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- DESCRI PTI ON 5 The present invention relates to novel pol yurethane

el astonmers and a nethod for the preparation thereof. Polyurethane

el astonmers made by reacting diisocyanates, such as toluene diisocyanate
(TD), 1,5 naphobaterse dii socyanate (NDI) or 4,4" diphenyl metRCIEPISB5035
diisocyanate (4,4'-MDl), with high nol ecul ar wei ght polyols, such as

pol yester polyols or polyether polyols, and | ow nol ecul ar wei ght pol yols or
pol yam nes, such as ethylene glycol or butane diol. H gh nol ecul ar wei ght
pol yet her polEPE¥UREFRANE ¥ ' e pol ytetrahydrofuran 15 or

pol ypr opyl eneoxi de. The preparation of el astoneric pol yurethanes from

pol yet her polpgglsreeeit @i Ni ng m nor anounts of ethylene oxide (EO-groups is
al so known, see for exanple EP- A-13487. 20 Formul ations conprising high
amounts of 4,4'-MDl and pol yet her polyols having high EO contents have

al ready dbeen mhecpresent ippentdon |refatpsctp obynl pelynnethhon plastoners end @ matliod
EP- A-547764, £foB-Amofrdefatatind flRres049120. 25 None of the known

| socyanat e- based el astonmers however shows satisfactory dynam ¢ nodul us

behavi our over a broad tenperature range. A new class of polyurethane
el ast omer s hXOLYRFHHEAM, S} A TATRHRh P B Y FefGhing. diisocyanates, such as toluens
diisocyanate (TDI), 1,5 naphthalene diiscoyanate (NDI) ox 4,4' diphenylmethane

10 diisocyanata (4,4'-MDI), with high molecular weight polyols, such as polyester
polyols or polyether polyols, and low molecular weight polyocls or polyamines,
such as ethylene glycol or butane diol.

High molecular weight polyether polyocls mainly used are polytatrahydrofuran
15 or polypropyleneoxids.

Tha preparation of alastomeric pelyurethanes from polyether polyols containing
minor amounts of ethylene oxide (EO)~groups is alsc known, sees for axample EP-
A~-13487.

20
Formulations comprising high amcunts of 4,4'-MDI and polyether polycls having
high EO-contents have already basn used to prepare flexible polyurethane
foams, see for exanple EP-A-547764, EP-A-547765 and EP-A-549120,

25 None of the known isocyanate-based elastomers however shows satisfactory
dynamia modulus bshaviour over a broad temparatura range.

A new clasz of polyurethane elastomers has now been found which show a guasi~
perfect elastomeric bshaviour over a broad temperature range.
30
Thus, the present invention relates to polyisocyanate~based elastomers having
a xatic of the storage modulus (E') at 20°C and the storage modulus (E') at
120°C of betwean 0.75 and 1.5, a tan 8 at 100°C of less than 0.1 and a maximum
value of the tan § of mora than 0.8, the tan § being the ratic of the loss
35 modulus (E'') and the storage modulus (E').

Preferably, the maximum value of the tan O is more than 1.0.

The ratio of the storage modulus (E') at 20°C and the atorage modulus (E*) at
40 120°C is preferably between 0.8 and 1.2, and most preferably between 0.85 and



perfect elastoneric behaviour over a broad tenperature range. 30 Thus, the
present invention relates to polyisocyanate-based el astoners having a ratio
of the storage nmodulus (E') at 20[err]C and the storage nodulus (E ) at
120[ err] C of between 0.75 and 1.5, a tan [err] at 100[err]C of less than
0.1 and a nawonmiyssl ue of the tan [err] of nore than 0.8, tres/Er8&0desy |
being the ratio of the loss 35 nodulus (E' ') and the storage nodul us
(E'). Preferably, the maxi num value of thg.tan [err] is nore than 1.0. The
ratio of the storage nodulus (E' ) at 20[err]C and the storage nodulus (E)
at 40 136terr] is preferably between 0.8 and 1.2, and nost preferably
bet ween 0. 85 and WO 97/ 21750

PCT/ EP96/ 05 s BE o Ilisap ef rredojd haye a tan [err]. at 100C of
| ess than 0(%551 ﬁf)'gt;t%rde .e?'amy E'h“e%t atan';e(rgr ‘aéf"l O {: j ¥eqt REeSarnlY
0.03. 5 Te (PP atniff 5fis dmss $has 8:93. preferably occurs at a

tenper & ure bel ow O[err]C, nost preferably below -10[err]C.
The prims maximm of the tan § preferably occurs at a temperature below 0°C,
most preferably balow -10°C. '

The storage and loss modulus are measured by Dynamic Mechanical Thermal
10 Analysis (DMTA measured according to ISO/DIS 6721-5).

. These novel polyurethane slastomers can be made from formulations containing
Polyols having high oxyethylene contents or polyol blends containing polyaster
polyols and high concentrations of polyols having high oxyethylene contents,

15 substantially pure 4,4'-MDI or a derivative thereof, and a low molecular
weight chain extender and optionally a crosslinking agent.

Thus, according to the invention, there is also provided a method for the

preparation of polyursethane elastomers from a reaction mixture comprising a

20 polyisocyanate component, a polyol composition, a chain extender and

' optiocnally a crosslinking agent wherein the polyisocyanate component contains

at least 85% by weight of 4{,4'~diphenylmathane diisccyanate or a variant

thereof, the polyol composition comprises at least one polyoxyalkylene polyol

containing oxyethylene residues, said polyol composition having an average

25 nominal hydroxyl functionality of from 2 to 4, an average hydroxyl equivalent

weight of from 500 to 7000 and an average oxyethylene content of between 50

and 85% by weight, and the chain axtender has an average hydroxyl squivalent
waight of up to 250.

30 The polyisocyanate component used in the invention may be any aromatic or
aliphatic polyisocyanate such as TDI, NDI or pure 4,4'-diphenylmethane
diisoccyanate or mixtures of that d:l.isocy;nnté with cne or more other organic
Polyisocyanates, especially other diphenylmethane diisccyanate iscmers, for
exaxple the 2,4'-isomer optionally in conjunction with the 2,2'-isomer. The

35 Polyisocyanate component may alsc be an MDI variant derived from a
polyisocyanate composition containing at least 85% by weight of 4,4~
diphenylmsthane diisocyanate. MDI variants are well known in the art and, for
use in accordance with the invention, particularly include liquid products
obtained by introducing uretonimine and/or carbodiimide groups into said

40 Polyisocyanate composition and/or by reacting with one or more polyols.



The storage and | oss nodul us are neasured by Dynam c Mechani cal Thermal 10
Anal ysis (DMIA neasured according to I1SOD S 6721-5). These novel

pol yui et hane el astoners can be nade from fornul ati ons containing pol yols
havi ng hi gh oxyet hyl ene contents or pol yol blends containing polyester

pol yol s and hi §¥02m1@8ntrati ons of pol yol s havi ng hi gh oxyet hyiCF/EP96/05035
contents, 15 substantially pure 4,4'-MDI or a derivative thereof, and a

| ow nol ecul ar wei ght chain extender and opt4senal |y a crosslinking agent.

Thus, accordi nrg to the invention, there is also provided a nethod for the

prepar ati on off*B5F%RSepfathe EPLrisopumnate ompoRent Are| BrLviseqvanate; gompdad timpsa
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cont ai ns at %) t of 4,4 I1'socyanate or a
vari ant t ereo liif'ﬁgnb%x“ﬁ J"’%ﬁ?’?ﬁbﬁ? |b‘ﬁ's ¥§§’§"'at | east one

pol yoxyalkyl ene pol yol containing oxyethylene residues, said polyol
composi ti on hawe @16 Wiﬂﬂofiw conéiidt 2| ordY Sl X pdiyatier 1sY oftlichd 19

2 to 4, an avehgtaa ViiO0¥hlest h fro 00 to 7000 and an
aver age oxyet hyl ene cont ent 0 et weg'}\d”smg‘ g’n%"@&ﬂf B’yin i ght, and the chain
ext ender has an average hydroxyl equival ent weight of up to 250. 30 The

pol yi socyanat &be crepemedion mercompridece istnglet pedPouyRykylene pylyriloMkiich Cpraiferably
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and may be obtained in conventional manner by reacting ethylene and propylene
oxides simultanecusly and/or sequentially in any order with an initiator such
as water, a polycl, a hydroxylamine, a polyamine and the like having from 2

.15 to 4 active hydrogen atoms.

Alternatively, the polyol composition may comprise a mixture of two or more
polyoxyalkylene polyols such that the total composition has the ragquired
average functionality, equivalent weight and oxyethylens content. The
20 - polyoxyalkylene polycls prasant 4in such mixtures are _puf-z;_ah:l.y _
. poly(oxysthylens-oxypropylens) polyols but ona ox more polyoxysthylene polyocls
and/or polyoxypropylene polyols may also be present. |

Preferred polyether polyocl compositions comprise:

25 (a) from 75 to 100% by weight of a first polyol component comprising at
least one polyoxyalkylene polyel containing oxyethylene rasidues, said
polyocl component having an average nominal hydroxyl functionality of
from 2 to 4, an average hydroxyl equivalent weight of from 1000 to 5000
and an average oxyethylene content of from 60 to 85% by weight, and

30 {b) from 25 to 0% by weight of another polyol component.

Polyol campoment (b) suitably has an average functionality of from 2 to 4, an
average equivalent weight of 1000 to 3000 and may be, for example, a
polyoxyprepylens polyol, a polyoxyethylene polyol or a poly(oxyethylene-

35 oxypropylene) polyol containing less than 60% or more than 85% by waight of
oxyathylene residues.

The term "average nominal hydroxyl functionality” is used herein to indicate
the average functionality (number of hydroxyl groups per molecule) of the
40 Polyol composition on the assunption that the average functionality of the



pol yi socyanat es, especially other diphenyl net hane diisocyanate isoners, for
exanple the 2,4'-isoner optionally in conjunction with the 2,2'-isoner.
The 35 pol yi socyanate conponent may al so be an MDI variant derived from
-a pol yi socyanate conposition containing at |east 85% by weight of 4,4" -
di phenyl nmet h ocyanate. MDI variants are well known Fﬁﬁ; and,
for use in agggrggﬁﬁe with the invention, particularly mclugr I qu %&
products obtained by introducing uretoninine and/or carbodiimde groups

into said 40 pon| socyanate conposition and/or by reacting with one or
nmore pol yol sex ols p:-sent therein is identical with the average
PCT/ EP96/ 05(}_,3‘m & Oinail ef e 5%

ol y| s cyanat nent are
pol yi socyanate corrp05| [ "r‘t'?b%onf |n %g at gﬁf’b;’@' t"'t'“lt" of the
4, 4" - di phenPHEREST(E! (i5pd J8y Bheir preparaliey &) theagh ‘('}om*ﬂ SR MY MAEAEHPRg
at | east 95%ohswhnei Lsis dcadse!'of sbmpharrpbiint GatuhitianCcyanat e are nost
preferred. 5 The polyol conposition may consist of one or more pol yet her

pol yol s optionally bl ended with other polyols such as ol yester ol yol s.
The conposi it Régf"mp% “E'B‘f%'o 81' E'Pf "Xl

preferably composition is from 2 to 3.

If desired, the polyoxyalkylene polycl (or one o£ more of the polyoxyalkylene
10 polyols whan a mixture is used) may contain disparsed polymer particles. Such
polymer modified polyols have besan fully described in the prior art and
include products obtained by the in situ polymerisation of one or more vinyl
monomers, for example acrylonitrile and styrene, in polyoxyalkylene polyols
or by the in situ reaction between a polyisocyanate and an amino-or hydroxy-~
15 functional compound, for example tristhanolamine, in the polyoxyalkylene.

Also suitable as polyol (b} are polyester polyols.
Polyester polyols which may be used include hydroxyl-terminated reaction
products of polyhydric alcohols such as ethylene glycol, propylene glyecol,
20 diethylene glycol, dipropylene glycol, 1,4-butanediocl, bis(hydroxyethyl)
terephthalate, glycerol, trimethylolpropane, hexanediol, neopentyl glyeol,
mathylpantane diol, pentaerythritol or polysther polyols or mixtures of such
Polyhyrdric alecohols, and polycarboxylic acids, especially dicarboxylic acids
or their sster-forming derivatives, for example succinic, glutaric and adipic
25 acids or their dimethyl esters, sebacic acid, phthalic anhydride,
tetrachlorophthalic anhydride or dimethyl terephthalate or mixturaes thersof.

Preferred polyesters have a number average molecular weight of 750-4000,
espacially 750-2500, and an average nominal functionality of 2-3.

30
Suitable chain extenders include low molecular weight diols, aminoalcchols or
diamines such as ethylene glycol, diethylene glycol, dipropylene glycol,
" tripropylene glycol, propanedicl, butanedicl, pentanediol, hexanediol, 3-
methylpantane-1,5~diol, ethanoclamine or diethyltolusnediamine.
35

Low molecular weight isocyanate-reactive compounds having an average
functionality of 3 or more, such as glycerol, pentaerythritol or
triethanolamine, may be added as crosslinking agents.

40 It is preferrsd to add small amounts of water, most preferably less than 2%



10 I s a pol y(oxyet hyl ene- oxypr opyl ene) pol yol having the required
functionality, equival ent weight and oxyet hyl ene content. Such polyols are
knowi in the art and may be obtained in conventional manner by reacting

et hyl ene and propyl ene oxides sinultaneously and/or sequentially in any
order with an WEi%21&r such as water, a polyol, a hydroxyl anPGREPIE503S
pol yam ne and the |like having from2 15 to 4 active hydrogen atons.

Al ternatively, the polyol conposition may cgnprise a mxture of two or nore
pol yoxyal kyl ene pol yol s such that the total conposition has the required
average functPHn¥sighy baaedi on| the tetaljimeight] afx \tbe hidceganatertentive, etk
po: y?xyal ml lerm-mhml smnpiag?mmulamﬁwehtmm&s syﬂ-lﬂ, ﬂ&ﬁ%fkﬁéuu\{g of
pol y(oxyet hyl gRes Q¥ R e_or nore._po e ene

pol yol s and/ or_ po og roﬁﬁenéngg’go g%&ﬁ%ﬁo'ﬁ?‘ﬁr‘é@e’ﬁ%& P FeFtNEg fo=
pol yet her polﬁgﬁﬁgi%’tcﬂ?ﬂr?@e:%“iﬂfm agents mpy he)ag JOw, s 83 or
vwei ght of a 3% Sighpas 18p. comferaly, Chepisosynptatinieads iteedoby andailoy | Mac

pol yol cont ai séstOpsaruiday i fitgakadtal LIias 1 sSBitdeld/o¥ OnaCpg@oNENt having an
average nom nal hydroxyl functionality of from2 to 4, an average hydroxyl

equi val ent wei ght of from 1000 to 5000 and an average oxyet hyl ene content
of from 60 torE5oskastemersfprming, Feagtion mixturef may gohtain (rmh\pr\\@prmtofHfthe

anot her pol yorddd binmsn erivenfizingb| toc 30 T@RELiCh ) middtbiedl)| Y skihS addl taVé Ag6lude
function@l it esthigded Sox Gudmp1d" 38/ Carltbh \ilC in RnEnag! AR20cd 0EQQ0
and may De, .fPJ-ng)s( am %bau?‘ stabilisers, for example siloxane-oxyalkylene copolymars,
' flame retardants, organic and inorganic fillers, pigments, and internal mould
ralease agents.

15 The invention furthermore provides a reaction system comprising:

(a) a polyisocyanate component containing at least 85% by weight of 4,4
diphenylmethane diisocyanate or a variant thereof; L

(b) - a polyol composition comprising at least one polyoxyalkylene polyol

- 20 containing oxyethylene residues, said polyol composition having an

average nominal hydroxyl functionality of from 2 to 4, an average .
hydroxyl equivalent weight of from 500 to 7000 and an average ‘
oxyethylene content of between 50 and 85% by waight:

(<) a chain extendexr having an average hydroxyl equivalent weight of up to

25 250, and optionally,

(d) water,

(e) a crosslinking agent, and

(£) one or more additives conventional to elastomer formulations.

30 This reaction system is used for making polyurethane elastomers.

in operating the method of the invention, the known one-shot, seni-prepolymer
or full prepolymer techniques may be applied together with mixing equipment
conventionally used in the preparation of elastomers.

35
The elastomars according to the invention are particularly suitable for use
in applications where good anergy-absorbing and fatigue properties are
required and a good elastomeric behaviour over a broad temperature range, e.g.
in the automotive and footwear industry.

40



pol yoxypropyl ene pol yol, a pol yoxyet hyl ene polyol or a poly(oxyethylene- 35
oxypropyl ene) polyol containing |less than 60% or nore than 85% by wei ght of
oxyet hyl ene resi dues. The term "average nom nal hydroxyl functionality” is
*used herein to indicate the average functionality (nunmber of hydroxyl
groups per npbesrieg of the 40 pol yol conposition on thepefygpogpkdzen t hat
the average functionality of the WO 97/ 21750

PCT/ EP96/ 05035 -4- pol yoxyal kyl ene pol yoLg. present. therein is identical
with the average functionality (nunmber of active hydr ogen atons per

nmol ecul e) oOfhd ham:.bna{on.(m).ws&d by thlcfcl1éWing dddinpIns ik tWADE) [A11 lparts,
practice |tpgy=L b pgﬁdg gbecause of sone term nal

unsat urati on. SJI'I:%H g‘n‘gr rre qh'a e average nom nal hydroxyl .
functionality of the ponoI conp05|t|on is from2 to 3. If desired, the

pol yoxyal kyFhenefqidbwisia (Brserry of matecialst he potludadakkyieensily ntqs@#ryol s

when asni Xt stnBohdnteSkst) otiuewlil iddntiflieul i S8d dakpieBl particles. Such
pol ymer nodified polyols have been fully described in the prior art and



I ncl ude products obtained by the in situ polynerisation of one or nore
vinyl nononers, for exanple acrylonitrile and styrene, in polyoxyal kyl ene
pol yol s or by the in situ reaction between a pol yi socyanate and an am no- or
hydr oxy- 15 functional conpound, for exanple triethanolamne, in the

pol yoxyal kyl emeo 9781980 sui t abl e as pol yol (b) are pol yester pd’K-El‘G'lPQGmSMS

Pol yester pol yol s which nay be used include hydroxyl-term nated reaction
products of polyhydric al cohols such as etlyl ene glycol, propylene glycol,
20 di et hyl ene gl ycol, dipropylene glycol, 1,4-butanediol,

bi s( hydr oxyetdupe3aryer epht hal ate, gl ycerol, trimethyl ol propane, hexanedi ol,
neopentyl glycol, nethylpentane diol, pentaerythritol or polyether polyols

or m xtures ol yhydric al cqghals, and polycarbox aci d

especial | y d%{?a?% F’l‘é’za i dsPE® fﬁé’?’f’:e P?) °8'€'&\'/’L§ ﬁ%‘“‘ from
exanpl e succinic, glutaric an@eagiali ghepical 1"&8*'&'5“ 81C: fypspgec -'bH Heﬁmk
esters, Ssebacic acid, phthabsacramydride, tetrachlorophthalic anhydride
or di net hyl terephthalate or mxtures thereof. Preferred pol yesters have a

nunber avera nol ecul ar wei ght' of 750-4000, especially 750-2500, and an
aver age noni F"”f'lfr‘fgﬂ'&ﬁaﬂ 't yuRtonininenodifyed fﬁ %'gx?%?demfﬂdg
| ow nol ecul ar wei ght diols, amraidathleofisinsInperthlafhexdcal Jodnsiriast Pidlene
glycol, diethylene glycol, dipropylene gl ycol, tripropylene glycol,

%?E?Pgent ane&‘%&gm’%ghﬁ e?'ﬁgnq}gm ne OP@%&E?% |O|t of%'ne | ar%“nae;. commercially

ailable from :nnpo al Chemical Industries PLC)

Polyisocyanate IV: isocyanate prepolymer made by reacting polyisocyanate I
and polyol B (NCO-content = 8.66%).

15
Polyol A: EO/PO triol having 70% random EO-groups; OH-value of 42
mg KOH/g and about 45% primary OH-groups.
Polyol B: EO/PO diol having 75% random EO-groups and w_-vaiu. of 27
20 mg XOH/g.
Polyol C: 70/30 blend of an EO/PO diol (22% EO-tip; OH-value = 35mg
KOH/g) and an EO/PO triol (15% EO-tip; OH-value = 32 my
KXon/g) .
25
Polyol D: polymer-modified polyol {(glycerocl-initiated polyol having
OH-value = 34 mg XOH/g:; 15% EO-tip:; 75% primaxy OH-groups
and containing 203 styrens-acrylonitrile copolymer
particles).
30
Polyol X: 20/PO diol having 27% EO-tip and OH~-value of 30 mg KOH/g.
Catalyst 1: Dabco EG; commercially available from Air Products.
35 Catalyst 2: Niax Al; commercially available from Union Carbide.

EG: athylens glycol



35 Low nol ecul ar wei ght i socyanate-reactive conmpounds havi ng an aver age
functionality of 3 or nore, such as glycerol, pentaerythritol or

tri et hanol am ne, nay be added as crosslinking agents. 40 It is preferred
"to add small anpbunts of water, nost preferably |ess than 2% WO 97/ 21750
PCT/ EP96/ 05080 9orirsei ght based on the total weight of the pcr/EPY6/0s03s

| socyanate-reactive, to the fornmulation. The isocyanate-index of the
reaction system taking account of the pglyol conposition, water and any
ot her isocyanate-reactive species, for exanple chain extenders and opt.
crossl i nki nexaeeses s, may be as |ow as 85 or 5 as high as 120.
Preferably, the isocyanate index is between 90 and 110. The npst preferred
| socyanat e-j nde |s betmeen 95 and 105. The elastoner form ng reaction

ni xt ure may—coBty L% S IREpiassl a4\ 2nt  onal to such

reaction n1xtures catal ysts, for exanple

Sgch addltlves |nclude 10 _
tertiary antiaatomsid mz. GRERO WidSa id heiAad Cir W€ 1808 MoS R0 eh Othd in a

st abi | i ser Seepl @t Ie SI|8 ape- axya | ene, copol rs a retardants,
organi c and |norgan| c ers, %l'grr%%f'“qgﬁdq éﬁﬁo’hfﬁl EEET Mt s,

ndicated in '.l‘lble I n:. measured.

- 46.8 - - 42.9
- - - 109 -

- - 100 - -
50.0 - - - - 1-
50.0 100.0 |- - -

- - - 100.0 | -

- - - 28.3 |-

- - - - 100.0
7.0 7.0 4.55 |ea.9 6.0
0.3 0.3 0.21 }o0.6 0.3
0.5 1.0 0.7 2.6 1.0
] - - - 0.4 -
440 440 580 490 585
81 41 62 a7 N.M¢.*
(Askes©) | (AskerC) | (AskerC) | (Shore A)

1.01 0.98 0.86 |1.69 2.19
0.013 [0.024 |o0.008 |0.070 |o0.078
-26 -11 -11 -43 -45
0.86 1.01 1.22 |o.42 0.37

*N.M. = not msasured
The E'({20°C)/E(120°C) ratio of the elastomars according to the comparative

exanples is higher than 1.5 and their maximum value of the tan Jis less than
0.8.



15 The invention furthernore provides a reaction system conprising: (a)
a pol yi socyanate conponent containing at |east 85% by wei ght of 4,4'-

di phenyl net hane dii socyanate or a variant thereof; (b) a pol yol

conposi tion conprising at |east one pol yoxyal kyl ene pol yol 20

cont ai ni ng oxyWOI9JREI$e resi dues, sai d pol yol conposition havi PREIEPP6ASEE age
nom nal hydroxyl functionality of from2 to 4, an average hydroxyl

equi val ent weight of from500 to 7000 and af-average oxyet hyl ene content of
bet ween 50 and 85% wei ght; (c) a chain extender having an average
hydroxyl eqU|9§¥%ﬁ#J¥elght of up to 25 250, and optionally, (d)
water, (e) a crosslinking agent, and (f) one or nore additives

convent i onal mﬂ:&muioe&ﬂﬁalwaﬂum tIhts%/ﬂﬁ:l%bem oY Si GilabomtSed
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he "known one- Sh sem-p gﬁh r or repo yrrer
n

inventio

t echni qugs rafiRaiont veget JeBgthe - W‘!"h MidEbn Y- %cﬂ}r 5N 0 chPonahgpjied
used in the pseysenannplitolie cddast OTEcR, Sagqldreyecl azt,omsmmich‘mgdm t e

i nvention ar e.wwlm»ssw RleG-dofas didGed htaPPd/664 'ﬁ”%ei‘\’fﬂ 0@ brior

ener gy- absor b bad ?rﬁg %er%are reg“ngg.% and _gzg,ood(ceoLiaisﬁtgor;Eu c

behavi our ove
8.5°C/min) and held at that temperature for 5 minutes before hsating of the

10 sample was started.

riguras 1-4 show the IMTA-curves of the examples 1~4. The DMTA-curves of the
conparative examples 1 and 2 are shown in figures 5 and 6.



in the autonotive and footwear industry. 40 WO 97/21750
PCT/ EP96/ 05035 -6- The invention is illustrated by the folil |wmlu|"ul"ml”“l
in which all parts, percentages and ratios are by weight The

gl ossary of materials is included to identify reactlon corrponents not

otherw se i deyg¢7iidd i n t he exanpl es. WO 97/ 21750 PCT/EP96/05035

PCT/ EP96/ 05035 -7- G.OSSARY Pol yi socyanate |: pure 4,4'-NDlI  (Suprasec
MPR, commercial ly available from | nperialgghem cal |ndustries PLC, Suprasec
is a trademark 5 of 1Cl PLC). Polyisocyanate I1:
uretoni m necoaxMsf i ed MDI ( Suprasec 2020; comrercially

1. A polyisocyanate-based elastomer having a ratio of the storags modulus
(E'} at 20°C and the storage modulus (E') at 120°C of betwean 0.75 and
5 1.5, a tan 5 at 100°C of less than 0.1 and a maximum value of the tan
S5 of more than 0.8, the tan 5 being the ratio of the loss modulus (E'')
and the storage modulus (E').

2. An elastomar according te claim 1 wherein the polyisocyanate contains
10 at least 90% by weight of 4,4'-~diphenylmathane diisocyanate.

3. An slastomer according to claim 2 whersin the polyisocyanate contains
at least 95% by weight of 3,4'-diphenylmsthane diisocyanate.

15 4. An elastomer according to any ona of the presceding claims having a
ratio of the storage modulus (2') at 20°C and the storage modulus (Z')
at 120°C of betwesn 0.8 and 1.2.

5. An slastomer according to claim 4 having a ratio of the storage modulus
20 (E') at 20°C and the storage modulus (E') at 120°C of between 0.85 and
1.1

6. An slastomer according to any one of the praceding claims having a tan
O at 100°C of less than 0.05,

25
7. An elastomer according to claim 6 having a tan 5 at 100°C of less than
0.03.
8. An elastomer according to any one of the preceding claims having a
30 maximum value of the tan 3 of more than 1.0.
S. An eslastomer according to any one of the preceding elaims having the
prime maximum of the tan 3 at a temperature below 0°C.
35 10. An elastomer according to claim $ having the prime maximum of the tan

3 at a temperature bealow -10°C.

11. A mathod for the preparation of elastomers according to any one of the
Preceding claims from a reaction mixture comprising a polyisocyanate
40 component, a polyol composition, a chain extender and optionally a



avai l abl e from I nperial Chem cal |Industries PLC). 10 Pol y
MDI - based prepolyner (Suprasec 2433; commercially avail a mnﬁpﬁu l“"l

| mperial Chemical Industries PLC) Polyisocyanate |V: i socyana ec pPrep

made by reacting polyisocyanate | and pol yol B (NCO content 8.66% . 15
Pol yol A: wo 97217130 PO tri ol having 70% random EO groups; EI-'I’IEHMf 42
ng KOH g and about 45% primary OH groups. Pol yol B: EQ PO di ol
havi ng 75% random EO groups and OH val ue o$1127 20

ng KOH g. Polyol C 70/ 30 blend of an EQ PO diol (22% EO-tip;

OH val ue = 35ng KCF¥pslinkingnagedtpeherelin)|the] golvEepqyapateConpangat -conbaing at
KOH g) . 25 Pol yol 1édst 85% by weigh®loy & e+ mﬁhiﬂﬁd-ﬂﬁhydué@yyﬁmobx ianvidiahed .
pol yol having OHvgllie &+ lgg#& ot g;r! Yok %Q‘E’wﬁﬁ‘@d
cont ai ni ng 20% st yr ene- ac% onrtri "coﬁi/%nE B?;r’t |§cl esia 30 Po I

EQ PO di oI havi ng” BPFESPE oxyathyte o} having
Dabco EGS conmer ci ah|svexsgs ingioiralf rydeeatils mmsty of from 2 to l. an average

hydroxyl esquivalent weight of fram 500 to 7000 and an average
oxyethylene content of betwesn 50 and 85% by weight, and the chain
axtender has an
average hydroxyl equivalent weight of up to 250.
10
12. A method according to claim 11 wharain the polyol composition comprises
at least one poly(oxysthylene~oxypropylene) polyol.

13. A methed according te c¢laim 12 wherein the polyol composition

15 comprises:

(a) from 75 to 100% by weight of a first polyel component comprising at
least one polyoxyalkylene polyol containing oxyethylens residues,
said polyol componant having an average nominal hydroxyl
functionality of from 2 to 4, an average hydroxyl equivalent weight

20 of from 1000 to 5000 and an average oxyethylene content of from 60
to 85% by weight, and

(b} from 25 to 0% by weight of another polyocl component.

14. A method according to any of the claims 11 to 13 wherein the polyeol
25 composition has an average nominal hydroxyl functionality of from 2 to
3.

15. A mathod according to any one of the claims 11 to 14 wherein the
reaction mixture further comprises water.

30
16. A method according to claim 15 whersin the amount of watexr is less than
2% by weight based on the total weight of the isocyanate-reactive
compounds.
35 17. A method according to any one of the claims 11 to 16 which is carried

out at an isocyanate-index of hetwsen 50 and 110.

18. A method according to claims 17 which iz carried out at an lsocyanata-
index of batwaen 55 and 105.
40



35 Cat al yst 2: Ni ax Al; commercially avail abl e f

Car bi de. EG et hyl ene gl ycol WO 97/ 21750 ”m“nmﬂ“' "III I”III
PCT/ EP96/ 05035 - 8- EXAMPLES Exanples 1,2,3 and 4 and conparat+t ve exanp

.and 2 El astoners were bench mixed and moulded in a 15 x 10 x 1 cm m)uld in

a conventi oRgy of@RE’ Using the formulations given in Tabl epdr/Esdioidds
properties indicated in Table |I were neasured. Table | Polyisocyanate |

36.4 42.7 - Pol yi socyanate 11| -12- 46. 8 -
- 42.9 Pol yi socyanate 111 - - 109
- Pol yi socysnat ea IrWaction system comprising : 100
'50P-8| %’)8: ’g‘l c POT‘) Bolyisocymt- J&Qpcgunt coﬁQaiQung P 0 I:I.XPJt Bs& by woight of
10'0. 0 y 4,4'-diphenylmethane diisocyanate or a variant thersof:
{b) a polyol composition comprising at least one polyoxyalkylene polyol
5 containing oxyethylene residues, said polyol composition having and

average nominal hydroxyl functionality of frem 2 to 4, an average
nominal hydroxyl asgquivalent weight of from 500 to 7000 and an
average oxyethylene content of between 50 and 85% by weight;

{e) a chain extendsr having an average hydroxyl equivalent weight of up

10 to 250; :

{d} water,

{e) a crosslinking agent, and

(f) one or more additives conventional to slastomer formulations

15



SUBSTITUTE SHEET (RULE 26)

Pol yol E Ethyl ene gl ycol 5.0 7.0 7.0 4.55 8.9
6.0 Water 0.3 0.3 0.3 0.21 0.6 0.3
Cat dl ayst 1 1.0 0.5 1.0 0.7 2.6 1.0
*Catal yst 2 : - 0.4 0.4 -
Moul ded densi wogha#se err]) 450 440 440 580 REHEP6/05813
Har dness 46 62 47 NM *
(Asker C) (Asker C) (Asker O (Asker C) (Shore A E (20[err]CE
(120[err]© ratio 0.95 1.01 098 1.69 2.19 tan [err]
(100[err]© 0. 00 0.%3 . 070 0.07&tan perr|
-23 - 26 - 17 -4 (te ratu in ﬂrr]C) agy err|
(val ue) TGN M =
not nmeasured The E (20[err]C)/E(120[err]C) atio of the el as§o
according to the conparative exanples is higher than 1.5 and fheir maxi num
value of the tan [err] is less than 0. 8. WO 97/ 21750
PCT/ EP96/ 05035
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-9- DMIA-test Measurenents were carried out according to I1SO DS 6721-5 on
a Rheonetric Scientific DMIA apparatus using a 3-point bendi ng net hod.
Sanmpl‘e test 5 di mrensions were: length 1 0 cm width 1.3 cm thickness 0
42 cm Applied strain anplitude 64 x 10[err] cm frequency 1 Hz heati@g
rate 2[ err] C nwo9o7Rhesoel ast oner sanpl es were pre-conditioned EFWE 03

- 23[err] C50% RH for 24 hours prior testing.,g The el astoner sanples were
guenched to -120[err] C (cooling rate 8.5[err]C/mn) and held at that

tenperature for 5 mnutes before heating ofest 0 sanpl e was started
Figures 1-4 show t he DMIA-cygves §$ t he_ex es®l. 4. hQ%DNWprurves of
the conparative exanples 1 2 e shHown i igur d 6
97/ 21750 — -+ } t + nv.rEP“”/GSDSS 10-
CLAI M5 1. A pol yi socyanat e- based el ast oner haV|ng a ratio of thé\%torage
nodulus (E') at 20[err]C and the storage nodul ps (E ) at 120[Trr]C of
between 0.75 and 5 1.5, atan [err] fat 100[err] C of {ljess than 0.1
and a maxi mum val ue of the tan
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[err] of nore than 0.8, the tan [err] being the ratio of the | oss nodul us
(E'") and the storage nodulus (E'). 2. An elastoner according to claiml
wherei n the polyi socyanate contains 10 at | east 90% by wei ght of
4, 4' -di phenyl net hane diisocyanate. 3. An elastoner according to claim?2
wherein the pQlyésAgspanate contains at |east 95% by wei ght OfPCT/ERI6/05035

- di phenyl net hane di i socyanate. 15 4 An el astoner according to any
one of the preceding clains having a ratio of the storage nodulus (E ) at
20[err] C and the storage nodulus (E) at ﬁ$§‘]c of between 0.8 and 1. 2.
5. An elastoner according to claim4 hay atio of the storage nmodul us
20 (E') at 20[ @] C 0@ thd~stor &2 nod&Pus (W) at®? 2Q{_-frr]c:of
between 0.85 and 1.1. 6. ,An el astomm anondl ng ti0 any jone of
preceding clainms having a'tan [érr] at' 100[err]C df less than 0 (ISI 25 7.
An el astoner according to claim6 having a tan perr] at 100Rerlr] C of | ess
than 0.03. 8. An elastoner according to any ogle of the pre®gdi ng clains
having a 30 maxi nrum val ue of the tan ferr] of nore ghan 1.0. 9.
An el astoner according to any one of the precdding clainms haging the prine
maxi nrum of the tan [err] at a tenperature bel gw O[err]C. o
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35 10. An el astoner according to claim9 having the prinme maxi num of
the tan [err] at a tenperature below -10[err]C. 11. A nethod for the
preparation of elastoners according to any one of the precedi ng claims from
‘a reaction mxture conprising a polyisocyanate 40 onent. a

pol yol conposmoemi7se chai n extender and optionally a WO Q?T P9eit503s

PCT/ EP96/ 05035 -11- crosslinking agent &#egein the pol yi socyanate conponent
contains at | east 85% by weight of 4,4 -di phenyl nmet hane dii socyanate or a
variant thereof, the polyol conposition es at |east one

pol yoxyal kyl ene pol yol c&qt ai n@g 0X Ha e tesidues.sai d ol yol
‘conposition having 5 n av age m na hydr& functcpnal ity of
from2 to 4, an average h . f 0© 7000 and
an average oxyet hyl ene content of between 50 and 85% by wei ght, @d the
chai nh extender has an average hydroxyl equival ent weight of up to 250. 10
12. A nethod according to claim 11 wherein the polyol conposjtion
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at | east one pol y(oxyet hyl ene- oxypropyl ene) polyol. 13. A nethod

according to claim 12 wherein the polyol conposition 15

conprises: (a) from75 to 100% by wei ght of a first polyol conponent

conprising at |east one pol yoxyal kyl ene pol yol containing oxy

| ene

resi dues, sai dW@yaPsoiconponent havi ng an average nomi nal hydﬂG% P96/05035
functionality of from2 to 4, an averagg droxyl equi val ent wei ght 20
yt'hy

of from 1000 to 5000 and an average oXx

| ene content of from®60 to 85%

by weight, and (b) from 25 to 0% by meightEr t her polyol conmponent. 14.
A method according to anyegf th Ialga_ viagr ei ngghe pedyol 25
conposition has an average nom na roxyl functionality of from@to 3.
15. A nethod according to ™M e
reaction m xture further conprises water. 30 16. A nethod accofdi
claim15 wherein the anmount of water is | ess than 2% by wei ght pased on the
total weight of the isocyanate-reactive conpounds. 35 17. A\ net hod
according to any one of the clains 11 to 16 which is carried ouf at an
i socyanat e-i ndex of between 90 and 110. o
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18. A met hod according to clainms 17 which is carried out at an

i socyanate- index of between 95 and 105. 40 WO 97/ 21750

PCT/ EP96/ 05035 -12- 19. A reaction systemconprising : (a) a

‘pol yi socyanat e conponent containing at |east 85% by wei ght of

4, 4" -di pheny| v a21850di i socyanate or a variant thereof; (b) XRCEEPHHNSIS
conposi tion conprising at |east one pol y@#gl kyl ene pol yol 5

cont ai ni ng oxyet hyl ene resi dues, said ponoI conposition having and aver age

nom nal hydroxyl functionality of fron12 an average nom nal hydr oxyl
equi val ent wei ght of from 500 700 a eg&g et hyl ene content of
bet ween 50 and 85% by welght; ) a aln end havi g an egdge
hydr oxyl equi val ent meigHP—e#—qp } o—250—(e—pate, (e) a
crosslingking agent, and (f) one or nore addltlves conventloﬂaICﬂo
el astoner fornul ations
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