shore A 30 to Shore
A 50 by varying the type and anmopunt of chain extenders and
cross-linkers. The present invention pertains to the field of

microcellular polyurethane elastomers and in one
embodiment to microcellular elastomers suitable for
athletic midsoles prepared by the diol chain extension
of an isocyanate-terminated prepolymer having an NCO
group content in the range of 6-16 weight percent,
prepared from a high functionality, high molecular
weight polyoxyalkylene diocl in the presence of water as
a reactive blowing agent.

Background Art

Microcellular polyurethane elastomers have
become increasingly important in the athletic shoe and
other markets. The midsoles of athletic shoes in
particular require high resiliency and low compression
set while maintaining suitable hardness. The density of
the microcellular midsoles is also important, as shoes
of light weight are generally desired. The method
currently used by the industry to prepare microcellular
midsoles and other products of similar density is to
chain extend an 18% NCO content, isocyanate-terminated
prepolymer with an aliphatic diol. The Shore A hardness
may be adjusted within the range of Shore A 30 to Shore
A 50 by varying the type and amount of chain extenders
and cross-linkers.
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-2- The prior art products have several defects

whi ch can be i mproved upon, however. For exanpl e, m dsol es and

ot her n1croce||u|ar conponents are nornmally nol ded to a density of
fromO. 35 t cnferr] to over- cone problens with respect to
shri nkage. 2235%1‘ Cro- cel lul ar foam product shri nkET ) y
fol |l owi ng denold, it will not possess the desired design di nen-

sions. As a result, the nold nust be designed, |argely by trial and
error, to produce a dinensionally |arger part which, upon shri nking,
has the desired final di mensions. It wdald be advantageous to produce
m cro- cellular elastoners of |ower density w thout undue

shrinkage. The microcel | ul afPRoRRIFFoRFEt BRRGUCHSslave sevgsade defiarss
necessary tensil e stirieigtéanebengitprovedindpon, howeserstr ergth dxanplient ai n

O Y ol o AR onnex okl TROUL Sl ! £E€ 3i5ha1y

i ncl udi ng denol ding a darroun
Finally, the ndecde £6 8 nd§§§lﬁlﬁs?f bEZ QM0 - 3% Iher @-58 a/grbdo @var-of

the cushioning w | lcdae bQ&bléaneﬁlﬁﬂi\eréSﬂeﬁt kRwWgheihRE§e. 1If tHe WSRro-
O the raw materi aI onents use ar at

of
m crocel | ul ar el astS % Shrln)fﬂ)nﬁggﬁﬁ?lﬁl?ﬂf hfollowing
i socyanat e-t ermi natd@dmdepeltyme.rlh qiot possgesertdlel \desieredodesdypedimen-

However, | owering %%n% As aNE‘&,&wt &He %Blhhﬂué§oﬁélad@§fgnteﬁr M RaGedy
pr epol yners Wg) re the el asto s has, not heen_succeSsf ul
heretofore, as |o 5o SPrdtre %ﬁc&d &jmensionally; darger

el ast oner whi ch doe@motwm@iw dexpsm‘fshrmklng, hasuppbet .deBired t idnal
i ndustry standard fdlheﬁ‘g‘i&ﬁﬁe' lﬂ%éﬁ}%% akidshHELohs & YHlatickehiLpaL d

prepol yners has renalne
cellular elastomers of lower density without undue

shrinkage. The microcellular foam product must also
possess the necessary tensile strength, elongation, and
tear strength to maintain integrity not only during use,
but in manufacturing processes including demolding and
insertion into fabric surrounds, etc. Finally, the
compression set must be low, otherwise a great deal of
the cushioning will be lost after the first few periods
of use.

Of the raw material components used in the
preparation of microcellular elastomers, the isocyanate
component of the isocyanate~terminated prepolymer is
generally the most expensive. However, lowering the %
NCO content of the isocyanate-terminated prepolymers
used to prepare the elastomers has not been successful
heretofore, as lower NCO content prepolymers produced a
softer elastomer which does not provide sufficient
support. Thus, the industry standard for microcellular
elastomer isocyanate-terminated prepolymers has remained
at 18% NCO.
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-3- . The use of higher nol ecul ar wei ght pol yoxy-

al kyl ene polyols during the preparation of the iso-

cyanate-term nated prepolyners would allow the prepara- tion of

| ower NCO conwergrzpszepol yners and the use of | ess |1 SOopPyHEmEas710
relative to polyol weight. However , until recently, higher

nol ecul ar wei ght pol yol s of suitable functionality have not been
avai | abl e. More- over, the use of a higher nol ecul ar weight polyol
shoul d i ncrease the soft segnent conteng.of the el astoner,

whi ch woul d be expected to produce an el ast oner of I nsuf ficient

har dness. Potye xye opy| ﬁﬁ.@héroh‘blé%ﬁdaknwéﬁ.él@@ é»:j oxy-

preparation have been.limted_t | ecyl ar

(Dal tons) or |ess dug}'{(gin?ﬂs P@;P‘ggﬁ '#’Eﬁ" hC BFGBFSﬁH%?Ie"gm §50-

al Iyl al cohol dur|ngcﬁaaateatemmlnatedngapdlgmppsopqhtd|aiipmamhetpeepara-

subsequent oxypropyl é‘ibﬂnof lowe®’ NCd %cgmé‘yy%f(f{p S an® tthd G54l (oPf
oxyal atron,

this phenom during contin the nol gercenta ge
of monomeric ollgone §5§té§8FV nPﬁErE& €§1Hﬁt‘¥’tﬂﬂ}y peight. | nHaueyere
nol ecul ar ceases to untibasedentillygr . hidgher molefdmlarpowaighﬁ h@olyols of

monof uncti onal ol i 0OBES abFY ﬁ?&ﬂlﬁoﬁn'i;a'ﬁ?:fy have TRk B%ﬁe%aﬁaﬁ{e prmﬂ&t’

and the theoretical, nctional’i
lowered to c.a. °"‘1r 6 the pse gf 2 igher ’Pﬁ&?cui'-ﬁé Wiy &Pﬂ-ﬁﬁlo?hqfﬁlgh

rr})l ecul ar wei ﬁht EOl imeypaspykhae sbfd) sséqverity 86hté@ht of tHeINEladfishesd, €S
close to two has be o] e. S ve

been nade to | ower e\ﬂhi@ﬂ %'u% hfe ShPER e%f 1:f))ol oxyau({%y%e{nea}'pgl%%ﬁ% rl%ut

f ew have been %ﬁﬁ%@%&ﬁ%ﬂnt @§§d§F5ﬁere expensi ve and | ess conmon-

| y used basic catal ysts such as cesi um or rubidium hydr oxi des, and

bari um or strontium oxi des or resulted in Sso
i nprovenent, as has | owering ﬂ3@§%&§pggpylene 5‘ used in preﬂniymer

preparatlon have been limited to molecular weights of
c.a. 2000 Da (Daltons) or less due to the rearrangement
of propylene oxide to allyl alcohol during base-cata-
lyzed oxypropylation, and the subsequent oxypropylation
of this monohydric species. As a result of this phenom-
enon, during continued oxyalkylation, the mol percentage
of monomeric oligomers steadily increases until the gain
in average molecular ceases to increase further. At
this point, the monofunctional cligomers may comprise 50
mol percent of the product, and the theoretical, or
"nominal” functionality of two will be lowered to c.a.
1.6 to 1.7 or less. Thus, the preparation of high
molecular weight polyoxypropylene diols having actual
functionalities close to two has been impossible.

Numerous attempts have been made to lower the
monol content of polyoxyalkylene polyols, but few have
been successful. Use of more expensive and less common-
ly used basic catalysts such as cesium or rubidium
hydroxides, and barium or strontium oxides or hydroxides
have resulted in some improvement, as has lowering
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-4- catal yst | evel and oxyal kyl ation tenperatures, the

latter two neasures at the expense of greatly increased process
time. Moreover, the inprovement, as neasured by t he amount of
unsaturati on D- 2849- 69, "Testing Ur et hane F ’ég

Materi al s, H}y §e§<§ mar gi nal at best. Q&%ﬁ%g )i rretal
napht henat es, alone or in con- junction with tertiary am ne

co-catal ysts, has resulted in lowering the unsaturation fromthe

nor mal range of 0.06 - 0.12 neqg/g to apout 0.03 - 0.04 neq/g.
However , at the latter level, a 4000 D& pol yoxypropyl ene di ol

still contains c.a. a.a/j[_)’{)n;%ino eg,%rid Qgﬁ a0, FE1 M 2 AV %ra%%mggrgfmﬁe the

functionality of onf ubl e net al
cyani de conpl ex lattezatmmeysage@xyal khe expanssofl grestidsipespRsed in

the decade Oprédéss YtheS AMEredPEPY %&Qhﬁf&@éﬁea@}l% fBasured by

those di scl osed 'S, Pat ent 922 -
untheur :’;ItSICO(I’)lsteO It Ee %nﬁ%"‘b‘fe{]d’%b‘g‘ﬁ%‘ff %aviSTNeaféugbmgg(/erTe?Weng

pol yol products stiUtrechaneiFpdm Bolyol Raws Mader@edsphohasabeen marginal

commerci al i zati on hgs hgan problem atic due to the cost/activity
ratio of the catal yst as well as the difficulty of renoving catal yst
resi dues fromthe polyol product. Most recently, the ARCO

Chemi cal Conpany has introdudme ddlilrhetaletmdpltihmnates, alonecanpligx con-
catal ysts of nuch h ot dj - se t
%\?&gﬁfcﬁfu:.\éh ¥erkRagfdihi a0 'qo. cataﬁ.g%lag h&& Péé(}?f

al | ow easy renoval resi dues of yol_ produ
simple filtration. lnA§°‘&er1ng the cupsaturphian fom |tk W’%Péi e °
exceptionally low 0.06 - un3at meal/goBo abolthed JEANge 00040mE§Bg1 0 Howrenyeq/ g

have now ook SRSk REL” Ghved | ROUNS ey SHSRPAAANAAN B aiol

but neasurabl e unsa tration
conventional gel pe?¥Ekk |°(9r‘?tél4ﬂ§nﬁtégr3a5% monol, and has an actual average

functionality of only about 1.85.

The use of double metal cyanide complex
catalysts as oxyalkylation catalysts was proposed in the
decade of the 1960‘s and improved catalysts, such as
those disclosed in U.S. Patent No. 5,158,922 have
lowered unsaturation to the range of 0.015 to 0.018
meq/g. However, the polyol products still contain from
5 to 10% monol, and commercialization has been problem-
atic due to the cost/activity ratio of the catalyst as
well as the difficulty of removing catalyst residues
from the polyol product. Most recently, the ARCO
Chemical Company has introduced double metal cyanide
complex catalysts of much higher activity. In addition,
these catalysts allow easy removal of-catalyst residues
from the polyol product by simple filtration. As a
result, polyoxyalkylene polyols of exceptionally low
unsaturation, in the range of 0.003 to 0.007 meq/g have
now been commercialized. Although the exceptionally low
but measurable unsaturation implies a finite monol
concentration, conventional gel permeation chromatogra



MO 97/ 23528 PCT/ EP96/ 05710

-5- . phy fails to detect a | ow nol ecul ar wei ght conponent

whi ch woul d correspond to nonofunctional species. The content of
nonol is believed to be | ess than 2 nol percent. Moreover, the
product pol yolg digy@gvery | ow pol ydi spersities, genergpmposbsride
range of Mw Mn[err] 1.10, thus being virtually "nonodi sperse”.
Despite long standing efforts to | ower unsat- uration in

pol yoxyal kyl ene pol yols, exceptionally |ow unsaturation polyols are
not generally "drop in" re- pl acements for conventional,

base-cat al yzed pol yol s. For exanple, R L. Mascioli, "Uethane

USROS gy R A e clong s

POLYURE- FERENCE A
di scl osed that subst WP&FPOW"B?-daC‘HrWP% trﬂnl"!é’é’tﬂféh“ctic’na feeGhestri
having an unsaturatleanﬁénab@ft i)/ megbsl;,eved tborbed Legyemhannd ,mol

base-catal yzed tri ol ng a al e
6000 and an unsat ur - Perc\é ne. at P reoyeg gﬁéﬂ%&gdﬁ@ eég*féeﬁ a s? ?’? and
boar dy f oam ppodivdispersitins a 5%@%#11;11' oél!!ctthﬁou’f'@% pXpdw/dg =

in view of the highef,pgl YohusdB&GiY 3#irRiadly. “monodisperse™. C.P. Smith
et al., "Thernoplastic PO yur et hane El ast omers Made From Hi gh

Mol ecul ar Weight Poly-L[err] Polyols", POLYURETHANES WORLD CONGRESS - Sept.
24-26, pp. 313- 318, di skespide dongshbangbng gfifidarhse tol dovenwursat-

prepared from hi gh nplgeybRr lﬂewﬁ&oxyagﬁypéﬂér%&yols, ekyébOrodally low
pol yoxyet hyl ene- capped di ol s havi nglyofsur ratjons in, the

range of 0.012 to 0. BRBRRREALECMSP BxDebPEd, 9""'835?‘%? ﬁ’é’r ¢ G5 ed
froma 6600 Da placémentsir for gtwnvimdiionale sbé&e-rcaﬁﬁlyaehbspom@kmr ed

froma 4000 Da diol, pgpde@imsidn |®I1 NaELNGS3 it 0 “bR@ERane Applications For
Novel High Molecular Weight Polyols"™, 32ND ANNUAL POLYURE-
THANE 'TECHNICAL/MARKETING CONFERENCE, Oct. 1-4, 1989,
disclosed that substitution of a 11,000 Da molecular
weight triol having an unsaturation of about 0.007 meg/g
for a conventional, base-catalyzed triol having a
calculated molecular weight of c¢.a. 6000 and an unsatur-
ation of 0.084 meq/g, resulted in a stiff and boardy
foam product, whereas a softer product would be expected
in view of the higher polyol molecular weight.

C.P. Smith et al., "Thermoplastic Polyurethane
Elastomers Made From High Molecular Weight Poly-L™
Polyols", POLYURETHANES WORLD CONGRESS ~ Sept. 24-26, pp.
313-318, disclosed one-shot polyurethane elastomers
prepared from high molecular weight, high primary
hydroxyl, polyoxyethylene-capped dicls having measured
unsaturations in the range of 0.012 to 0.016 meg/g. As
expected, cast elastomers prepared from a 6600 Da
molecular weight diol were softer than those prepared
from a 4000 Da diol, and of similar hardness to those
prepared from a conventional base-catalyzed diol,



prepared from a conventional base-catal yzed diol, WO 97/ 23528
PCT/ EP96/ 05710 - 6- al t hough
having inproved elongation and tensile strength.

In U S Patent No. 4,985,491 are disclosed nmoi sture cured

pol yur et hane S containing very |ow NCO group cont ent

pr epol yners Bﬁgpgée from hi gh nol ecu- | ar wei ght tri OFLEPRSASTI Nt o

prepared from hi gh nol ecu- | ar wei ght pol yoxyet hyl ene capped (10, 000
Da) triols had significantly | ower hardness than those prepared from
5800 Da triols. Both triols had unsaturations in the range of 0.018
to 0.022 neq/g, and nonol content ranging 6 from5 to 19 nol percent.
In U S. Patent No. 5 %ﬁG O%O ., are, di scl osed butanedi ol extended cast
el ast oners pr 84AREHIP o MAIPRcO RISt SRR TR BRepotERELLe

El ast omers prepar edstrengbhgher nol ecul ar wei ght, | ow nonol content
diols had simlar hardness to those prepared both from | ower

mol ecul ar wei ght, | ow nonol diols as well as conventionally,
base- cat al yzed, hi gh okl UcBnt EtedtoNo. 4,985,491 are disgioggd| d

be advantageous to heisblheetcuswdpoldgurethan® seilmtsotont &PRING Frer§Wlow
el oy ng (so- - VEOUGANS content BERBoIPHLIY pHtpaRdo L 00 MG AELE:
content than the 18J@KCFeiglfuskriolf-anferdants ppepared from highr mpdecu-
okt onbr . ol .| Eptgues e OLYBRSRLY ok ipeed (1090002 ugions) bl o
Feailtency. 1t woul BEoRYEEcgily, 1over ThEPdadds JPhan ERpsS pEgHared *Bron
m crocel | ul ar 58P sPantriohni chBethetriipis| badr unsaturabiene imothe
denol d. range of 0.018 to 0.022 meq/g, and monol content ranging
from 5 to 19 mol percent. In U.S. Patent No. 5,136,010
are disclosed butanediol extended cast elastomers
prepared from 9% NCO isocyanate-terminated prepolymers.
Elastomers prepared from higher molecular weight, low
monol content diols had similar hardness to those
prepared both from lower molecular weight, low monol
diols as well as conventionally, base-catalyzed, high
monol content diols.

It would be advantagecus to be able to provide
a method of preparing low density microcellular elasto-
mers having suitable hardness while employing iso-
cyanate-terminated prepolymers having less NCO group
content than the 18% NCO industry standard. It would be
further desirable to provide a method of preparing low
density microcellular elastomers having improved com-
pression set, tear strength, and resiliency. It would
be yet further desirable to providé micrecellular
elastomers which offer little or no shrinkage upon
demold.

Summary Of The Invention

It has now been unexpectedly discovered that
polyurethane water-blown microcellular elastomers with



Summary OF The Invention . It has now been unexpectedly

di scovered that pol yur et hane wat er-bl own m crocel | ul ar el astoners

W th WD 97/ 23528

PCT/ EP90/ 05710 -7- I mproved
properties nyol@pgprgpared by the diol chain ext ensi QirTatrogos7Io

| socyanat e-term nated prepol yner havi ng a free NCO group content of
bet ween 6 wei ght percent and about 16 wei ght percent, when the
prepol yner is prepared by reacting a pol yoxypropyl ene diol having a
nol ecul ar wei ght of from about 3000 Da_4.0 about 10,000 Da and an
actual functionality greater than about 1.95 wth a stoichionetric

excess of a di- or peh t&@é‘d/%@é;?erﬂ& may be %ﬁégﬂﬁ%d %;,artrﬁé agi®NeEKa i €

suitable for appllcatl as athl Sshqe

tires,.athletic seat? EF“51°n of éﬂdl8?ﬁ%?n%ﬁﬁﬂ?%ﬁﬁﬁQﬁ%?dvbﬁgpﬁgg?er having
surpri si ngly exhibita free NCO grbupstwntetgef between 6 weight pepeentiand on
of the Preferred Embogdige r[‘GS weight percent, when [ ERe | S ARHeLY i s prepared

m crocel lul ar el astoners ubj ect | nvention have dens |
the range of bYlBeEﬁE*H%Hﬁ]PQ%¥9§¥ﬁﬁ9PEISn§/éﬁférP?Vl%%daaT% ‘ggﬁﬁed
by a prepol yreeigio e Exow Glboutg 3006 Deaebi aboot am,mes@ayamnd an

ate conponent (A-sidgl, wi{ hf&@@ié&i %W&]éa%@ex( ﬁéu‘?elabout 1.95/NGith a

i socyanat e conponent“Gonpri S€s In su
i socyanat e- tern1nateﬂt?#%kkﬂﬂﬁﬁﬁich&#PﬁﬁsaﬁfNeodéroeﬁ POIYlSOQX#ﬂ%ﬁﬁ of TH& om

6 to about 16 wei ghtmpeFreasliliularepiatomers araysﬁﬁ:aahwgfarsapprmmrrs c

excess of One O ™Sl e aenter £k ALY 3ARYIE! &5 M4 b 0NG OB dng,

pol yoxypr opyl ene avin ar " wel
10, 000 Da anda%dfehbeioﬂBPl%?aE#QnﬁﬁﬁaQ# QQ%EIS?EPH}EEPQIY/$¥h1 it

nol ecul ar wei ghts ang; g1 \«H8hkagel.ghts herein are

Description of the Preferred diments

The low density microcellular elastomers of
the subject invention have densities in the range of
0.15 g/cm’® to about 0.6 g/cm®, and are prepared by a
prepolymer process involving the reaction of an isocyan-
ate component (A-side) with a polyol component (B-side).
The isocyanate component comprises in substantial pért
an isocyanate-terminated prepolymer having an NCO group
content of from 6 to about 16 weight percent, prepared
by reacting a stoichiometric excess of one or more di-
or polyisocyanates with one or more polyoxypropylene
diols having a molecular weight of 3000 Da to 10,000 Da
and a functionality greater or equal to 1.95. All
molecular weights and equivalent weights herein are
number average molecular and equivalent .weights ex-
pressed in Da (Daltons). The polyol component comprises
in substantial part one or more diol chain extenders,
and optionally one or more polymer polyols or polymer-
modified polyols, hereinafter termed polyol polymer
dispersions. The isocyanate component and polyol



nunber average nol ecul ar and equi val ent wei ghts ex- pressed in Da

(Dal tons). The pol yol conponent conprises I n substantial part one or
nore di ol chain extenders, and optionally one or nore pol yner

pol yol s or pol yner- nodi fi ed pol yols, hereinafter terned polyo

pol ymer | sions. The isocyanate conponent and pol yol WO
07/ 23508 WoSHERHE PCT/ EPO6/ 05710 PCHEPISNSTI0

- 8- conponent are preferably reacted at an isocyanate index

of from70 to 130, nore preferably 90 to 110, and nost preferably 95
to 105. The isocyanate conponent is a critical aspect

of the subject invention. The i socyanate cg§$onent conprises in

havi ng an NCD g oup CoBRPRERE a8 BIEFAIELy ceactatC ol 48 ffodiatate) TR
preferably 8 to abo@®f from 701G°v\é|3§htmpeecpmfemlehar%ﬂwlrléactamdgmast

stoichionetric pre€eabsy0ds0pg psmore di- or polyisocyanates with one
or nor e pol yoxypropyl ene diols haV|ng an average nol ecul ar
wei ght of between 3000 Da and 10,000 Da and an act ual functionality

of about 1.95 or nore, optionﬂhéinannate compbglntol & callaritisiaihaspétgh
functionality, triobg the subﬁééfmlﬁveﬂhbﬁe L1 ¥fe 3§og9?ﬁ£4-.geg:o onen

hereinafter. By the | n_substantial par ates

to the i socy&ﬁ&PElﬁﬁﬁpbﬂeﬁ‘Ebs?%nW@éntpaﬁfm cg\eearerrnqm!aﬁswsmapte-
percent conprises stemmanatepopyepolymétr«efrawdty, ah hRCO group content of

| socyanat e-t erm nat @d, Hr@(;}%g 5%?3;& hgs&egﬁgrﬂet}_%%n%on %%eeﬂ?bl%r?d%m e (i)&]t

excess of 80 nol percent e | sOCyana
preferably greater tRafedghtrpercent, P’E)%P%%?ﬁ by reacting a stoichigmetric

| socyanat e-t er mi nat etcpsspat \o1e srbased i or polbLQBcf@A@&‘éH aﬁt\ﬂebﬁétor
high functionality p 8£¥0§%’P§&ypropyle@él 981! QLV.‘L 4 arl'd %‘%%%%g D¥1ecular

conventi onal prepolyne
we:.ght of between 3000 Da and 10,000 Da and an actual
functionality of about 1.95 or more, optionally with
high molecular weight, high functionality, triols,
tetrols, or the like, as described hereinafter. By the
term "in substantial part" as this term relates to the
isocyanate component, is meant that greater than 70 mol
percent comprises such a prepolymer. Preferably, the
isocyanate-terminated prepolymers just described consti~
tute in excess of 80 mol percent of the isocyanate
component, and more preferably greater than 90 mol
percent.

The isocyanate~terminated prepolymers based on
high molecular weight, high functionality polyoxypro-
pylene diols are prepared by conventional prepolymer
processing techniques, e.g. by reacting a stoichiometric
excess of isocyanate with the diol component neat at
slightly elevated temperature under an inert gas or
nitrogen pad, or with the aid of a suitable guantity of
a urethane reaction-promoting catalyst. Standard
methods of preparation may be found in J.H. Saunders and
K.C. Frisch, POLYURETHANES: CHEMISTRY AND TECHNOLOGY,



.processi ng techniques, e.g. by reacting a stoichionetric excess of

| socyanate with the di ol conponent neat at slightly el evated

t enperature under an inert gas or nitrogen pad, or with the aid of a
sui tabl e quantity of a urethane reaction-pronoting catalyst.

St andar d wowBhkbags of preparation may be found in J.H Segvaeessraand
K. C. Frisch, POLYURETHANES: CHEM STRY AND TECHNOLOGY, WO 97/ 23528
PCT/ EP96/ 05710 | NTERSCI ENCE PUBLI SHERS, 1963; and the
POLYURETHANE HANDBOCK, Qunter Certel, Ed., Hanser Publications,
[err] 1985. The isocyanate .gsed to prepare the

| socyanat e- term nated prepolyners nmay be any di- or polyisocyanate,

idnC| udi ng but not h| i Ehi-ﬁﬁciﬁcﬁl i’tiﬂmﬁh wERsANU96Y £ | H@d | $H -PoryurETHANE] Qm?]naoox,

| i socyanates such a - ne _di i socyans . . ate,, JggOphor one
di i socyanate, 2,4- aﬁgﬁ&?g_%ﬁ%%ﬁ:ﬁ - H%nser ¥H§%ﬁﬁﬁthﬂs§ocy&r€a§t§é and

m xtures thereof, and 2,2'-, 2,4 -, and .

4,4' -diisocyanat ocycl ohexyl methan@soeyaiBté used to prEPsYStheCEsSFinite-
2,4- and 2,6-tol uene dili socglacpat es and particuy|ar Ixy tTeLr comer ci al
m xtures such as 80/ 3BFm-nated Rreped yHSTS Jy be, ppy L1~ Propolyssgeyanatay
4,4" - di phenyinelhdirsg duits aopaddmétaddtani ad iphet iichandoéychoall ipha-

pol yphenyl ene pol ynmeg byl gig, ﬁ%%éﬂat%hge\sy AU Ss Pia,rst-ih%ﬁ‘aallef;h lené a&iYso?%Pn-

preferred isocyanates 1Nnc ..toluene socyanates_ a

di phenyl met hane” di i sBE§anieRhonoRe ddisocyanatey 444 &gt 4y BsRREBY IG¥FIRT
predom nately 4, 4' - dhekamg| diisocyanatat hané diiksacganaheredr4d’ «hd )2,27-,
Mbdi fi ed i socyanat es,aje_al sefulys s |, 2 ' ' at
prepared by reacti ng?é% i'soaé%alr‘%é? e hllg@g&%}?%c’c%c%ofsﬂoec &%’?%tg gxﬁgécﬁ?}gg&c
conpound or with thehB@FYanates such @ ¢t wedor ,fvtelyene odiisocyanates

pol yi socyanat e nol ecathé@particularbyCthe O @onieires adl i GiFeY suahl ¥s 80/20
avallabl e and includgng g5/351 ShBRRE  pilhds,; Y42L 52PN LRd deg ..
’ diphenylmethane diisocyanate and mixtures thereof, and
polyphenylene polymethylene polyisocyanates. Particu-~
larly preferred isocyanates include the toluene
diisocyanates and diphenylmethane diisocyanates, partic-
ularly mixtures containing predominately 4,4’-diphenyl-

methane diisocyanate (4,4'-MDI).

Modified isocyanates are also useful. Modi-
fied isocyanates are prepared by reacting an isocyanate
with an isocyanate reactive compound or with themselves
to link two or more di- or polyisocyanate molecules.
Such isocyanates are commercially available and include
urethane-, urea-, biuret-~, carbodiimide-, uretonimine-,
uretdione-, allophanate-, and isocyanate-modified
isocyanates. A most preferred modified isocyanate is
carbodiimide-modified MDI.

The high molecular weight, high functionality
polyoxypropylene diol has a molecular weight of from
about 3000 Da to 10,000 ba and an actual functionality
of about 1.95 or more. The high molecular weight, high



_uretdione-, al | ophanat e-, and | socyanat e- nodi fi ed | socyanat es.

A nost preferred nodified isocyanate is car bodi i m de-nodi fi ed M
The hi gh nol ecul ar wei ght, high functionality pol yoxypr opyl ene di ol
has a nol ecul ar wei ght of from about 3000 Da to 10,000 Da and an
actual funct of about 1.95 or nore. The high

o un Fane (WeURkishy | of abo PSS
PCT/EP96/05710 -10-
functionality diols are prepared by the oxyal kyl ati on of a
di functional initiator nolecule with propyl ejg. oxide or a m xture of
al kyl ene oxi des cont ai ni ng about 80 wel ght percent or nore of

propyl ene oxide. Suidalrality diols faw?h:epakeaw 't@IeOBxS}Hiﬁfl'é@ﬁon of
i ncl ude, but are not Jimte

i 0 P G e ShSpREoaep et astP B oG i PR E R iae oxlde

tripropylene glycolgr neopamtyreglq&:otlkﬂene)hexﬁm conta:.ntlnqeabanbl gand
the 1ike, or oxyalkdahRl iR er PRSEE of prop@leflCRxigRIOT kape
eq, Da

initiators having ui'val ent wei ghts .
Preferably, the ini4ifgnctional ﬁ&#tﬁ§tﬁFoﬂ9ﬂéﬁél§Pyé&PluﬁepoP?Gx?ﬁPoﬁWﬁated
ol i goner t heriagiftedort@n ethpveme ghecedf diepayddndy gdyyalkyltari-

ting with a m xtur 0X t

The oxyal kyl ati on gﬁﬁﬁhg&%ﬁllsggéf h%ﬁggfgng QY&&&P m%%gﬁﬂﬁéygﬁl\ﬁ%%§ edul ar
wei ght " mononer i ¢ YIHiRTORYdLNEr glycol, oinegpeatyd | aivrel or cyalahexeneted
in the presence of cﬁﬂnethanol amaéﬂe'Im:eonoﬁai:a}an&tyﬁ&aabbm@émﬁ@%eeag

t he high nDI C gnéi Oh f | i Xypr.opyl.e

diol. Any suitabl e éa%&y}qgé cg‘-t F‘%g ?é?/&b} é‘(? gqu vaie % fg‘%l

over the |ower ran®f drom ghowb| LiIDar to 500 Danei Qﬁﬁferéblféxaﬁfhﬁ érﬂlﬁ-lﬁhe

range of 3000 Da taA00} Geropylene FBIRIL,SIS SoCFoafproydlatlar R1iYomer

metal alkyl's such %%ereof, or an oligomer thereof prepared by oxyalkyla-
ting with a mixture of propylene oxide and ethylene
oxide.

The oxyalkylation of the initiator molecule,
whether a low molecular weight "monomeric® initiator or
oligomeric initiator, is conducted in the presence of an
oxyalkylation catalyst capable of producing the high
molecular weight, high functionality, polyoxypropylene
diol. Any suitable oxyalkylation catalyst may be used.
For example, over the lower range of high molecular
weight, for example in the range of 3000 Da to 4000 Da,
catalysts such as metal porphryins, metal alkyls such as
diethylzinc, calcium naphthenates as disclosed in U.S.
Patent No. 4,282,387, and barium or strontium oxides or
hydroxides as disclosed in U.S. Patent Nos. 5,010,187
and 5,114,619 may be used. In these lower molecular
weight ranges, prior double metal cyanide complex
catalysts such as those disclosed in U.S. Patent No.
5,158,922 are also suitable.



di et hyl zi nc, cal ci um napht henates as disclosed in U S. Pat ent No.

4,282,387, and bariumor strontium oxides or hydr oxi des as di scl osed
in US. Patent Nos. 5,010, 187 and 5,114,619 nay be used. In these
| ower ol ecul ar wei ght ranges, prior double netal cyani de conpl ex
catal ysts suclygpeshégse disclosed in U S Patent No. PetiEMelsdo ar e
al so suitable. WO 97/ 23528

PCT/ EP96/ 05710 -11-

However, it is preferable to enploy as the oxyal kyl ation catal yst a
doubl e metal cyani de conpl ex catal yst capabl e of oxypropylating to
obtain a pol yoxy- propyl ene di ol having an unsaturation of 0.008
meq/ g or | ess, preferabhyw@v@Pp HE]/iG Osrdfeambliexanpl espldy sashthe

catalysts are Substa%sey%tﬁ%gmﬂheu%aﬁgg@' § Wbl meras Cyaiide coEphex

catal ysts prepared b
cyani de salt soluti o@téé-Yétséﬁﬁélé%P “of oxynmmlstlpat BRtONRLn 341?8 lgoxy-

pref. lerabl y in the erenﬁ diol Qiaxalﬂq)wmheeuheatm]gdm g'. m@ameqég or
conpl exi ng agent" such_.as_¢ nost _pre

presence of b&ﬁﬁsanPﬁﬁﬁﬁﬁ?%l%méﬂ?&r}%g&ﬁ Rﬁgﬁ ae%gamyitehsnotf Such
pol yol conpleting age:attalﬁgaarpl eseofsmmaiﬁleldyyaaiwrphous doulpliegonmetal
gat 2: st Zt f"‘(r)ﬁ g][ etsﬁg nn.a..agt &8 cht21§8ES| Prepared by intimate mix-ﬂi\.% of

xyal kyl at i initi

propyl ene oxi de or a“ﬁtfﬁufﬁf'bfané me%aip?zﬂ‘b?ﬂ'%esa&ﬁ 55%%?1‘”6%@ fuﬁﬁ}gsed
addi tional al kyl ene in U.S.®ates: Nal.k§| ¢he, 8X3 dezefechbidy in hegptesence
2, 3-butyl ene O de PSw Wabheds19E h%lgﬁ{:ghgg ﬁkKYESi%ﬁlgiéiH&‘S bft"

suitable. Preferably, however t he ox ation i g ucted only
with propyl ene oxide S¥cbaagi ¥rhPE3RPL, Yand m?ﬁ‘bpm%qsﬁa&}ﬁ’dé“aﬁ ee?ﬁ?fsﬁﬂ‘ée
oxi de such that the pdl yboth an omg;pﬁ.opy:loap&edmb @agenai rEndabaupodpétber

more by wei ght ?gwr&m( ‘é&hr 3 E)!{xﬂpqtelgylaf%ﬂgﬂ% b§yH§ 1in

conjunction with proa%/_‘é ne oxl I ntraq L{’ced ong
wi th propyl ene oxide °P0Fﬂ¥§1Y%1?chﬁﬁ'e Presented as Zxamples 1-3 hereis.

The oxyalkylation of the initiator molecule(s)
is performed with propylene oxide or a mixture of
propylene oxide and one or more additional alkylene
oxides. Alkylene oxides such as 1,2- and 2,3-butylene
oxide as well as other "higher” alkylene oxides are
suitable. Preferably, however, the oxyalkylation is
conducted only with propylene oxide or a mixture of
propylene oxide and ethylene oxide such that the poly-
oxypropylene diol contains about 80% or more by weight
oxypropylene moieties. If ethylene oxide is used in
conjunction with propylene oxide, it is preferably
introduced along with propylene oxide to form a random
polyoxyethylene-containing polyexypropylene diol. The
oxyalkylation may be begun with propylene oxide and
continued with a mixture of propylene oxide and ethylene
oxide to produce block random copolymers.

The molecular weight of the polyoxypropylene
diol is about 3000 Da to 10,000 ba, preferably about



‘pol yoxyet hyl ene- cont ai ni ng pol yoxypropyl ene diol. The oxyal kyl ati on

may be begun wi th propyl ene oxi de and continued with a m xture of
propyl ene oxi de and et hyl ene oxi de to produce bl ock random

copol yners. The nol ecul ar wei ght of the pol yoxypropyl ene
diol is abo to 10,000 Da, preferably about WO 97/ 23528
R -12-  PCTEPSBTY Da to
8000 Da. The actual functionality nust be greater than 1.95, and is
preferably greater than 1.97. Functionalities as close to the

nom nal, or theoretical functionality ﬁf two as possible are
preferred. The hi gh functionality di d may be used in conjunction

W th a high tion trol t her

functionality polyo%y&& @% % éun%tiongi ?tuﬁ; gun°t1°n§¢iﬁﬁnﬂﬂsq(Pe
triols, tetrols, anﬂre¢kﬁﬂiﬁh§m é .Abanand his preferalllye greaserethan 1.97.
functionality is V\Attmétﬁo‘iaiwt%m asd@fose to tHP %nﬁh%ﬁeraplﬂh%f&ﬁa]lo

percent of the nom nitiator func |onaH
The i socyanat e conp%%cf‘tt[mrﬂ%}"tﬁclq.#d YR ndf Possiblepares P&'iefséiHPtii'onéqhedi -
or pol yi socyanat es,high Hfugictionalityidial mao b msed- tar abﬁgﬁmdtm:emitmners

o opyl ene-di of der i et HrepelacSronal R ler iy (gl N8y, Spngf MAGH

i socyanates and iso‘%‘?ﬁ’rét"é‘ addtyy RPI¥pol y-BY “highefanggdenpditeds wikdn 30
mol percent, prefer:zd:dgedtem tr:.olst,haat£61§P|amrﬁ%ltlz.leéldlsmie%xﬁr eharabl y
consi st e excl usi vel Jo I IEEY 3{?‘2‘5‘6}%%&%? N e
pr epol ymer s preparéﬁqﬁwﬁHQﬁﬁﬁ?h%ﬂeﬂ%ﬂhﬁn 1 Peﬁﬁﬂ%ﬁn°fhtgh noménadraloirt y
pol yoxypr opyl ene diinlitdator, fuhetedmd ity descri bed.

The isocyanate component may include minor
amounts of additional di- or polyisocyanates, or addi-
tional isocyanate-terminated prepolymers other than the
high molecular weight, high functionality, polyoxy-
propylene-diol derived prepolymers. The amount of
additional isocyanates and isocyanate-derived prepoly-
mers must be less than 30 mol percent, preferably less
than 20 mol percent, and more preferably less than 10
mol percent. Most preferably, the isocyanate component
consists exclusively of the § to 16 % NCO, preferably 8-
16 & NCO prepolymers prepared from high molecular
weight, high functionality polyoxypropylene diol as
heretofore described.

The polyol component comprises in substantial
_part one or more diol chain-extenders. By "in substan-
tial part" relative to the polyol component is meant
greater than 60 mol percent based on isocyanate-reactive
components other than water. Preferably, the diol chain
extender comprises 80 mol percent or more of the iso-
cyanate reactive component of the polyol component, more
preferably 85 mol percent or higher. Suitable chain



-The pol yol conponent conprises in substantial part one or nore diol

chai n.extenders. By "in substan- tial part" relative to the polyol
conmponent is neant greater than 60 nol percent based on

| socyanat e-reactive conponents ot her than water. Preferably, the diol
chain exeamaigconpri ses 80 nol percent or nore of thepipRposnstio
cyanate reactive conponent of the polyol conponent, nore preferably
85 nol percent or higher. Suitable chain WO 97/ 23528

PCT/ EP96/ 05710 -13- ext enders

i nclude but are not limted to ethylene -18! ycol , propyl ene glycol,

1, 3-propanediol, 1,2- and 2, 3- butyl ene gl ycol, 1, 4-butanediol,

di et hyl ene gl ycol, extendbﬁrsetﬁyéﬁmh g|b¥ﬁ:0| arél F}Ed?chlQRﬁtG&th% ethylene

tripropyl ene l,, nheo I hexaned| cl ohexane-

di net hanol , and the q%%%lwo%¥°£¥egﬁ’g‘? Fgéf%f’g 11 @TRE‘?R?é‘ edio %’ r3-

‘Low nol ecul ar wei ght baxtydenki n‘kby@t’hawM-butanedltoﬂ.ecwmth/ﬂegm s gb.gbew

about 300 Da may al seriethpebsd- glycol, eél bhog 1ﬂ9|§Qgc89gﬁ t%%bpylene
er ri

Exanpl es are glyceri ropane
di et hanol ani ne, g(iyf’f’rlet HSRB?QTWL z Jd' t heb Tl?%??‘ned’- s¥sIehesane oy
mol ecul ar wei ght cr osidmethRpel sa!}:dalherhlhkg qMds® powuferred is flQu-pKaspee 5
wei ght percent or |eggphased on the weight of all isocyanate
reactive conponents other than water in the pol yol conponent,
preferably 2 weight percent or | ess. Preferably, no | ow nol ecul ar

wei ght cross-1inker i S Jlmed molecular we; ght cr_B&-Q.GJnk%EsCOHHQﬂ?@

ol yokypropyl o - nB18epiar weldi¥le HR1oBTAEG 3’% Bh FRo ke ponsnstud-
al kyl ene pol yol, andf8r lé‘ rﬁ%r °1pe?mw7é'- -.of Bxamples are glycerine,

trimethylolpropane, pentaerythritol, diethanolamine,
triethanolamine, and the 1like. The amount of low
molecular weight cross-linker is preferably quite low,
for example 5 weight percent or less based on the weight
of all isocyanate reactive components other than water
in the polyol component, preferably 2 weight percent or
less. Preferably, no low molecular weight cross-linker
is used.

The polyol component may optionally contain a
minor mol percentage of an additional polyoxypropylene
polyol, preferably a higher functionality polyoxy-
alkylene polyol, and/or a minor mol percentage of a
polyol polymer dispersion. Suitable higher functional-
ity polyoxyalkylene polyols are tri- to octa-functional,
predominately polyoxypropylene polyols. Higher func-
“tionality polyols used in the polyol component are
preferably those having a considerable quantity of
primary hydroxyl groups, preferably about 30 mol percent
primary hydroxyl groups or more, more preferably about
70 mol percent primary hydroxyl groups or more. Such
polyols may be prepared conventionally, i.e. base-
catalyzed, but preferably through double metal cyanide



_pol yol polymer dispersion. Suitable higher functional- ity

pol yoxyal kyl ene polyols are tri- to octa-functional, predom nately
pol yoxypropyl ene polyols. Hi gher func- tionality polyols used in the
pol yol conponent are preferably those having a considerable quantity
of pri dr oxyl groups, preferably about 30 nol

primary hyd‘gggf g%Eups or nore, nore preferably about I9'@%'%%&%{?{1%&cent
pri mary hydroxyl groups or nore. Such pol yol s may be prepared
conventionally, i.e. base- catal yzed, but preferably through double
metal cyani de WO 97/ 23528 -14-

PCT/ EP96/ 05710 -14- conpl ex

catal ysis. When Lhechfies! detai3els? Inlitline 1areBE T8 Yy tent

&y!
is desired, the doub de conplex catalyz oxyalﬁg ation
with propyl ene Prlm&%YdQY5F°ﬁY%tEPEtBPth§p9F§ﬁ636X|&Eeaﬁeuéiﬁyme :

oxi de may beyhﬁ&&enabﬁﬂwx-edﬁalyﬁu OdxxyPa aAl at it ailtﬁab&bpﬂene

motal oyan do cat abYARCaRE BEFEHES(GF BRREVLEnE i Bha epprieRfofEIE -
oxi de. The hi gher mamcbﬁohetquated by agdigdbnney habasxplnp¢ﬁdxyatALM$@r of

farbngt 20 to abggt smgﬁ1 ﬁgos?%ﬁ 6&';] g&'&@gllﬁmzﬁ viPofde m&dﬁéatz@g@@t@é y
pol yol conponent cgﬁPg} %FEOFYBPéﬁﬁrFPBﬁfg?t aba® afio%%nfﬂﬁl?ﬁd‘

di functi onal poIyomyapkygewgtpoethlengﬁnxnde. Thepridfgheab|funkaiongl ity
primary hydroxyl cggligBi shyl have! 8 ﬁydrorzihﬁuﬂbgfeéffff&ﬁ'9@34:6'[3{19&@& yol s

descri bed above. po | spersions useful as

optional m nor porﬁpontFetHEe5%¥§?}Y rjdyantageously; abuti on
of polyner particl 8S.i i awdmnalpfugotishaity of thireg be preafelryedyal ®he ene

polyol simlar to b@?ggld%omponen S%Pb%gnltmd' atﬁiﬂoﬂggyc%ogtg%% R ya{rer

particles may rrse-vin ymer particles _pr
situ pol yner P%ﬁ?ﬁﬁlﬁf ddﬁé‘“&i’-’-ﬁﬁ?é \RINOXFFL S £B Sdabl ?galn
acrylonitrile and gt;fen&blyrhadnmgbasgrmmhyglhydmé*ym)content similar to

the higher functionality polyols described above.

The polyol polymer dispersions useful as
optional minor portion of the polyol component comprise
a dispersion of polymer particles in a base polyol which
may be a polyoxyalkylene polyol similar to those de-~
scribed immediately above. The polymer particles may
comprise vinyl polymer particles prepared by the in situ
polymerization of one or more vinyl monomers, preferably
acrylonitrile and styrene, in the base polyol, a "poly-
mer polyol”, or solids derived from the in situ reaction
of one or more di- or polyisocyanates with an isocyanate
reactive component such as water, hydrazine, or alkanol-
amine, for example a PIPA or PHD polyol, a “"polymer-
modified polyol."  Mixtures of polymer polyols and
polymer modified polyols may be used, as may also other
polyol polymer dispersions such as those prepared by
blending preformed polymer particles with a base polyol
or by the in situ size reduction of polymers in a base
polyol.
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nore di- or polyisocyanates with an i socyanate reactive conponent
such as water, hydrazine, or alkanol - am ne, for exanple a PIPA or
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preformed pol yner particles with a base pol yol or by the in situ size
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The m crocel lul ar el astoners are prepared by reacting the isocyanate

conmponent and pol yol corrponent'rhe microcel g g1 mﬁmn@frsaabbowh:égaﬁeenby

and generally in the r ne- prao t

f oam stabili zirr?a cg. ﬁ??ac ?88%8&?&-{# &gcn%%ﬁeﬁgt fn%rl1 gé‘a" 8}{8&'&9
commonl y used netal dat §h9sP§es¢r&ﬂe ofampbdowingsagent and genexadlyninethe
based catal ysts whi chrakéficer ¥t @ repethaie-promot ikQt \Ve2Pa V€l addd foam

i socyanate groups. E I, r feLr t al st s incl.ud
triethyl enedi am ne, %%%Bﬁ#&}.’né’ seilrfac'cﬁn.t. !% gﬁ%f ser\‘é‘f’ﬁf‘&ﬁi ﬁté?
SA-102, an ami ne- commoggmeusq@ W%lgeahélmt%at ﬁbx]sexamlé able SabbsAir

Products, and UL 1, anbi AmARECBRLEEdCcRR a r
Wtco Chem cal ° c Eﬁwiﬁe gﬁ%gcggﬁ?spmm?té QS%é«E'fon

conmon si I i coRSLUERR AFRLAT sanﬁa?‘fs?‘élﬁ?%? § BEPYRA her §???%§ﬂﬂ]e" pre-
surfactants, such asfehved catalysise ihcdmddi trfeciridrediamine, MEN’, N'’,

Speci al ties, Inc. V‘§€k6£e{;}‘"§ﬁ8 fyl@l@t%@ﬁﬁ@ﬂgﬁlne, SA-&O@ A Hr e&ﬁ{;{§d
surfactant is Y-10788 avail Speclalti es,

ro 03]
A bl owi ng agent is a-YBGui aé"&ﬁ‘poﬁ%}n?th*hecatalysﬁns?"?)‘rle#@ter earBWov&:‘n"g

agent is water, a reBrodwets, and UL-1, a tin mercaptide catalyst available
from the Witco Chemical Co.

Suitable surfactants include +the common
silicone surfactants, particularly polyether silicone
surfactants, such as those available from Air Products,
0Si Specialties, Inc., Wacker Chemie, and Goldschmidt
A.G. A preferred surfactant is Y-10788 available from
0Si Specialties, 1Inc.

A blowing agent is a required component. The
most preferred blowing agent is water, a reactive
blowing agent, used in amounts effective to provide a
foam density of from about 0.15 g/cm’® to about 0.6 g/cm’,
and preferably about 0.20g/cm’® to about 0.35g/cm’® for
shoe midsoles. In addition to water, non-reactive
physical blowing and/or frothing agents may be used. As
physical blowing agents, for example, use may be
mentioned of the lower alkanes and cycloalkanes, for
example butane, isocbutane, pentane, cyclopentane, and
the like; hydrofluorocarbons and perfluorocarbons, and
other halogenated hydrocarbons. Air and other gases
which are essentially inert under the reaction
conditions may be employed as frothing agents, or gases
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fromabout 0.15 g/cnferr] to about 0.6 g/cnferr], and preferably
apout 0.20g/cnferr] to about 0.35g/cnierr] for shoe m dsol es. In
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agents may b@oumgskgAS physi cal bl owi ng agents, for qgﬁﬂyg e my
be mentioned of the | ower al kanes and cycl oal kanes, for 2"ms"ﬁl@xanple
but ane, isobutane, pentane, cycl opentane, and the like;

hydr of | uor ocar bons and perfl uorocarbons, and ot her hal ogenat ed

hydr ocar bons. Al r and ot her gases whijgh are essentially inert
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di chl or odi f | uor omet 1EFR 3% GUEGR UPERFIRreRsaR, Water, gEqwater iwikhia
under pressure. \\tminomrqueattdrtywicth sa physicalnbhowifigast i f¥othimy Myksitcal
bl owing or frothingga erred. |S preferred. Havi ng
general ly described this invention, a further understandi ng can be
obtained by reference to certain specific exanples which are provided

herein for purposes of Haklifgt gaheoAlDp| Jese¥ivds ti0is | IHvRIAGDA!, 0 abe
limting unless ot ] ified.q.

Earpl 601 b bR, Rk aiaing san Bs siained, by Fafgrence to
t-Butanol and an | SSFtAReAReokfie- expmriesimivich are prowided herein for

Pol yoxypr opyl ene Diptirpase€oop! £X1ukA38nSonly and are not int&Rd&P U BE

hexacyanocobal t at e (8. [ I.S- sol ved i,n.deionized (D) water (140
m) in a beaker T l%%%u‘f’u?i‘gﬁgi)‘?thﬂr’cs%mp&‘?%ée 59) is dissolved in D

Example 1

Preparation Of A Solid DMC Catalyst Containing
t-Butanol and an Isobutylene Oxide-Capped 4K mol.
lene Dio lexing Agents

Potassium hexacyanocobaltate (8.0g) is dis-
solved in deionized (DI) water (140 mL) in a beaker
(Solution 1). 2Zinc chloride (25q) is dissolved in DI
water (40 mL) in a second beaker (Solution 2)}. A third
beaker contains Solution 3: a mixture of DI water (200
mL), t-butanol (2 mL, organic complexing agent), and
Polyol W (8g). Polyol W is made by preparing a 4000
mol. wt. polyoxypropylene diol using double metal
cyanide catalysis, and then endcapping it with from 1 to
5 equivalents per hydroxyl group of isobutylene oxide
using the same DMC catalyst.

Solutions 1 and 2 are mixed together using a
homogenizer. Immediately a 50/50 (by volume) mixture of
t-butanol and DI water (200 mL total) is added to the
zinc hexacyanocobaltate mixture, and the product is
homogenized for 10 min.



water (40 nL) in a second beaker (Solution 2). Athird beaker

contains Solution 3: a mxture of D water (200 m.), t-butanol (2 ni,
organi c conpl exi ng agent), and Pol yol W (8g). Polyol Wis made by
preparing a 4000 nol. wt. pol yoxypropyl ene diol using double netal
cyani de cat al yh §323853d t hen endcapping it with from1l to PCT/BP96/05710
equi val ents per hydroxyl group of isobutylene oxide usi ng the sane
DMC cat al yst. Solutions 1 and 2 are m xed together using
a honogeni zer. I mmedi ately a 50/ 50 (by volunme) m xture of

t-butanol and DI water (200 nL total) is addedjf.o the zi nc
hexacyanocobal tate m xture, and the product is honogeni zed for 10

m n. WD 97/ 23528 Solution 3 (the polyol/water/t-butanol mix-

PCT/ EP96/ 05710
Sol ution 3 (the pol y&i¥Ffat &F/ 2%t it thf Aqueous sLlppFy)of Zing hexasyaRe-
aqueous slurry of zi mobadtatganand the pradiet tig estianmed magmeddealllys for

stirred magnetical |y ,f 96.:1 Fer r]gug};gfeT{lg ﬂﬁ i 't§ncf]ér.l ?i{e%%u%d%hrough

pressure through ter to |s ate t
The solid cake is red §rﬂme§11¥le¥ Hukadiate14pe solidsei) and DI water (60
m.), and the m xture is honobgeni zed for 10 mn. A solution of D

water (200 ni) and addi - é'oriﬁ.' §L¥ s rref-(s%%(glled :qed&u%%‘lgﬁh?mo

mxture is stirred rragn T ca thre
scri bed above. mL) and DI Wat?ﬁ‘e(ﬁ@lmd):cm khermixtnre df hamegpnized|

(200 ) and igsrh@oDgeRn] zesl §6Tuddibrride diolvwaerw((zb@) m.'£.§ and addl-
added, and the mxture s s?rre
I

gnet i cal ly f
filtered. The resul |ﬁ§l °|18r°ga[@ 3 @) g8 adgeddrl%rﬁi uﬁagr chﬁ% at®
50[err]C (30 in. Hg. ptisrednsegnetically for 2 min. and filtered as de-

scribed above.

The solid cake is reslurried in t-butanol (200
mL) and is homogenized for 10 min. Polyol W (1lg) is
added, and the mixture is stirred magnetically for 2
min. and filtered. The resulting solid catalyst is
dried under vacuum at 50°C (30 in. Hg.) to constant
weight. The yield of dry, powdery catalyst is about
10g.

Elemental, thermogravimetric, and mass spec-
tral analyses of the solid catalyst show: polyocl = 18.0
wt.%; t-butanol = 9.0 wt.%; cobalt = 9.5 wt.%; zinc =
20.1 wt.%.

A similar procedure is used to make additional

catalysts that contain 23 and 50 wt.% of Polyol W,
respectively.

Example 2

Solution 1 is prepared by dissolving zinc
chloride (75 g) in t-butanol (50 mL) and distilled water



wei ght. The yield of dry, powdery catalyst is about 10g.

'El emental , thernogravinetric, and mass spec- tral anal yses of the
solid catal yst show. polyol = 18.0 wt.% t-butanol = 9.0 w.% cobalt
= 9.5 wW.% zinc = 20.1 wm. % A similar procedure

i s used to Rpke,Add tional catal ysts that contain 23@%{5&5}% % of
Pol yol W respectively.

Solution 1 is prepared by dissolving zinc chloride (75 g) in
t-butanol (50 nmL) and distilled water WO 97/ 23528

PCT/ EP96/ 05710 -18- - 18- (275 m).
Solution 2 is prepared by dissol ving potassi - um hexacyanocobal t at e

(7.5 9) indistill gﬁv%ﬁf (Jéaﬁution ztfgr)p e§%|r'éTd' ?&séowﬁ@bs%@h-

m xi ng t-butanol Ied wat e
Solution 2 is addeHmt8e§6FMFP8ﬁ°§a%9%?5307' 9) ﬁPnGF§§1 § water (100
honogeni zation. M mipg byoboniurers Zat mapared by afixineg st-butanoladdi mLpnal

10 m nutes. A stir r ‘ﬁﬂﬂgp I on 3 is added, and the m xture
is slowy st???e i%%b%% Ically #0§83 n1nutes The m xture is '

filtered under pressure at 40 psig. The filter cake is reslurried in
t-butanol (130 nL) and distigénekist €2 (B85 added &) sodgdibhe 1Mostey €30S

homogeni zed for 10,5} 0ULESys IhenomogeniBatiind ' hildi* 5 3Rod8RELhbEsh
continues for an additional 10 minutes. A stir bar is
added. Solution 3 is added, and the mixture is slowly
stirred magnetically for 3 minutes. . The mixture is
filtered under pressure at 40 psig. The filter cake is
reslurried in t-butanol (130 mL) and distilled water (55
mL), and the mixture is homogenized for 10 minutes. The
mixture is filtered as described before. The cake is
reslurried in neat ¢t-butanol (185 mL), and is homoge-
nized for 10 minutes. The mixture if filtered, and the
cake dried under vacuum at 60°C. Yield: 8.6g. The
catalyst is used to polymerize propylene oxide as
described in Example 3. The rate of polymerization at
105°C and 10 psig at 100 ppm catalyst is 26.3 g PO/min.

Example 3

Polyether Polyol Synthesis:
+. Polyoxypropylene Dio 8K-D

A one-liter stirred reactor is charged with
polyoxypropylene diol (1000 mol. wt.) starter (77g) and
a zinc hexacyanocobaltate catalyst containing 23%
isobutylene oxide capped 4K diol prepared as in Example
1 (0.009g, 10 ppm). The mixture is stirred and heated
to 105°C, and is stripped under vacuum for 0.5 h to
remove traces of water from the diol starter. After
stripping, the reaction temperature is raised to 145°C.
Propylene oxide (12g) is fed to the reactor, initially



reslurried in neat t-butanol (185 nL), and is honoge- ni zed for 10

m nutes. The m xture if filtered, and the cake dried under vacuum at
60[err] C Yiel d: 8. 6g. The catalyst is used to polynerize

propyl ene oxi de as described in Exanple 3. The rate of polynerization
at 105[ worokrgasagd 10 psig at 100 ppm catal yst is 26.3 odi@rds0s710
Exanple 3 Pol yet her Pol yol Synthesi s: 8000 Mol . W.

Pol yoxypr opyl ene Di ol (8K-D) A one-liter stirred reactor
is charged with pol yoxypropyl ene diol (1000 nol. wt.) starter (779Q)
and a zinc hexacyanocobal tate catal yst ggntai ni ng 23%

| sobut yl ene oxi de capped 4K di ol prepared as in Exanple 1 (0.009g, 10

ppm . The nixture i surxdér radvacduineaifedabout 300 ibQ5[1y ) | &nd asblei &éﬁdtio&ped
under vacuum for 0. Spﬂeéé?.lre 1s rr{o?lgﬁ%ﬁ'eﬁr éﬁféf?i]ﬁ%'ate abiomide. xg'.lo ylene

starter. After strip %e act ure 1's ralse
R

145[ err] C. Pr d{?}"}q@neﬁoﬂ ddrfd yntilean @@@#réetadorpreismmaﬂlrpp
WD 97/ 23528 occurs in the reactor, the ngs"{xEE’9ﬁkQ§7lQ evidence

;)rlcga-ssur eis rrltj)zldte{:)r Ztc*‘a?g%g‘reulgﬁ} é gFﬁnﬁ?cﬁ%pﬁ?%‘h‘é&e d ea%’(ﬁﬂ FaLAdYRE:

added until an accelﬁé?"at‘@dilpnes!@ur‘@nilf@pd, the ramaindnign priopyleaet oxidehe
pressure drop is evigang is added fy&tadufam ab@b¥ SAbAS 4bﬁ00r@f1§§zt ip¥Bpge-

When cat al yst acti v verif he remai nin OXI de
(512g) is added graddal onz‘g? ggﬁgﬁ? RYits ¥ c%‘? o‘;}?ﬂ nixture %ngeg? 8k
addition is conpl et 4%’ Iﬁ'-’eumtx-ﬂ-uneCOBStzenti pressure id 4jservie@.unRielsidual
constant pressure i §Heeet¥8imoSmeAUad tn c e
stri pped under vacuu at E‘ch errmr) fer“os"rﬁgf’%% ?/%?e pro uct ot #E ¢
product pol yol has ?R‘le%H]ur%’E‘i’%‘PF*of 0 TH67 BRIFUGTs RAAYRY Hpy an
pol yol and a unsaturation of 0.007 meq unsaturation/g polyol and a
polydispersity of 1.15.

Examples 4 and 5 and Comparative Example Cl

A series of microcellular elastomers of 0.26
g/cm’ density were prepared from 15% NCO isocyanate-
terminated prepolymers prepared by reacting excess 4,4'-
MDI with 4000 Da and 8000 Da high functionality (>1.95)
diols (Examples 4 and 5) and a lower molecular weight,
high functionality 2000 Da diol (Comparative Example 1}).
The B-side of the formulation contained 28.73 parts
ARCOL® E656, a conventionally base-catalyzed polyoxy-
ethylene capped polyoxypropylene triol having a hydroxyl
number of c.a. 35; 19.39 parts ARCOL® E-600, a sty-
rene/acrylonitrile polymer polyol having a hydroxyl
number of c.a. 20 and containing an oxyethylene capped
polyoxypropylene triol as the base polyol; 7.47 parts
l,4-butanediol; 0.459% parts water; 0.265 parts DABCO®
33LV; 0.140 parts SA-102; 0.202 parts DABCO® BL-11;
0.007 parts UL-1 tin catalyst; and 0.82 parts Y-10788
surfactant. The isocyanate component (A-side) and B-
side including polyol component, water, catalysts, and



pol ydi spersity of 1.15. Exanples 4 and 5 and Conparative
" Exanpl e Cl1 A series of mcrocellular elastoners of 0.26
g/cnferr] density were prepared from 15% NCO i socyanat e- t erm nat ed
prepol yners prepared by reacting excess 4,4 - MDI with 4000 Da and

8000 Da hig jonality (>1.95) diols (Exanples 4

| ower nol ec&é%sght , hi gh functionality 2000 Da dfgﬁl&f%ﬁ% rative
Exanpl e 1). The B-side of the fornulation contained 28.73 parts
ARCOL[ err] E656, a conventionally base-catal yzed pol yoxy- et hyl ene
capped pol yoxypropyl ene triol having a hydroxyl nunber of c.a. 35;
19. 39 parts ARCOL[err] E-600, a sty- rene/ acrylonitrile polyner

pol yol having a hy Ay t
oxyet hyl ene cappedg‘m.)ﬂl‘:tam:gsWgé‘[gggf/1 gir‘lseﬁ{% oI%‘Qias thﬁgga%eéya@ la 19t27
2z

parts 1,4 butaaﬁ‘Q&FloFt Gar (4PaRademold. 289 15‘5?%53‘}37!33@@5&%] 72
33LV; 0.140 parts 88ut83, G:l'%)mesiéaDABf:‘qaeftieﬁkal'e measur@dQ07 pBétS

UL-1 tin catal ySt’rggglgsSgrQaﬁfés%xé@ g&}’ able iurfact ant. The isocyanate

conponent (A-side) ng poI yol conponent, water,

catal ysts, and WO 97/ 23528
PCT/ EP96/ 05710 TABLE 1 - 20- surfact ant,
were intensively m xed and |ntroduced into a nold at 55- 60[err]C

Upon denpl d and” oveprsemem-Rbtarrie=—r Sttt b B RS et

properties were rreaured 1.
TABLE 1 [* S —ava 1 |
{ Prepolymer Polyoi mol. wt 8000
§ (Da)
Density, g/cm® 0.26 0.26 0.26
Hardness, Asker C 45 52 50
Tear str, 25.4mm (1 in) kN/m
(Ib/in) 1.1¢6.3) | 1.5(8.8)] 1.9(10.9)
Comp Set, % 39 11 12 17
Shrinkage 20 0 —.J 0

As can be seen from Table 1, the subject
invention microcellular elastomers, prepared from
isocyanate-terminated prepolymers derived f£from high
molecular weight, high functionality diols, had consid-
erably improved properties as compared to a similar
microcellular elastomer derived from a 2000 Da molecular
weight diol. The hardnesses of +the microcellular
elastomers from the higher molecular weight diols are
unexpectedly higher than that of the comparative micro-
cellular elastomer. The tear strength is higher as
well, and the compression set drastically lower, being
less by some two-thirds of the compression set of the
comparative elastomer. Of especial importance is the
shrinkage, the subject elastomers exhibiting virtually
no shrinkage.



Prepol yner Pol yol nol. wt. 2000 4000 8000 (Da)

Density, g/cnferr] 0. 26 0. 26 0. 26 Har dness, Asker
C 45 52 50 Tear str, 25.4mm (1 in) kN'm
(I'blin) 1.1(6.3) 1.5 (8.8) 1.9 (10.9) Conp
Set, % wo 9723528 39 11 12 Shr i nkageetEP9s/05710

20 0 0 As can be seen from Table 1, the

subj ect invention mcrocellular elastomers, prepared from

| socyanat e-term nated prepol yners derived from high nol ecul ar wei ght,
hi gh functionality diols, had consid- er2bly inproved properties as
conpared to a simlar m crocel | uI ar el ast omer der| ved froma 2000 Da
nmol ecul ar wei ght diol. ) &8s Com % lerGdel | ul ar

el astoners fromthe higher nol ecul ar weight di ols are unexpect edl y

hi gher than that of the conparative mcro- cellul ar el astoner. The
tear strength is higher as Elagkomersyiwenecoxrparass Aonldetindextasainy
| over, being | @58 Prresédiing ‘é@:ainbuégs Sfcdte tmmﬁésgﬁboa%e% “éfe

conpar ative el ast omer rtance s hrink aga t he

subj ect el astoners e?ﬁFBPF?ﬁg%f’?‘t ﬁ‘al{‘%ol mlx%esrﬂfnﬁa‘b -upT' and
97/ 23528 diimide-modified MDI. The BPEITAEPY6F@ATAflion is pre-

-21- sented B&POP! Gndthe CRYBIEAL ﬁﬂ?%e 3 ecedi * Table 2.

El ast omers were prepared at 105 index as ©n exanpl es,
except that the prepolyners were B-Side' epared froma 5.6:1 m xture of

4,4' -MDl and car bo-
29.38 parts ARCOL E656
19.83 parts ARCOL E660
7.64 parts 1,4-butanediol
0.471 H,O
0.271 parts DABCO® 33LV
0.143 parts SA102
0.207 parts DABCO® BL-11
0.007 parts UL-1
0.84 parts Y-10788

TABLE 2

& EXAMPLE C2 ;==~; 8
Prepolymer Polyol mol. wt. 2000 4000 6000 8000
(Da)

Lf Resiliency 35 41 41 30
Compression Set, % 39 22 14 16
Split Tear 7.7 9 92 | 106

| =Iiardness 38 43 47 46

The physical properties presented in Table 2
illustrate the significant improvement in physical
properties which result when high molecular weight, high



diimde-nodified MDI. The B-side fornmulation is pre- sent ed bel ow,

‘and the physical properties in Table 2. B- Si de
29. 38 parts ARCOL E656 19. 83 parts ARCOL E660
7.64 parts 1, 4-butanedi ol 0.471 Herr]O

0.271 parts r] 33LV 0. 143 02
0. 207 parts B%gsr] BL- 11 0. 00%&%@%& 1
0.84 parts Y-10788 TABLE 2

EXAVPLE c2 6 7 8 Prepol yner Pol yo
mol. wt. 2000 4000 6000 8000 Da) Resi | i ency

35 41 41 30 Conpressi v Set, % 39 22
14 16 ?plit,Te r, . ) 7.7 9 9.2 10. 6
Har dness unctxonéi*;y diolyderived prepglymers are used to Tpe

physi cal properti esppepsrtisdcyandaéteefhinated prépolymds-ddrd vaidoeldstmant
| mprovenent in phys&éf%@; properties which result when high nol ecul ar
wei ght, high 97/ 23528

PCT/ EP96/ 05710 -22-

Exemples 9-12

Polyurethane microcellular elastomers were
prepared from 8.5% NCO and 15% NCO isocyanate-terminated
prepolymers prepared from a 4000 Da molecular weight,
high functionality polyoxypropylene diol. The
isocyanate-terminated prepolymers were prepared from a
mixture of isocyanates containing 85% by weight pure
4,4’-MDI and 15% by weight carbodiimide-modified MDI.
The B-side of the 102 index elastomers derived from the
8.5% NCO prepolymers consisted of 19.1 weight percent
1,4-butanediol, 13.2 weight percent ethylene glycol,
65.0 weight percent ARCOL® E660, balance water. For the
lower density elastémer, the relative amount of water
was increased by B.5% and the amount of prepoclymer
increased accordingly. The B-side of the 105 index
elastomers derived from the 15% NCO isocyanate-terminat-
ed prepolymers consisted of 13.35 weight percent 1,4-
butanediol, 34.6 weight percent ARCOL® E660; 51.3 weight
percent ARCOL® E656, balance water, For the lower

- density elastomer, the relative amount of water was
increased by 9.3% and the amount of isocyanate-
terminated prepolymer increased accordingly. Physical
properties are presented in Table 3. Higher values are
expected in machine trials. The results presented in
Table 3 indicate that a % NCO far less than the 18% NCO
industry standard produces low density elastomers with
excellent physical properties. The increases in
elongation and tear strength of the elastomers prepared
from 8.5% NCO prepolymers are particularly noteworthy.



functionality diol

-derived prepolynmers are used to

‘i socyanat e-term nated prepol yner-derived el ast o-

Exanpl es 9-12

prepare

ners.

prepared from 8.5% NCO and 15% NCO i socyanat e-t erm nat ed

prepared fromya¢424Xs Da nol ecul ar
pol yoxypropyl ene diol. The

were prepared froma m xt ur
pure 4,4 - NDI

wei ght,

e of

hi gh

B-side of the 102 index el astoners derived fr.gmthe

prepol yners consi sted of 19.1 wei ght percent

wei ght percent ethyl ene glycol,
bal ance water. For the
of wat er was |

Pol yur et hane mi crocel | ul ar el astoners were

pr epol yners

_ funct irgAnireéasTio
| socyanat e-term nat ed prepol yners

and 15% by wei ght carbodiim de-nodified M.

8. 5% NCO

1, 4- but anedi ol ,

13.2

| socyanat es cont ai ni ng 85% by wei ght
The

65. 0 PABEBB percent ARCOL[err] E660,
the rel at i ve anount

| ower densi ty el astoner,

I ncreased accordi ngl

derived fromthe 15%4RS
consi sted of 13.35 %Nlcq)er cenn 1, 8.5 betsanedl ol , 184. 6 jwei gh$
percent ARCOL[err] H660; 513 Welgm percent ARCOCTerT{E656, bargnce
wat er . For the | ogePensity, g/cgengi t yOBast bnerd- 2'i"he rel &3Mve dmouk2%hf
wat er was i ncilegs d y 9. 3% an he am)u&tg |socg§mat -
term nated prepoly ceordingl ysida are
presented in Table Ta;sqger val yes 349 gggoect ed iyg gmac I :
The results present d Tble3 |nd cate that] a % NCO far |ess tlan
t he 18% NCO | LI7 St+aretard Pt otters—-ow dcroll.y e+ 4-o e St
excel |l ent physical || f# Bloagdtioas. B5€ ijcre3des Jin 210 ¢l onQaoi onJ"and
tear strength of th el ast orrers repar ed TTOM|3. 5% NCO prepol gman
are particul arly nofeNitTep 2.9\0 97/ 23888 2.1 L
PCT/ EP96/ 05710 g/cm 423-

C Tear, 9.7 6.8 9.3 6.0

Kg/cm

50% Comp set, 20 28 10.7 10.7

50°C

Examples 13-16

A series of microcellular polyurethane elasto-
mers according to the subject invention were prepared
from 8.5% NCO prepolyers prepared from a high molecular
weight (4000 Da), high functionality polyoxypropylene
diol and varying quantities of a high molecular weight,
high functionality triol. The prepolymers were chain
extended with 1,4-butanediol containing sufficient water
to prepare 0.35 g/cm’ elastomers, at an A/B ratioc of
93/7. The physical properties of the elastomers are
presented in Table 4. The results indicate that high
performance microcellular elastomers may be produced
with low molecular weight diols as chain extenders
without additional polycl in the B-side. Noteworthy



TABLE 3 Exanpl e: 9 10 11 12

9% NCO 8.5 8.5 15 15 Density, g/cc
0.33° 0. 27 0.34 0. 27 Asker C 58 43
63 51 Tensi | e, 14. 4 9.8 15.6 12.6
% El ongati on 3 330 210 200 | ,

2.9 1.3’09"3%”2. 1 1.3 Kg/ cm C%é’%‘{’";{% 9,
6.8 9.3 6.0 Kg/ cm 50% Conp set, 20

28 10.7 10.7 50[err] C

Exanpl es 13-16 A series of oy crocel lul ar pol yurethane

el ast o- nmers according to the subject I nvention were prepared

from 8. 5% NCO prep r r ' . ' 000
ey i oh funct | ondliey B S b ey ealippbefiios ot MR oo
of a hi gh nol ecul arf&R8 ARY to "50% hgﬁhthﬁné’?ilﬁﬂél Pfythe prepoipmer is a
prepol ymers were chdigh functienakbithed hidihh nbhlédulaznedight cerdial ni ng
sufficient water to prepare 0.35 g/cnferr] elastoners, at an A/B
rati o of 93/ 7. The physical properties of the elastonmers are
presented in Table 4. The results indi cat SABLE 4hij gh per f or mance

m crocel l ul ar el astoners may be produced with | ow nol ecul ar wei ght

di ol s as chain extenders wi t hout additional polyol in the B-side.

Not ewor t hy ;

Example: 13 16
% 4000 MW 100 75 50 25
diol in Prepoly- i
mer
% 6000 MW 0 25 50 75
triol in
Prepolymer
Asker Hard. 58 59 60 62 l
% Resiliency 44 49 50 53 "
Tensile Strength,
MPa (psi) 0.39(56) { 1.47(213) | 1.54(223) | 1.45 (211)
% Elongation 51 258 213 170
C Tear,
kN/m (Ib/in} 3.5 (20) 10.9 (62) 8.8 (50) 7.5 (43)

Il Comp set, % 25 - 13 11 10

Having now fully described the invention, it
will be apparent to one of ordinary skill in the art
that many changes and modifications can be made thereto.
without departing from the spirit or scope of the
invention as set forth herein.



Y\12)4?7/‘,2352}3{""&" mm l"ﬂa”m ulunhanced physi cal propert :Dgsr/ EE’?S{ ggglsmen

from25%to 50% of t"he® pofyol of the prepolyner is a hi gh
functionality, high nolecular weight triol.

TABLE 4 wo ornasfexanpl e: 13 14 peT/Ep9s/sT1010

% 4000 MWV 100 75 50 25 diol in

Prepol y- mer % 6000 MW 0 25 50
75 triol in Pr epol yner Asker Hard. 58 :
59 60 62 % Resi | i encgs- 44 49 50
53 Tensil e Strength, MPa (psi) 0.39 (56) 1.47
(213) 1.54 (223) ICRAIMSI) % El ongati on 51 258

213 170 C Tear, KN'm (1 b/in) 3.5 (20) 10.9
(62)" 8.8 (50) 7.5 (43) Conmp set, % 25 13

11 1. a b'ﬂ&béﬂsnﬂd!'f'&ﬁéyp £esardtdicsh (e micro-

e o chinges aiff TR EARPRFEhahe Sl inatl, Mpbeibinh il

departing fromthe spirit or 8}opeanf ispcyanate ¢omponérgh gomprising t An

herei n. substantial part one or more isocyanate-terminated
prepolymers having a free NCO group content of from
about 6 to about 16 weight percent, said prepolymers
comprising the reaction product of a stoichiometric
excess of one or more di- or polyisocyanates with a high
molecular weight, high functionality polyoxypropylene
dicl having a number average molecular weight of about
3000 pa to about 10,000 DPa and a functionality of about
1.85 or more;

b) a polyol component comprising in substan-
tial part one or more aliphatic or cycloaliphatic chain
extenders or mixture thereof;
in the presence of

c) an amount of a blowing agent effective to
provide a microcellular elastomer density of from about
0.15 to about 0.6 g/cmd.

2. A process as claimed in claim 1
characterised in that said polyol component consists
essentially of one or more aliphatic diol or
cycloaliphatic diol chain extenders having molecular
weight(s) of less than about 300 Da.

3. A process as claimed in claim 1 or claim
2 characterised in that said polyol component further
comprises up to about 40 mol percent of one or more
isocyanate-reactive components selected from the group
consisting of polyoxyalkylene polyols and polyol polymer
dispersions.



WO 97/ 235 PCT/ EP96/ 05710

T-25- j@’l’&”&“ﬂ”ﬂﬂ”’m A process for the preparation of mcro-

cel lul ar loners, conpri sing reacting: a)
an i socyanate conpoﬁen% conprising in substantial part one or nore

| socyanat e-t er m _nat ed prepol yners having a free NCO group content of
from aBQA* %o about 16 wei ght percent, said prepolaﬁawgwwm”“’
conprising the reaction product of a stoichionetric excess of one or
nore di- or polyisocyanates with a high nmol ecul ar wei ght, high
functionality pol yoxypropyl ene di ol ha gng a nunber average nol ecul ar
wei ght of about 3000 Da to about 10,000°Da and a functionality of
about 1.95 or nore, nponent . conpri,si ng

b a polyol_ c
in substan- tial part 8ne of nﬁF@cgf%phéﬁ(:?xgﬁﬂﬁélmﬂ?phﬁ}Fﬁmch in
extenders or mi xt urchadactesfised in that tsaid pedynspadkylene polyol has @)

an amount of a bl OW&%@%&L&@C&V&&@ about 20" Q% dBodtNkg! ocel | ul ar
el astomer density o rom about 0.15 to about 0.6 g/cnferr].

2. Aprocess as clainmed in claiml characterised in that said polyol
conponent consi sts essént i ahl y protessne asor ckamimed al irphatiaimdi 8l

nsists o essenti: ! :
ki ght (s) “of 1 ass’ CRATechEgleEGUT, 1" BATa OO BoTREC | Hperaion nas

claimed in claim13Mhydrgrpl number «Gf from ahoud 18 FRaePIAF EHol yol
conponent further conprises up to about 40 nol percent of one or nore

i socyanat e-reactive conmponengs sq+e Eﬁgeééogétgf%ﬁhgypin anyCSHéiﬁki@ﬂeOf
pol yoxyal kyl ene pol yol s and pol yo ol yner |sEerS|ons..
preceding claims characterised in that said isocyanate-
terminated prepolymer derived from said high molecular
weight, high functionality polyoxypropylene diol
comprises about 90 mol percent or more of said

isocyanate component.

7. A process as claimed in any one of the
preceding claims characterised in that said blowing
agent comprises water.

8. A process as claimed in any one of the
preceding claims characterised in that said high
molecular weight, high functionality polyoxypropylene
diol contains up to about 20 weight percent oxyethylene
moieties.

9. A process as claimed in claim 8
characterised in that said oxyethylene moieties are
randomly incorporated oxyethylene moieties.

10. A microcellular low density polyurethane
elastomer prepared by a process as claimed in any one of
claims 1 to 9.

11. A microcellular low density elastomer as
claimed in claim 10 in the form of a shoe midscle, and
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10. A nmicrocel | ul alcdmpwideng| tﬂmdoowaéeidstangroduct @fasaonmiciphdpmeedidy a

process as claimed | n ang OP one or more di- or polyisocyanates with a high
molecular weight, high functionality polyoxypropylene
diol having a number average molecular weight of about
3000 Da to about 10,000 Da and a functionality of about
1.95 or more;

b) a polyol component comprising in substan-
tial part one or more aliphatic or cycloaliphatic chain
extenders or mixture thereof;
in the presence of

c) an amount of a blowing agent effective to
provide a microcellular elastomer density of from about
0.15 to about 0.4 g/end.

12. A shoe midsole as claimed in claim 11
characterised in that said blowing agent comprises
water.

13. A shoe midscle as claimed in claim 11 or
claim 12 characterised in that the density of said
midsole is from about 0.20 g/cm® to about 0.35 g/cm’.
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Low density microcellular polyurethane foams suitable for athietic shoe midsoles and other applications are prepared by diol chain
extension of 12 to 16 % free NCO isocyanate-terminated prepolymers propared by reacting an excess of di- or polyisocyanate with one
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