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N ‘FOR NAKI NG CLEAR POLYURETHANEI UREA ELASTOMERS FI ELD OF THE | NVENTI ON The
Tnvention relates to polyurethane elastoners. In particular, the iyg/gmion
rel ates {Q & 47 §88sSrEn BBkitrges! ear pol yurethane/ urea el astoners that
have good dynam c properties, particularly high resiliéence. These 5-
el astoners are especially valuable in the manufacture of wheels for in-line
skat es. OF THE I NVENTION I n-line skate wheels require el astoners
_havi ng m@ﬁﬂmm@wa i ence 10 (rebound), which prevents the wheels from
over hea melting during use. In addition, highly resilient
wheel s rol I"W##e easily, so pROCESSFOR MAKINGICOEAR rom the skater. .

.- Hi gh- performance pol yuret gﬁnef g%mAEKASWWERﬁ made from MD1,
pol yt et ranet hyl ene et her &cﬁ? , and 1, 4-butanediol) are 15
currently the material of choice for in-line skate wheels. The best (and

. usual ly the nost expensive) el ggtppEne TUsE IRVENIION have resiliences of
70-80% Less expensive el astoners can be made wi th pol yest er &ol }ét?lﬁg]eor
pol yoxypr opyl ene dilesin(ERGSN rdiakisaachafurBiiveg, elpgtonn@iss el HRgdicutar,

significantly |ower resilience. For exanple, a typi gpd on
20 convent i onglveRBEs rélatestorarioceshias oA 'Qﬂ\?lﬁaée&gggﬁ%ﬁ%ﬁﬁgl%g{s%}ﬂvmuI d

benefit from i nexpensive elastomer {00 ,BitRrRS higre ResiliefpaquEneset e
wheel s are spthati Rgvedors dygaagyc \ﬂ%‘%ﬁ%& gngt&gndr@S skat eboarders, Like

baggy jeans angd heav (aNBBR! & theansnufactSeaalavReplsder IINE ¢ he
| ooks of 9t ran§ %ﬁte\(%\%‘;%%mﬁ%%rtunatel y) to make 25 cl ear wheels,
fornulators U§Rg{ésy have to make conposition changes that sacrifice
resilience and ot her key el astoner properties. Preferably, clear elastoners
could be made without hurting performance. 4119 AIf ?27Jft 2510
15 20 25 Pol yur et hane el ast J OPRUTIEELINSAEISEIONSse diol chain
" extenders and have uret hane%@gﬂﬁﬁwgroups but do not have ur ea ééNH'C
-NH) groups. |I'n coplfastkaROhNeeetleauirt elastonleas having exelaisetiBy ar e
made with dianm ne chain extenders (usually an ar omathi c Igbagg Béin rh@pg;ﬁgbo h
ur et hane @nd L{Eg@om@),lp/shiclScpré‘athp@leyWhé?ﬁaﬁ%rlnu?\é MEAIEP P &N S have R
significantly penetrated the in-lin gkis 1dli fndre @asilyalsbythis¥caus
t he hi gh vi scoduning$!S6f H?@EGI‘SP%F@H??%%S?%NE& or polyester polyols ake
t he el astoners hard aRd graerent fornul ators fromeasily r aching
the targeted h@%‘r‘u@s‘%&%&@ﬁ@mi ssued U.S. Pat. No. 5,646 2%3 .rﬁm&inzes
vari ous approaches JpéefdrmanttélpOIyiJEﬂtBa'ﬂ%Cﬁﬁ@a%f‘ﬁf? WRIGRLY (s
el astonmers and identifies sone inportant, cgn Fanqexaomlihetiol)catees
U.S. Pat. No. MDJJ,SpQ]y&&tral@ethQJig) e Q‘MS@ @B“@?S‘aa?@?t erm nat ed |
brepol yner s nade from i at guitd dfl sty aal-emaskates wiidels. e bEEL (1S wi t
ar omat i c18i am REMERRYHNEXTEN] Tt al | ow processi B‘g of ¢ i}téwel ast.oNBLS.
ﬁ- g»- )F(’at- No. aﬁggﬁ%w@ﬁ@me?gma ekmtomners y?@Pla Ef %93 ils| |
ydroxy-term nated prepolymers froma excess o : ElEVEGlyas
aromatic dii sogyanade. TresstapensivecasiRaiasy CBP&%O'%\%%R’("&E?W& At ed

with an aliphatic diisocyanate t ki | §F PTINMBECY amatt theser hawat ed
prepol ymer t hatorhpely®xyBeraRy) f}eolq%‘%%ﬁﬁﬁé’?q%gcu vity with aromat idc
diamines. >In contashey jiifer RiflieRientol example, totypital cipsigna| Rased on

di i socyanat et eri¥N"t )brepol ynmers by reacting, pref Sg/abl.‘gé_gaicn Sﬂ{%@‘
step, a ?U yet hesmreisplal OPRSS has 2PTadi@nceant apymel-oo 78 | V‘E?%‘a , 21 an
al i phatic diisocy hate. These prepolyners are . ; Linagod ended with
aromati ¢ di am nbenefiifiors IBSXALIHE ﬁ%ﬁ%??ﬁ%\ﬁkgmﬁgﬁl@e dii socianat es

react into the prepol_ ner) t r ' ik Y@ it eofr faaot wiflas alers @che
term nal NCO group d@ﬁﬁ%}epﬁpﬁgﬁ'vﬁggﬁ %ﬁjtsﬁgﬁgl$phati c diisocyanate. % »
relatively |ar gek&rﬁg)%%{)aé}@ (IGREMRIGEY jebhs andeheamumetak clgaspubegs are in.

-di i socyanat e) of reexpen ive-aliphatic djisoc ang}ef\ (1@ é&%@ﬂt MS& ng
fromthe ' 230 pajamirsijast like the lodkanyf tgananA e PWNERlh c INPIRERGN'? o ake

clear elastoners whilée maintaining the high e o aXd i ¥hardes thae
'skat e whegks. clear wheels, formulators usuaﬁ]y A& %o kK b8fipdsitlart thariges

nd other key elastomer properties. Preferably, clear

sacrifice resilience a
elastomers could be made without hurting performance.
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-In s m the high-performance e| astoner market would benefit from i nproved

« el stomers. O particular value is a way to nake the clear 5 el astgg&gg, ow
'in vogue w thout sacrificing inportant mechani cal propertjes. ~r } 1}‘52
the el astoners could be made fromreadily available materials th t are
| i sted under the Toxic Substances Control Act (TSCA).-Preferably, he.
process used to nake them would avoid the reactivity problens of romatic
di i socyanate-term nated prepolynmers and the viscosity ~ 10 i ssues of pre
ol ynmers made from PTMEG and pol yester polyols. An ideal process wo Id give
clear, lowcost elastoners with an excell eht overal |l bal ance of p' operties,
particularly high resilience. SUMWARY OF THE | NVENTION 15 The i  vention
provides a path to cPehurethaseoelastomerst ifele ek M@Ngend ShaiPt CE\a&i‘)erty

for ki ng. ol eeextpodgt auhanus uratBabf G SR iupf SELHL e heelieEe
teps. First, i i, Gtard /g f beca

woros of o aRPERN B b A e e e Por o

prepol ymer.  The,pglyelmidswit Gidnipel shdirspetenders (USWa M | arematicadiaming), The

NCO OH nol e ratio’used 1s within the nge of 1.3 to a3.8@ﬁ§$xt, th§

resul ti ng gr epohaveboihsunetheme and wreargraupphaeifer olube WeaslagPmers
prepol yner/al i phatic diisgcyanat m xture tha. . b A0 the
e St 2t o BaMBRObSIOTHERRD RrTLAEraRt T ARS SRPRDaIIRS T ST atbeabl
diisocyanate Wyl 2rt? jo Mo i polyihers tfadat-bn YWIVES ot polyestereac
s wth an arona??%akﬁﬁea enh\ég_h lv%!ﬁ%&e{%sfﬁﬂepgﬁ[\le@ INNr~a.~i o;,, .~ e
r-ar~e p ~- 0 .n3lybl thake the elétomeas Head to pubamsssamd pyevaniiereniatorgdiamng
cl ear” el astoners &/oes not have to ising physical properties. By reacting a
mxture of a rneadity iqaehingthei tergigAmaf@§8Sxt ure with a common aromatic 1 9

fv-  19-Att~ 7~JJ~ 4 diapine_chai xtgnd C ShiAst @iowsw th
excel l ent1®veral | phy C@Qipyaﬁauﬁ@cﬂa% ?%I[P E\{%pef ﬁg?opggﬁr%ul‘ arly

resil i ence or ealgp dliae 5% Ao diRMSHAN S AakeneimureunEisargbsiondre and
process of the rnvention gives clear, resilient elastoners evlgi)ﬁ% Stﬁ)re
har dnesses wel | jghtExeessnefim®oAant cahternsi sFenedaipieolt Gites eorriedt O

know how. Moreover, the process OH‘ t.he ianegii an ?%/(y SFefptl Q}sgmar\éieSﬁgﬁi ty
0

prepol yners t ha8, hEué81dadiystiabainatiseeyeqatsiFHiNae ors ol yur et hanel ur ea

el astomer s, DETA LED, DESCRLBTLON £ Ty INENELGNE WATiroriaticafibmine chaa

three-step proc@é%mlag ng cl ear pol yur et hane/ urea el astoners. In_the
first steps an aLpRdrstelhisoeyeusstingesiasst elastomepsl YebhBat. 740 yoP 14 ve
an isocyanate-termnated prepol ymer. Aronmatic diis c%/anat es Eegt%gjlog%‘%gh use
in the inventionesolees m@mv’wmxemmtrﬂek'ﬁsmﬁ@ FAREBRLES B MAPE
Exanpl es include 2,4- and 2, 6; 15t ol uene i }\%{bﬁ dtséHese of THehese
i soners (TDI's), di%ﬂeﬁi&?ﬁ%‘ﬁ‘?aﬂfe&w&s%c@arﬁ%gé? S%P&?%?g and yll\é/iD s nodified
‘é“rwsgr gﬁg'n' Im d%y&%?—@%%atéa bepwRasEs theanesated aith analiphatiodisgayesste

Js, yl ene’di 1 socyanat es, napht hal ene diisocyanates, agﬂl {Dge |Ik§é
andni xt ur es” t herigofakét remliphatadiisoeyenap-tarmipatah R HMET Shapigs MBL® ~

205, 646, 230 and 3,997,514) the teachjn of whj.ch,. j.hcor porated herein
byr ef eren®®.  Pr efantiadlgdarasiieeddeartig c‘@@’hﬁf%@agggj'%ﬁﬁ%ci ally

il abl eTDl d M s, T ! ' ic dii te-
aval i abl €10l s an c%ﬁ%@é%eoggﬁgféwéﬁ&é@fﬁ Aldke SfheRic diisocyanate

2, 4-t ol uenedi i socyanate tol uene diisocyanate)) pure 2,4-TD,

andVONDUR ML ( 50% i 4~ WReRA% Riactify, preterebly iatdisingtenstap, a polyether
4,4' - MDl, 25pr od&ﬁébét%ﬁﬁwﬁ%o%i on). Wien Ml s are %jsed it i Siohati
preferred to usesslybD(PPBst ohaRTMEG)eat Bramalie. JHcYRRRS sBidra" 'REP Phan

4,4 -MDl . As Table 3 shows, i f b ' i
44 VD i t hochisnoRBRicy Lhen SYeRauety 2 theR ghat ExndeBiRbTEL

pol yol s are_wel |  kn i Apd: SRfindtRAnglsratiedilvecy andtesrsactioloytbst er
pol yol s, p%ffycarg@ﬁriﬁ%&pwr@g&ﬁﬁghned the 1ike. IoI yet her ;%ol ols are
preferred. Sui taPL%chgtth@rammatml diismcgasatentedols faster sp §|t§ﬁ@iﬂaii%00ne
or nore cyclic e r

s, such as epoxides (e.q.,, . ethylene oxi de, .. ne
oxi de), oxetanesgraums deree pamgarily fren H]WGW%HH%H)’%/OW@%% ?}? Regat'%ﬁﬁ#g%
presence of water or an alcohol starter. Th : If RSk AHdYe-
sui t abl e cat al ysPropaiton WarFSPN'@bﬁﬁ"éourﬁ&?%%ﬁ%é%ﬁg}%%ﬁg}ﬁﬁza—b ., boron
trifluoride, or a dou Bhat L de 4D s6at alissing DR el @3pspateat és
preferred becaus@xpﬁggbgd@?bgl'ﬁgyyo yagt her pol yol s Wih = 10
exceptionally | ow unsaturation or nonol content. The pol yols can be
honmopol yners (e.g., polyoxypropyl ene diols), random copol yners of two or
nore cyclic ethers (e.g., a random copol ymer of propyl ene oxi de and

et hyl ene oxi de), block copolynmers (e.g., a polyoxypropylene core with a
pol yoxyet hyl ene cap), "tipped” copolyners (e.g., Polyol F described below),

a - -
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.distributions are needed to give prepolyners with viscosities | ow enough to
process effectively in the chain extension reaction to nake el astoners. | n
‘25 contrast) commercial polytetramethyl ene ether glycols and pol yesteg fi-
pol yol s generally have MM Mh values within the range of t 1.7 to 2.5.
Preferred pol yols have equival ent weights within the range of a 750 to aft
10, 000. A nore preferred range is fromdaft 1000 to 5000; nost preferred is
the range fromaft 1000 to Q4000. M nor 19 Ati G TO02 6 proportions of

| ower nol ecuhgrmmgi@h dflmlvﬁmmkelc«éas,elasteﬁwr@wnn«elmamtéuhmg e thigh0 wei ght
percent, can be included with the F yol if desired to nodify el astorrer
processi ng tesiligncs needeﬁfméughﬂya hin-lig sleate wheelsr abl y have a noni nal

fange 's 1rom 2 ¢ gngurmdhe idh-ieRorpmicragianieratadte ok BRSdamar have
I I h "ngg
?Engflt gﬁal i WproFyeté]@g%'gl Io(?ingbgﬁﬁ y%lgtral %sga\ﬁgwt?t en epengs on the

nat ur es5t he eRistbimers UAGW v vodee ~withotuhesatirificingNimporeantolnyedHgiicali ol  nmade
by conventional KOH catal ysis ty&!stally has an actual hydroxyl

functional i pponﬁrh@w Qrefgta!pdy thee qmel)s eid hedeade fomveadily availalleray have

" the. pr ocbEohls e B BBr st 3h¥ ol BbRibess CofraRenigghr 1o o
particular, Pl?éf%frﬁﬁfye%éodrb@é% Iaeéa 1 aike BdrAnRoliRSavdiBatheatéadlivity Mea/ g,

nor e preferably 'ess than aft 0.01 neqlg, and nost preferably less than
0. 007 neq/ gprdiilesss gf@rgrohtic diisodyanatederminated papolymersrantbtheodsgosityicl udi ng

talysis as described in US, P 470, 813, .and
5, 482?908 I%eﬁ&gﬁ?ﬁa¥"ﬁsmﬁ%ﬁ9@-&%ﬁaa @Y%?%@Hpﬂ pls; nABﬁ?aéf erence.
El ast oner's g?&e SCERIUH ﬁ/et ﬁIetaI]eoQI{ B68581a8{orh&re With S 'e‘?(BﬁWéﬁthoPé’Ija}IC" s of
| ow unsaturati on gener a ave f'er fear strength, higher resilience,
and far bet b@larfdénéﬁdr@péﬁre%ngéhlo@wf@amgﬂ resitibned.ast oners based on pol yol s

having unsaturation levels greater than a~a~at 0.02 neqlg (see Table 4
bel ow). 25 The prepolymer is nade by reacting the aromatic diisocyanate and

the polyol at an NCO OH rat 1.3to 3.0. Anore
preferred range is fromt ﬁ@%éwkm¢wm% is the range from
ai ~. ayg5l.5 to a~ méinkuéngﬁag@esratpathlta slebaklastdmeld dhat Frarane, for

exarrple U S Pat. No. 5,64 0, which teaches to nake ? 9 AUG 200T 7
prepol ymers dei'mamdlpg idyolenic prapeityl iequirestanysnhireline skatesl ulpmrh@ular

of about 1. §16 Everdiongs apteshiyaRbe e rcrO i RNEr R I ar o e
found t hat W@em%g M&sﬁt‘sé&mrée'stéae wiretcaﬁddwol%a&t%wwgialatrbﬁet.c _

pr epol yner, ight than a simlar
prepol ynmer  iiigecysriatetng rﬂsbcyamabe-tératlnatpﬂrmapolgmel The palyh hasopor ti on

of arqmatic diisocyanate is also n ess. of the

mor eedfensi APAVdisparsity (Mw/MBL essd %n g @g%@z&f‘ ra?‘ﬂé‘sﬁﬂr e
preferred r Qi 4 07 e of the
pol yol and ggﬁg r{t@[a EH %(B:I%%e or exaéﬁgl g&)g\hfe}?% I se gé@g& t he
NCO OH rati ¢s upp@di Wlthr ehealiphatic! difsodybaatel td foanaa sprepolymer/alighatie may not

al ways give a clear product. On the other hand (as Table 10, Exanple 31
shows), cl eﬂusepnemaiﬁemdl@edhabhmae %Q@m%teehwmmteﬁ rRROES M@ if with

the right choi f .ar . . r

pr epol yner srg 13,%@%4"}{;‘% tbﬁa?f‘&?]atb%jﬁg& g?[qjglﬁ g%ﬁgé‘%ﬁfg for
;JSE 'h'QSLh]‘? 'rﬁiﬁﬂb'reﬁct@ﬁfﬁﬁﬂéﬁma;ﬁﬂgatfcﬂﬁ FRER-OR RdtHalhecfied t ar'?h
oo hig or 'dH@CES a er an
3.0, prepol tomrodusstm-cl FERSESHIO eng‘ug , %%C% sﬁglté abela oners
are usual ly hazy. 20 V\I‘]l I e nmer ,can be, made deS| red
tenperature, it i eqRiRrsingly f%?‘é‘i)wgﬁﬁm Q%%rc?laﬁﬁyﬂﬁl% ’“'I‘I?e ar omat i ¢
di i socyanat ag B‘p&h eana@\OhedbtirRpta A% LG ~ a
nor e prefer(r?.'eg'tﬂranéé;rgl I'S %"ﬁn%gg%%alt g’rﬁ’gﬁhlooc y;)mst E)ribgferrgg}ries t he range
from 70C t o gdHiculdbpigpolymarldiiphatiediscabaratemiieeavithed adiywtor aromdtiong t he
prepol yner, although no catalyst is required. Wen a catalyst is used, it
is preferably an organonetallic catalyst) such as, for exanple, an
organonetal lic tin, lead) iron, bisnmuth, or mercury conpound. O ganotin
conpounds such as dibutyltin dilaurate are preferred. Del ayed-action

catal ysts can al so be used. 1 9 Aula 2ud@ 8 O her suitable catalysts are
described in U S. Pat. No. 5,646,230, the teachings of which are

i ncorporated herein by reference. Wien a catalyst is used, it is typically

used in an anount within the range of aft 25 to t 1000 ppm 5 The
i socyanat e-ternm nated prepol ymer made |n the f| rst step |s mxed by any

e




. of 'making this sinple m xture cannot be underestinated; the m xture has

«'significantly lower reactivity with the aromatic di am ne chai n extiehdgs 7547

Y

'10 conpared with the prepolyner alone, and this is a key to getting
adequate potlife and good processability in making the el astoners. The
prepol yner/aliphatic diisocyanate m xture has a wt. % NCO content within the
range ofa2 to al3 w.% nore preferablyywithin the range of 3 to a-10 wt. %
Brittle products can result when the 15 m xture used has a wt. % NCO cont ent
greater thag 13 w00 st fdFPReahade déanelhstomersAlithiex¥elsi@ 6ritaent s | ess
than 2, the mx{‘ure viscosity can be too high for good processability. The
al i phati c dphysicaanst meshanipakgropgrties, pariculdylresilienceedreaterdbants5ihe sane

the t t dt ke th epol . Th . ,) 20 nbi ned
at a tonperal B0A Shera hataRsseangw PoRAsk (6 PIOSFSY h&ie SNRRianNeS rod
129 o un PR s R oS Em AR R eR o SHol€ Haldheled8s WHIAR BT B AEA 0 280C

It is usual “thi's mxture undér vacuumto renmové any

ent r apged ggﬁ?& isTRErdPIEdS WU red At iR odl. | IFleeaevea theprdogseofthepar ed
according 25 to the process of the invention have |ow viscosities.

Pr ef er abl y, irveation avoidsshé dnigh-Fiscosifyi prepolymars ghatihaye, aatil aeninlimited00 cps

at 80C, nore preferably |ess t'hg}] t g%%g?cgs at 80C, nost preferably |ess
than ate. 1fumuatersef polyurethageiured WEBSities, the

prepol yner/al i phatic 1 9 AUG I ~U 9 diisocyanate m xtures blend easily
with the aromatic diam ne chain extenders. Aliphatic diisocyanates suitable
for use in the i nventDBETAHIED DBESCRHEPTIGMN R THE IMYEMS IOM:| ude hydr ogenat ed

MDI s ge. g., HzZMDl), isophorone 5 diisocyanate (|PDI % t et ramet hyl xyi ene
dii s68Qanates (elfe invention) isamy tiHESrSIRR, PIREESR xQUr e@AKNG eSlCATx her

suitabl e aliphatic diisocyan r | i T 646, 230
and 3, 997, 59&)’“{%@3{‘8&{#%@&%&?‘%@1 g%qgégipélt%gg?’p%? g{ éga Igidéllsn ynalri%f erence.
I PDI,  m TMXRLactaQinth piibtidr oot tegivedn isodfriate téeninbtedipepaiymene

prepol yner/aliphatic dirrsocyanate m xture reacts with an aromatic di am ne

chai n extender i Wramaticuiisocyanatessuitablefor gsein thetigventinnare those wefl

pol yur et hanel urea el astqoner ., Usual ly, the aromati,c diam i S d in
liquid formkPeWHB the Ralyyrethansg %‘ﬁﬁy%%ragg'e&%ﬁnﬁlﬁ? gcg&gﬁe%o?iéjngr%dand

al i phagi ¢ di an rogRasi phixtlifsEe ot Uhesés isoniuref e(rik), within
t he rgthsge o?dﬂgg@gt O&ﬁa{ogy%%@ rr%flg p?ﬁeb%ter ably fromsa~xlt 50Cto OC._yThe
reaction m diphehyimetizre disatyanatesir(MDlisht dDds pangd MBI anedifigdawiihi s
heated until the elastonmer cures. The, el astoner is renoved fromthe nold,

f
preferabl y warbediingideouneghane,llaphgnaly, (SoHYENULRIE P56e$o%r Gt IOURS,

desired) by ' I Y el r L GRk! ¥and
overni ght) . @%@&%FE}S(S&@%EO ,Fﬁérﬂé?l%ﬁﬁeagoggtggﬁgﬁ %r{({amt he mgxi nmum
ti me the formmhatertheasoft 0Othéd stiteblewxamples drofoundcini drS.nPat.uNes.af t er
adding the aromatic diamne to the prepol yner/aliphatic dii

» pre A cyanat e
m xt 212@) is %ﬁ%,éé@tanﬂ(ﬁ@%@ﬁdst,hen'fﬁa@h'BQ%P&WBlﬂmﬂrﬁt'“‘F‘ERQt’a"ﬁa gw_e 4B Yeconds.

If t tlife is | h 20 ¢ i 1 25 ti
to mx {he CORBRER & TR AOTRICIRIckaTARs TrcifietobIgeRANEE 0 Ly
for intricatgyeanhy FHNS %ﬁch”aéiml-sba(g\gwlwﬁﬂﬂﬁirﬁainé\rmi0¢ 2|4 atolueee

suitable for use are well known in the /ur et hane el astoner_art.
Sterical |y HWiisdeyanater andt2@%dot,6réajuane %vsgpmam@ts), Bure 24d R @t i ¢

diam nes 1 G UG uRNIL F56554 - MBI PN 50 815161 LoRfErd Biher than 4,4-MDI,
25 product of Bayer Corporation). When MDIs are used, it is preferred to use

an MDI that has at least bzt 15 wt.% of MDI isomers other than 4,4'-MDI.

As Table 3 shows, potlife can become too short if the level of 4,4-MDl in the

elastomer system exceeds akzmt 90 wt.%.
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19 ~~~ ~v'1 10 di net hyl t hi ot ol uene di am nes, and the |ike, and m xt ur es
‘thereef. Qther suitable exanples are described in U S Pat.
WA,

4,146, 688, and 4,631,298, the teachings of which are |ncorporated
reference. Particularly preferred are DETDA, which is an isoner m xture
containing 5 nostly 3,5-diethyl -2, 4-tol uenedi am ne and

3,5-di ethyl-2,6-tol uenedi am ne, and DMI'BDA, which is an isonmer m xture
cont ai ning nostly 3, 5di net hyl t hi o-2, 4-tol uenedi am ne and

3, 5-di net hyl t hi 0- Buftabfd BENRAK AR Ml RS6Wn A ShEOARE | from
Al bemarl e Corporation as E CURE 100 andnEﬁrEA%URE %@%%élgggﬁ& Fg DETDA

i s has the rpglyols)qplpsstef palyols; @@Qmavbmqatwpdwma%mm tmolikeeRdalyetpeat i
di i socyanat e g&sgjre for fast el a rocessi ng (and nmachi ne casting),

whi | e DMITDAP are prefedpdw Sui Y@ |n<g}v<yétqrércmwmon%ma@i@sby ng. It

is also pref ] h [ tiv Iowcolor
A | ow col or Eégm ne véj%ﬁe n@hfé@gelﬂ\%e h%\%-c C?)1r£§e gsg'dﬁg @ t & white
wheel s §i . e. oxidegpro & okide), metahas loxbtar@ ey . ftétrd@%%fhréﬁ)%h dc
reasons-are in denand. Prefer ablég the aromatic diamné wll Have a col or

| ess than #7likendndhepsesenas of watas ariemalggholstartae ﬁaedméyolsaaémadmw col or
tic diapni. i | ahl Ly, alt tivel t

i am nes i (Ve el Salabst IBREHR oRaxaybR MRt aVRERe 20

distillati { t ik

21 1] ey o ol 24kl 0 ORCT Ao ETOARS, <

The anount o Rl G diani ng used rs pre

NCO' NH r at i ocatialysits) dréeprefergsd biecafise @hy teasily Jgn?e p@ﬁtaéablowd‘lé QmHAL. 0 to
shat ‘y. , and nost preferably from~t 1.03 to 10. Generally, the anount

of arolhtic eXGaRtienally dawnHnsatyeatian oprmenel %N@Ot 25Tb©rn<@im180¢am Hee

prepol yner | never ar omati C
diamne is 3@%@3%&@}&%%@ me%e rdﬁgzq%bhxnb&?% m§E§ O'A more
preferred ramgeeigclic @thérd ge af, ta%n%n%coéblyh@abf ﬁroéi}@n@'é}&a@@fos
contain one or nore conpoundi ng ingredients commonly used in the art. For
eéﬁrrp! e, antélbylengnexide), blogk mpolynzerﬂemf algltli)@ivqusrppy]‘e'net@melwulﬂerm )
adhesi on pronnters gent illers e |ike can be
used. Genera‘?nﬁwxsﬁﬁQYEBﬁﬁaaLdi HBeﬁ?‘n BeEde- %%ﬂgégéé?sﬁwt’%‘@“ﬁgess t han
75 wt . P46 of téyethel kgt oner. El astoners made by the process of the invention
are clear. By 5 "clear,"” we mean that a person can easily read newsprint

t hrough the 4" | eRglyolfussfd" )mtb(e wwan’pd)te)hamj narmwammlla:mawpm@hpl ear

even t hrough,t " thickness. is easy to make opaque el astoneric
product s, g H’g"@ﬁ’@ér 'Blpésﬂﬂ% lYO{%'éa‘fﬁ/HéW@PﬁﬁjbﬁfvgﬂV@@W'G%nts of

hi gh perfornm A ¥y e{@a%@&&ﬁ%&@ %@&u@fﬁe@ﬁﬁ%hs he'e. QLO

surprisingly foun t hat e process of nventi on offérs c arl y w t hout

sacrifici ng weight teatagel melecoiar weightatsdth ese sonverdentieséterined bydpkill  now,
maki ng cl ear, el astoners with excellent resilience has often neant settling

for Sfdte ha!ffa%%g@épmme@wrbphmmgt@qhygnﬁtwr% Esslerrogspelirels haven t he

f h j 15 han 75A
B e typi cal  MEAREAES sl MEN SR Pla” Bl BRTER B el RaBpE BRG] e
even 60D | S Mu/him VR Iéseendi oami £3) . Slhich hear%\hemdr@aﬂar aghoner s

with Shore hardnesses in the range of 60A to 70A can al so be made (see
Exanpl e 28) )dighidpuions areneededhiaigive peepalymepowith biscasities lmeoL@m@s is

L.”;L?‘Se?es??ﬁ‘?rgﬁte‘é‘étﬁf“{»ﬂv% e thain erBErion fasitondyanke elpstamers. i
Prefermly, ddiirshasime Hgﬂje re
preferably) the rebound g/c?%I g{r?rﬁg enz§t%t?llerﬁ@ﬁsrgﬁoeé’d&%%ggﬁtg%rsggesses
such as the gmwaraﬂyepaveﬂ\ﬂthnlaamesbmmm théJréhgePaf sttt 1.2,16465230, give
el astomers with, 25 at 3&2753/0 rebound % val ues of only about 50% (see Tabl es

o2b and 4b of the PEferg %HBY%@HUWF?‘WWQN&WQHB&B%%'FQQ rREagEBcess of

i erials. T RePRni0008; B HeRER BhGR VR B o0 8RR, coa

power to cors0®D; mbst preferred is the range from abant 1000 to akest 4000. Minor




R 19 aUG 27D2 , 72 man ufacturing, inporting, distribution, and

. -processi ng of new chem cal substances. TSCA-listed materials are those that

Y

'the EPA considers safe to make and use. The prepol yner, aliphatic 19 Al 2002

di i socyanate, and aromatic di am ne conponents used in the process of the
invention can all be selected 5 from  TSCA-listed materials. Finally, the
i nvention offers a high-performance el a8toner at | ow cost. Because a
variety of polyols are suitable, formulators are not |ocked into using

relatively exggogions &tTIMWEs rmblcealdy asdight Bidly of triolds prfetatilpasksatirie, the
ability to use a high proportion of aromatic diisocyanate reduces 10 the

amount of alabpbhd0welghtyerganta can hedadudad withdbe slyal ifdasiedl totoedifyof t he
isocyanatenfé?%yonent. Mor eover,  because the invention uses readily

avail abl e toaies PAReeSsig BREAYSICAl IRPEEISSor mance el astoners do not have
to cost a fortuneg, | 1 Qand I B I i «gvention.
Those skilled 15 T é“ﬁ&é"%ﬂf&%*#?yﬁé?i‘%%rﬁ"ﬁa o, | itictioRbfy Wifiid e O

the spirit @indgdefabsaiD ishait®; aanoe pieférned rdrajenis frofirgbaet I HEahRAER! ALS
50% 4. 4" - MDI : mrercially avail able from Bayer Corporation as MXx~DUR 20
M., this préduct is a mixture of isoners of diphenyl nethane diisocyanate

t hat contai ns abqut .50 .%.0of the 4. 4' - i5s # bout 50 % of other
i somers. 100% 4. QWI?‘WW ERGH le ﬁgﬁgﬂbéricg@g§g%g?%\%c%ﬁ?§%l ﬁ%d@&lenti ally
all 4,4 - i 2 39: ' i if pofatReadiels( 80
wt.% and Z?wzﬁntﬁﬁleag%? gggyg\rggt é&f?%h&éro@l“f@%n@ﬁ%@y@gur e 2,4- tlgist(Jene

di i socyanat eisgialip warié6eid. oftétDepesdphortbe amatiestheycatalyst ust@tdmaken i soner

i Xt f dicycl oh t hane-4, 4' -dii te. .19 ~~f ~? 13 m TMXDI :
et Bt hyng diehe WIS e palvataer sitlyecr’ B Sssterignal O sglahdlsy

nber = 56 - i der baged
ol yet her _atineatibep o ARUAPRFA BV RinoEbARNG S MY BELELE. G8L 7 RAgeT |
(hydroxyl nyihgé via TNCPESRY s ey Havd =81 actuat hydraxyy lfenctiondlitle veas ed

pol yet her diol; unsaturation: 0.005 neq/g. Polyol C A 4000 nol. w.
(hydroxyl nwheseto-228) propyl ene glycol -started, propylene oxi de-based

Chytroxyl nunber Eroiaedpulfisat ey bR oo of the Bvshsdsd s M 1aged
pol yeylser diLmsa‘f%ttiéhf‘ilﬁg)ag@ggH%% bleeféhe% %Yélg ungHtaFiRInsassetiad ene

noi eties; unsaturation: Pol : A 3000 mol. wt. (hydroxyl

nun?er = 37)a§mr?@Dévm\?eqig;/?mresxrgfetgr.éblyt@%)ﬂ}arbﬂhﬂ;bf-l@é-m%@ a}[.f)_@l pesher di ol
cont ai ni ng abo . % of ran nt er,nal-.oxye ne_ noieties:

unsat ur at ?ori’.retuf?régg’ lesg tgan ngw ﬂ‘.‘eq&g?,é'a?f%opq%ﬁ% Ciﬂ@&r%?‘@? Nunber =

35) propyl eng ol XGRlwi Rklfsls E‘%&P‘%W@ﬁa@@l%@i@@d@é&r@d iBru Y. @athaving a

total oxyethylene content of a wt.% The diol contains about 5 wt. %
of random i MNe$.n8J1583922,hy4F08 18)i aid E5482\808athe tdacHiBgE@fP@hichpare

cont ai ni ng about 15 wt. % of oxyet hyl ene its, for a total oxyethyl ene
cont &R0 of dReefPoratag hegein by, {8tareneR-i oég‘sﬁ?m@'@ RRAR a0e8r néftol%/r@ A 4000

mol . wt. (hydr = 2 I

oxi de- based HgPast R By SR wE IRy AR RH Bhs AN eREPI AR 20
wt. % The digdtisrorda BeAg®Uthighet résiiéncandnd fant betted tensil Isgreagth

noi eti es and has a 45|55 EQ PO tiB cont ai ni ng_ about 15 wt. % 25 of

oxyet hyl ene aptnpared withaelastamersxhases (ash BOlEIR BAYINGr uRsRiyratian Ifvely
unsaturation; 0,004 neql Pal yol ,H, . (hydroxyl nunber = 50)
propyl ene g!%f@@ie-rghapt%‘ Qt%WS#d‘ig@%pﬂgé"’ t opyl ene oxi de- based
pol yetgger di ol ha‘ggé’%é?él%@r ORI fascti@theriroffatRidiigocganate 44d
unsaturation: 0.0 q/ g-

the polyol at an NCO/OH ratio within the range of abzat 1.3 to abeut 3.0. A

more preferred range is from abetit 1.5 to s5TTt 2.0; most preferred is the

range from abstit 1.5 to akemt 1.8. This NCO/OH ratio is relatively high.

Compare, for example, U.S. Pat. No. 5,646,230, which teaches to make



" 19 ptlu hl1JlI 14 Polvol |1:.A 4000 nol. wt. (hydroxyl nunber = 28)

+ ‘propyl ene glycol -started, ethylene oxide-capped, propyl ene oxide-

pol yet her diol having a total oxyethyl ene content of about 20 m¢.8€§%852W2
unsaturation: 0.005 neqg/g. Polvol J: A 4000 nol. wt. (hydroxyl nunber = 28)
propyl ene glycol-started 5 propyl ene oxi de-based pol yet her diol;
unsaturation: 0.015 neqlg. Pol~rol K 4% 6200 nol. wt. (hydroxyl nunber =27)
gl ycerin-started, ethylene oxide-capped, propylene oxide-based pol yet her

triol havin o] h co ;. of ﬁg)&dﬁ a4 U at i on:
0. 08 neql g. Elt_gg)_c}hﬂﬁ@}sp\ ggﬁh )r/é)?w\?\k : aﬁ‘ﬁg%tr“gx;g n né?eé;)'t 5%(;)kj p%ﬁ%@?{éﬁe
gl ycol - st ar §igbcyaRatishid enestep wising aprrdmaticatigbeyanateitd pdiyasl edtipof yet her

di ol having a total oxyethylene content of about 45 wt.% unsaturation:
0. 02 neql g. aldoupilat Bydising syoh a highgropontionpfarematia diispeyapated ey |

ol unsat (B G Bl ey fifcEihe apaHhCAruRTeRaIE1RERBINET, 550,
Comrer 2 al 14 B T 2000 Baae et ve

Pol yol 3 | Ciddte with289 0IG®IOHwatio (thatlapprdachestier TheSkighppiopodtion efie
adi pate diol. Commercially available from B%yer Cor poration, 20 as DESMOPHEN
2502. ConpaREAMatc diisgeyanatets @jso acosi@gvapiagefec eex @f theimRle-= 112)

propyl ene gl | -.st ar. o) | Ae- ed pol yet her diol;
unsaturati oﬁ?ég%f‘%!é%@éﬁ%‘?c MER&% c:HS?‘lotr;r%rulg'réna'xt ure containing nostly
3,5-diethyl -2, 4- cidnamdi @@ Aord prafeired vanyess ot tie NCOVORNesticawime.

Commercial ly available from Al bemarl e Corporation as ETHACURE 100. DMITDA:
An i sdfer ndependoodhe apture¢f thespalyoland-arpmatin diiseeyanatert beuexaaPeni ne and

Cor por at 1 onWHEnETORBDE uss: the Retor vaEE | £eR LohuBerhbless shaTYY 00T oo
Pol yur et hangphgge i 58 il néPaibiayEYNOh edridibdbt, a0k H&%thef’ - VD

(47.5 g) ar arged to a one-liter, ree- neck round-bottom fl ask equi pped
wi t h t her mohang!(as Tablket 10, Exampe81shows eledrelastomerecan keunade evenirred at

80C for 5 h. D butyltin dilaurat, 100 i s added, apd t.he reaction
conti nues aﬁtSOCNf;éloﬁ'braﬂorPfaFﬂéfeWé’@gm REQ?%E?/QE%@D?E‘F AiISCE¥aNA% epol yrer
has 1,40 W % n h i X . i y orone

di ?so éanat Afj”%}'g){g%ﬂ%mﬁgl& ﬁgpgﬂd\hg%st rc')%td %esat\i%cprlgpo a;%lr?grpoﬁlf g%?ﬁed in Step
1, and the gpsaune hfe heedithbinfbradsegda thd invetdionssnause tBEICmaletulam Hg) f or

20 min. St_ e,~~ 3: The degassed prepolyner/ IPD mxture (171 at 80C is
pour ed i nt oweigltscand yiscogifigs jate toR Rightar sussestbalagiamebRiAsesEg 0 g) at

t \ j : td : 47 [ | d 15
ot ought v PENGRHIHuE0oREG Heh 30 Ayt viskeSiRy 8w ehaldl O
(100Q) bl oclpyphél restitthFtRStsHER dré usuaig hazy.100C in a vented oven. The

el astoners (4"X4"X1 "} are denolded within 5 mn. and have excellent green
streng@dh. The el Adhierthe prepolyserggan be madaaamadesiced tasopa@tere, #9s, | 20

"sophor one. @SESRDLRRIETES10 segst B eayel AR ELgmatl: fislyanpfi afall. 2"
U o AR A AR T e 20T e
T o S B o o 35 Da [ Toeor Tl Tt acted 16
W . % NCO). rapnge f@mm‘?@&};t@ﬁﬁi@ Heated and degassed under vacuum
bour e nt o an-b-bg" oftbnylsiraHIE B BOCaIyEPE: MhRking the PlertiviEl' o)

19 bUs ?UU dithoaighmeOcathigebieraduire. Waihen scathiyet iSHiseal, itds pfeférdldy afihe
m xture is stirred thorougﬁ?lx{ for about 15 s, and is quickly gaaéac%nfo an

open, prehearganpueda)ic satalystnauch agHer examplsran Prganenetaliic tiy n a

vent ed Oven'iro-l;ih,ebis.muth, or mercury compound. Organotin compounds such as

dibutyltin dilaurate are preferred. Delayed-action catalysts can also be used.



.elastomers (4"X4"X1") are denolded.within 5 mn. and have excellent green 5

. strength The el astoner sanples are hazv. EXAMPLES 2-3 The procegLaHﬁwa;UUZ

Y

'Exarrpl e 1is followed, except that Polyols G and | are used inst

Polyol C. The resulting elastonmers are clear and have 10 good rebound
properties (sPe Table 1 ). EXAMPLES 3-6 and COVPARATI VE EXAMPLE 2
Preparation of C ear Polyurethane/ U ea &l astomers The procedure of Exanple
1 is generally followed, but the anmount of 15 50% 4,4'-MDI is varied to

measure the h£ectalehanalag dBeqassiel [Py BOREH NG! btucliy agpunt o

| PDI used is mai ntalrn a const ant theor of 4.18%

in the prepabyamihhs BPWHIRK bR cofiSoradd Kerirs by \neferehes.t Winsrs argatslyst om
prepol yners having NCOOH =1.8 to 2.6 are clear. 20 For Corrparatlve Exanpl e

2, the procdslwsedoft iBxtypioalys used in arf amognb withirk e rangeiof @i R550%

4,4'-MDl is Eseg ive a.prepolymer NCOOH ratio = 2.8. The el astoner
made fromt 19@9%@7 is hazy (see Table 2). 25 EXAMPLES 7-8 and

COMPARATI VE EXAVRKE épg el @éﬁmﬁé@d%eﬁéﬁm@rﬁnédé i tﬁé'ﬂﬁtft%té ishekkgwed,

except that the overa I'sofrer used to make the prepolyner is

varied fr Omt’flip a?'@%stlﬂabbamtbod h(fe ef, fem:hahlcpt emmtuygr)erwah%n Maliplzatit ent  on
potlife. able 3 shows) clear elastoners w ood resilience are

obt ai ned, arﬂ!lSOCanaieﬂ@ fQ-fm~a prepo Ymer/a@f‘aﬁﬁtdl“f’?@/q te piyER- eTt'ﬁtVal'ﬁast 20

seconds) vvlt he ran %

Seanpl o 3. (AdnakBe S aiaP dehndybldndipRfhated the iRk Has o

overal | 4,4 Sl%’l'ﬁt'cé 6w€P'?é§éﬂthSWﬂhtmeW&mnbﬁ@ daii @@C&hdmrextén@&% Wil e
a cle)ar el astoner having good reSilience results, the potlife of this

el astoiter ( admoopared witie thedpiepotyraeraloher and ghialis a\heo!atgtgefgn@fadpaua@
EXAMPLES 9- 10 and COVPARATI VE MPLE 4. 10 Thé?ze exanpl es show t he i npact

of polyol urRtifg-and 808 RregessaBiRLn MAKNG PEEIISOHIE By ocedure of Exanple 1
is generally fol l?ﬁ‘%%reﬁé@ﬁﬁér/éltbﬂ%ﬂ& 'tﬁusB@*ﬁr%t% Hibatdrd R léaM'%‘Q\lG@reeS of

unsat urati on. even a polyol wth relatively high

unsat ur at i orcdrﬂemammiﬁw@)ar@e/@‘ssimuwmram&mswt% mweenpréferqbty)wbm of the
i nvention i s used However |nportant ropert|es such as rﬁSI {ence

har dness, tdhe rgnge@@m Saeitnt. % téﬂ@?lpéog't'?téﬁg"t"ﬁqs

si gni f ant I y 3 'e

Corrpar ive @?ﬁﬂﬁq Js%%d %5 gt‘r"g/s N en5| 'Zt:p t'[eﬁnt[ aﬁsﬂg?s(%\\%hp}én %16 pol yol
unsat ur at i onchRiRIrafie Exaphray. ﬁBM%W@@&dﬂﬂ@ﬂersQ&Wtﬂﬁr&4 and
COVPARATI VE EXAMPLE 5 These exanpl es show that the process of the invention

gi ves cl ear \dseasitynearsbeiten highdor gest inreerssaiiféys TDI-80 is used to nmke the

T80 s used | hEReaMRTIGYsO AR A PeRTREr ol ya i HREA FEEBE "
I n Conpar atie EXABRhE témpEPétugé) us8d 46 9Haké the PRIpENmBr MHuse theyass ep

process of Conparative Exanple 1. The resulting elastoner is haz gsee Tabl e

5). )209 ~ combined dta Emaermtwewtttm theirapgereiRaear (CRAnrRst 4 20°G

Rl T RTE AR RN MW B AR

Th §Pes
\g?)r/n | ar eprp:apol béeﬁééérl? @mﬁa%&"?@"%ﬁcgﬁr ati v:altttlgsogéuglgppl%féﬁggq% It)l%v/gtli/:h =2.54)

or Conpar at i this Riktued uddéOradjurh Mvrdote 4By en'ﬁtwppdegnﬂqmerl | PDI nixture
fromCP-2 has a viscosity of 5330 cps._at 80C, The pre nmerl | PDI,.m xture

from CP-3 has a vTb@dﬁﬁ@?‘YBTef@:beaQ‘bg“%ﬂcyéﬁéte Xy z aé?%atcﬁ?rrﬂp%t ed as
or epol oher 1 a0 T PEEsH i iR halk Ty SHETT Prefeien TRS IRANSST i i
greater thannhghguBrdoldicR YidcRRitiess Radstian abemt 5000 cps at 80°C, more
preferably less than abettt 3000 cps at 80°C, most preferably less than akett
1000 cps at 80°C. At such low viscosities, the prepolymer/aliphatic



process effectively in the process of the invention. EXAMPLES 16-18 15 The

- procedure of Exanpie 1 is generally followed, except that TDI 100 il Alfen;

.Y

to make the prepolyner. As Table 7 shows, the resulting el astonmers are
clear, and they have exceptional resilience. EXAMPLES 19-23 and COVPARATI VE
EXAMPLE 8 20 The procedure of Exanple 1 is generally followed, except that
TDi 100 is used to nmake the prepolynmer. Ion addition, the anmount of |PD used
is varied to nmeasure the inpact of higher % NCO content of the

prepol ymer | | ff¥odyaniats emPRuRisADIEHER 'ed¥ilgPRithi €% Adnial) idmieohaire! ear

el astoners havi ng good rebound properties result when the m xture % NCO 25
content is |extendeesy about 14 wt.% As Conparative Exanple 8 shows, a

brittle product havi ng poor green strength results when.the m xture % NCO
s 14w o 1 AlphaiqAisociapais SutabRIRRNES AN ioR 86 BISOMELs. Show

2l phat o di (a0 arEra et BB hyaRRe ReERSIse 4 HfOH BN e | e
with Posyol Hﬁs%g%fle (fli;gﬂ)_i}é't%rﬁéirﬂi)@'!érfé disozganaeat(e.d, s TMXDBdadd om | PDI

to H 2MDL or mTI \s Tabl e 9 shows, clear elastonmers wth good
har dness andtheelike, and enixeses thergnt Qfber switahle wiphatip Hiseeyanatedefanat es

el Lent 1 operatirdind) Frpo TRckiR st and f ooy ks Bk ariicn | S
generally ToLtOTREhOraBY heef! BRreRRbud CUBBICHUTRIKIN SHOMEMUPLRY DMITDA

as the chai n“ext ender as prepol yner is prepared'¥rom Pol yol |
(129.3 g) angrefedred00 (11.2 g). The NCOOH ratio is 2.0. The prepol yner

(140.? 8) is then 15 conbined with IPDI (9 4 (%) to gi ve agﬁqrepol mer | | PDI
mi xt ur &0havi ng a imths ird &tep.dhe srealyrpsrialiptiatisdiigodyanate gixiuse (gacts 168 q)

17.1'g) ot ol Shaloic e SEit PRl kRt o) risRIRHENET Y,

100C, el ast ofeprogiice @Scrbf gwmémn%vm@htélasmm, @lsuatie dtHe aesrahtié or 20
60 min., and are denol ded. Shore hardness: 72A; rebound: 66% appearance:

cl ear. EXAVPHEMIBeTs@ddeddadignid formiedhe wellistireedyaned dgopgsedmisiveeiof o make
lear, 25 relatively "soft"” pol t hapel | ast Sh d =

578 “as 1ol | BiRBOMMET nchalitelt PYSOSaRARE ) T AreBTesaTo tempagytes g

TDI - 1095 ( 11689%%@@’?2{‘&{% e Fatlgeor detrt A0°C S aREaP LY mbid pheflably t hen

conbi ned wt to grive a prepolynerl |1 PDI m xture having a
t heoretical foniaiued 5056tte mtzent 9 The tazation Mmigtue isthen Tissally spowred (174. 4

19 AUi I~-U 20 g) is chai tended, wit TDA (10. t _80C._Th
ot e 15 alitra Fs-ieaiendBoRARDE: ot eHiga Bl e RESIRMZb0er5) aliomer
sanpl es are Eﬁdﬁﬁﬁ%rﬁé Péﬂwbg%%ﬁ?thé‘h{(g? / Se?&aﬁ ithi'3 19 16 Minutéé‘%;(ire

denol ded. Shore hardness: reboun % appearance: clear. 5 MPLE

29 The pr oce?uuﬁngr ahd dsrpost-duredl, fedesirald| py frhdatingatiint an riee far skeeral
pof yur et hane/ urea e(astomer froma 6000 nol et hyl ene oxi de-c%ﬁ) ed

. W
pol yox#Br opy hedes (typieallyeverpighbwd refriably, bsopotiiia of e plastemar G-eoMi®ol yol |

K (427 d TDI -80,.(31,,6 T i Q0 Sk . 10
Cab ) %)t Pt it Bimp e SHTRERL IR iy Rich e raE1i6h FARIKT!

m xture havi BepalBRRY el Aromatic-diamiiFe &oheqite eg{nfbrfar ativalisodyahate . %) .
The m xture (170 g) 1's chain extended with DETD 14.8 g) at 80C. The

pot | : feis andnwragisetmm ep &etg@ndgu?oremre ably at0gest ekt dorer
nardness:  77AcCRabI BoVe BiFEs Mt o0 Srdide el BB i

exanpl 95( whi ghd %ﬁaﬁaiﬁﬁapé&n Enéie hA SMf it rHERID bbfire CENED Pt icufss,

pur poses) shows that using a | ow nol ecul ar wei ght pol yol can 20 adversely
i npact el ast paeticulady fdrénirieateTpartpsockedaiireling skatenwheels.i s general Iy

foll d. Th I i d f Pol yol CP-4 (387 TDI - 80
IR NI RN ERILT CERI DTN N o)
ith IPD (12,3 i ; m I tical
0D St 0 R T L ot S S

chai n ext endegomiatis REEdMfhdsl 3indiutde, atfoB0&xample, pdi¢thi/kolugnabadiamines,



3“

- 60 seconds. After the usual curing.at 100C, el astoner sanples are renoved
- fromthe oven and denol ded after 10 m n. Shore hardness: 80A reboqrgjmg%?ﬁ

appear ance: clear. r~r r 21 COVPARATI VE EXAMPLE 10 Thi s exanpl e shows
the effect of NCOOH ratio on mxture viscosity. The procedure of Exanple
11 is foll owed, except that the NCOOH ratio used is 1.20. The viscosity of
the prepolymerl I PDI m xture is 10,300 fpps 5 (too viscous to process
effectively). In contrast, the viscosity of the prepo(ymnmer/1PD m xture
prepared | %ﬁ%%@;@ﬁuémmn"e@t bAdthé Q) dridl BRURRS therBer.r kts show
that a higher ratio greatly enhances el astoner processability. 10

EXAMPLES 30sifatde éxaiitéRard desEiredircULS. Phés‘éosax&ﬁﬂﬁ@()stmmmﬁi@&ffect of
NCO OH ratio on elastoner clarity using a 2000 nol nlﬁ]‘?a.éc ped pol yet her
diol . The pRod a9, e LHaSNNGS ofSVRIGR &Ny TISRIE RRTEINTR [ PSSRy ey 1 o

d f h
RoOy ot 1 at 1 CAMICHATE pragfitga 21E P SDAYinich  ahaSmet dnixiire XA | [0
enoughs | PDI mb%tl9'3/§ d?etﬁglemLtbm%rnLeH%ﬂun@ HidIBS-brthylP, 6-tbhepedidrame, W . % NCO

content of he m xture (160 g) is chain ext ended with DETDA (25.5 g)
at 30C. Theanpd)t DM'IeTIDA albigh 0 asedsomier mpdwie coataisingl mmtimg 36-100C,

| | d he d af ) h
Sl oo a2 AHOReBE AP A B SRy P A EneGtarrio: he one
made at NCQhGH & Fﬁqﬁ‘nhﬁ yavaTQS’Ie‘?Wltf‘eﬁné Wo FpGthatibh s @[ﬁ@qﬁﬂuﬁl 0 used

in the process 0 nve tIOI’l I'S 1 nportant getting clear elastoners.

The precedi 1g0 @xadETHACWEREI300, késwdtuaélq tmETDAweritascthe righe degré®@\off ng
cl ai rjs define the scope of the invention. 22 Table 1' Forrnul ati naL

t ear “H) ast ofasativity t withi he R&@PMYM@'B@&%I égsqcy@nst%pmfdumdof nat ed

"1%bs bp. 2. SRRRRLbiscsspligoerdnasfine il e BMIpATEacERE)

- 4631 PDI (gg|03\,?y~l§ﬁ)d(,§ hggéw bé&ddnfor Haﬂ@%tagﬁng? El ast omer For mJI ati onM xture
z (g) :171DETDA (g) :14Processing tenp. (C) :60-80Potlife : 30- 35Denvl d
time (mn) :5 190t atsomreferr@bwpmcmm a@mmlamme tlmtém ve(lmym 50%

chai

?;r ﬁpe?’tD,' ’esgg&}épo [gvggg}olgp m@e\g@&ggahﬁ&q\?g 1o cBidPel BetontardS WRARS-

(9 v
AG StB 22%*%’“@3%?@ LR e B e e e or

Carity Exargdsoms3afe mﬁﬂe&nadd N@btﬁymthaamﬁnﬁheﬂﬂmnewﬂﬁme@%ltbm VDI
and Pol vol |50% 4, 4' - VDI :45-70 g?see bel o %/)@Fg ly %@% 1416 CC] CH
"1.8-2. 8 (slessibabysmase prefmesbﬂmleés arpfd.qn therGagsdner perlSe law-Geler

ZI Pr epol yne%gérgétlis@?ml}ﬁg (%%e a05hAR ! Ealnrrfé}&lag%5 a?térr(étﬁfel)be%%

(theoretica ["ast omer For nul at M xture Z ('g) :171DETDA (g)

14Pr ocessi ngidraimes With highBoicbidrecdrs be: 86ed0hee Ity toneeritiony mBans
Conmpar ative Exanmei e 2: Sane as above except that the NCOternL at ed
PrepgRQner (distilkationosarban ezmand| gediien of (RAUQING ERBISEON Jhe hke

30) cars60. 52, 447858 %ﬂ%ﬁé’t?%éﬁé%@%@ﬁ«"iﬁé‘eidaféévz%é%%@sa@k%@%d‘iﬁa%'éé' waras
an NCO/NH ratio within the range of akesit 0.9 to alzt 1.2, preferably from
abext 1.0 to abent 1.1, and most preferably from atzmt 1.03 to abset 1.10.

Generally, the amount of aromatic diamine used will depend on the % NCO

25 - content of the prepolymer/aliphatic diisocyanate mixture. Usually, however,
the aromatic diamine is used in an amount within the range of aeut.5 to

abaat 30 wt.%. A more preferred range is from abmmt 7 to abent 20 wt.%.
Optionally, the elastomers contain one or more compounding

ingredients commonly used in the art. For example, antioxidants,



Al

' 19 Atl~i ~'~~ 24 Table 3' Effect of 4 4' -MDI Content on Potlife Exanples
3. 7. and 8:Step 1. NCOterm nated Prepol ~, mer from Polvoi 1 and ?93/@@
0

"4.4"-NDl or mixtures of50% 4.4'-\MDI and 100% 4. 4' - MDI Pol yol | (g):

4,4 -NMDt (g}: 18--45 (see below) 100% 4,4 -MDI (g): 0-27 (see bel ow} NCO CH:
1.7-1.8Step 2. Mxture of Pre~olyner and IPDI | M xture Zl Prepol ymer (9):
4621 PDI (g) - 38NCO (theoretical): 4.18%ep 3. ,~lastoner Fornul ati onM xture
Z (g): 171DETDA (g) 1l4Processing tenp. (O : 60-80 (see below)Potlife (s):

20- 30 (see L l i ' : b
oxcopt 1t naPEHEALE! OV totRRe Adpesld PRIRIGE, O B8 Badnis MRS, Vg1 ve
90% of 4,4 | arenfh@nikecd i Beluseld! aBehsraily Pthecesmpoghdiagtingrsdients50%

4,4 -NDIi 00% 4, 4" -MDloveral | % 4, 4' -I\/Dl'gggf (gC?PotI ife (s)Shore

Har dness Re holen Mspd acoBpEise texoihian 7zt 715t Yoof theslastonters 77A62¢l ear 817. 72

6. 680802076A61cl ear C38. 935. 4908015' 76A63cl eary The Lif f _thi sanmpl e
is too short to BElastQmersMm gﬁ’ Sr POCESS O E'Ivgﬂﬁ&lgr%aﬁéﬂ Y g‘)f ect

OLrol el Uaigl ) MBefiinR S5kaRh o ety rea I (i 98401 °p 1

NCQter m na Prepol yner Pol yol ('g) :830 (see bel ow)50%
4,4 -NDl (dngfPBNaQ"RH"X1" Saipiiaril the ddmplerappefarclaasiemenrthesugh PDI

(M xture Z~Prepp| ymer (g) :935/PDl (g) :65NCO (theoretical,) :4.18Step 3.
El ast omer Hbendl thicknessxt Whilezit (g gasy 1a malsopague elastopgdsinigdvesp. (o

:80Potl | fe .. 30De d,ti i : ' .
except that&%k@%lﬁﬁgrékqﬂ%@g‘f%%eh el @#ﬁﬁﬁ@@?@é %ﬁaﬁ- as above
unsaturati &&T%é’@?o@{ur@ﬂ%' EERIGTheRS WTRhlch #isrey ehalteading. We

e str. (psi)Tear str. (pli)El ong. (% Shore HardnessRebound

(meqghQ) Tensi

(% Ar}maar 9 GUMES BiLHY 360:eS disdttbecpresess 11D, the Sneatzg0 offe 557 elasite Mathouk CP- 10. 08
01270280120076A55cl earC4 i s ant exargl e of the, invention used for °

conpar at | vesqﬁnfw&gnportafﬂeﬁ'a& pmer qu'g'ﬁfséugh 3 EHIERPPRo O ear El astoners
with Hcah Resil|hegodDakiigR {EFRRDWAR ckbolieht SaRerioe A& M nat ed
Prepol ~mer from Pol'yol an | - otyol (g) :414-425 (see below) TDI-80 (Q)
: 35- 54 ( seembein® Wity Gur :Shdr Starin@ssed of 804 of belaypsisinge highed-aosb

1o e i 8 e bt S et S il (o
(min)19g-9 8|)ea'ter 0P8R 08 /BB, ah§shdi@PRrdhd&seelp too2058Tps (PhOAY | Me
can be easily made; even 60D is within reach (see Example 23). On the
other hand, elastomers with Shore hardnesses in the range of 60A to 70A
can also be made (see Example 28), and even lower hardnesses are
possible if a plasticizer is included.

J20 Elastomers made by the process of the invention are also highly
resilient. Rebound % values greater than 55% are typical; Preferably, the
elastomers have rebound % values greater than 60%; more preferably, the
rebound % values are greater than 65%. Prior-art processes, such as the
one-step method described in U.S. Pat. No. 5,646,230, give elastomers with,

25 at best, rebound % values of only about 50% (see Tables 2b and 4b of the
reference).

Another important advantage of the process of the invention is that

it can be used with exclusively TSCA-listed materials. The Toxic

Substances Control Act of 1976 (TSCA) gives the EPA power to control the



3 Conpar ative Exam-~le 5: Prepoiyner (from TDI-80, Polyol B, and IPDl) chain
-, extended with DETDA. Prepol yner M xt ur eEl ast omer Ex #Pol yol Ant . (gl TPAyPR
(g) Prepol yner (g)!PDl (g)Shore HardnessRebound ,
(99 Appear . 11B41454. 146832. 279A60c| ear C5B41354. 346732. 280A66hazy12H41748. 746
634. 578A64c| ear 13E42436. 946139. 676A62cl ear 14F42534. 645940. 576A83cl ear -
~9 ~Ub (LU 27 Table 6' Effect of Polyol Mol ecular Wight Distribution on
Vi scose of the Prepolymerl Aliohatic Diisocyggate M xture Exanple 15 and
Conpar ative Exanples 6-7: Step 1. NCOterm ﬁgt ed Prepol ~ner from Pol yol and
TDI - 80 Pol yol (see bel ow),

. - 414 - . : ) : .
I\N/I C>C<)t l(J[ﬁ of ryepf)l'!ﬁfé-ffaﬁ in I%?:'JT"PF?M:‘LG&I&étr%%'éﬁémcgﬁé&%é.ﬁgggéqq&b;%%(ealggzzz
- eoretica X 3 j
(Cps, at B0C) o nubsinbis ol SR AR B 1Ese RBIERATE YRR
orrmul atin ea r i irl id it
16-18 Step 1. NC% ﬁ‘a@én% %rgﬁegs%\ﬁr Eg(e)rﬁjﬁg?@ﬁéorhlagg‘asg?éﬁg%ﬁiggﬁoﬁg}mtﬁf

M 414- 428 ]g see beHimmhinbl cobdforeyts Lded retheguecess of fhranyentiontapoat kgysélected
xture of Prepol~mer_and |IPD | M xture Z)Prepolymer (g) :472-486 (see
bel ow) | PDI $g) : E@@gs(%‘é'é‘ské QRB-(t heoretical) :4.18-4.50 (see(

bel S 3. H . L OfF Z ;
el ow) SLeP 2 e 25 MR diR) B BLEAAM M ighRerofdIRRERRIAGImEA Bl lBRRESND

Prepol ymer M xt ur gidcasienevEKEs) yPpéiybls 4re) SitableOf tepmhsaTaot into
(g) Shor e Har dnessRebound % sobigols dre) OfcfaRatermbiaraot (gkeemn

(7 Zéz /;P)gggbigﬁg;ﬁggg&&%ﬁﬁr%m% _f’?roME@agQrzmvm.tqrsem@r eéﬁsmfrzﬂém?@. 44
’ above, the abi%ﬁb u;sg alrzi'gh éﬁ%rﬂoﬁ'o?%ro@étic 30%508/)94}1%% reduddd
10 the amount of aliphatic diisocyanate needed and reduces the total cost of
the isocyanate component. Moreover, because the invention uses readily
available materials and equipment, high-performance elastomers do not
have to cost a fortune. |
The following examples merely illustrate the invention. Those skilled
15 in the art will recognize many variations that are within the spirit of the

invention and scope of the claims.

KEY TO THE MATERIALS
) 50% 4.4'-MDI: Commercially available from Bayer Corporation as MONDUR

20 ML, this product is a mixture of isomers of diphenyimethane diisocyanate
that contains about 50 wt.% of the 4,4'- isomer and about 50 wt.% of other
isomers.

100% 4.4'-MD!: Diphenyimethane diisocyanate containing essentially all

4,4'- isomer.
25 TDI-80: A mixture of 2,4-toluene diisocyanate (80 wt.%) and 2,6-toluene
diisocyanate (20 wt.%).
TDI-100: pure 2,4-toluene diisocyanate (about 100%).
IPDI: isophorone diisocyanate.

H,,MDI: an isomer mixture of dicyclohexylmethane-4 4'-diisocyanate.



1 9-AUa:~ |:1U , 29 Table 8 Effect ofi Mxture % NCO Cont ent ogddzmﬁﬁﬁfm
- Properties' TDI-1 OD Systens Exanples 19-23 Step 1. NCO term nat

Prepol yner from Polyol H and TD -100Polyol H (g) :129-168-(see

bel ow) TDI - 100- (g) :19 2 5 (see below)NCO OH :1.90Step 2. Mxture of _

Preool vner and | PDI (M xture Z)Prepol yner (g) :148-193 (see bel ow) | PDI" (g)
:7.2-52 {see bel ow) NCO (theoretical) :4.2-12 (see below) Step 3. Ei astoner
Formul ati onM xture Z (g) :171-149 (see bel oy HETDA (g) :14-36 (see

-bel ow) Processing tenp. (C) :50-80Potlife (s) 20-70DenoJdd tinme (mn) :5-10
Conpar ati ve Exanpl W J 3, except that the ratio
of IPD to Prepol@%ﬁ@' ﬁ?gé]tggr‘“gg}})\?m@%%@l#?%m th 14 wt.% NCO content. .
-~ Prepol ymer M xt ur efg, iw@oad;ﬁitqr.gwﬂr(yam@u nuner( 8)38 aiPKOH/E) bRipylése %

NCOM xture Z (9) g) Hard. Re

(99 Appear . 1916824gly¢8i3started] 8 prdmylerd axidzebased prhetBen Uit UnsBuGHives ZD0H90
- AB2cl ear 2114922. 017129. 08. 0015925. 742D59c¢| ear 2213920. 516D40. 510. 015431. 153D
59cl ear 2312919. 01M€943.112. 014936. 161

Dooc! cor COLLLT. LGP Aot 80 . 60 GERT by Iy E o Eetriea
TDI - 100 Syst ens~ Edpstdnerbxitlelipdstid poileinee esinahsatbxatia]: €008 mg/t ep 1.
NCO-t erm nated Prepol’~ner from Pool | and TDI-100 Polyol 1 (g) 128TDI- 100

(g) 9 i.1NCO OH :Rolyst EpA24004 rialrwet. dhydrosyoiumber ) InPopylend givgokstarted,
Z) Prepol ynmer (g) :140Aliphatjc diisocyapate.(9g) '9-11.(see.bel ow) NCO
(theoretical) : 4. B@@tyﬁﬂ%Qx'élea’%@%ﬁFEPo'éﬁﬁ\%ldﬁ'i éﬂ%ﬁ%&‘f%ﬂ%’-%-?‘gﬁe”?ﬂ)i%TDA (g)
14. 4Pnocessing te : i( f A e i

(mn) I): 9-45 (see "gg“ygsv@ Q %@Mb@ég@%&% aittﬁﬁpréf &@?ﬂgﬁgﬁ%iﬂ& stéftted,

Di i socyanatigAnt . ¥ exitis d2zeml sbiyetha) Siud centdmidgestsive HOws of random,
(% Appear ance241PD19. 470977A68c| ear 25H, 2MD111. 31001082A67cl ear 26m TMXDI 10. 4
1504576A65cl ear  intamal-oxyethylengmoetipghHasatyratgs: &P03Megd oH Ratio on

Bl astoner dari tyF’onol E: A 3000 mol. wt. (hydroxyl number = 37) propylene glycol-started,

propylene oxide-based polyether dio! containing about 20 wt.% of random,
internal oxyethylene moieties; unsaturation: 0.003 meq/g.

15 Polyol F: A 3200 mol. wt. (hydroxyl number = 35) propylene glycol-started,
propylene oxide-based polyether diol having a total oxyethylene content of
about 20 wt.%. The diol contains about 5 wt.% of random internal
oxyethylene moieties and has a 45/55 EQ/PO tip containing about 15 wt.%

) of oxyethylene units, for a total oxyethylene content of about 20 wt.%;
20 unsaturation: 0.004 meg/g.
Polyol G: A 4000 mol. wt. (hydroxy! number = 28) propylene glycol-started,
propylene oxide-based polyether diol having a total oxyethylene content of
about 20 wt.%. The diol contains about 5 wt.% of random internal
oxyethylene moieties and has a 45/55 EO/PQ tip containing about 15 wt.%

25 of oxyethylene units, for a total oxyethylene content of about 20 wt.%;
unsaturation: 0.004 meaq/g.

Polyo! H: A 2250 mol. wt. (hydroxyl number = 50) propylene glycol-started,
ethylene oxide-capped, propylene oxide-based polyether diol having a total

oxyethylene content of about 25 wt.%; unsaturation: 0.005 meq/g.



-Exanmpl es 30-31 and Conparative Exanple 12: Step 1. NCO-term nated Prepol yner
- fromPolyol L and 50% 4. 4' - MDI Pol yol L (g) :340-344 (see bel ow)50% 4, 4' - MDI

(g) :112-145 {see below)NCO CH :2.6-3.4 (see below) Step 2. Mxture g{g AUG 2007
Prepol vner and IPDI (M xture Z)Prepolymer (g) :455-485 (see bel ow) I PD (UZ)
:15-45 (see bel ow) NCO (theoretical) :8.0Step 3. El astomer v
Formul ati onM xture Z (g) :160DETDA (g) 25.5Processing tenp. (C) :30Potlife
(s) :20Denold tine (mn) :3 PrepolynmerM xturgfgl astormer Ex #Polyol L (g)50%
4,4' - NDI (g) NCA CHPrepol yner (g)! PDI

(g) Appear ance303441' | 22. 645544. 7cl ear 313421283. 0470 9cl egr C123401453. 4485
75. lhazy 1 9 AbolyphiioA 3906 mpvt. (LhydAOWI(b’B@%Qerf%%%bP %@?H@ Qrsigrted,

i Locyanat o compFiuistl pade ERBRISOREUEE o S hEPd pE M b fpving 4 totel,

pol ydi spersity ( h@%hgieﬁ%ac%gﬁn% ﬁq,f. éod&_zerﬁg%,%rﬁﬁtdr%ﬂéﬁﬁﬂm eeigat ed

prepol yner, wherern eratiois within the range of 1.3 to
3.0; (b) nixing tpelulepel 4080 mdlt Wt.ahydtdxghatmbedi= 28cyrmmyiand glytok-stasted
prepol ymer/al i phatic diisocyanate m xture that has an.%ﬁggt ent, within
the range of52 topi®ykenepxisedbasgd pelyethendialhansriepl P Ly MRR{BI ¢

di i socyanate m xtyr s ronat | ¢, dianm L& .Aar i L RI¥eNE
s used a an noorRalle ASPSTRI ML e B GRynBaPE s ahREaRRRe ol e
claim 1 wherein theipromds Hrbspexanakelisaskel asdipthier otridihdaginguma  total
consi sting of tol tt}g'r(l%r dii soc'ygjrqa?)gs and NI%I S thate&%:gnt_ai n at least 15 wt.%
of MDI isomers ot beyethymeicdntenDbf alfout THewp Mo emsateiatiany 0 i8eeeditg cl ai m

wh the polyol h Mv Mh of | than 1.4. Th f
or ccetli ng ¢l ai m wRsat tred BRI whas DSt LR PRuRng e iadRd

process of y pregeding clai rej @l ] i 86
Phan 002 ndll o Gioieee pFigBertir! Eidpigt BuBasPa AL dior halinats | &1
has an unsaturati gRybaffeddaon@nddf BB6IG5 Wt 9T ngatocsios: 0f0Zameqgy.ecedi ng
cl ai mwherein the polyol has an equival ent weight within the range of 7?&
n

to 10,000. ~ s &ompatetiveaRolyol ThECHIacds4000 mal W bWErdy! dUERPRWie

the prepolyner is made at an OH ratio wthin fi: 4. Q-

9. The process of p&ﬂ@%%@@&f’ﬁé&?&i %%%Pgioﬁdeﬁggg‘%de%@%ﬁe@?dljo;r’ %as%agu%{nggh
NCO OHratio vvithidqogtgﬁe(é,ﬁnge of 1.5 to 1.8. 10. The process of any

precedi ng cl ai mwherein e prepolyner/aliphatic diisocyanate m xture hgg) a

Brookfi el d visscosiCombesstiviehBolys0@0(EBL)ar 2000 mb). Whe(hydeeed Nusnbany
precedi ng clai mwherein the prepol yner/aliphatic .djisoc at e m xt a
Brookfield vi scosinq}ytﬁb’é@ectwﬁ“%@ﬁ@r9B§°Ltco%@.er‘i@l.'y %Pégp%%%@;’&@f@é%ry%%
precedi ng cl ai m wher gj hphatic diisocyanate is selected fromthe

R bE el

group consi sting il MDI s, isophorone diisocyanate,

tetramet hyl xyl ene dbipRexarRaPeyd BIOPS)): ARG001 priolr es. (Hyereofl. nursbeTive S6)
process of any preceding clal mwherein the NCO content o

X g f th .
prepol yner/ al i phatpa@yhlitylsoeyadinaie dipktGeameycigly mviailahle ff%'ﬁgéaﬁr Gorperapen
w.% 14. The_ proces ing claimwherein the aronmatic di am ne
is sel ected 4% om t%a&%ﬂgﬁéﬁ@?@[ﬁng of diethyltol uenedi am nes (DETDA),

di met hyl t hi ot ol ueng g alp HI TR p-ANd ADBD Yhes vt,thﬂ{hﬁmfox%!lﬁumﬂw = 112)
process of any pre clrarmwherern the aromatic diamne has a Gardner
col or less than orpemyhinetglydol-stdrtedT beopylensesxidebasad pofystisridigl. gnggtyration:

wherein the aromatic diam ne has a Gardner color |less than or equal to 3.
~. 34 17. The proc@dd WEAAhy preceding clai mwherein the el astomer produced

has a Shore hardne at_least 7 Tk K BhSEeHeABmine
cl ai mwherein the m&%ﬂ'Sﬁ%e&ﬁﬁr%égﬁtgmﬂg%ﬁoggﬁgz’ gleﬂg{'}%’east 55% 19.
The process g5 anyaﬁa%?@@!éﬂgggﬁﬂ,@tﬂm&ﬁ@diﬁmﬁhé.h@oﬁirﬁéﬁddmravah@tﬁledaﬂnM\élserailarie
resilience of at |east 65% 20. A pol yurethane/urea el astoner nade by the
process of any preCedpogtiohasnt THACURE 100.

DMTTDA: An isomer mixture containing mostly 3,5-dimethylthio-2,4-

toluenediamine and 3,5-dimethyithio-2,6-toluenediamine. Commercially

available from Albemarie Corporation as ETHACURE 300.



-21. "An in-line skate or skateboard wheel fabricated fromthe el astoner of
claim 20. 22. A process which conprises: (a) reacting an aromatic]g Ajg;

dii socyanate with a pol yether diol having a pol ydispersity, (MM.M) |ess
than 1.2 and an unsaturation |less than 0.007 nmeqg/g to produce an ,

i socyanate-term nated prepol yner) wherein the NCO OH nol-e ratio is wirthin
the range of 1.5 to 1.8; (b) mxing the prepolyner with an aliphatic

di i socyanate selected fromthe group consi st iﬂg of hydrogenated M s,

i sophorone diisocyanate) tetranethyl xyl ene dii'socyanates (TMXDIs), and

m xtures thereof to forma prepolyner/al i%whi socyanate m xture that
has an NCO content within the range of 3 % and (c) reacting the

“prepol yner| al i phaﬁrgpQ}Athp@%e P'E:M}f?fh%n@/@%aaﬁla%,rt§@§ i ¢ di am ne sel ected

fromthe group consisting of diethyltoluenedi am nes A) ,
di met hyl t hi ot ol uene di Btepes PBIVETDAW) 6ag)ckrd 80% 834" IMIBT @5 gibee @hArddteto

“aromatic diamne or mxture thereof is used at an NCONH rati 0 in the range

of 0.9 to 1.2. 193kene-liter.threerpeck roundpwtipg) flaskoeguippetanigh theanocouple,
el ast oner made by _i. ro of claim?22. .24, ~ in-1i kate ar .
skatS eboard wheel y?ﬁ%&f’g%iﬁﬁ%’ggﬁ 'FI?Z'I galhﬁs'f’ e 'BfSt'é‘Teg"f‘ﬁ éé%’% ?%% e Dibatylis
. AsuS% A&% A f. AYqilAYesfe i . y 0 :
. AS? ,E. A. AYN. AR A%f‘/‘?aﬁ%@ @Ap@ﬁ %f%i&f ﬁT@ltHééf@%ﬂfgrﬁ@'ﬁﬁ%es at 80°C for 30 min.
N. A\EL\E.[ QFy. iAaS] AlThe{rdsulting isoc]yanate-t]ermi]nat?d piepolljimei hE_lI_S il.4o]wt.‘]/o N?O c]:onte]ent |
zupke ca] ca] cal) ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] cTa] ca] ca] ca] ca] ca] ca
c;fca] ca] ca] ca] ca?%ﬁPk%?‘]@giLj-ééL‘fj’%Jé}-ca! ' - ~2KLCLQdf ng| wgl f a\ Weupke [ V] ] ca] ca]
Bijqucg]a]cgach?]cga ca] caPé%&—zc‘a]'E%W%rSPEa‘UFS&Y%B?JFcQfPAb]‘%%Pc%u%éFés? d81%8) ¢
~a] ca] cab! 140 $! +! plapdiyrhiet prit #&B YSAUROSEE] Vo Mré’]i§ﬂe‘a]§‘é§%}uﬁa&§aqﬂ§s]%hca
cal ca] ca] cd] cal ca]

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] cal] ca] ca] caJ ca]
calcal &' \' ' ' 5( s(UN{ier vagywni803%C, s .y He) fordimt oid, 345~ysni d_ZU] ca] ca] ca] ¢
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Table 2 shows, elastomers made from prepolymers having NCO/OH =1.8
) to 2.6 are clear.
20 For Comparative Example 2, the procedure of Examples 3-6 is
followed, except that enough 50% 4,4'-MDl is used to give a prepolymer
NCO/OH ratio = 2.8. The elastomer made from this prepolymer is hazy (see
Table 2).

25 EXAMPLES 7-8 and COMPARATIVE EXAMPLE 3
The procedure of Example 1 is generally followed, except that the
overall % of 4,4'-MD! isomer used to make the prepolymer is varied from 50-
80% to measure the effect of prepolymer 4,4'-MDI content on potlife. As

Table 3 shows, clear elastomers with good resilience are obtained, and
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These examples show that the process of the invention gives clear

elastomers with good resilience when TDI-80 is used to make the

prepolymer. The procedure of Example 1 is generally followed, except that

TDI-80 is used instead of 50% 4,4'-MD{. Table 5 summarizes the results.

25 in Comparative Example 5, TDI-80 is used with Polyol B in the two-step

process of Comparative Example 1. The resulting elastomer is hazy (see

Table 5).
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( ) 0- (L elastomers are clear, and they have exceptional resilience.

) EXAMPLES 19-23 and COMPARATIVE EXAMPLE 8

20 The procedure of Example 1 is generally followed, except that TDI-
100 is used to make the prepolymer. In addition, the amount of IPDI used
is varied to measure the impact of higher % NCO content of the
prepolymer/IPDI mixture on elastomer properties. As Table 8 shows, clear
elastomers having good rebound properties result when the mixture % NCO

25 content is less than about 14 wt.%. As Comparative Example 8 shows, a
brittle product having poor green strength results when the mixture % NCO

is 14 wt.%.
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generally to a variety of aliphatic diilsocyanates. The procedure of Example
16 is generally followed with Polyol |, except that the aliphatic diisocyanate
5 is varied from IPDI to H,,MD! or m-TMXD!l. As Table 9 shows, clear
elastomers with good hardness and resilience result. The less-reactive
aliphatic diisocyanates (H,,MDI and m-TMXD1) give a generous potlife (100-
\ 150 seconds), which is excellent for hand casting.
)
10 EXAMPLE 27

The procedure of Example 1 is generally followed to make a clear
polyurethane/urea elastomer using DMTTDA as the chain extender as
follows. The prepolymer is prepared from Polyol | (129.3 g) and TDI-100
(11.2 g). The NCO/OH ratio is 2.0. The prepolymer (140.5 g) is then

15 combined with IPDI (9.4 g) to give a prepolymer/IPD! mixture having a
theoretical wt.% NCO content of 4.18. The mixture (168 g) is chain

extended with DMTTDA (ETHACURE 300, product of Albemarle Corp., 17.1

g) at 80°C. The potlife is about 300 seconds. After the usual curing at

) 100°C, elastomer samples are removed from the oven, allowed to cool for
20 60 min., and are demolded. Shore hardness: 72A; rebound: 66%;

appearance: clear.

EXAMPLE 28
The procedure of Example 1 is generally followed to make a clear,
25 relatively “soft” polyurethane/urea elastomer (Shore hardness = 67A) as
follows. The prepolymer is prepared from Polyol 1 (1339 g) and TDI1-100
(116 g). The NCOJ/OH ratio is 2.0. The prepolymer (1455 g) is then
combined with IPDI (45 g) to give a prepolymer/IPD| mixture having a
theoretical wt.% NCO content of 3.0 (actual: 2.9 wt.%). The mixture (174.4
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) - 9% 109X&&' () - AoXmixture having a theoretical wt.% NCO content of 4.5 (actual: 4.3 wt.%).
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F1°10% - & () - 10X& 10X8010X89* 109X&& () - (\iyzkK359* <10% - & () - <10% - & () - 0<1

0%-& ()-<10%-& ()- F (I
10% - & () - <t\ <59*<10% - & () - <10% - §?9" ARG '8“\"’1”395 & ()-<10%-& ()-sW
59*<10% - & () - <10% - & (Fhic<éRmple (()Arh‘i’el\o%-a& Eekamige okl -iAVEitidik X@&a 440%
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<10% & () - &<10% -cgintparatioepugpqges) shaB9that using a low molecular weight polyol can
) ) 0 ) 0
?ﬁﬁgg% % 1S<10 A agé e)rsglyl/olrépact Qlasﬁ%?nér r%sﬁ %nc 520 Z?‘he p(rg)cedure of Example 1 is
generally followed. The prepolymer is prepared from Polyol CP-4 (387 g)
and TDI-80 (101 g). The NCO/OH ratio is 1.5. The prepolymer (488 g) is
then combined with IPDI (12.3 g) to give a prepolymer/IPDI mixture having
a theoretical wt.% NCO content of 4.18 (actual: 3.82 wt.%). The mixture
25 (172 g) is chain extended with DETDA (13.2 g) at 80°C. The potlife is about
60 seconds. After the usual curing at 100°C, elastomer samples are
removed from the oven and demolded after 10 min. Shore hardness: 80A;

rebound: 44%; appearance: clear.
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This example shows the effect of NCO/OH ratio on mixture viscosity.
The procedure of Example 11 is followed, except that the NCO/OH ratio
used is 1.20. The viscosity of the prepolymer/IPDI mixture is 10,300.cps
(too viscous to process effectively). In contrast, the viscosity of the
prepolymer/IPDI mixture prepared in Example 11 (NCO/OH ratio = 1.50) is
800 cps. The results show that a higher NCOQ/OH ratio greatly enhances

elastomer processability.

EXAMPLES 30-31 and COMPARATIVE EXAMPLE 11

These examples show the effect of NCO/OH ratio on elastomer clarity
using a 2000 mol. wt. EO-capped polyether diol. The procedure of Example
1 is generally followed. The prepolymer is prepared from Polyol L and 50%
4.4'-MDI (see Table 10 for amounts). The NCQ/OH ratios range from 2.6 to
3.4. The prepolymer is combined with enough IPDI to give a
prepolymer/IPDi mixture having a theoretical wt.% NCO content of 8.0. The
mixture (160 g) is chain extended with DETDA (25.5 g) at 30°C. The potlife
is about 20 seconds. After the usual curing at 100°C, elastomer samples are
removed from the oven and demolded after 3 min. The samples made using
an NCO/OH ratio of 2.6-3.0 are clear, while the one made at NCO/OH =34
is hazy. The examples show that the NCO/OH ratio used in the process of
the invention is important for getting clear elastomers.

The preceding examples merely illustrate the invention; the following

claims define the scope of the invention.
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Table 1. Formulating Clear Elastomers with High Resilience
Examples 1-3
Step 1. NCO-terminated Prepolymer from 50% 4.4'-MDI
50% 4,4'-MD! (g) 47
Polyol (g) 416
NCO/OH : 1.8
Step 2. Mixture of Prepolymer and IPDI (Mixture 7)
Prepolymer (g) 463
) IPDI (g) 37
% NCO (theoretical) 4.18
Step 3. Elastomer Formulation
Mixture Z (g) 171
DETDA (9) 14
Processing temp. (°C) 60-80
Potilife (s) 30-35
Demold time {min) 5
Comparative Example 1: Prepolymer (from 50% 4,4'-MDI, Polyol C, and IPDI) chain
extended with DETDA.
) Etastomer Properties
Ex# Polyol Shore hardness Rebound (%) Appearance
1 Cc 81A 59 clear
C1 C 78A 83 hazy
2 G 78A 61 clear
3 | T8A 61 clear
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Table 2° Effect of NCO/OH Ratio of Prepolymer on Elastomer Clarity

Examples 3-6
Step 1. NCO-terminated Prepolymer from 50% 4.4'-MDI and Polyol |
50% 4,4'-MDt (g) : 45.70 (see below)
Polyol I (g) : 416
NCO/OH : 1.8-2.8 (see below)
Step 2. Mixture of Prepolymer and 1PDI (Mixture Z) |
Prepolymer (g) : 463-485 (see below)
) IPD! (9) : 15-37 (see below)
' % NCO (theoretical) : 4.18
Step 3. Elastomer Formulation
Mixture Z (g) o 171
DETDA (g) : 14
Processing temp. (°C) : 60
Potiife (s) : 20-30
Demold time (min) : 5

Comparative Example 2: Same as above except that the NCO-terminated Prepolymer
has NCO/OH = 2.8. '

) Prepolymer Mixture Elastomer
" Ex# | 4,4-MDIi(9) NCO/OH Prepolymer (g) IPDI (g) Appearance
3 454 1.8 463 37.4 clear
4 55.5 2.2 472 28.4 clear
5 60.5 2.4 476 23.8 clear
6 65.5 2.6 481 19.4 clear

c2 70.4 2.8 485 15.1 hazy
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Table 3: Effect of 4. 4'-MD} Content on Potlife

Examples 3, 7, and 8:
Step 1. NCO-terminated Prepolymer from Polyol | and 50% 4.4'-MDI or mixtures of

50% 4,4'-MDI! and 100% 4.4'-MDI

Step 2.

Step 3.

Polyol [ (9)

50% 4,4'-MDI (g)
100% 4,4'-MDI (g)
NCO/OH

Mixture of Prepolymer and 1PDI (Mixture Z)

Prepolymer (g)
1PDI (g)
% NCO (theoretical)

Elastomer Formutation

Mixture Z (g)

DETDA (@)
Processing temp. (°C)
Potiife (s)

Demold time (min)

416

18-45 (see below)
0-27 (see below)
1.7-1.8

462

- 38

4.18

171

14

60-80 (see below)
20-30 (see below)
5

Comparative Example 3: Same as above except that the ratio of 100% 4,4'-MDI to 50%

4,4'-MDI is increased to give 90% of 4,4'-MD!l content overall.

Prepolymer Processing Elastomer
Ex 50% 100% overall % Temp Potlife Shore Rebound | Appear.
# | 44-MDI | 44-MDI 4,4'-MDI (-C) (s) Hardness
3 454 0 50 60 30 78A 61 clear
7 26.1 18.2 70 80 25 77A 62 clear
8 17.7 26.6 80 80 20 76A 61 clear
C3 8.9 35.4 90 80 16* 76A 63 clear
* The potlife of this sample is too short to allow casting of parts.
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Tabie 4: Effect of Polyol Unsaturation on Elastomer Properties

Examples 9 and 10:
Step 1. NCQ-terminated Prepolymer from 50% 4.4'-MDI

Polyol (g) : 830 (see below)
50% 4,4'-MD! (g) : 105
NCO/OH : 1.9-2.0
Step 2. Mixture of Prepolymer and IPDI (Mixture Z)
) Prepolymer (g) : 935
) 1PDI (@) : 65
% NCO (theoretical) : 4.18
Step 3. Elastomer Formulation J
Mixture Z (g) : 171
DETDA (9) : 14
Processing temp. (°C) : 80
Potlife (s) : 30
Demold time (min) : 5

Comparative Example 4 Same as above except that the Polyol used (CP-1) has a

much higher degree of unsaturation (0.08 meaq/g).

) Prepolymer Elastomer
Ex Polyol Unsat. Tensile Tear str. Elong. Shore Rebound | Appear.
# (meq/g) str. (psi) (Pl (%) Hardness (%)
9 C 0.005 3760 380 950 80A 59 clear
10 J 0.015 2930 380 1230 78A 58 clear
C4 | CP1 0.080 1270 280 1200 76A 55 clear
C4 is an example of the invention used for comparative purposes.
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Polyol (g) 414-425 (see below)
TDI-80 (g) : 35-54 (see below)
NCO/OH : 1.50
Step 2. Mixture of Prepolymer and 1PDI (Mixture Z)
Prepolymer (g) : 460-468 (see below)
) IPDI (g) : 32-40 (see below)
% NCO (theoretical) : 4.18
Step 3. Elastomer Formulation
Mixture Z (Q) : 171
DETDA (9) : 14
Processing temp. (°C) : 80
Potlife (s) : 55-65
Demold time (min) : 8-9

Comparative Example 5: Prepolymer (from TDI-80, Polyol B, and IPDI) chain extended

with DETDA.
) Prepolymer Mixture Elastomer
Ex | Polyol | Amt. | TDI-80 | Prepolymer | IPDI Shore Rebound | Appear.
# ()] (9 (9 (9) Hardness (%)
11 B 414 541 468 32.2 T9A 860 clear
C5 .B 413 54.3 467 32.2 80A 66 hazy
12 H 417 | 487 466 345 78A 64 clear
13 E 424 36.9 461 396 76A 62 clear
14 F 425 346 459 40.5 76A 63 clear
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Table 6: Effect of Polyol Molecular Weight Distribution on Viscosity of the

Prepolymer/Aliphatic Diisocyanate Mixture

Example 15 and Comparative Examples 6-7:

Step 1. NCO-terminated Prepolymer from Polyol and TDI-80

Polyol (see below) (g) : 414
TDI-80 (g) : 54.1
NCO/OH : 1.50
Step 2. Mixture of Prepolymer and [PDI {Mixture Z)
) Prepolymer (g) 488
’ 1PDI (g) : 322
% NCO (theoretical) : 4.18
Ex Polyol Mw/Mn Prepolymer/IPDI Mixture Viscosity
# ' (cps, at 80°C)
15 A 1.03 720
C6 cP-2 2.54 5330
c7 CP-3 2.45 5350
)
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Table 7: Formulating Clear Elastomers with High Resilience: TDI-100 Systems

Examples 16-18
Step 1. NCO-terminated Prepolymer from Polyol and TDI-100

Polyol (g) 414-428 (see below)
TD!-100 (g) 46-72 (see below)
NCO/OH 2.00
Step 2. Mixture of Prepolymer and IPDI (Mixture Z) .
Prepolymer (g) 472-486 (see below)
IPDI (9) 14-28 (see below)
% NCO (theoretical) 4.18-4.50 (see below)
Step 3. Elastomer Formulation
Mixture Z (g) 171
DETDA (g) 14
Processing temp. (°C) 80
Potlife (s) 65-80
Demold time (min) 10
Prepolymer Mixture Elastomer
Ex Polyo! Amt. TDI-100 Prepolymer IPDI Shore Rebound Appear.
# () (9) (9 @) Hardness (%)
16 B 414 72.0 486 13.7 80A 67 clear
17 D 423 492 472 28.1 80A 68 clear
18 F 428 46.4 474 257 76A 71 clear
Prepolymer Exs. 16-17: %NCO = 4.50; Ex. 18: % NCO =4.18
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Table 8: Effect of Mixture % NCO Content on Elastomer Properties: TDI-100 Svstems

Examples 19-23

Step 1. NCO-terminated Prepolymer from Polyol H and TDI-100
Polyol H (g)

TDI-100 (g)
NCO/OH
Mixture of Prepolymer and IPDI (Mixture Z)

Step 2.

Step 3.

Prepolymer (g)

IPDI (g)

% NCO (theoretical)

Elastomer Formulation

Mixture Z (g)

DETDA

(9)

Processing temp. (°C)
Potlife (s)

Demold time (min)

129-168 (see below)
19-25 (see below)
1.90

148-193 (see below)
7.2-52 (see below)
4.2-12 (see below)

171-149 (see below)
14-36 (see below)
50-80

20-70

5-10

Comparative Example 8: Prepared as in Examples 19-23, except that the ratio of IPDI to

Prepolymer is higher, giving a Mixture with 14 wt.% NCO content.

Prepolymer Mixture Elastomer
Ex | Polyol | TDI- | Prepol. | IPDI | % | Mixture | DETDA | Hard. | Reb'd | Appear.
# H@) | 100 (@) (g | NCO | Z (9 (©) (%)
(@)

19 168 | 24.7 193 7.2 | 4.18 171 14.4 79A 72 clear
20 159 | 234 182 17.6 | 6.00 165 20.0 90A 62 clear
21 149 | 22.0 171 29.0 | 8.00 1569 25.7 42D 59 clear
22 | 139 | 205 160 {405 (100 | 154 31.1 53D 59 clear
23 | 129 | 19.0 | 148 |52.1 1120 | 149 36.1 | 61D 59 clear
C8 | 119 |17.5| 137 |635]|14.0 | 144 40.8 . * clear
* Brittle product, poor green strength; not tested.
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NCO/OH : 2.0
Step 2. Mixture of Prepolymer and IPDI (Mixture Z)
Prepolymer (g) : 140
) Aliphatic diisocyanate (g) ; 9-11 (see below)
% NCO (theoretical) : 4.18
Step 3. Elastomer Formulation
Mixture Z {g) : 171
DETDA (g) : 14.4
Processing temp. (°C) : 80
Potlife (s) : 70-150 (see below)
Demold time (min) : 9-45 (see below)
Mixture Processing Elastomer
Ex Aliphatic Amt. (g) Potlife (s) Demold Shore Rebound | Appearance
# Diisocyanate {min) Hardness (%)
| 24 IPDI 9.4 70 9 77A 68 clear
25 | H,,MDI 11.3 100 10 82A 67 clear
26 | m-TMXDI 10.4 150 45 76A 65 clear
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Table 10: Effect of NCO/OH Ratio on Elastomer Clarity

Step 1. NCO-terminated Prepolymer from Polyol L and 50% 4.4'-MDI

Polyol L (g) 340-344 (see below)
50% 4,4'-MDi (g) 112-145 (see below)
NCO/OH 2.6-3.4 (see below)
Step 2. Mixture of Prepolymer and IPDI (Mixture Z)
Prepolymer (g) 455-485 (see below)
IPDI (g) 15-45 (see below)
) % NCO (theoretical) 8.0
Step 3. Elastomer Formulation
Mixture Z (g) 160
DETDA (g) 25.5
Processing temp. (°C) 30
Potiife (s) 20
Demold time (min) 3
Prepolymer Mixture Elastomer
Ex # Polyol L | 50% 4,4'-MD! NCO/OH Prepolymer (g) IPDI (g) Appearance
) (9) {9)
) 30 344 112 2.6 455 44.7 clear
31 342 128 3.0 470 29.9 clear
c12 340 145 3.4 485 15.1 hazy
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CLAIMS:

1. A process for ;Sroducing a clear polyurethane/urea elastomer
comprising:
(a) reacting an aromatic diisocyanate comprising less than
90wt% of 4,4’-MD! with a polyol having a polydispersity
(Mw/Mn) less than 1.5 to produce an isocyanate-
terminated prepolymer, wherein the NCO/OH mole ratio is
within the range of 1.3 to 3.0;

) '(b) mixing the prepolymer with an aliphatic diisocyanate to
form a prepolymer/aliphatic diisocyanate mixture that has
an NCO content within the range of 2 to 13 wt.%; and

(¢)  reacting the prepolymet/aliphatic diisocyanate mixture with
an aromatic diamine, wherein the aromatic diamine is used
at an NCO/NH ratio in the range of 0.9 to 1.2.

2. The process of claim 1 wherein the aromatic diisocyanate is
selected from the group consisting of toluene diisocyanates and MDls
that contain at least 15 wt.% of MDI isomers other than 4,4'-MDI.

3. The process of any preceding claim wherein the polyol has an
) Mw/Mn of less than 1.4.

4. The process of any preceding claim wherein the polyol has an
Mw/Mn of less than 1.2.

5. The process of any preceding claim wherein the polyol has an
unsaturation less than 0.02 medq/g.

6. The process of any preceding claim wherein the polyol has an
unsaturation less than 0.01 meq/g.

7. The process of any preceding claim wherein the polyol has an
equivalent weight within the range of 750 to 10,000.
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14. The process of any preceding claim wherein the aromatic
diamine is selected from the group consisting of diethyltoluenediamines
(DETDA), dimethylthiotoluene diamines (DMTTDA), and mixtures
thereof.

15. The process of any preceding claim wherein the aromatic
diamine has a Gardner color less than or equal to 7.

16. The process of any preceding claim wherein the aromatic
diamine has a Gardner color less than or equal to 3.
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&Smi0% 'f%.() The process of any preceding claim wherein the elastomer

produced has a resilience of at least 65%.

) 20 A ponurethéne/urea elastomer made by the process of any
preceding claim.

21. An in-line skate or skateboard wheel fabricated from the
elastomer of claim 20.

22. A process which comprises:

(a) reacting an aromatic diisocyanate with a polyether diol
having a polydispersity (Mw/Mn) less than 1.2 and an
unsaturation less than 0.007 meq/g to produce an
isocyanate-terminated prepolymer, wherein the NCO/OH
mole ratio is within the range of 1.5 to 1.8;

) (b) mixing the prepolymer with an aliphatic diisocyanate
selected from the group consisting of hydrogenated MDls,
isophorone diisocyanate, tetramethylixylene diisocyanates
(TMXDIs), and mixtures thereof to form a
prepolymer/aliphatic diisocyanate mixture that has.an
NCO content within the range of 3 to 10 wt.%; and

(c)  reacting the prepolymer/aliphatic diisocyanate mixture with
an aromatic diamine selected from the group consisting of
diethyltoluenediamines (DETDA), dimethylthiotoluene
diamines (DMTTDA), and mixtures thereof, wherein the
aromatic diamine or mixture thereof is used at an NCO/NH
ratio in the range of 0.9 to 1.2.
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