TH IiIVODLASTI C POLYETHER URETHANE FI ELD OF THE

ENTI ON The present invention relates to thaFfagdsaisdc
ol yet her aI'Dgslljsr%‘%shanes whi ch have very high rebound val ues and | ow

hysteresi s values. More particularly, the present invention rel ates
to such ur et hanes whi ch are derived from hi gh nol ecul ar, wei ght
hydroxyl termnated polyether internediates, and preferably
.aromatic 10 di i socyanates and aromatic gl ycol chain extenders.
BACKGROUND OF THE | NVENTI ON Heret of ore, thernoplastic
pol yur et hanes general |y had sui'tabl e properties with regard to
abrasion resistance, and the like. 1 5 However, such pol yurethanes were
generally not suitable in applications wherein the foll ow ng

properties are desired: hi giy dE'ﬁ«Y\'IIb'Pi‘.ﬁS‘ﬂC"ﬁGLVEY‘HER URETRANE Y. low tensile
and es

set, | ow conpression set, peci al l'y good rebound and | ow

hyst er esi s. 20 SUMVARY OF THE | NVENTI ON

The present invention relates to a pol yether urethane havi ng good
physi cal properties which is prepared as by the nelt pol ymeri zati on

of a hydroxyl term nated polyether internediate and a chai n ext ender
with a diisocyanate. An i rrportan'f EhQFQEtT’ﬁ W\‘ENﬁON I nvention is that the

pol yether hgs a weight avefigedRintCilvahti¥R! GMtes to thermoplastic polyether

urethanes which have very high rebound values and low hysteresis
values. More particularly, the present invention relates to such
urethanes which are derived from high molecular weight hydroxy!
terminated polyether intermediates, and preferably aromatic

10- diisocyanates and aromatic glycol chain extenders. i

BACKGROUND OF THE INVENTION
Heretofore, thermoplastic polyurethanes generally had
suitable properties with regard to abrasion resistance, and the like.
15 However, such polyurethanes were generally not suitable in applications
wherein the following properties are desired: high melting point, low
density, low tensile set, low compression set, and especially good

rebound and low hysteresis.

20 SUMMARY OF THE INVENTION
The present invention relates to a polyethér urethane
having good physical properties which is prepared as by the melt
polymerization of a hydroxyl terminated polyether intermediate and a
chain extender with a diisocyanate. An important aspect of the
25. invention is that the polyether has a weight average molecular weight
such as at least 1,400 with higher molecular weights yielding better
results. A large number of different diisocyanates can be utilized and
the amount or ratio of the moles of diisocyanate to the moles of

hydroxylterminated polyether and chain extender is generally from



guch ‘as at least 1,400 with higher nolecular weights yielding better
results. A large nunber of different diisocyanates can be uti]]

t he amount W 938843 of the noles of diisocyanate to the nol egdﬁ&ﬁqu]
hydr oxyl t erm nat ed pol yet her and chain extender is generally from

- 2-- about 0.95 to about 1.05. AnotRer inportant aspect of the

pr esent I nvention is that the- chain extender is a substantially
non- branched aboutlOy86I tovabbutiriofét i Anptlyeroirmportant) aspedteof dtie presént

DETAI LED DESCRL| PTI ON OF THE | NVENTI.ON ] . Jhe thernopl astic
pol yur et hanes #IVanti@n, 48t t%v%‘?o?f‘te"der R r%s}a%‘ﬂ-ﬁ@ QORy F‘B&Sﬁds
term nated pol yRidephitbRSrBEE dlyeot¥BEiR Preterred. @l kyl ene oxi de repeat
groups of from?2 to 6 carbon atons, desirably from2 to 4 carbon

atons, e.g., ethylene oxide or propylene oxide; with 10 4 carbon atons,
i.e., tetr t hyl ene or | | f.er or

conbi nati onNs thereof. Th@%‘ggﬁﬁﬁgﬁl@%ﬁﬁ“gé@mﬁ'w s a

honmopol ymer and pr ef er ablTheh@ifermdpildiitic'BoiitetheRES AT {HY Prasent invention
wei ght, so that good properties are obtained, of at |east about 1,400,

desirably at | &gstrablijdiaveradusiroxyldtesminated ejyether datarmggiale corseming 15

, f | i
TP U AP o BRSPSl AR e

conponent s ar e feomidital 4scarbentatems) et diaeechylehy oxidd bepapylsnecoxisiep avith

hysi cl a properties such as ,hysteresis and rehound. The hydroxyl
ltoe?/m' nat eg %ol %Fﬂ%"é‘ oS if-o terameladens of utyleng, dde %%@Efﬁgpfi. 20

know to the artoragémbirdzfionsUterdst a"l’ﬁeCBH[?%EH%raHtﬁrrﬁ)ééiiaké‘tHé%iraﬁﬁ/ fiora
exanpl e, Polynmeg 2000 from Quaker Qats or Terethane 2900 from DuPont .

The t her nopl asthomeralymenecandrrreferably dfast lae higheseeight averagev eneleowlanre
Spner oL B ooagnpsd WiaP B G8e S FHTAAIFER], ingld ol BEAT ©
ext ender and t liesitablyosty wast abaut 22000¢ ahdgsrieferablyTax ¢shstngbout 2,500 to  *
15 about 5,000 or 10,000. Biends of such molecular weight polymers cén
also be utilized while blends containing fow molecular weight
components are avoided since the urethane polymer thereof yields poor
physicla properties such as hysteresis and rebound. The hydroxyl
terminated polyethers which are utilized as the intermediate are well
20 know to the art and literature and are commercially available, as for
example, Polymeg 2000 from Quaker Oats or Terethane 2900 from
DuPont.
. The thermoplastic polyether urethanes of the present
invention are generally produced by the so-called one-shot process as,
- 25  for example, where the hydroxyl terminated polyether intermediate, the
chain extender and the diisocyanate are added together, mixed and
polymerized. Desirably, the polyether and chain extender are added in
one stream and the diisocyanate added in another stream.
While saliphatic diisocyanates can be utilized, aromatic
30 diisocyanates are highly preferred. Moreover, the use of multi-
functional isocyanate compounds, i.e., triisocyanates, etc. which cause’

crosslinking, are avoided and thus the amount thereof is generally less
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pol/ymeri zed. Desirably, the polyether and chain extender are added in
“one stream‘gacgs}sgﬁsdi | socyanat e added in another stream . PCT/US98/11367
V\/n | e aliphatic dilsocyanates can be utilized, aromatic 30 di i socyanates -
are highly preferred. Mreover, the use of multi- functi onal
isocyanate conpounds, i.e., triisocyanates, etc. which cause

crosslinking, are avoided and thus the agg&r;tl t her eof i nerally |less

I
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--3-- t hathan fofmolefereent 2Rd prader@paniigsy than h apols Reteent dhasack
based - upo t 0, (3} R Ld ' esq Ut zed.
The " di | SocPitE the' BralBheiRs Dot I of el faridls Ay ety WRliged THe -
with aboutdisocyahatestcdre contain éforn abdut Bxenpbest 20 cdrbphatoms with

i Socyanat e (199t 8 0r'e” 18 BATBLETEE o EAATRB,S HibyE it vanates
1, 4-cycl ohegyl ﬂbl’uﬂ%@r@&aﬁﬁthwgge G%&\)anﬁlf@!d‘m}?l'ldr!fﬁe &isvephRateL (1PDI),

preferred aromatic diisocyana include 1,4-diisocyanatobenzene
(PPDI), 1,5-napmebaiene disidocyciohexylisocyangtrl )1,4koyelabexyli sditspeyanate

(XDl), isomners | uepe,.di i.socyanate (TDl), with .. .

474 et hyl enehi GBI oty IRE: LEAMRRE Y prdRrse alatie gdiagayanates
t hereof, col | ecitiiey 1kpeNiBodpardtbbehAirzd (RRDEC 136 nappitiRalens edlisocyanate
The gl ycol chain extenders utilized in the present invention are

preferably stralNfM. ¥viana dilsacyanatedDIheisomess of doluane diisoghanate G,

branches ofnall | s WL L . 5
weight ot 1P cpith 806 pRARRreBERG Ry, ipnRRs Weot 6 bdthers

pref erably | esstheneaf, tollpetiventknoywmes gNDI, Baiys eapécially prafetrpd. pr event
tackiness and is better aﬂ;i eved en the r&{]@?i n .gxédendﬁ_{ has an . even,

number of carbon atons t h&Pgiglycohfhaim gxiencers Hilized iy ing,pregenpipyentiom -
wi th. aromatic ghpColeferaply sraighit ddiain BRHNGyPiRIne. ' $HatRd tﬁ@ﬂkéi'ggt %ftzﬁ{y’i' 20
nunber of carbon atons of" from about 2 to about 16, and preferably ,
from about 6 tobe@nshes 10f altxefiiheschdinsexteaders ytiljzasi basad nupon ahdetatal

hoxane oy Lg1 - e BF 10 CBRR SrdndeRt s HANENE 15D tnaR °T'E Berent e
of 1,4- di (hydrpeeferibhy lgdsetiana O bercett(iy deightreChydthllinityeheips Jrevent

Benzene glycol is preferred and specificall i ncl udes hydr oquj none, i.e.
gty tackPness and is better pachieved wh)én the chain ex){endeqr has an even

number of carbon atoms therein. The chain extenders can be aliphatic
~ with.aromatic glycol chain extenders being preferred and contain a total
20 number of carbon atoms of from about 2 to about 16, and preferably
from about 6 to about 12. Exarﬁp!es of suitable glycol chain extenders
include ethylene glycol, propane glycol, butane glycol, pentane glycol,
hexane glycol, benzene glycol, and xylenene glycols which is a mixture

of 1,4- dilhydroxymethyi)benzene 1,2-di{hydroxymethyllbenzene.
25 Benzene glycol is preferred and specifically includes hydroquinone, i.e.,
bislbeta-hydroxyethyljether  also  known  as 1,4-di(2-
hydroethoxy)benzene; resorcinol, i.e., bis(beta-hydroxyethyl)ether also
known as 1,3-di(2—hydrox_yethyl)benzeﬁe; catechol, i.e., bis(beta-
hydroxyethyl)ether also known as 1,2-di(2-hydroxyethoxy)benzene; and
30 combinations thereof. The amount of the glycol chain extender is
generally from about 0.25 to about 2.0, desirably from about 0.5 to
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hi s( bet a- hydr oxyet hyl ) et her al so  known as 1, 4-di (2-

hydr oet hoxy) benzene; resorcinol, i.e., bis(beta-hydroxyethyl)
known as 1,‘&83P/€§§4ﬁydroxyet hyl ) benzene; catechol, i.e., bi s(bgﬁgﬁfsgﬁiﬁ%
hydr oxyet hyl-) et her al so known as 1, 2-di (2- hydroxyet hoxy) benzene; and 30
conbi nati ons tthereof. The anount of the g’r‘ii’CoI chain extender is
generally from about 0.25 to about 2.0, desirably fromabout 0.5 to
about 1.5, and ghosttel.8blapdfpreferablyufrom aboub Oald o abautnbOempte pepimgole

(r)rfol tehrea{1 ?/gr g)r(yLﬁ%ﬁ%{“@s?ﬁe@?%ﬁﬁw%o@ttﬁ%PE\'&%%%@atﬁ” nore di ffe-rrgﬁt

dii socyanates is general | Jhd heile altiotorlaribuh® ok RAYttotdl molksUsk tHBne or
preferably from about 0.98 to about 1.03, based upon the total noles

of the one or nBPEe ijtipeeny disacyanatasd iseperalyy from aboite 488 @ cabawid t he
one or noregchaj T, YA IpXY, r m.pat

pol yet her ie?u er1rr'elb |'§'§1gﬁ%mbly fmcﬂ" i%%ocuga(r)]agtse:( oaﬁ#hg'd%atlg%&egxpeﬁﬁﬁ'g as
not ed above, arttgemapkesl ywoflGhe adtedort ogetrdehydrukyl caerimitatet apolyetisice

wi th any conventiona uret hane reaction nethod. Preferably, the

| ..
t her nopl ast i c pots/medistes and thﬁr‘?—;‘_f%%@q’"ﬁmaﬁbe%ﬁ‘?ﬁ’ﬂfents of the present
i nvention are melt- THE! HBFER chfnivafed” GRRAAEC! rpRHbAR © e

such as a Banbury, or preferably an extruder. Desi rab :
di i socyanat e i sdilspgyanatepaant ghe cchidin extendsr, r asigrotad dalvdwe, patey geherally

i nt er medi S a _blend with,the chai n,.ext ender. Sui t.abl e

processi n?éor %ﬁ%ﬁ&?gggﬁroﬁgasf‘?ﬂﬁt%gm accorgangs. %j r@é’yofc%NSnt'on?‘

di i socyanat e i sudetisdhenlradétidd Ohetldd.t 0 RRERIELINOOIHRY rthermoplastic 2p8lydasdr abl y
fromabout 100 to 1 50[err]C and for the blend of the chain ext ender

gl ycol and pol y#eEHang nfosriRgi ee®PenefisaRfuttheooresentic inventiont arp melt-
220[ err] C and pﬁ&?ﬁ{eﬁ%a it [fh8 ;ﬂg%cé%ﬁ’ 4 SuRDH P &idhl &5 a §%h5€13+%r

mxing tines in order enablet varil ous conponents to react
t he t her nopl ast prefegrabiyeamextrudet. h Dresirably, tthe diisesgariate iy @adtied sepaeate to

gener 1 150™ BBl P o iRy sHeaeanh 4 S A0S bl B
such as stannoughain extender. Suitable processing or polymerization starting
temperatures of the diisocyanate is from about 100°C to about 200°C,
and desirably from about 100° to 150°C and for the blend of the chain
extender glycol and polyether intefmediate from about 100°C to about
20 220°C and preferably from about 150° to about 200°C. Suitable
mixing times in order enable the various components to react and form
the thermoplastic polyether urethanes of the present invention are
generally from about 2 to about 10 and desirably from about 3 to about
5 minutes.
25 It is often desirable to utilize catalysts such as stannous
~and other metal carboxylates as well as tertiary amines. Examples of
metal carboxylate catalysts include stannous octoate, dibutyltin
ditaurate, phenyl mercuric propionate, lead | octoate, iron
acetylacetonate, magnesium acetylacetonate, and the like, whereas
30  examples of tertiary amine catalysts include triethylene diamine, and the

like. The amount of the one or more catalysts is low, generally from
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and ot her netal car boxyl ates as well as tertiary am nes. Exanples of
tal car b%ﬂh taI ysts include stannous octoate, di butyl tPlOT/US98/11367
dil aurate eny rrercuri c propionate, |ead octoate, iron
acety}acetonate magnesi um acetyl acetonateg_and the |ike, whereas 30
exanpl es of tertiary am ne catal ysts incl uge triethylene diam ne, and the

ke The amuns ol W 238k 1B aRELS, PN, e BB Y R

wei ght of . the eRB palnEBsrnied. med. The wei ght average
nol ecul ar wei ght aof the pol ynerized: t her rmf)l astic pol yether urethanes
of the present i nvent i on Jdeewsight awerage gnglecutasnyvegighit ofl the eolymerizgsbut

g(r)gf g(r)gbl Sefs 'r(r)?n 8{'1 qg%tgrp %y?tger uréﬁpan%gogi‘ %bgg%seﬁg ngggtlor?ngenerally The

t her mopl ast isC peangd Fesmuabbien€9,000t ke abbesemo 000, désivably i fpemc abobe
m xed with various conventional additives or corrpoundl ng agents such

as fillers, thi3&*8RPctaRhaw 4QQ:Q0Recpad preferabbq gramt abow d418.8P%eta

| ubri cants, Uv%gggflg@)bs oénd the like. Fillers i nclude talc,
silicates, clays, calciumcarbonate, and the like. The above- not ed
addi ti ves and conpoundi ng ‘l&gzerﬂwermaplalsﬂcuset#ather urethatmsveﬂt 'rtbe]abremntmt s
known to the art and.literat

| Ere. .15d . . he theé g SCH% ther
uret hanes of t hdPRHOM, C3,, BR. mixed  with, W?é\?é'sbé"éwvieﬂ ARl 9% rous
good and/ Or‘ldme’&la?f%cﬁﬁ\d&ﬁ%pa?ents suaﬁtasesmé?ee thikRrddi@ PEgdrits)] Se)&éheé\‘%d
for exanple, as neasured Bay Shore Rebound Test, i.e., AS TM
No. D-2632. Rebpigroents, ufelgstmzers. lubrigantaadlV cabseebessntanddthe rlusalyFalterqseast
65 percent, and r y S n 5 r t re
achi eved. Anot heréiﬁégoﬁg Igﬁ% ée%ér?lggg tcaic%rg gﬁﬁ"t ﬁ%ﬁg g gr?‘rﬁ%lh o
conposi tion has anewehnrbédr adiditiveshaind Scorhpéunding a@ﬁ&t@r&ﬁh Sbéos.fseﬂorma 10
percent el ongation at roomten;ﬁerature s 15 percent or,

[
| ess, general | y PPVEBHERS);arppu @s‘%‘m"&ﬂd%'fﬁél%ﬁl"g ligerature. percent or | ess,
and pref erayy 6 percenﬁ'hgrtﬂe?ﬁlépla-ghe W%ﬁ{e‘?sur%tllléi‘%% 8 the predChPfifvenlt

el ongation at roomtenperature is 30 percent or
tion have been found to have numerous good and/or unexpected prop-

erties. One such property is rebound, for example, as measured by the

Bay Shore Rebound Test, i.e., ASTM No. D-2632. Rebound values of

at least 60 percent, desirably at least 65 percent, and preferably at

20 least 70 and even 75 percent are achieved. Another favorable property
is that the thermoplastic composition has low hysteresis. That is, the
hysteresis loss for a 10 percent elongation at room temperature (23°C)

is 15 percent or less, generally 12 percent or less, and desirably 8

. percent or less, and preferably 6 percent or less. The hysteresis loss at

25 20 percent elongation at room temperature is 30 percent or less,
generally 25 percent or less, desirably 20 percent or less, and preferably

15 percent or less. The thermoplastics also have improved low tensile

set (ASTM D-412), i.e., generally 10 percent or less, desirably 8

percent or less, and preferably 6 percent or less. Low compression set

30  values according to ASTM D-395 at 23°C for 22 hours of 25 percent or
less, 12 percent or less, and preferably 9 percent or less are obtained.
Desirably, the compression set at 70°C for 22 hours is generally 40
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general ly 25 percent or |less, desirably 20 percent or less, and preferably °

15 percent or The thernopl astics al so have inproved | o '
P pufisis S e

set (ASTM e., generally 10 percent or less, desira

percent or less, and preferably 6 percent or |ess. Low conpression set 30
val ues accordi‘ng to ASTM D-395 at 23[err}®-for 22 hours of 25 percent or
| ess, 12 percent or less, and preferably 9 percent or |ess are obtained.

" Desirably, the peccantagdess, desirably 31 perdeGt fovlesy] and psefesabie & petcentO

- 6-- percent or less, .desirahly 30 percent or less, an referably
25 percent |- o Iggs.| Ske prionolRe WaHRRe e upttEnes oh the Bieseane

of the present jpyentiod W¢RBIIRG &F @ 'd¥fe@ntial Scahhiry RBidrthetef aRaVd high
cal ori meter have high nelting points, for exanple, from about

170[ err] C t o alsoeliting3ppists,) Dragyample, fseat @babt 1 70Emtabakout1 8808Er parl t o

bout 220 C._.Th i t | |
donsi t1es. F or Praterghy tORLapelt 1R tpeabdle°23Bc! 118 Bt oh 6 aly
1.08 or less anfesatfiindeRfor?bish B4veAR% WeASities, for ex%%lg%gﬁ'egéigé! gravifies

r
t hernopl astic pol yet her urethane polymers have a ardness of
at | east 15 or of(l.18ner kesendesirabdndt.085%r 189s and 3ven01.06 or AlAitanEdess. 60.

In addition to . e not ropert.ies,,the polyether ut et hanes of
t he present in\éﬁpgﬁaﬁlay&? ER%SFQBE%sbPOBgMeit‘}é%' é&%ﬁ?\gr\{eeaol‘ymers bﬁve a
conventional tISHoro[D dkdiess’ 6f BERRRt I br 20, ERdel @bt It AHNBO or 35

good abrasj on resi stance, drolytic stability, and the like. 15

h
The pol ymgr(% oft°tﬂ?<9u|‘5r51%8h§ knvention can be utilized wher ever such
favorabl e properties are fdegh§igtn td %he | ﬁoté{?ropenies{l?ﬁé {@c@g@ﬁ{e'rc

pol yet her urethanes of the present 1nvention can as a
solid core in goethanek|of tlees psésentsinlzestion ayectavobablegrbperties esiibiteand

used as fibers,in hosiety, ,sports ware, active wear, and in 20 _ elastic °
trimsuch as | &y Bﬁ'ﬁﬁs‘“ﬁlf' &RSHB?E'?SEBH'G&*}"&g a%£9°99! EFdreistance,
cords; made i ntgpodNgBraBidnCrekishasce, HRFoIPBcRAbIihE 4 the M. h regard to °
small nmotors or for other drive or idler belts; used as recreational

wheel s suc¥P as in-line skbhe Retemess (afolther pigsaae Jpvention csars ke adilized
skate boards; 3ifelel8r ! diih favorable properties are desired. For example, the

thermoplastic polyether urethanes of the present invention can be
utilized as a solid core in golf balls; as shoe soles; they can be melt
spun and used as fibers in hosiery, sports ware, active wear, and in

20 elastic trim such as leg bands and diapers; -coil cords such as telephone
cords; made into pneumatic tubes; used as profile belts with regard to
small motors or for other drive or idier belts; used as recreational
wheels such as in-line skate wheels (roller blades), rolier skates, or
skate boards; and the like.

25 The invention will be better understood by reference to the
following examples which serve to illustrate, but not to limit the scope
of the present invention.

EXAMPLES

30 Polyester polyol synthesis: All the exémples involving polyester
polyols were condensation products of 1,4-butane diol (BDO) and adipic

acid. These adipate esters were prepared by reacting adipic acid and



25 ' The invention will be better understood by reference to

t he X Ws@ﬂ sexanpl es which serve to illustrate, but nopctshddtsé
t he ‘scope the present invention.

EXAMPLES 30 Pol yest er polyol synthesis: Al the exanples °

i nvolvi ng pol yester pol yol s Were condenisati on products of 1,4-butane

di ol (BDO) and adi aci d. These adi pate esters were prepared by
r eact ,( ng ;d, pi C B ithdathe overaH diol/acid mole I?a'ao being greater than 1.0 and

10 and BDS’a“r*.'éS' RIS B s B8 folBRL s Ik B HAP RV e ™"

pol yol . The reactsants anérs cbmrgeot baagedctar undep alry ditrogere blahket nard ogen
bl anket, and hel d%% 1“3%{[ err] C under atmnospheric pressure until the
initial waters dreld#t 125G undel atgrosphesic pressye untl the initighwiatersvefs t hen

applied withgin- ride
Coral ysi 5 agd naccondensafiof Ese0é Lo BB HNES, vB&Hue /R ThBhaimana ith
renoved until thﬂeasunq temperatuneband WSsppracstantolis chioride & atalysiscagasct he
reacti on product_ was Pol yners were

d recove
prepared by the ?saﬁ?%n?'?ﬂaﬁ?g’HSP?ﬁ’é’t%?"zréiqfo?f’v"c{ensa“%t"?m&"elj h"’f‘l‘lﬂée @6tchod,

t he pol yol and ¢ d
Lo o] & e o agoeE e SR Lie ygynn e Akith MoctiPis,

Di phenyl net hane epadledandracevereti ) i s heated separ ately to 100- - 1

50[err Cas esired, mxed with t blend. The r ts. are vigor- 15
ou[sl y ]m'xed or aboutﬁggﬁ]eﬁﬁﬂ%’e FHEP?’& ihe,randam %? ?'&’Eq}f"é‘
typically increaseshdd BDEhid pRétdot] the EBRIdP@thHHalr{TEkfedd%r dre BIMdREtol Nt O

a cool ed pan, then cured at 70[err]C for 1 week after which the polyner is

tested for its vgetheust pbopeBOPEs. The blend is then heated to 100-200°C as de- -
sired. Diphenylmethane diisocyanate (MDI) is heated separately to 100-

1500C as desired, then mixed with the blend. The reactants are vigor-

15 ously mixed for about 3 minutes, during which time the temperature
typically increases to 200-250°C. The polymer melt is discharged into

a cooled pan, then cured at 70°C for 1 week after which the polymer is

tested for its various properties.

20 Example 1

186.83 g of poly (tetramethylene adipate) glycol (PTMAG) witha -~
molecular weight (MW) of 870 (end-group analysis) and 13.17 g of 1.4-

butane diol (BDO) were blended together at 1 10°C to vyield a blend
25 molecular weight (BMW) of 555. 90.09 g of 4,4'-diphenylmethane di-

isocyanate (MDI) was heated to 1109C and then reacted with the blend

to give the polymer designated as Example 1.

30
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20 ‘ Exanmple 1 186. 83 g of

poly (tetranethyl ene adi pate) glycol (PTMAG with a ol Loght
(M of 870w9e9ﬁf>§ 68%oup anal ysis) and 13.17 g of 1.4- bﬁﬁg@g%ﬁ’ﬁp@ .

(BDO) - were bl ended together at 110[err]C to yield a blend 25 nol ecul ar-

‘wei ght (BMW of 555. 90.09 g of 4, 4'-diphed®t et hane di - | socyanat e
(MDI) was heated to 110[err]C and then reacted with the bl end to give
t he pol yner designhated as Exanpl e 1. 30

-8-- ExiamBI e 2 180. 24 g of

PTMAG wth a MV of 2100 (end-group anal and 1 9.76 g of BDO
were bl ended toget her gy, 211-'égb$r|='rMAt30w&heé fhw Mooﬁendiqgo@éina is}3 g of

MDI was heated to 110[err]C and then reacted with to give

the pol yner desigdat 876§ SOBDO! ovete blended together at 110°C to yield a BMW
Exanpl e 3 10 . 168.90 g of PTMAG with a MW of 2159 (end-group

analysis) 5 of 665. 76.33 g of MDI was heated to 110°C and then reacted with
the blend to give the polymer designated as Example 2.

Example 3

10 168.90 g of PTMAG with a MW of 2159 (end-group analysis)
and 31.10 g of benzene glycol (BG} were blended together at 110°C to

-

yield a BMW of 850. 59.04 g of MDI was heated to 110°C and then-

reacted with the blend to give the polymer designéted as Example 3.

15 Example 4

178.67 g of PTMAG with a MW of 2159 (end-group analysis)
and 21.33 g of BG were blended together at 110°C to yield a BMW of

1050. 47.74 g of MDI was heated to 110°C and then reacted with the
20  blend to give the polymer designated as Example 4.

Example 5

185.32 g of PTMAG with a MW of 2159 {end-group analysis)
25 and 14.68 g of BG were blended together at 110°C to yield a BMW of
1250. 40.20 g of MDI was heated to 110°C and then reacted with the

blend to give the polymer designated as Example 5.

Example 6
30



and 31 10 g of benzene glycol (BG were bl ended together at 110[err]C to
yield a B 59.04 g of MDI was heated to 110[err]C a -},ﬂggh,u“‘,
BBy, oehegsg,

reacted nd to give the polymer designated as Exanple

Exanmple 4 178.67 g of PTMAG with a MWV of 2159 (end- group
anal ysi s) " and 21.33 g of BG were nglnded together at 110[err]C to
yi efd a BMW of 1050. 47.74 of MDI was heated to 1 &err ] C and
then reacted with thd18g23 %femyt(getgﬁméﬂ'tWQJS'ﬁ*}ﬁﬁbQ'VGéHPJngﬁ vith xanpl e

PTNAG with a mVY o840 (gndrgroun analysis) a s)r% ?95 g of B3 X"f"é?'e"def]dgge?ﬁe?e()f
bl ended t oget heéeﬁw% %661%6“(‘5 k&xﬁd ﬁ'@MW%f 00, 72r?e°f W%Bﬁ eg od) gl ve

MDI was heat ed rjCa en reacted wth t

the pol ymer des{gR20®¢ aad e Rated with the blend to give the polymer desig-
Exanple 6 30 -9-

5 nated as Example 6.

Example 7

120 g of PTMEG with a MW of 990 (end-group analysis) and 30
10 g of BG were blended together at 100°C to vield a BMW of 550.

55.37 g of MDI was heated to 100°C and then reacted with the blend
to give the polymer designated as Example 7. - ‘<

Example .8
15

182.29 g of PTMEG with a MW of 1000 (end-group analysis)
and 17.71 g of BG were blended together at 110°C to vield a blend
molecular weight of 736. 67.93 g of MDI was heated to 110°C and '

then reacted with the blend to give the polymer designated as Exam-
20 ple 8.

Example 9

191.29 g of PTMEG with a MW of 1000 (end-group analysis)
25. . and 8.71 g of BG were blended together at 110°C to yield a blend mo-
lecular weight of 850. 58.82 g of MDI was heated to 110°C and then

reacted with the blend to give the polymer designated as Example 9.



€

119.23 g of poly (tetranethylene ether) glycol (PTMEG wth a MW of .
670 (end-group_anal ysis) and 30.76 g of BG were bl ended to- er

at 1 20[err‘7%8¥’668§?e|d a BMW of 450. 60.72 g of MDI was heat ePoCT’US”g‘% 01-
20[err]C and then reacted with the blend to give the polynmer desig-- 5

nated as Exanple 6. -10- Exanpl e 7
120 g of PTMEG with a MV of 990 (end-group analysis) and 30 10 g of BG
were bl ended together at 1 00[err]C t cExanspld 30 BMV of 550. 55.37 g

of MDI was heated to err] thep reacted with the bl end .
gi ve the pol yner des?éa'%"ea °$§P &gﬁp‘f"gn'ﬁ RRR' 611640 {end-group analysis)

Exanple 8 15 . ' ; oup
anal ysi s) anda:ral?jzlg?97%#%@0‘%&%'%?58-%%%% 2&%&% étg%gi er rﬁ: to
yield a blend 495. 10MRFcybéMBEwWgsthested 36 .1 1@PCOnd) thidn Mactedisvittethieed t 0
110[err] C and then reacted with the blend to give the polyner

desi gnat ed 9s milend togive H‘p%pgl_ymer designated as Exampie 10.

Exanpl e 9 191.29 g of PTMEGwith a MV of 1000 (end-group
analysis) 25 and 8.71 g of BG were blended together at 110[err]C to yield -
a bl end npo- | ecul ar wei ght of 85ExarbBle8P1 g of MDI was heated to

110[err] C and t hen : eagt L.t h.the n ive the polyner
desi[ gna]t ed as Exanpl ]375._2 g o(‘f ﬁﬂw% wnt"n a I\N\Ieo 1}&_829(en3-group I%naK/sxs)
and 21.77 g of BG were blended together at 110°C to yield a BMW of

10 850. 58.82 g of MDI was heated to 110°C and then reacted with the

blend to give the polymer designated as Example 11.

Example 12

156 178.23 g of PTMEG with a MW of 1422 (end-group analysis)

and 21.77 g of BG weré blended together at 130°C to yield a BMW of
850. '58.93 g of MD! was heated to 130°C and then reacted with the

blend to give the polymer designated as Example 12.

20 Example 13

200 g of PTMEG with a MW of 1422 (end-group analysis) and
13.81 g of BG were blended together at 110°C to yield a BMW of
1014.28. 52.99 g of MDI was heated to 110°C and then réacted with

N

25 _ the blend to give the polymer designated as Example 13.

Example 14

178.32 g of PTMEG with a MW of 1761 (end-group analysis)
30 and 21.64 g of BG were blended together at 130°C to yield a BMW of
950. 52.71 g of MDI was heated to 130°C and then reacted with the



--10-- Exanmpl e 10 268.71 g

of PTMEG wi h,p s/ 4g)f 1040 (end-group anal ysis) and 31. 3 9usds35s7
wer e bl ende ?oge er at 110[err]Cto yield a BMW of 495. 101.27 g of-
MDI was heated to 110[err]C and then reactﬁi with the 5 blend to give

t he pol yner desSignated as Exanple 10. - ,

Exarple 1 1 178.22 g of PTMEG with a MVof 1422 (‘end-group

anal ysi s) bignd. oA dropgstennexs petaatp|(eai@lystt wiestadsdedato theoesetipt t o

Veacted with tnatter Zritpytl 5 Aabied Bhe iie 1B 48 raathdi” IelaRUAI"T

Exanple 12 15 ing polymer has B&éh d8signated dd/Eamipld114. MV of 1422 (end- group

anal ysi s) and 21.77 g of BG were bl ended together at 130[err]Cto
yield a BMN of 850. 58.93 g of MDI was heated to 130[err]C and then
reacted withythe blend to give t:%g%nﬁ desi gnated as Exanple 12.
20 Exa 200 g of PTMEG
wth a MVof 1422 (end-group anal ysis) and 13.91 g of BG were bl ended

heated (o 110[err] C BT ETMEG Withie W o o flentiareim fodveis

Eg;?'mnﬁfre ngi gnatGd 75,1580 86 Were blended together at 150°C to yield a BMW of

1060. 47.64 g of MDI was heated to 150°C and then reacted with the
10 blend. A drop of stannous octoate (catalyst) was added to the reaction
after 2 minutes had elapsed since the start of the reaction. The result-

-

ing polymer has been designated as Example 15.

Example 16
15

277.83 g of PTMEG with a MW of 2025 (end-group analysis)
and 22.17 g of BG were blended together at 150°C to yvield a BMW of
1204. 62.47 g of MDI was heated to 150°C and then reacted with the

blend. A drop of stannous octoate (catalyst) was added to the reac-
20  tion after 2 minutes had elapsed since the start of the reaction. The re-

sulting polymer has been designated as Example 16.



3

178.32 g of PTMEGwWth a MWof 1761 (end-group analysis) 30 and 21.64 971
of BG were bl ended together at 130[err]Cto yield a BMVof .
g of MDI wa¥ BB t o 130[err]C and then reacted with the PCT_/L?&&B%; -
bl end. A drop stannous octoate (catalyst) was added to the reaction- '
after 2 minutes had el apsed since the starf2of the reaction. The result-

I ng pol ymer has been desi gnated as Exanpl e 14. 5

Exanpl e 15 182.83 g of PEMEMNEtY a MV of 1761 (end-group
anal ysi s) and 17.17 g of BG were bl ended together at 150[err]Cto
yield a BMW of 1050. 47.64 g -of MD was heated to 150[err]C and then

reacted with the 10 180 gnek p&ydbﬂ%yﬂ\énééﬁ@?}o@gCQFM)%&ﬁ% RIWSdD 2908
after ad el

added to the reaction f m nutes h apsed since the start of
the reaction. THendwsoup analysis) andgl b&lyawf BGwdredientiad tpgether ats Exanpl e
15. o ) Exan‘gl e 16 15 277.83 ¢
of PTMEG wi th a WMRUF toield @RMW fu3@Pal3krE)g of MDI wagheated 1o J 28°GG
were bl ended t oggidéH; ,}ﬁ,‘Q{ : t el 04. 79
of MDI was heated to efg%fer r %ﬂg‘]n@ettﬂgﬁa'r é‘gg?o efgu\‘f\nvs%m}qﬁes octoats gﬁaéérﬁ?&A
drop of stannouswesiadded t¢ the abgetion after 2ddaniteé® had elapsed-since the start of

the reaction. The resulting polymer has been designated as Example

17.
10 Example 18

200 g of PTMEG with a MW of 2953 (end-group analysis) and e
11.26 g of BG were blended together at 170°C to yield a BMW of

1696. 31.29 g of MDI was heated to 140°C and then reacted with the
15 blend. A drop of stannous octoate (catalyst) was added to the reaction
after 2 minutes had elapsed since the start of the reaction. The result-

ing polymer has been designated as Example 18.

Example 19
20

200 g of PTMEG with a MW of 2953 (end-group analysis) and
12.61 g of BG were blended together at 170°C to yield a BMW of S
1618. 33.05 g of MDI was heated to 140°C and then reacted with the

blend. A drop of stannous octoate (catalyst) was added to the reaction
25 after 2 minutes had elapsed since the start of the reaction. The result-

ing polymer has been designated as Example 19.



20 ‘tion.after 2 mnutes had el apsed since the start of the reaction. The

te: . syigdsigsdzol yner has been designated as Exanple 16. PCT/US98/11367
--172-- Exanpl e 17 150 g
of poty (propylene ether) glycol (PPG w.lt4ga MVof 2226 (end-group )

analysi's) and 1 1.21 g of BG were bl ended t oget her at 5 1 50[err]Cto

yield a BMVof 1300. 31.25 g of MDI g&iieegoto 1 20[err]C and t hen

reacted with the blend. A drop of stan te (catal yst) was
added to the reaction after 2 m nut es had el apsed since the start of

the reaction. The .resulti ngh:p ¥ “has_been de5| nated as Exanpl e
17. 10 200go G W|th a Mrﬁfl 2953 {end-group analysis) gog

T S R Bt o o v b, e
h dth the 1 bl A d f
e e 4 W s W BT e SR i,

had el apsed sincg drBp o‘ftétéﬁn&xs bb@a&@%éta%t) Was ddeed!to-the reactib@fiep|zy Mer
has been desi gnated as Exanple

Exanpl e 19 20 minutes had ela@@edgme enstartve thearepption. Jdwaressitinggr oup

anal ysi <) and  ooiymer Ralbotin YesRaté £ KERRE Zov0et her at 70[err]C'to

10 Pertinent information with regard to Examples 1 through
20 are set forth in Table |, along with rebound data. Table li sets forth
pertinent information with regard to various physical properties o;
selected examples. Table lll relates to hysteresis data concerning

15  selected examples.
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1618. "33.05 g of MOl was heated to 140[err]C and then reacted with the

blend. A drop . annous octoate (catalyst) was added to th | 5
after 2 m nﬁ?}ggisﬁgﬁ el apsed since the start of the reaction. e%%'glﬁrggds/ﬁ??%
i ng pel ynmer has been designated as Exanple 19. ' '

--13-- Exanpl e 20 ' 200 g
of PTMEG with a MWof 2953 (end-gFoﬁﬁ anal ysi s) and 9.92 g of BG
were bl ended together at 170[err]C to yield a BMVof 1782. 5 29.64 ¢
of MDI was heated to 140[err]C and then reacted with the bl end. A
drop of stannous oftoate[([cathllyFt) Vas |added Yo [helreactjonjafter |2
m nut es had el apse:ﬁsince el gtprt gf t ctipn.] The resultirg
pol ymer has been desi gna{B@®| &R Bi&np! 1@ 2 18 I8 |12 |5 |8 |&Pdrtinent
information with rggard {o arpl es 4 th PO are|sef fqrth in
Table 1, along w t p—rehaoy datlal Tall o | s fbrth pertinedt
information with rggard ol yafijols physi ppefties of d4el gct ed
exanples. Table Il]grel aiels |t p [hyst erlesi concef ni g 1% sellect ed
Sits| —| Mol < [=] =2 ” ™~ M~ o~
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TABLE 111

Exanpl e

Hysteresis
20% El ongati on
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% Hyster es_i WO 98/56845
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El ongati on 8 14. 2 1 26. 3 51.0
16, . : 24. 7 49. 3 _
5. 6 - wo 93&%?9 39.7 Test for Hysteresis: ﬁ(ﬁr %8]{113 7

hysteresis is quantitified as a |l oss of energy during a defornmation cycle
It is neasured’'by subtracting - the areaimder the relaxation curve from
the area under the extension curve of a stress-strain diagram and
expressing this difference as a percentage of the area | ocated under the
extension curve. The stress- strain diagram was devel oped on an Instron
5500R at a crosshead speed of 2 in/mn wggm® iy any tine delay at the end of
the extension curve. Al sanples were of a uniformthickness of 0.075 in.
--18-- As apparent from Table I, the thernoplastic

ur et hanes made utilizing an esterinternedi ate i.e., Exanples 1-5,
had poor rebound, even utilizing HYSHI&Hi8ecul ar wei ght pol yest er

intermedi ates .5 and henzene glycol as a chain extender Therpoplastjc

oor
at ed 8
nlgneﬁelu

'l al I

J7

[ =1

"
L8

H Val
IIC{VIII A>3

ur et hanes uExample)lo. ow ol ecul ar_wei gh% blylsteresisr i nt er nedi at es
out si de of the present | 10 Elangationd. 20%e Elorigationl| 400, 2060%

general ly had g rebound, i.e., Exgnples 6-10. Hopeveglondatip! €
11-20 which rel T0 [fhe prgsent IVENTT o, snad very 0 0 hd
properties wtl morecutar & werght—vat —of potyetqet
internediate g 10,6 rcbca.1gl' Z“%a 49.3

Table Il shows i L.L.J..es_ﬁe..g::z aht38-ded by

t hernopl asti c pol yet her urethanes of the present invention, i.e.,
Exanpl es 16 and 18 as conpared to Exanple 2 wherein a 15 pol yest er

i ntermedi at e wasTestifor thdtermsisExRhpletfect odﬁd/si&ebfwis&uuadtﬁw ed as a leBsecul ar
wei ght pol yet her fj nt er medi at es re utilized. Yet, npl es 16 and 18
still retained dfHENeTEXSAUEIS adeformationryeles '§u%ﬁ"%§“§%@v subtracting - -
the area under the relaxation curve from the area under the extension
curve of a stress-strain diagram and expressing this difference as a
percentage of the area located under the extension curve. The stress-
strain diagram was developed on an Instron 5500R at a crosshead

speed of 2 in/min without any time delay at the end of the extension
A

curve. All samples were of a uniform thickness of 0.075 in.



s

e SE)'[ e tilizi the th | ast i ol yet her uret [he
wer e obtain utilizing the thernoplastic p ( '
WisBisnmes PERESatlna

bei ng a.suybstantially non-branched gl ycol havjn
16 carbon at omsUtilizing low \ppoleguiar (weig Yetgﬁ

Table I'll shows good | ow hysteresis val ues

0.7 to |less thapresent inkeftidR! 6.8 1eB8! that{ £300, hﬁ%ﬁgﬁ%bﬂla#&rerr{?gga&ﬁq

pol yet her and
rebound of at |tghound, i.e., Barpples & Onwhdowerveas Ubarnplas 4dc20dahich related ASTM

D2632.

10

15

20

wherein the thernoplastic uré

to the present invention, had very good rebound properties with higher
molecular weight values of the polyether intermediate generaily having

higher rebound values.

present inv Wil e in accordance with e ent

Statutes, the best node and preferred enbodi mrent has been set forth,
- the scope of t'he invention is not HW&ted thereto, but rather by the

scope of the attached cl ai nms.

REPLACEM ENT SHEET 19

10 JUL 2001 What is clai medapparent from TAblda) B! sdrifopldstich Ursthmey Ner

conpri si ng: . a polyether urethane derived froma diisocyanate

reacted wi th a made Uﬁsé‘ﬂgxﬁf‘ esteni indersaediatey et e r Exgraplesgily2olhach faer |

ext ender. l4d r : Ay I r | : ] xi de

epeat units  "ebotur e Biting High AR, MEIdHE pAPu? RtaRcERER [t

aver age 5 mahdchérseneeigiytiol ids ai chamstexterdd¥®. Thermoplasticd urbthanes

ext ender om2to

g o fr
F dntegmediates outaidgcpr ithes r om

Table It shows that improved physical properties were_

obtained by thermoplastic polyether urethanes of the present invention,
i.e., Examples 16 and 18 as compared to Example 2 wherein a
polyester intermediate was utilized, or Examples 8 and 10 wherein low
molecular weight polyether intermediates were utilized. Yet, Examples
16 and 18 still retained other thermoplastic properties such as good
tear strength.

Table Ill shows good low hysteresis values were obtained
utilizing the thermoplastic polyether urethanes of the present invention.

While in accordance with the Patent Statutes, the best
mode and preferred embodiment has been set forth, the scope of the

invention is not limited thereto, but rather by the scope of the attached
claims. '



2. A t her nopl astic pol ymer accord| ng to claim 1, wherein said

pol yet her h%g'%}ikwsene oxi de repeat units containing from 2 tpceusssheem
at ons. t her nopl astic polymer according to claim 1, wherein
sai d diisocyanate has a total of from4 tg 20 carbon atonms and wherein the
nole-ratio of said diisocyanate to said hﬁaroxyl term nated pol yet her and
sai d grycol chain extender is from0.98 to 1.03. 4. A_t her+e

pol ding. to cl ai WHATIBGLAIMERIS: chai n ext endef THES §HEFa
Wéheé"}
havi mm“ ®om 6 to 12 carbon atons, and wherein|sai d ¥f

is a ocyanate having a total of from8 to 16 carbon atons.
REPL !

1. A thermoplastic polymer, comprising;
1 0 JUuL 2001 5. A t her nopl ast.i c
pol ymer according to cl ai ?nPP'V%hé? é‘F?FhéQPod?W’&rdog’?m @e?j?ﬁ%ta@atepégﬂf'éﬁﬁer

has a wei ghg avgr@geh o%@lyk@rm Bt o :QEt@}m}gere W%épeha.W@&ehaTrsa' d

pol yether is po ytetr I ene sal d ther astic
pol ymer has a wei ght aversajd ydroxvll terminatgilt polNethemh&ﬂOgOﬁi&yleoeS@ﬂﬂeoo

ool yt ot r et hy| EARSE PSRRI oD Ro L CoFRBD GHENEH ad SIS 80D, 000
wherein said chaydrag¥irRtidedlal veigizenst Ba¥€9l4Gmd wherein said
said chain extender being a substantially non-branched
10  glycol having from 2 to 16 carbon atoms, and wherein the amount of
said chain extender is from about 0.25 to about 2 moles per mole of

said hydroxyl terminated polyether. ' -

2. A thermoplastic polymer according to Claim 1, wherein
15 said polyether has alkylene oxide repeat units containing from 2 to 4

carbon atoms.

3. A thermoplastic polymer according to Claim 2, wherein
said diisocyanate has a total of from 4 to 20 carbon atoms, and
20  wherein the mole ratio of said diisocyanate to said hydroxyl terminated

polyether and said glycoi chain extender is from about 0.95 to about
1.05.

_ 4. A thermoplastic polymer according to Claim 3, wherein
25  the weight of any branches in said glycol chain extender is 15 percent
or less based upon the total weight of all said chain extenders, wherein
said chain extender is an aromatic having a total of from 6 to 12 carbon
atoms, and wherein said diisocyanate is an aromatic diisocyanate

having a'total of from 8 to 16 carbon atoms.

30

5. A thermoplastic polymer according to Claim 4, wherein
said hydroxyl terminated polyether has a weight average molecular

A




di i socyanate is di phenyl met hane dii socyanate. 7. ] A the[)rmpl astic

ol yner according.to ciaim1, wherein sai d polymer has a rebo
Feagt 65 pe 5% A-t-herpmoplastj c pol ymer according tgeg?gp%ﬁfm -
wher ein said polyrrer h 4515 SHEBO RS BENa} | east 70 percent . :
t her mopl asti ¢ pol yner LaccoriPh4CEB cl ai m-t20wherein the hysteresis of said
pol ymer at 10 percent elongation is 15 percent or |ess. 10. A _
t her nopl ast'i ¢ pavgight cdicatdedstngd, §Q0,ciwhersid, saithpohvieltherhs poigtetranethybdnesai d

ey mopl ast i o h@Nl vRarBHe malS cifl Hicsaratan exEsder,tor aidsMergpvt ai g
pol ymer at 10 petéﬁﬁmaté‘d 3 hé\'nls' ﬁoﬁ\ BS6 05 85 abBaf 1.5, aﬂla whéreln said

t her nopl astic poly accor ing to claimb, wherein said polyner has a
rebound of at | dhgtmaplapuc qmlumeahasmwe@ght avarage shelecuias welgm af fromyner

at 10 perce el ongat,i ha .9 Rper | ess.
10 JUuL 2001 _ 21

6. A thermoplastic polymer according to Claim &, wherein
said polytetramethylene glycol has a molecular weight of from about
2,500 to about 10,000, wherein the mole ratio of said chain extender

10  to said hydroxyl terminated polyether is from about 0.7 to about 1.0,
wherein said chain extender is benzene glycol, and wherein said

diisocyanate is MDI. : _ -

7. A thermoplastic polymer according to Claim 1, wherein
15  said polymer has a rebound of at least 60 percent.

8. A thermoplastic polymer according to Claim 4, wherein

said polymer has a rebound of at least 65 percent.

20 9. A thermoplastic polymer according to Claim 6, wherein

said polymer has a rebound of at least 70 percent.

10. A thermoplastic polYmer according to Claim 1,
wherein the hysteresis of said polymer at 10 percent elongation is 15

25 percent or less.

"11. A thermoplastic polymer according to Claim 4,

wherein the hysteresis of said polymer at 10 percent elongation is 12

e
percent or less. =

" A O
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13. A golf ball core, conprising: the th of claim1.

14. A golf ball core, conprising: the thef il el qf '
15 .° A cor dWR B8H%i ng; the thernopl astik_paly ' 1%CT%S%&]3‘%A
cord, .conprising; the thernoplastic polynmer of claimb®. 17. A

recreational wheel, conprising; the thermodlastic polymer of claim 1.
18. - A recreational wheel, conprising: the thernoplastic polyner of claim

6. 19. A profile belt,1Z.onpAi sl'ilefrg'ioméﬁﬂid hhmlvmail' asctddrdimg: )tberCIa']fn Clls,ai m
1. 20. A profjile belt, conprjsing:, the thernoplastic polymer of claim
6. 21. An aWhenein 66?.%5%%*& 9€3P§, Pelymsri 8t 1§ PEFRENt RIPRIMiaN is &

pol yner of -cl ai (rHe}:cent ordgss AN article containing fibers, conprising; the
t her nopl astic pol ynmer of

5 13. A thermoplastic polymer according to Claim 1,
wherein said polymer has a rebound of at least 60 percent, and wherein

the hysteresis of said polymer at 10 percent elongation is 15 percent or

10 ' 14. A thermoplastic polymer according to Claim 5,
wherein said polymer has a rebound of at least 70 percent, and wherein

the hysteresis of said polymer at 10 percent elongation is 9 percent or

less.
15 15. A golf ball core, comprising; the thermoplastic polymer of
Claim 1.
-16. A golf ball cbre, comprising; the thermoplastic polymer
of Claim 5.
20
17. A cord, comprising; the thermoplastic polymer of
Claim 1. _
18. A cord, comprising; the thermoplastic polymer of
25 Claim 6.
19. | A recreational wheel, comprising; the thermoplastic
polymer of Claim 1.
30 20. A recreational wheel, comprising; the thermoplastic

polymer of Claim 6.
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cl aim 6.
REPLACEMENT SHEET
10 JUL 200WO 98/56845 e | 22 23. A proB€TAISpg1367
produci ng a thernopl agﬁl%slgf%‘%ﬁ%gg%lgl ymer conprising steps of: :

m xi ng and reacting hy.dr ‘?\, L -hat ed2pel yet her, a glycol chain
extender, and a diisocyanate, said hydroxyl term nated polyether

havi ng al kyl ene oxi de repept AlRidifle HRM, %'oﬂ"lﬁl'&iﬁé;omeztﬁeﬁ'nérz%ﬁb%blymer
atons and having a wei ght average nol ecul ar weight of at [east 1400
wherei n the nol ef rG&ei lof sai d chain extender to said hydroxyl

termnated polyether is from0.7 to less than 1.0 and wherein said

pol ymer has a rebound of at |east 60 percent when neasured in

accordance Wi th ASTM D2632. A prdfile belfyrovmprisingciiiedileymioplastiai polyaitr
wherei n said pol yet her has al kyl ene oxide repeat units containing from2 to
4 carbon at®ns. © ﬁ:éa‘mhﬁrei n said diisocyanate has a total of from4 to 20
carbon at ons. 25. A process according to claim 23, wherein said chain
extender is an aromatic glycol having a total of from6 to 12 carbon atons,
and wherein said diisocy@Bat eAns antickr ormntainihg sdibgasat eofprising:;a the al of
from8 to 16 carbon atons. 26. .process according to claim 23,
wherein the wei fmgetﬂsggé’%ﬂp@bﬁf gfa"%ef‘ght of said hydroxyl term nated

pol yether is at |east 2,500, -

10 | 24. An article containing fibers, comprising; the  This Sheet Has Been Replac
thermoplastic polymer of Claim 6. “II,I” ,I"" "ll ll, ,",

25. A process for producing a thermoplastic polyethér
urethane comprising, the steps of; _
15 mixing and reacting a hydroxyl terminated polyether, a
glycol chain extender, and a diisocyanate, said hydroxyl terminated
polyether having alkylene oxide repeat uﬁits containing from 2 to 6
'carbon atoms and having a weight average molecular weight of at least
1,400. | '
20
26. A process according to Claim 25, wherein said
polyether has alkylene oxide repeat units containing from 2 to 4 carbon
atoms, wherein said diisocyanate has a total of from 4 to 20 carbon
atoms, and wherein the mole ratio of said diisocyanate to said hydroxyl
25 terminated polyether and said glycol chain extender is from about 0.95
to about 1.05. '

27. A process according to Claim 26, wherein said chain
extender is an aromatic glycol having a total of from 6 to 12 carbon
30 atoms, wherein said diisocyanate is an aromatic diisocyanate having a
total of from 8 to 16 carbon atoms, and wherein the mole ratio of said
chain extender to said polyether is from about 0.5 to about 1.5.
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wherein sai.d pol yether is polytetranethylene glycol, wherein said chain
éxt ender i's- benzene glycol, and wherein said dii socyangfgg g $11367
di phenyl’net M&?\@/ﬁﬂf%ocyanate and wherein the nole ratio of s&F§US°
diisocyanate to said hydroxyl term nated polyether and said glycol chain
extender is from0.98 to 1.03. 27. Ax23-ticle conp
t her-nopl asti ¢ uret hane pol ymer according to claim 1. THIS SHEET HAS BELN
REPLACEMENT SHEET 3 RRLACVB@ arti

conpri sing a thernopl astic _urethane pol yner accor di ng to cl al
the pol ymer has a rebound28f AtPIoEass acerrging thClaime 7nﬂﬂ'§ﬁ?‘9dthenwe'9ht

accordance with "E&h ti c.
ur et hane pol ymr@}%% ﬁ%’utl%’ \(':v93 i ﬁf]smLc’tePgl n ﬂ?{)@ﬁf@ %1021 are %galjtnd of
at | east 75 perisast 2/B00,emberetd smdapoh«mhercésmpbmmmﬂmeﬁe glycol,

5  wherein said chain extender is benzene glycol, and wherein said

diisocyanate is MDI.
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