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Microcellular polyurethane elastomer shoe sole components having exceptional physical properties may be prepared from isocyanate-
terminated prepolymers derived from polyoxypropylene diols having a molecular weight of from about 2000 Da to 8000 Da, an unsaturation
less than about 0.02 meg/g, and a random oxyethylene content of from aboutT to about 15 weight percent. The shoe sole components
exhibit high tensile strength, elongation, resilience, and in addition have excellent tear strength, particularly 90° angle tear.
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Physi cal properties oam pro are al so inportant.
| mprovenents in confort-rel ated properties such as resiliency, support
factor, and the Background Art

Microcellular shoe soles have become common,
particularly for athletic shoes, but increasingly for
other shoes as well. In contrast to solid elastomers
which were traditionally used before the advent of
microcellular elastomers, microcellular shoe sole
components offer the opportunity to manufacture shoes
with increased cushioning and lighter weight. Although
early microcellular components often attained these
advantages at the expense of durability and wear resis-
tance, great strides have been made in these areas, and
now the use of microcellular components is virtually
universal. Microcellular polyurethanes are par;icularly
well suited for these uses.

In the molding of microcellular shoe sole
components, prepolymer systems are generally used. Such
systems include an isocyanate-terminated prepolymer,
prepared by the reaction of 4,4’'-methylenediphenylene-~
diisocyanate (4,4’-MDI, "pure" MDI) or MDI variants with
a polyoxypropylene diocl, and cured by reaction of the
prepolymer with a diol chain extender, e.g. 1l,4-butane-



like, as well as | owered density, are well known areas where conti nual

efforts toward i nprovenent are being made. Less well known, however,
are such factors as tensile strength, elongation, and tear strength.
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percent and 15 nadadeerieemiicrotledloilaropolyurethane shoe sole components
over the past years, room for considerable improvement
still exists. For example, production speed is limited
by the time necessary to achieve the requisite "green
strength® which allows the molded component to be
removed from the mold without tearing and without
suffering permanent deformation. Lowering demold time
through increased catalyzation is possible, however, the
processing window generally suffers as a result.
Increased catalyzation can also negatively affect
physical properties. Use of high primary hydroxyl
polyols, commonly used to increase reactivity of conven-
tional polyurethane foams, is of no help in prepolymer-
based microcellular foams, as the polyol component has
been prereacted into the prepolymer, and thus the higher
reactivity of the primary hydroxy group is irrelevant.

Physical properties of the molded foam product
are also important. Improvements in comfort-related
properties such as resiliency, support factor, and the
like, as well as lowered density, are well known areas
where continual efforts toward improvement are being
made. Less well known, however, are such factors as
tensile strength, elongation, and tear strength. While



cel lul ar pol yurethanes prepared fromthe subject inven- tion

prepol yners are characterized by greatly increased tensil e strength,

el ongati on and tear strength, particu- larly 90[err] tear strength.

In addition, the elastoners exhi bit.early devel opnent of green strength
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Description of the Preferred Enbodi nents The i socyanat es
used in preparing the isocyan- ate-term nated prepolyners are
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during the moldlng process. Such characteristics are

also required of the demolded, fully cured products,
which frequently must be stretched, pulled, or pushed
into various shoe cavities, coverings, etc.

Summary Of The Invention

It has now been surprisingly found that large
and unexpected improvements in physical properties can
be achieved in microcellular polyuréthanes when the
isocyanate-terminated prepolymer component is a 12-20%
NCO-content prepolymer prepared by reaction of a stoi-
chiometric excess of one or more isocyanates with a low
unsaturation polyoxypropylene diol having a molecular
weight of from about 2000 Da to 8000 Da, an unsaturation
less than 0.02 meg/g, and a random oxyethylene content
between 5 mol percent and 15 mol percent. The micro-
cellular polyurethanes prepared from the subject inven-
tion prepolymers are characterized by greatly increased
tensile strength, elongation and tear strength, particu-
larly 90° tear strength. In addition, the elastomers
exhibit early development of green strength allowing for

short demold times.



must be a pol yoxypropyl ene di ol containing fromabout 5 to about 15

wei ght percent random oxyet hyl ene noi eti es and nmust have an unsaturation
| ess than about 0.02 nmeq/ g. The prepol yner di ol has a nol ecul ar wei ght
of from about 2000 Da to 8000 Da. M xtures of |ow unsatur- ation,
random oxyet kyd £ngs-Hont ai ni ng, pol yoxypr opyl ene di ol s may Eﬁmﬂéﬁﬂﬂﬁs

wel | . Mol ecul ar wei ghts and equi val ent wei ghts are nunber average

nol ecul ar wei ghts and equi val ent wei ghts unl ess ot herw se specified.
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hexamethylene dllsocyanate and isophorone diisocyanate.

Blends of these various isocyanates may also be used.
Preferred are 4,4'-MDI, carbodiimideQmodified MDI, and
blends of these. The isocyanate is used in stoichiomet-
ric excess and reacted with the polyol component using
conventional prepolymer reaction techniques to prepare
prepolymers having from 12 to about 20 weight percent
free NCO groups, preferably 15 to about 20 weight
percent, and most preferably about 15 to 19 weight
percent. '

The polyoxyalkylene diol used to prepare the
isocyanate-terminated prepolymer (prepolymer diol) is a
critical aspect of the invention. The prepolymer diol
must be a polyoxypropylene diol containing from about 5
to about 15 weight percent random oxyethylene moieties

.and must have an unsaturation less than about 0.02
meq/g. The prepolymer diol has a molecular weight of
from about 2000 Da to 8000 ba. Mixtures of low unsatur-
ation, random oxyethylene-containing, polyoxypropylene
diols may be used as well. Molecular weights and
equivalent weights are number average molecular weights
and equivalent weights unless otherwise specified.



rangenment is discussed, for exanple, in BLOCK AND GRAFT PCOLYMERI ZATI ON,

Vol. 2, Ceresa, Ed., John Wley & Sons, pp. 17-21. Cont i nued
rearrangenent and oxypropyl ation results in a | owering of the

nom nal, or "theoretical"” functionality of two expected for a diol, to
act ual furebbamakities in the range of 1.5 to 1.6 at equi ver@pér02s36

wei ghts of c.a. 2000 Da. At this equival ent weight, the conposi tion may
contain as much as 40-50 nol percent nonol . Attenpts to
| ower unsaturation and decrease WD 97/ 44374 '
PCT/ EP97/ 02586 -5- -6- t he presence of
nonof uncti onal species have been |argely unsuccessful until relatively

recently. Use of extreme-  Bylghertern danliyoxyesnoyirond wntthe reafitéonal
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Pat ent Nos. 5, 010,d8Wewerl, it o4 648t dEpSrtPatrent tYe <£pPBPt 38 the
di scl oses use of ' e t rlboxyl ugh | GQis
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is substantially difunctional, i.e. does not contain
more than about 10 to 20 mol percent of higher function-
al polyol species such as triols, tetrols, hexols, and
the like. Preferably, the diol has an actual function-
ality in the range of about 1.9 to about 2.2.

The polyoxypropylene diol must have an unsat-
uration of less than about 0.02 meq/g polyol as measured
by ASTM D-2849-69, "Testing of Polyurethane Polyol Raw
Materials." During conventional, base catalyzed,oxy-
propylation, propylene oxide may rearrange to allyl
alcohol which itself may be oxypropylated to form- allyl-
capped polyoxypropylene monols. This competing rear-
rangement is discussed, for example, in BLOCK AND GRAFT
POLYMERIZATION, Vol. 2, Ceresa, Ed., John Wiley & Sons, pp.
17-21. Continued rearrangement and oxypropylation
results in a lowering of the nominal, or “theoretical*
functionality of two expected for a diol, to actual
functionalities in the range of 1.5 to 1.6 at eguivalent
weights of c.a. 2000 Da. At this equivalent weight, the
composition may contain as much as 40-50 mol percent
monol.

Attempts to lower unsaturation and decrease



meq/ g, the cost/activity ratio and necessity for cata- | yst renoval
fromthe polyol product prevented conmer- cialization. The use of the
catal ysts of the foregoing U.S. patents has been able to reduce
.unsaturation to unprecedented levels in the range of 0.004 to 0.007

meq/ g, and atyd bpsSare time render catal yst renoval rapi ¢cem#97/02586
-1 nexpensi ve. In sone cases, the catal yst activity is so high that the

| ow amount of catal yst required may be left in the polyol product. In
t he present invention, the prepolyner diol must have an :
unsaturation bel ow 0.02 nmeq/ g, preferably abgut 0.015 meq/ g or bel ow,
nore preferably bel ow 0.010 neq/g, and nost preferably in the range of
0. 007 nmeq/ g or | owde. presence of\didfidRRtlional species have been largely
PCT/ EP97/ 02586 : ; P has
been surpri singl yué\fsggg\?grsgglt%%. i1 re}éatﬁ%ill%rﬁecgzﬁégl'yo ?se,vaft re\xltg\%{en%ed

|l evel s of unsaturdy mildjgieaghion gfondifdOns: | varhf jH@adBriamaly Pasaet

W thout itsI DEPQEQQEES Ry ﬁéanmﬁctauaanmf e t @oushell 168g] Q\é’alcltion
unsaturation polyol.s as drop-in rep acements f.or, conven- .. i ona

catal yzed anal ogsgﬁgﬁg oft'e Vﬁdodﬁfga. T al?esﬁf‘%gl.lt&eac??’e%ﬁgh
pol yol s in pol yur tenpesatsasshheve litsdel efdechk -undsgeefe@xyadkyinting

boardy foam wherecataigatkesuéRals Walld uden8)PREAREe s pafas i) hyBrbxide,
Masci ol i, "Ur et hane | i cations far N%%il Hi Mo, cgkﬁrswgggh&t
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alkaline earth metal carboxylates such as calcium

naphthenate.

However, real improvement has been shown by
the use of double metal cyanide complex catalysts as
disclosed in U.S. Patent Nos. 5,470,813 and 5,482,908.
Although prior double metal cyanide catalysts were able
to reduce unsaturation to the range of 0.015 to 0.018
meq/qg, the cost/activity ratio and necessity for cata-
lyst removal from the polyol.product prevented commer-—
cialization. The use of the catalysts of the foregoing
U.S. patents has been able to reduce unsaturation to
unprecedented levels in the range of 0.004 to 0.007
meq/g, and at the same time render catalyst removal
rapid and inexpensive. In some cases, the catalyst
activity is so high that the low amount of catalyst
required may be left in the polyol product. In the
present invention, the prepolymer diol must have an
unsaturation below 0.02 meq/g, preferably about 0.015
meq/g or below, more preferably below 0.010 meg/g, and
most preferably in the range of 0.007 meq/g or lower.
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1, 6-hexanedi ol . gh@,o1d NKAGRS Aweyr REHAEEEkar s PBE D XL SRHGE 1 SO Chnr .

segrrents and the _
Oct. 1-4, 1989, pp. 139-142. Moreover, in high resil-
ience foam formulations, use of double metal cyanide
complex catalyzed polyoxypropylene homopolymer polyols
often leads to foam collapse. Therefore, the use of low
unsaturation polyols with their closer-to-theoretical,
actual functionality, and higher molecular weight, has
not proven to be the panaéea expected.

It has now been discovered that some of the
anomalies experienced with polyether polyols of excep-
tionally low unsaturation are due to the presence of a
very small amount of very high molecular weight poly-
ether. It is not known for certain how this high
molecular weight fraction comes to be produced. Without
wishing to be bound to any particular theory, it may be
possible that some isolated catalytic sites exhibit
little substrate transfer, necessary to produce a
product of uniform molecular weight. While the bulk of
sites exhibit the desired transfer, those which do not
result in continuous oxypropylation of a small number of
molecules, creating the very small amount of high
molecular weight product.

This high molecular weight portion of the



prepol yner are wurethane |inkages. In water-bl own m crocel | ul ar
el astoners, the reaction of water with the | socyanate results in the
formati on of -an am no group and |iberation of carbon dioxide as a
chem cal bl ow ng agent. The ami ne thus produced reacts with the

| socyan- ved e7/ggsoups to produce short, rigid urea |inkageper/EPyizsss I n
wat er - bl own m crocel lul ar el astoners, the chem cal bl owi ng reaction
generates both urea short segnents as wel | as diol-derived urethane
short segnents., The two differing short segnents alter phase out
during cure as wel | as affecting el astorfer properties due to the
presence of the relativyely polar hut rigid urea groups. Mor eover, the
creation of react P9g¥egﬁFﬁo-"f%ct PBnafome CaFBluct3Ftdedfvad $ubfachant,

i socyanat e-t er m nafledrpngpiohy-foam chemistirgy bhese 4 @egybho§kSméLecular
I nter-react by reggti n i t erni pate repol ymer | ecul e
with an am no?_% %Pﬁ?ng?gg?gngbr é?)?gﬁgﬁg Eﬁ|é s‘é{g%/gﬁgfl%ﬁfe?ﬁnﬁ%ﬁeggre
prepol ymer nol ecufd® GFfeFedan®dtobchedyswephenenstructure. Effdrts

97/ 44374 | ast are c#ﬁpen;l¥ underw?y to elf?ﬂﬁé%@?ﬁﬁ? h molecular

- 9- el asto . | nter-reaction creates polymers having
abutting soft segﬁéiggtr %?é&°?rﬁ§1§hﬁu94hﬁﬁ¥ L-ernati on of hard and
soft segnents. Thus, the formul ati ons and chem stries of neat

el astomers cannot be extrapphat @hehlstry SAt wa%gggpgoggcr,pﬁcg#gﬁulﬁ om

el ast oners. . The use of . oxypropyl ene di ol s having

5 to 15 wei ght pefQ¥Mg qﬁﬁ%ls“g’ﬁmgghé ’Fr%‘?‘%tqhéé‘ ghdneat slpstamers ow
unsaturation has &een GHbvrlawi t enisumqueildular  ehgbyomers esddd iHd  the
vt er- bl own Dol yUE£ENah TBEM Grea 11ARAded Aulis /MRS Whigh poll Bidae

hi gher tensile trength, higher el ongation," I'oWer tear streng
than ot herwi se si™Y ar“H cRceMYAELCaZPREt 0REPYR pr bR d Chainmegkesded ar

| ow unsat ur at i on pidtywcgilofldeed aditeineragt the hiodi fegridifcd e naehiicazer nal
oxyethyl ene contel. those produced by the reaction of the isocyanate
groups and the short chain diols, e.g. ethylene glycol,
1l,4-butanediol, and 1,6-hexanediol. The linkages
between the chain extender short segments and the
prepolymer are urethane linkages. In water-~-blown
microcellular elastomers, the reaction of water with the
isocyanate results in the formation of an amino group
and liberation of carbon dioxide as a chemical blowing
agent. The amine thus produced reacts with the isocyan-
ate groups to produce short, rigid urea linkages. Thus,
in water-blown microcellular élastomers, the chemical
blowing reaction generates both urea short segments as
well as diol-derived urethane short segments., The two
differing short segments alter phase out during cure as
well as affécting elastomer properties due to the
presence of the relatively polar but rigid urea groups.
Moreover, the creation of reactive, amino-functional
products derived from the isocyanate-terminated prepoly-
mer allow these long blocks to inter-react by reaction
of an isocyanate-terminated prepolymer molecule with an
amino-terminated, previously isocyanate-terminated
prepolymer molecule, which cannot be the case with neat



Mor eover, other properties such as resilience, hardness, and

conpression set nmay be inproved as well. . The i nprovenents
di scovered are particularly surprising in view of the fact that the

m crocel | ul ar el astomers of the subject invention are prepared by a
prepol yner prwOg38437n the preparation of conventional f rree/EROS/02586

nol ded pol yuret hane foam for exanpl e, particularly the latter, high
pri mary hydroxyl content polyols are often used to increase reactivity,
as pri mary hydroxyl groups react nore rapldly with isocyan- ate
groups than do secondary hydroxyl groups. ver in the case of

prepol yners, the hydroxyl grou of ., t he o] are reacted with
i socyanate to for n%fﬁég%%%anggls “é*f%r'fre??ﬁp IbéFrﬁP@Gél HREYmenH raimng e
t he prepol ymer is abuttwingdofitt seghentharated ehader contihegd edittiatidnf or m

the mcrocellular & asiQi€ing s %edgé ra\hethers th‘g],hOlﬁ &%%;%%I. diydr.oxy|

groups are primary or secondary gr oup's
di fference, and tkﬁﬁﬁﬁﬁiﬁﬁﬂ%ﬁﬂéﬁsneat #Rmensaﬁmnméﬁ be %Ktqﬁnqkﬁﬁﬁﬂ'mpon1

hi gh primary wate?MBIbrd4d &bocellular elastomers.

PCT/ EP97/ 02586 - -10- hydr oxyl polyols.
Furthernore, as the presence of the signi ficant pol yoxyethyl ene caps

necessary to prepare hi Fhepusaaey bollyoxyPrepyyene dired sk hawinigo frraie
pol yur e- t hane Gzloaisoﬁ@ié'lini{&c%% gokelrfalabe e@ﬁifi)érpé 'xr(?ﬂ.etl:é%r

Xi ur i ene OX|de
Bgfyg§$PZQ?|gﬁtkzgﬁkﬁgﬁégr %glPﬁgagurgbfgﬂo?§§é§e?ﬂ(ﬁh éﬁtsurprls-
Thus, it was quiténadyprtei nesiktt udse whter-bpoepolpolrumiittanepr apared
from propyl ene oxic¢a169R8! Y elastdﬂérfszeqﬂw.éﬂq el eNe Oxiggeln %ené}”ﬁ
manner not only . Lncleasqd physical properties buf moreover decreased
than otherwise similar microcellular elastomers prepared
from similar, low unsaturation polyoxpropylene diols not
having the required internal oxyethylene content.
Moreover, other properties such as fesilience, hardness,

‘and compression set may be improved as well.

The improvements discovered are particularly
surprising in view of the fact that the microcellular
elastomers of the subject invention are prepared by a
prepolymer process. 1In the preparation of conventional
free rise or molded polyurethane foam, for example,
particularly the latter, high primary hydroxyl content
polyols are often used to increase reactivity, as
primary hydroxyl groups react more rapidly with isocyan-
ate groups than do secondary hydroxyl groups. However,
in the case of prepolymers, the hydroxyl groups of the
polyol are reacted with isocyanate to form the isocyan-
ate-terminated prepolymer long before the prepolymer is
mixed with the chain extender and ingredients to form
the microcellular elastomer. Therefore, whether the
polyol hydroxyl groups are primary or secondary hydroxyl

- groups should make no difference, and thus prepolymers
are not required to be prepared from high primary



denol d tinme. The decrease in denold tinme is particul ar- | y unexpect ed.

Chai n extenders useful in the subject inven- tion are the diol chain
ext enders havi ng nol ecul ar wei ghts | ess than 400 Da, preferably |ess

t han 300 Da. Such chain extenders include ethylene glycol, propylene
glycol, 1, 3-wpopasagi ol, 1,4-butanediol, 1,2- and 2, 3- PR Y kST R2586

gl ycol , 1, 6- hexanedi ol , neopent yl gl ycol , hydr oqui none

bi s(2- hydr oxyet hyl et her), cycl ohexane- di et hanol ,

1, 4-cycl ohexanediol, and the like. This list is illustrative and not
limting. M xt ures of diols may al so-1® used. Mich preferred is

1, 4- but ane- diol. The chain extender supplies the nost substanti al

part of total redt¥dxaxr QAPYaLs .t hFBHiemmade t les the presewdd wairthe

el astomer fornul figiificant polyoxyetiifidie iéaﬁ@h@ﬁ@@sﬁé aﬁcﬁaﬁﬁﬁgre
bl owi ng agent. hi he use ofhwa er ?S bl owi n ent nma gs the chemstry
and processing of tHe PEaf&e: "YATRHY T 7P %r‘?s"%c own tomake|BeHY¥¥eT ent
and non- conpar ablthane edasénmeosahdye subjEawtosyatersadberpton) yiSherd

géfﬁﬁrgnggent§ 54ﬁﬂ1§$§§722§§§§iv§E§5n tgrgéili9¥’g@ﬁ}iéﬁbrg§gégmg&¥ggﬁ
PCT/ >é':)g?/ 02586 propylene oxide polymerizatiom 11!11’161’1 pI{ﬁQq;:‘riim, thed t he

li ke are used. Wirepdlymeipkdyedcbfmponendh anmount effective to produce the
desired density, generally in the range of 0.15 g/cnferr] to 0.60
g/cnmerr], preferably 0.2 g/cnferr] to about 0.5 g/cnferr]. The anount
of wat er may, for exanph@s.beltrWaS0.dMike t suspri®ipdr tshat uper oid0

parts of the syspempBlyde. diolle pebbaskidverom priRyllenel AR dhmpiged is

easi ly cal cul at eﬂ‘e(%ri méa- . Eﬁrﬁé’ y on(g of _ordinary skill in the art of

mcro- - cel | ulSF &FEsERRr SERY ASRF aR¥ 4R 2 heft o2 e Hftfe s oLy
increased physical properties but moreover decreased
demold time. The decrease in demold time is particular-

ly unexpected.

Chain extenders useful in the subject inven-
tion are the diol chain extenders having molecular
weights less than 400 Da, preferably less than 300 Da.
Such chain extenders include ethylene glycol, propylene
glycol, 1,3-propanediol, 1,4-butanediol, 1,2- and 2,3-
butylene glycol, 1, 6~-hexanediol, neopentylglycol,
hydroguinone °~ bis(2-hydroxyethylether), cyclohexane-
dimethanol, 1,4-cyclohekanediol; and the 1like. This
list is illustrative and not limiting.. Mixtures of
diols may also be used. Much preferred is 1,4-butane-
diol. The chain extender supplies the most substantial
part of total reactive groups in the B-side of the
microceilular elastomer formulation.

Water is employed as a reactive blowing agent.
The use of water as a blowing agent makes the chemistry
and processing of the subject invention systems com-
pletely different and non-comparable to conventionally
blown systems wherein physical blowing agents such as
CFCs, PFCs, HCFCs, low boiling hydrocarbons, methylene



a separate stream but is virtually always m xed toget h- er with the
chai n extender and/or other isocyanate- reactive conponents and
supplied as .a B-side conponent. The i socyanat e-t erm nat ed
prepol yner, chain extender, and water previously described are the re-
qui red syst emwoosvmasvent s. Further, optional conponents i ROTRRS7/02586
catal ysts, additional polyether or other polyol, particul arly pol yol
pol ymer dispersions, antioxidants, =~ UV light stabilizers, fillers,

pl astici zers, and ot her additives and auxiliaries known to the art.
Cat al ysts are generally required. Sui t abl ell- catal ysts include the

various netal catalysts, particu- arly those of tin such a Eﬁgrlous
octoate, dibutylt |<Pihl°rl‘%ﬁac%‘%%tfé‘ean’cpﬁﬁ RS | 1555 di IVRRSH &5 £ j?ffﬁ

catal ysts sucha®s atmbugthyd £fe-tdiven te gnbdure | the. débéredt aderstisty,
are general ly used_i n,a nt o] 1 r - rt &t ,
each- relative to 1?)%“% nﬂé"t(‘%Paltl{er Q‘aggtgen%‘%an%rffp?/fe aﬂz}/ Ozsib%tw 05,
part to about 2 preferably The? gvsmt §°a|a§°P§aB|-5ygé§Eert (P“W”(%d%fe

ski :c ! led in the grtwa?er may, | for exaﬁﬁié‘o' bgoﬂ'ﬁﬁr OdIIS@%f&'&‘r.l @S 2a0e pfren
usefu and preferre rous erS|o s 0 y
"base" or "carrierPe€HollP8 H’W%e" g‘%‘ © ¢ feS %‘ﬁﬁ Q e {%féﬁgﬁ’ﬁ4

PCT/ EP97/ 02586  amount of water required is eas;_Lgy calcudetidn oFolBeH-
pol ymer di spersi ong, y&&dbgom Be Beéynary sien1mad fipd aetyaks rifiQfxrﬁid by

the in situ polymeriza- tion of .vi n¥ nononers, and }{/r‘% vﬁaﬁl

prepar ed by t heelHka® (phasfomeds -of 1Ri PTJF LI y i Wgﬁ‘a e’®

reactive substances,sdpgratichetieana| bat £ RAmnch1RDalways mixed togeth-
er with the chain extender and/or other isocyanate-
reactive components and supplied as a B-side component.

The isocyanate-terminated prepolymer, chain
extender, and water previously described are the re-
quired system components. Further, optional components
include catalysts, additional polyether or other polyol,
particularly polyol polymer dispersions, antioxidants,
UV light stabilizers, fillers, plasticizers, and other
additives and auxiliaries known to the art.

Catalysts are generally fequired. Suitable
catalysts include the various metal catalysts, particu-
larly those of tin such as stannous octoate, dibutyltin
diacetate and dibutyltin dilaurate; and amine catalysts
such as triethylene diamine and the like. The.catalysts
are generally used in amounts of from 0.01 part to 5
parts by weight, each relative to 100 parts total
system, more preferably about 0.05 part to about 2
parts. The amounts are readily ascertained by those
skilled in the art.

Polyol polymer dispersions are often uéeful,
’ and preferred. While numerous dispersions of polymer in
a "base" or "carrier" polyol may be used, the two most



polyols. Al these .pol yol pol yner di spersions have been comercially

avai |l abl e. Solids contents range from about 5 weight percent to over
50 wei ght percent in the case of the pol yner-nodified polyols, and from
about 5 to about 30 percent or nore in the case of PIPA and PHD

pol yol s. WO 97/44374 The amount of polyol polynmer di spergi®ire9hasss

ot her polyol, i.e. polyols having nol ecul ar wei ghts greater than about
400 Da, is generally limted such that | ess than 50 nol percent of the
total B-side hydr oxyl groups, preferably | ess than about 30 nol

percent, and nost preferably less than 20 mbd- percent is contributed by

t he pol yol pol yner. di spersjon basge | yol or ot her hi gher nol ecul ar

wei ght pol yol . ‘?Jg ‘hieynl %‘l‘@%ﬂ HSIRPIG P e hasey are poly-

i socyanat e-t er m rmegeenodi £ jd ol Iyradrs vﬁwmed hey s e & &fy H{dl%{ékl@é‘ir oxyl
gr oups i S noty

pol ymer di sper si oniclggqgr ef elylbﬁbgbfntegg grﬁg ggiﬁ%%r Pd%‘??‘ﬁéigﬁpaéﬁﬁ & in
order to increaséh®adfi Fity reac"ﬁ‘-?’ha@? oXy| pedmiencyanatés omizhout
30 nol percent redatialousudtdmteder ceal ane HERlQINS: pxﬁzbeaﬁ&' i)

bref erably. provi o ModE anhnt s EF svor Belendn St sPerninoadans sren
percent solids, mammencdfadily. avaibilyle. t o 2dbbids 2Gontieght pﬁn&;mt f&ehi ds

based on the aRiahts Qleilghe e§béﬁtC98P8sP€{:t50
general |y descri bed thl% m?entllgon further we erstgr? |centcan %gg
obt ai ned by ref eéF¥ ° WWF' Agg,pol Y°ls' and frOm about 5

PCT/ EP97/ 02586 to about 30 percent or more in the kdse of PIPAr halnNpHD

speci fic exanpl epoiicaly .are provided herein for pur poses of
illustration only and are not intended to be

The amount of polyol polymer dispersion or
other polyol, i.e. polyols having molecular weights
greater than about 400 Da, is generally limited such
that less than 50 mol percent of the total B-side
hydroxyl groups, preferably less than about 30 mol
percent, and most preferably less than 20 mol percent is
contributed by the polyocl polymer dispersion base polyol
or other higher molecular weight polyol. Unlike the
polyol used to prepared the isocyanate-terminated
prepolymer where the presence of primary hydroxyl groups
is not important, here, the base polyol of the polyol
polymer dispersion is .preferably of higher primary
hydroxyl content in order to increase reactivity.
Primary hydroxyl contents of from.about 30 mol percent
to about 90 mol percent are preferred. The solids
content and amount of the polyol polymer dispersion is
such as to preferably provide from about 5 weight
percent to about 30 weight percent solids, more prefera-
bly 8 to about 20 weight percent solids based on the
weight of the B-side component.

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



limting unless otherw se specified. Exanmples | and 2: Conparative

Exanple d Two prepolyners were prepared in the conven-
tional. manner by reacting a stoichionetric excess of pure 4,4'-MDl with
a pol yoxypropyl ene "prepol yner diol." Bot h prepol yners cont ai ned 15%
NCO gr oups. Wo sEmespl es 1 and 2, the pol yoxypropyl ene " prE&serajiess di ol "
was a 3000 Da nol ecul ar wei ght pol yoxypropyl ene di ol contai n- I ng
10 wei ght percent random oxyet hyl ene npi eties and havi ng an
unsaturation of 0.005 neq/g. The prepol yner di ol of Conparative Exanple
Cl was a simlarly prepared diol contark-ng only oxypropyl ene noieties
and no random oxyet hyl ene noi eties. The,nolecul ar_wei ght .of the all-
propyl ene oxi de F&FTRAR ﬁcﬂef&lfl\ﬁ/agxéma?‘eﬁoffblﬁh aha ?ﬂ%‘ug&é R &9 %n

0. 007 neq/ g. purposes of ilbhsteationi enbyeirdilaae ppdsdhbendedetpripar ed
fromthe above-i o fl c I ;e @kl ons and physi cal
properties are sgg'Jé%fﬁpﬁgvgﬁgiﬁgﬁggﬁgg%.SEQEE%l@H WO 97/ 44374

PCT/ EP97/ 02586 -14-

Table 1 Exa LEand 2: Comparative Exaniple C1 2 Cl
B- Si de A err| E656[err] 59.70 59.70

59. 70 ARCOL[ err] E660[err] 40. 30 40. 30

40. 30 1, 4- but anedi @iwo prepolymex® were prepbxed) in the corl&Rrb)

tional manner by reacting a stoichiometric excess of
pure 4,4'-MDI with a polyoxypropylene “prepolymer diol."
Both prepolymers contained 15% NCO groups. In Examples
1 and 2, the polyoxypropylene “prepolymer diol" was a
3000 Da molecular weight polyoxypropylene diol contain-
ing 10 weight percent random oxyethylene moieties and
having an unsaturation of 0.005 meg/g. The prepolymer
diol of Comparative Example Cl was a similarly prepared
diol containing only oxypropylene moieties and no random
oxyethylene moieties. The molecular weight of the all-
propylene oxide derived polyol was c.a. 4000 Da and the

unsaturation 0.007 meq/g.

Athletic microcellular midsoles were prepared
from the above-identified prepolymers, the formulations
and physical properties are set forth below in Table 1.



Wat er 1.05 1.05 1.05 Dabco
33LV 0. 25 0. 25 0. 25 Dabco[err] Bl 11
0.42 0.42 0.42 Dabco[err] 120 0.014
0.014 0.014 Y10788 Silicone 1.0 1.0
1.0 wo S1/6i874 MDI - deri ved, MDI - derived, pWplrpdHdaisaed,
Pr epol yner 15% NCO 15% NCO 15% NCO Pol yol in
A- Si de Pol yol Al err] Pol yol Al err] Pol yol Bferr] | ndex
100 105 105 Physi cal Properties:
Density, g/cnferr] 0. 27 0. 27 -14- 0. 27 Har dness,
Asker C 39 44 49 Resiliency, %
42 40 39 Tensile, MPa (psi) 1.47 (213)
1.34 (194) 1.14 (165) El ongat i dableok 644 520
407 C Tear, KN'm 7.0 5.8 5.4
(I'b/in) i’4u) it
Tear, KNm 1 EXAMPLE
(9 2 - (5 -Side ] Pol i 3000 Da nol ecul t
[r ol yo is ol ecul ar wei g

poI yoxypropyl ene i of* RGO kﬁ?(ﬁ 49% 10| wei gsﬁt %ercnnt Pandom
oxyet hyl ene” noi et i SAR&QLL%56§Q'I n 40.30 uns#0ttht i op of 40.3005 npq/ g.
[err] Polyol Bisla lﬂd!}ltwdmbl yoxypr oiy¥&ne tPI ol 1(50?& ai njf ng 16.50xyet|pyl ene
noi eti es, and havifngWaterunsat ur at {on ofl.@. 007} meq/ §.05 [ 205] Al E
656 is a conventi g naDh\y:OBaﬁé:\éat alyzed 03l yoxyet hyD&%e 0.290 97 44374
PCT/ EP97/ 02586 Dabco® Bl 11 0.42 0-4P5- 0.42 cdpped
pol yoxypr opyl ene tjr i Dabdo®\Vi20g a hydr oxyl.0unber of 03H4 0loanr ]
ARCOL[err] E 660 ilfs ¥18788rSitiedrecr Y1 oni 6 | e ppl ynern.gol yo| havieg a
hydr oxyl nunber off 20 and nMaving §_po! yoxyetrnyiene capped

A-Side MDI-derived, MDlI-derived, | MDI-derived,

Prepolymer 15% NCO 15% NCO 15% NCO

Polyol in A-Side Polyol A' Polyol A’ Polyol B?

Index 100 105 105

Physical Properties:

Density, g/cm’ 0.27 0.27 0.27

Hardness, Asker C 39 44 49

Resiliency, % 42 40 39

Tensile, MPa (psi) 1.47 (213) 1.34 (194) 1.14 (165)

Elongation, % 644 520 407 I

C Tear, KN/m 7.0 5.8 54

(1b/in) (40) (33) (31)

Split Tear, KN/m 1.7 1.0 1.4

(Ib/in) (9.6) (5.8) (7.8)

Demold Time, min 3 3 5

Polyol A is a 3000 Da molecular weight polyoxypropylene diol containing
10 weight percent random oxyethylene moieties, and having an
unsaturation of 0.005 meq/g.

Polyol B is a 4000 Da polyoxypropylene diol containing no oxyethylene
moieties, and having an unsaturation of 0.007 meg/g.

ARCOL® E 656 is a conventionally base-catalyzed polyoxyethylene

~



pol yoxypropyl ene triol as the base polyol. The results

shown in Table 1 indicate that the subj ect I nvention m dsol es
possess- significantly i ncreased tensile strength, elongation, C
tear, and split tear. The increase in these properties at |ower
I ndex (100) WI7ped™i cul arly notewort hy. The denvol d tROTRPITN2SBOt h
of the m dsoles of the subject invention are 40% | ess than the mdsol e
prepared from an i socyanat e-term nated prepol yner derived froma | ow
unsaturation, all polyoxypropylene diol. Exanpl e 3 and Conpar atve
Exanmpl e C2 A series of n1ds@*es mere produced from
prepol yners prepared as I n |c ted abolve bu her ight %
NCO content.  The fof ‘i‘? ycnetpqi tf‘i"@ eég‘seet forth
bel ow i n Table 2. '5 a styren acry t”l’zi’B ymes P° having a
EXAMPLE hydrq;yl number of é()z and - havmg a polgoxyethylans, capprsdi on
ARCO:[err] 1375[err] polyoxypwpylenemwl as the base 901791 ARCOL[ err]
E-815[ err] 30 1, 4- but anedi ol
2 2 &l’x}wpgﬁglﬁpyﬁxﬁwn in Table } indicate thatythe
Herr]O subject 1. @nvention mliddoles possedibcelighifiddhiy
']I-'L 22 1.0 increaseéi gtgﬁéj]:]?e str&ngth, elongati%:négocz' tear, Qn&s
0.3 0. 3 split tear. The increase in these properties at lower
index (100) is particularly noteworthy. The demold

times of both of the midsoles of the subject invention
are 40% less than the midsole prepared from an
isocyanate~terminated prepolymer derived from a low
unsaturation, all polyoxypropylene diol.

Example 3 and Comparative Example C2

A series of midsoles were produced £from
prepolymers prepared as indicated above but having a
higher weight % NCO content. The formulations and
physical properties are set forth below in Table 2.

Table 2

EXAMPLE 3 C-2 ,
B-Side Formulation

ARCOL® 1375 70 70
ARCOL® E-815° 30 30
1,4-butanediol 2 2
ethylene glycol 7 7
H,0 1.0 1.0
Dabco® 33LV 1.0 1.0
BL-17 0.18 0.18
T-12 0.9 0.9
L-5302 0.3 0.3




WD 97/ 44374 PCT/ EP97/ 02586

- 16- A- Si de Formul ation Pol yol
Pol yol A - Polyol B % NCO 18.5
18.5 Physi cal Properties Density, g/cnferr]
0. 27 WR724d374 Har dness, Asker C 45 pcT/EPITI0258¢ 47
Resilience, % 34 36 Tensile, kg/cnferr]
7.7 5.5 El ongation, % 184 189
Split Tear, kg/cm 1.7 2.1 90[err] Angle
Tear, kg/cm 6.9 4.1 -16-50% conpression set, % 28.9
35.0 ARCOL[err] 1375 is a conventionally
base-cat al yzed , ,oxyet hyl ene- capped pol yoxypropyl ene
triol _having a hydr oxyjA-Stde Forhslalisn noher of 23
ARCOL[err] E-815 is a sp(ylg,glne/ acrylonitrijfl e %lmr pPYl yop, 96‘1V}§ ng
a hydroxyl nunber of Z0g4akedhavi ng a pol yoxyetfg{gene_q.appe485
pol yoxypr opyl ene tri olj—as—tfre—base—potyot- —Jhe—fesults
presented in Tabl e 2 aoBhysical lPosperties trate the significantly irrplfoved
properties realized if .M dSQIes UsTTg the Prepol ymers of -t e ubj ect
i nvention. Not e tlhBESitHe8fCBhsi| e strengt - incieased-3y 40%%
while the 90 angl e tedrHauinesscAskaidd by dI nost 4709 $%anpl o 4 and
Conpar ati ve Exanpl es 3Regiigncy % 34 A sefies o36unitsples were
produced in a nmanfjeFensile kgdemt 0 t he greced?ig exanpl es.5.Fhe fdf mul a-
tions and physical pr{pEongaonafe presentied i nl8able 3 1881 ow.

Split Tear, kg/cm 1.7 ' 2.1

90° Angle Tear, kg/cm 6.9 4.1

50% compression set, % 28.9 35.0

' . ARCOL® 1375 1is a conventionally base-catalyzed
polyoxyethylene-capped polyoxypropylene triol having a hydroxyl
number of 23.

ARCOL® E-815 is a styrene/acrylonitrile polymer polyol having
a hydroxyl number of 20 and having a polyoxyethylene capped
polyoxypropylene triol as the base polyol.

(8]

The results presented in Table 2 again illus-
trate the significantly improved properties realized in
midsoles using the prepolymers of the subject invention.
Note that the tensile strength is increased by 40%,
while the 90° angle tear is increased by almost 70%!

Example 4 and Comparative Examples C3 and C4

A series of unitsoles were produced in a
manner similar to the preceding examples. The formula-
tions and physical properties are presented in Table 3
below.



WO 97/ 44374 PCT/ EP97/ 02586
-17- TABLE 3 EXAMPLE
4 CG3 -4 - B- Si de Forrmul ati on ARCOL[err] 1375
70 70 70 ARCOL[err] E-815
30 WO 97/44374 1, 4- but anedi ol 2 PCT/EP97/02586
2 et hyl ene gl ycol 7 7 7
Herr]O 1.0 0. 35 1.0
Dabco[err] 33LV 1.0 0. 25 7 1.0 BL-17
0.18 0.18 0.18 T-127 0.02,
0.02 0.02 L- 5302 0.3 0.3
0.3 A- Si de Fornul ation % Pol yol A
Pol yol ([ err] Palval B ﬁ)ﬂgﬁh e 18 ©
17.8 18.4 XAM hysi cal Phopert4es err
0.43 0. 43 E ng ) psmi% ]
43 41 %o
41 Tensi | ¢ F———————fyl 0
El ongation, % ARCOL®3585 176
Tear, kg/cm ARCOL® E-815 3.2 30 3|3 30 90[ e3r] Arjgl e
Tear, kg/cm 13}31,4-butanediol 11. 2 0.5 2 509 f conpgessi dn
set, % 19.1 emylaﬂ% gycol 31.3 7 7 Polypl C ifls a
conventionally bas¢-ga al yzed 2000 Dajnol eggl ar | 0.35 1.00ei glft
pol yoxypropyl ene digh.peQitgi i Nng no oxyet hypene (i epiBs, 1.0
and having an unsafigjajyon of 0.01 ne@/g. g.18 0.18 Th@ gesulits in
Table 3 indicate thatyse of the|prepgogyners of gtgae supj ecy Obnvertion
when used in L-5302 0.3 0.3 0.3
A-Side Formulation
Polyol Polyol A Polyol C! Polyol B
%.NCO 18.5 17.8 18.4
Physical Properties
Density, g/cm® 0.43 0.43 0.44
Shore A Hardness 43 43 41
- Resilience, % 44 42 4]
Tensile, kg/cm? 23.2 18.7 8.9
Elongation, % 358 291 175
Split Tear, kg/cm 3.1 3.2 3.3
90° Angle Tear, kg/cm 13.3 11.2 9.5
50% compression set, % 19.1 18.8 31.3

t Polyol C is a conventionally base-catalyzed 2000 Da molecular

weight polyoxypropylene diol containing no oxyethylene moieties,
and having an unsaturation of 0.01 meg/g.

The results in Table 3 indicate that use of

the prepolymers of the subject invention, when used in
unitsoles of higher density (0.43 g/cr’), produce soles

with exceptional tensile strength and elongation, while

having higher resiliency at the same time.

the 90°

angle tear is significantly increased.

Moreover,

The



uni tsol es of higher density (0.43 g/cnferr]), produce soles W th

exceptional tensile strength and el ongation, while havi ng hi gher
resiliency at the sane tine. Mor eover , the 90 angle tear is
significantly increased. The WO 97/ 44374

PCT/ EP97/ 0258 97/44374 - 18- t ercatr®7/8358€Nngt h
of the random oxyet hyl ene- cont ai ni ng, | ow unsat urati on pol yoxypropyl ene
di ol - based m cro- cellular elastomer (Exanple 4) exhibited a tensile
strength sonme 260% hi gher than that of the all-oxypro- pyl ene | ow
unsaturation diol-derived mcrocellular -18| astoner (Exanple C4). In
addition, the elongation I ncreased by a factor of 2 while the 50%

conpression set tengble swpeoydl abtikeabiyden. exye¢thylrnedgrdatinimemnt i on
m cr oceljl ul ?L el afév@”ﬂinsﬁdﬁi&aﬂl?&ﬁ? polLgBkibeapl1ener CH/fcl-baséH?”tmth:S.co— .
conpar ed wi am u ast o epar e conventiqnal ly
base- cat al yzed, a‘FT{ngklgﬁ ﬁ&a?r% mg%i‘%%? grrpﬁéhéé}teat 3 s SRS t hy
that the latter stre:hg;q:ﬂ ook S0 |Iurgl'{my941’raai Yhadpert itdee ial lt-oixypyst em
than a simlar P&?é' U* ﬁ%&ﬂf?&tﬂﬁ{' V@b L rd%!?lt\}éﬁ mléz%‘@elluﬁ.ar

unsaturation” aII ypropy ene po once again ustrating t
substitution of |SYRIHRBRLI é??‘%‘ﬁp e cﬁc))l'yol’én f BRdibHRRNt FBRale LSHGRSiONdoes
not necessarily mcfﬁs&d by al ﬂacwermmtz efhifleyshead 0 prapgyddsiSon set

Exanpl e and QOB JAATRRE bty as weld., he MU b sty at e

t he benefi ci al € su I nvent'i on ens simlar to
Exanpl e 1 merl@lmleldﬂmreséfaétpﬁwm ﬁ}‘%’?ér%@ﬂ%’r%ﬁm‘s H@@rove~so| e
conponents. Pol yaled® uedompabsangith & mictoé800ular dXadBimaupeparieght

POl VoK T 0D N 590K VIERyBL P onon 1 FUALILIG A1 4 RSLREHE A REOT

Pol yol B polyol (Example C3). It is noteworthy that the latter
displayed superior physical properties in this system
than a similar microcellular elastomer derived from the
low unsaturation all-oxypropylene poclyol, once again
illustrating that . substitution of low unsaturation
polyocls for conventional polyols does not necessarily

result in improvement of physical properties.

Example 5 .and Comparative Example C5

To further illustrate the beneficial results
of the subject invention, two systems similar to Example
1 were used to prepare low density microcellular shoe
sole components. Polyol D used in Example 5 is a 4000
Da molecular weight polyoxypropylene prepolymer diol
containing 10 weight percent random oxyethylene moieties
and having an unsaturation of 0.005 méq/g. Polyol B
used in Comparative Example C5 is tlhe same polyol B as
Example 1, a 4000 Da, all oxypropylene diol. The
formulations and physical properties are given below in
Table 4.



used in Conparative Exanple C5 is the sane polyol B as Exanple - 1, a
4000 Da, all oxypropyl ene diol. The formul ati ons and physi cal
propertires are given below in Tabl e 4. WO 97/ 44374
PCT/ EP97/ 02586 -19-
TABLE 4 : WO 97/44374 EXANMPLE 5 CSPCT/Er97/02586
B- Si de Fornmul ati on ARCOL[ err] E656 60 . 60
ARCOL[ err] E660 40 40 1, 4- but anedi o
15.5 15.5 Wat er 0.95 0. 95
Dabco[ err] 33LV 0.55 0.55 -1%- Dabco[ err] Bl 11
0.42 0.42 Dabco[ err] %ﬂhLE4 0. 015 - 0.015
Pol ycat[err] SA-102 0. 29 R Y10788 Silicone
, 1.7 _____A-Side M -derjve - derived,

Pr epol yner 1%9’&%&& 15% NCO 5 Hol yol~d n A-fsi de
Pol yol D Polyol B | EAAMPLE ) o Cin 105
Physi cal Properties B-Side Fopmngition, g/ cnjerr] 0.27
0. 27. Har dnegs= . _
Resi liency, % ABRCOL® E656 38 . 60 Tgnsilep MPa [(psi)
1.21 (175) 1.02 (148) ARCOlL® E660 El ongat i on4p% | 40 177
133 C Tear, [KNGWuldnbdibn)  6.0[(34)15.5 5.3 (30355
Split Tear, KN'm (Ib/in} war96 (5.5) 0{74 (gto3) 0.95 nol d
Time, min 6 Dabco® 38LV 0.55 0.55

Dabco® Bl 11 0.42 0.42

Dabco® 120 0.015 0.015

Polycat® SA-102 0.29 0.29

Y10788 Silicone 1.7 1.7

A-Side MDI-derived, | MDI-derived, |

Prepolymer 15% NCO 15% NCO

Polyol in A-side Polyol D Polyol B

Index 105 105

Physical Properties

Density, g/cm?® 0.27 0.27

Hardness, Asker C 51 52

Resiliency, % 39 38

Tensile, MPa (psi) 1.21 (175) 1.02 (148)

Elongation, % 177 133

C Tear, KN/m (Ib/in) 6.0 (34) 5.3 (30)

Split Tear, KN/m (lb/in) 0.96 (5.5) 0.74 (4.2)

Demold Time, min 6 8

The results presented in Table 4 again indi-
cate that the
random oxyethylene moieties,

subject prepolymer diols, containing
produce elastomers with
superior physical properties as compared to otherwise
similar, all-oxypropylene low unsaturation diols.
Tensile strength, elongation, and split tear are notice-
ably improved, with slighﬁ apparent improvement in C-

Tear. Note again that the demold time is significantly



The results presented in Table 4 again indi- cate that the subject

prepol ynmer diols, containing random oxyet hyl ene noi eti es, produce

el astonérs with superior physical properties as conpared to ot herw se
simlar, al | -oxypropyl ene |ow unsaturation di ol s. Tensil e
strength, elwagzia43onh, and split tear are notice- ably i mumsmedozses t h
slight apparent inprovenent in C Tear. Note again that the denold tine
is significantly WO 97/ 44374

PCT/ EP97/ 02586 - 20- i nproved,
surprising since the prepol ymer NCO cont erH2¢- are the sane, as are the
B- si de conponents. The de- . Creased denold tinme can translate into up
to a 33% i ncRBRSEVER, pFBURELEARTeHPRERI et PEepadymesnEO sfontentsol ds.

Havi ng now ful | y ages@hiebashidie a9vapki @he iB-side WdhpdfePar ehhet eone of
ordinary skill in_the art hat _many changes. and nodi ficati ons can be
made thereto CHRFERGHt Wlﬁbm rd‘%/ﬁnt hﬁrgﬁ??‘?Feoﬁ%p‘époftOt he 33%

i nvention as set ihgreasherigi nproduction\\en@pl/ci4dtyt the same number of
PCT/ EP97/ 02586 polds.

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.



-21- C ai ns: 1. A mcrocellular- polyurethane shoe

sol e conponent, conpri sing: the catal yzed reaction
product -of - a) an isocyanate conmponent conprising an

| socyanat e-term nated prepol yner having an NCO group content of from 12
to 20 wei ght Wemed4sr4 conpri sing the reaction product of XCI/EPS7/02586
stoichionetric excess of one or nore di- or polyisocyanates with a

pol yoxypr opyl ene diol, said diol having an unsaturation I oWer 1 han—

about 0.02 neqg/g, containing from5 to 15 wei ght per
oxyet hyl ene noieties, and having a nol ecul ar2l- wei ght EQ ﬁm

Da and 8000 Da; w b) a resin conponent,* conpti Sk

b)i) an al i phatX i Sicycl oal i phatic di ol chai n extender haV| ng
a nol ecul ar wei ght of | ess than about 400 Da;

b)ii) optionally, one or nore polyol pol ynmer di spersions; and
b)iii) water in an amount &f.f ec®i veigrpcellular pelxuxkthantd csheel isoler

density of from ah@ipdhel, com rls:LTn .about 0.60 g/cnferr] at an
i socyanate index of TP

rom ab The shoe sol e
conponent of claim1 or Fai® ﬁtf(i%ﬁggef"ﬁagﬁ?‘ﬂnd?ro%‘fCtpo‘T§I| socyanate is
sel ected fromthe groupadonsiast i hgeeyandiie KPmpeaehhnteymmnicsing an

m xtures thereof. jsocyanate- term%ateahep %&%@'ﬁavmgﬁemco Otjroﬁk:a' m
1 wherein said pal oxypr%oly ene diol_ has .a ween

ar
about 2000 Da and om 12 é5y1@§ﬂ$ percent comprlsgng the
PCT/ EP97/ 02586 reaction product of a stoichiometric excess of one or

more di- or polyisocyanates with a polyoxypropylene
diol, said diol having an unsaturation lower than about
0.02 meq/g, containing from 5 to 15 weight percent
random oxyethylene moieties, and having a molecular -
weight between about 2000 Da and 8000 Da; with

b) a resin component, comprising:

b)i) an aliphatic or cycloaliphatic
diol chain extender having a molecular weight of
less than about 400 Da;

b)ii) optionally, one or more polyol
polymer dispersions; and '

b)yiii) water in an amouht effective to
provide a microcellular density of from about 0.15
to about 0.60 g/cm®

a2t an isocyanate index of from about 85 to 115.

2. The shoe sole component of claim 1 or
claim 2 wherein said di- or polyisocyanate is selected
from the group con_s'isting of MDI, MDI variants, and
mixtures thereof.

3. The shoe sole component of claim 1
wherein said polyoxypropylene diol has a molecular
weight between about 2000 Da and 4000 Da.



-22- : 4. The shoe sol e conponent of any one of cl ai s
1 to 3 wherein the isocyanate index-is fromabout . 95 to about 105.

5. The shoe ‘sol e conponent of any one of claims 1 to 4 wherein said
conponent is a mdsole having Hmmmlnlﬂtnmmlr about 0.2 g/cnferr] to
about 0. 35 gMondmednis. e L | ¢lisol e conpereryroesssany
one of claims 1 to 4 wherein said conponént IS a unitsole

having a density of fromabout 0.30 g/cnferr] to about 0.60 g/ cnferr]
. 7. A nethod of inproving the physical

properties of microcellular polyurethane sho&2sol e conponent s prepared
by the reaction of an isocyanate conponent with a resin conponent

containing a diol chain’ 4ext éthfer She]| FOMEt IRATRAH PHgany one of
selecting as a maj élapmsti oo G wheardinsengaisocyan®éie i@@EXORENEromabout

| socyanate-termn d_pr havi ng an NCO group content of from
about 12 to about agg e8 ggm§+%gf65pércent, sai d prepol yner prepared by

reacting a stoichionetric excess of one or nore di- or polyisocyan-

ates with a pol yoxypropyl enes di olghesagHodli @b1Ba\ddMbodent oft!NSAY Ubakl Yk

| ess than about 0.0§ rrqulg, cqnt 6| ni ng froc? about .5 to abou 5% random
oxyet hyl ene noi et i 221 8Rd *° mYPPRGE fdt c‘fﬁ%ﬁor}/ﬁéﬁgﬂf 8f M9 R0 00
Da to 8000 Da;aadeinsity of from abgwtadlihg/sar’ dte stwysnadt.6 5 greaient

with a diol chain extender conponent at an index of from about 75 to
about 130 in the presence of_ an anpount of \ggﬁer effec- tive to produce
n

a mcrocellular el astomer ha%ingThe sheg § SOPTEEREPEL AR BPU5°8FcATerr]

to about 0.060 g/ cej®img. 1 to 4 wherein said component is a unitsole
having a density of from about 0.30 g/cm’ to about 0.60
g/cm’.

7. A method of improving the physical
properties of microcellular polyurethane shoe sole
components prepared by the reaction of an isocyanate
component with a resin component containing a diol chain
extender, said method comprising:

selecting as a major portion of said isocyan-
ate component, an Jisocyanate~terminated prepolymer
having an NCO group content of from about 12 to about 20
weight percent, said prepolymer prepared by reacting a
stoichiometric excess of one or more di- or polyisocyan-
ates with a polyoxypropylene diol, said diol having an
unsaturation less than about 0.02 meq/g, containing from
about 5 to about 15% random oxyethylene moieties, and
having a molecular weight of from about 2000 Da to 8000
Da; and

reacting said isocyanate component with a diol
chain extender component at an index of from about 75 to
about 130 in the presence of an amount of water effec-
tive to pfoduce a microcellular elastomer having a
density of from about 0.15 g/cm’® to about 0.060 g/cn’.



WO 97/ 44374 - PCT/ EP97/ 02586
- 23- 8. The methad of claim7 wherein sai d di- or
pol yi socyanate is selected fromthe group consisting VDI, NDI

vari ants, and m xtures thereof. CJJ uul,umlL"mIUﬂi The met hod of claim 7
or claim8 wh@@Pm4d374  said poly I has a nol e ®QTEPIHRISEht
of from about 2000 Da to about” 400 10. The
met hod of any one of claims 7 to 9 mhereln said reaction takes pl ace
at an isocyanate index of from about 95 to about 105.

11. The method of any one of claim7 to 10 -23- wherej n sai d shoe sol e
conponent has a density of from about 0. t 0, about . 0, 50

g/cnierr]. $2. 11*1E|emﬁﬁ“ﬂ'3d°€f“':%W“‘o FRArAnisRE S 4 oF
wherein said diol @aﬁjyri's@nyanelee is selettedafremorhe groyw|ayaisighaing ofi ol

chai n ext ender havi %‘é&lhéﬁts, aﬂﬁl ﬁfﬂf:t{:féé 1 R8P 3P0 Da.

13. The nethod of clal m wherein sard dio chal n extender conprises
1, 4- but anedi ol .
9. The method of claim 7 or claim 8 wherein

said polyoxypropylene diol has a molecular weight of
from about 2000 Da to about 4000 Da.

10. The method of any one of claims 7 to 9
wherein said reaction takes place at an isocyanate index
of from about 95 to about 105.

11. The méthod of any one of claim 7 to 10
wherein said shoe sole component has a density of from
about 0.20 g/cm’® to about 0.50 g/cnm’.

12. The method of any one of claims 7 to 11
wherein said diel chain extender is an aliphatic or
cycloaliphatic diol chain extender having a molecular

weight less than 300 Da.

13. The method of claim 12 wherein said diol

chain extender comprises 1,4-butanediol.



