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(54) Title: HIGH SERVICE TEMPERATURE POLYURETHANE

(57) Abstract .

ELASTOMERS

The invention is polyurethane compositions useful in high temperature service environments comprising: (A) i) one or more polyols
having hydroxyl functionality of 3.0 or greater and a weight average molecular weight of 2000 to 6000 wherein the polyols are the reaction
product of an initiator or mixture of initiators having an average functionality of 4 or greater and one or more alkylene oxides; or ii) a)
one or more polyols having hydroxyl functionality of 3.0 or greater and weight average molecular weight of greater than 6000 wherein
the polyols are the reaction product of an initiator or mixture of initiators having an average functionality of 4 or greater and one or
more alkylene oxides, and b) one or more cross-linkers having an equivalent weight of 200 or less; (B) an organic isocyanate; and (C) a
catalyst for the reaction of an isocyanate with an active hydrogen containing compound; wherein the ratio of isocyanate moieties to active
hydrogen containing moieties is from 0.9:1.0 to 1.5:1.0. The compositions of the inventioncan be processed at relatively low temperatures
to form high heat service temperature compositions useful as adhesives, sealants, encapsulants, gaskets or elastomers. Such formulations
have relatively low viscosities at low and ambient temperatures. Further, the cured compositions of the invention demonstrate the ability to
withstand temperatures of 140 °C or greater and more preferably 155 °C or greater without significant deterioration in properties.
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- “compositions provide processing cost a vantages over other polyurethanes it is desirable to
15 have high service temperature polyether based polyurethane compositions. Such high
service temperature applications include elastomers used in electrical castings, adhesives

and coatings, encapsulants and gaskets.

Cast elastomers may be used for a wide variety of applications including tires
and wheels, for example forklift tires, roller-skate and roller-blade wheels, running shoes,

20  brake diaphragms, snowplow blades. grain buckets, drilling pipe thread protectors, grain and
coal shoots, classifier shoes, hydraulic seals, wheel shocks, bowling ball cover stock, shaft
couplers, sheet goods, rod stock, mining screens, conveyor belts, coated conveyor belts,
gears, pipeline rigs, boat fenders, bump liners, helicopter blade sleeves, bumper pads, die
cut pads (paper box industry), large rollers for steel and paber mills, copier rolis,

25  encapsulated gate valves, encapsulated transponders (cattle tags), encapsulated concrete
mixer blades, drive belts, dead blow hammers, sprockets, overtings, crane shock absorbers,
sound dampening pads potting compounds and for coatings and encapsulated parts which
are used in high heat environments, such as in the engine compartment of automobiles.

~ Polyurethane cast elastomers are typically made by contacting the raw materials such as a

30 polyisocyanate, a polyol, and often a chain extender in a mold coated with a mold release,

and the contacted material is allowed to cure to form an elastomeric polyurethane piece.

Polyurethane rigid foam utilizing highly functional rigid polyols, have been
disclosed as useful in the insulation of hot water/steam pipes for district heating, see Pots, et

al., Developments In Rigid Polyurethane Foams for Insulation of District Heating Pipes,
!
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processing above their melting points, usually above 100°C.

Conventional polyether based polyurethane elastomers can withstand

20 continuous use temperatures of up to 100°C to 120°C. European community legislative -
changes relating to vehicle pass by noise have reduced the allowed noise emission. This
requires engine encapsulation and reduced air flow within the engine compartment resulting
in higher working temperatures for all materials used in the engine compartment.
Elastomers, gaskets and electrical encapsulating applications now require higher working

25 temperatures, up to 140°C with a peak application temperature of up to 155°C. Until now no
heat resistance soft cast elastomers based on conventional polyether based polyurethane
systems have been available.

What are needed are polyurethane formulations capable of forming
polyurethanes which can be used in high temperature service environments'and which do _
30  not degrade when exposed to temperatures of 120°C or greater, preferably 140°C to 155°C
and which formulations are easy to process at about ambient temperatures. In other words,
formulations which are low in viscosity and easy to handle at low temperatures. What are
also needed are high temperature resistant elastomers which can be prepared by casting
techniques at or near ambient temperatures.
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10  weight of 200 or less;
B) one or more organic isocyanates; and

C) one or more catalysts for the reaction of an isocyanate with an active
hydrogen containing compound;
wherein the ratio of isocyanate moieties to active hydrogen containing moieties is 0.9:1.0 to
15 1.5:1.0.

In another embodiment the invention is a polyurethane elastomer prepared
from the compositions of the invention.

In another embodiment the invention is adhesive and sealant compositions
prepared from the polyurethane compositions of the invention.

20 In yet another embodiment the invention is a process for preparing a high
temperature elastomer. The process comprises first contacting in a mold i) one or more low
viscosity organic isocyanates and one or more polyols having hydroxyl functionality of 3.0 or
greater and a weight average molecular weight of 2000 to 6000 wherein the polyols are the
reaction product of one or more initiators having an average functionality of 4 or greater and

25  one or more alkylene oxides; if)one or more low viscosity organic isocyanates and one or
more polyols having hydroxy! functionality of 3.0 or greater and a weight average molecular
weight of greater than 6000 wherein the polyols are the reaction product of one or more
initiators having an average functionality of 4 or greater and one or more alkylene oxides
and one or more a cross-linkers having an equivalent weight of 200 or less; or iii) one or

30 more isocyanate functional prepolymers prepared from one or more low viscosity organic
isocyanates and one or more polyols having hydroxyl functionality of 3.0 or greater and a
weight average molecular weight of greater than 6000 wherein the polyols are the reaction
product of one or more initiators having an average fl'.mctionali’ty of 4 or greater and one or

3
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Figure 1 illustrates a comparison of the hardness retention of Shore A 60
15 elastomers of the invention to conventional elastomers.

Figure 2 illustrates a comparison of the strength retention of Shore A 60
elastomers of the invention with conventional elastomers.

Figure 3 illustrates a comparison of the tensile strength with ageing of Shore A
95 elastomers of the invention to conventional Shore A 95 elastomers.

20 Figure 4 illustrates a comparison of the tensile elongation of Shore A 90
elastomers of the invention to conventional elastomers.

Figure 5 illustrates the effect of the amount of C, diol on the tensile strength of
the cast elastomer of the invention under ageing at 140°C in dry heat.

Figure 6 illustrates tensile strength performance of cast elastomers after
25 ageing at various antioxidant levels.

Figure 7 illustrates tensile elongation for Shore A 90 elastomers at various
antioxidant levels after ageing at 140°C in dry heat.

Figure 8 illustrates the effect of 1,4 butane diol concentration on the Shore A
properties of cast elastomers of the invention.

30 - Figure 9 illustrates the effect of 2-ethyl-1,3-hexanediol content on elongation
of cast elastomers of the invention.
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Shore A properties -of cast elastoners of the invention.
In order to achieve a polyether polyol having a functionality of 3.0 or greater

15  and more preferably 3.2 or greater, which are capable of being handled at or near ambient
temperatures, the choice of initiator is important. The initiators useful in this invention are
initiators having a functionality of 4 or greater and are preferably liquid. Among preferred
initiators are sorbitol, a mixture of sucrose and glycerin, methyl glucoside, a hydrolyzed
adducts of epoxy resin and a glycol, adducts of alkylene oxides and novolac resins, a

20  mixture of sucrose and trimethyl propane, and blends of sucrose and ethylene diamine.

Preferably the polyols have a functionality of 3.0 or greater, more preferably
3.2 or greater and most preferably 4.8 or less. Functionality as used with respect to Polyols
is adjusted functionality taking into account the amount of unsaturation in the polyol. The
adjusted functionality is calculated according to Formula 1

on]
| 56.1

7= [@]_ N
56,1 unsa L‘ﬁl + unsat

25

wherein OH is the hydroxyl number, milligrams of KOH/g; unsaturation is expressed in
milliequivalents per gram'and f is the nominal functionality which is the functionality of the
initiator (for example a diol has a nominal functionality of 2. Alternatively, adjusted

functionality can be adjusted according to formula 2.9 in Herrigton et al Dow Polyurethanes
30 Flexible Foams, p 2.8, 2d edition 1297.
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gl ucosi dechlarday\dihe),ylthethy!eneb|s(3-chloro-2,6-diethylaniline), 3,5-dimethylthio-2,4-
toluenediamine, 3,5-dimethylthio-2,6-toluenediamine, trimethylene glycol di-p-

15 aminobenzoate and 1,4’ bis(B-hydroxyethoxy)benzene. Examples of C-C,, alkylene diols
are 1,3-propanediol, 1,4-butanediol, 1,6-hexanediol, 2-ethyl-1,3-hexanediol, 2,2,4-trimethyl-
1,3-pentanediol and 2-butyl-2-ethyi-1 ,3-propanedibl. The cross-linking agents are present
preferably in an amount of 1 percent by weight or greater and more preferably 5 percent by
weight or greater based on the total weight of the formulation. Preferably the crosslinking

20  agentis present in an amount of 30 percent by weight or less based on the total weight of
the total formulation, and more preferably 15 percent or less.

Suitable polyisocyanates for use in preparing the elastomers include any
aliphatic, cycloaliphatic, araliphatic, heterocyclic or aromatic polyisocyanate, or a mixture
thereof. Preferably the polyisocyanates used have an average isocyanate functionality of at

25 least 2.0 and an equivalent weight of at least 80. Preferably, thé isocyanate functionality of
the polyisocyanate is at least 2.0, more preferably at least 2.2, and is most preferably at
least 2.4; and is preferably no greater than 4.0, more preferably no greater than 3.5, and is
most preferably no greater than 3.0. Higher functionalities may also be used, but may cause
excessive cross-linking, resuit in a formulation which is too viscous to handle and apply

30 easily, and can cause the cured elastomer to be too brittle. Preferably, the equivalent weight
of the polyisocyanate is at least 100, more preferably at ieast 110, and is most preferably at
least 120; and is preferably no greater than 300, more preferably no greater than 250, and
is most preferably no greater than 200. Examples of polyisocyanates useful in this invention
are disclosed in Bhat US Patent 5, 603,798 at Column 3 lines 14 to 60. Preferably the

{
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adducts of epoxy resin and a glycol, adducts of al kyl ene oxi des and novol ac
resins, a 20- mxture of sucrose and trinethyl propane, and bl ends of

sucrose 3gg of, ,tlgg(,Fene di am ne. Pr ef eratydi.éﬁ%gn% byol s

have a functionality of 3.0 or greater, nore preferably greater
and nost preferably 4.8 or less. Functionality as used with respect to

Pol yol s jsocyanate aéhdisfaﬁ(&rérﬂﬂﬁdlsmhaiey ah dligdifierizéduramane' Bocydiatasraint  of
unsaturatlonlntheply The djusted functionality is calculated

accor di nP lygerizadaomatic lsoc!qpate and carbodillmlde r[u%qqu version of syghdsegyanalesi s t he
hydr oxyl B%@?eraﬁ&'tﬁé %éfﬂhaﬁé |s'6ﬁ7p‘ﬂeﬂxl HEthahe' Bﬁédc?ﬂnété gt rlﬁ%‘ﬁﬁﬂmbﬁhed orin

mlllequalent &W@ ram and i's the nom nal functionalit
f unct i onp@lymgrizgd referably thedsagyanate is isthefare of adiqyid Immgaa Inwwmmsuty,

functd on f j functionality can be
adj usgt ed@%ﬂc%%'r ca‘?bod%{;&fsrl ?éd%%ndgg H‘?’?‘F‘%{on et al Dow Pol yur et hanes. 30

E' exible Foams, p 8. rafflorfsddyhRite Moléties to active hydrogen containing moieties in the

formulation is preferably 0.9 or greater more preferably 1.0 or greater. Preferably, the ratio
is 1.5 or less, more preferably 1.25 or less and most preferably 1.1 or less. In one
embodiment, where there is a large excess of isocyanate groups, the formulation may

10 further contain a trimerization catalyst to encourage the formation of isocyanate moieties.
This embodiment lowers the elasticity of the elastomer and improves the heat resistance. In

such embodiment the isocyanate index is preferably from 1.25 to 2.0 and more preferably
from 1.25 to 1.50.

The formulations of the invention include catalyst for the reaction of active

15 hydrogen containing compounds with isocyanate moleties. Such catalysts are well known in
the art and include the stannous salts of carboxylic acids, such as stannous octoate,
stannous oleate, stannous acetate, and stannous laureate; dialkyltin dicarboxylates, such as
dibuty! tin dilaurate and dibutyl tin diacetate; dibutyl tin sulfides; organomercurial catalysts,
such as phenyl mercury ester of C,, carboxylic acid; tertiary amines; hydroxyamines; -

20 titanates; potassium acetate; bismuth salts and tin mercaptides. The amount of catalyst
employed depends on it's efficiency, the desired reaction profile, is preferably from 0.005 to
5 percent by weight of the composition, and more preferably from 0.01 to 2 percent by
weight. Other known polyurethane catalysts include those disclosed in Taylor et al,
US 4,442,235 Column 7, lines 11 to 46. Preferred catalysts useful herein are tin

25 mercaptides, dibutyl tin dicarboxylates, dibutyl tin sulfide, phenyl mercury ester of C,,
carboxylic acid; a dibutyltin dimaleate/ethylenediamine complex, dibutyltin dimaleate,
dioctyltin dimercaptide, N-hydroxy-alkyl quatenary ammonium carboxylate,
tris(dimethylaminomethyl), triethylene diamine and potassium acetate.

Other commonly used components in polyurethane elastomer formulations
30 may be used in the formulations claimed herein. Such materials include fillers, such as
hollow glass spheres; pigments; accelerators; flexibilizers; plastizers; combustion modifiers;
water scavengers and viscosity reduction agents. Preferably the compositions contain water
scavengers such as zeolites. The amount of water scavengers preferably used in the

formulations are preferably 1.0 percent by weight of the formulation or greater, more
7 {



The pol yols preferably are prepared by the reaction of the initiator with

an al kyl ene oxi de. Such processes are well known to those skilled in
the art. Such net hods are described for exanple in US Patents

4,269, 945; WO P18 3 and 4, 374,210. Suitable al kyl ene ORCTHUSIAIEIU| in
this invention are described in US Patent 5,603,798 at colum 4, 5 | i nes
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| ess. Sui t abl e polylsocyanates or use in preparing
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Pr ef er abl yknowindn dispiant.alreariotiveriegiiiodiment the formulations of the invention are contacted with
a substrate to coat or encapsuiate the substrate with or in the formulation and then the
coated or encapsulated substrate is exposed to conditions such that the formulation cures.
25 Inthe embodiment where a substrate is encapsulated, the substrate to be encapsulated is
placed in a mold or box, held in place in a desired position, the formulation is introduced into
the mold or box to surround the substrate and the formulation is exposed to curing
conditions. Any substrate which can be protected by a polyurethane elastomer coating or
encapsulant may be used. Examples of such substrates include plastics, metal, electrical
30 devices, computer chips. Preferred plastics include ABS rubbers, polyurethanes,
polyamides, nylon, polyolefins and polycarbonates. Preferred metals include aluminum.
The elastomers of the invention may be formed at temperatures of 15°C or greater, more

preferably 20°C or greater and most preferably 25°C or greater. Preferably the elastomers
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environments. Preferably the elastomers of the invention can withstand temperatures of
155°C for 10 days with no deterioration in properties. More preferably such elastomers can
withstand 12 weeks at 140°C without any deterioration in properties. Preferably éuch

15 elastomers can last 12 weeks at a temperature of 100°C in salt water with less fhén 30
percent loss in properties. Preferably the elastomers of the invention having a Sﬁore A of 85
exhibit tensile strengths of 8 N/'mm?or greater, preferably 12 N/mm? or greater and most
preferably 15 N/ mm*or greater. Preferably such slastomers of the invention exhibit
elongations of 100 percent or greater and more preferably 150 percent or greater.

20 At a Shore A of from 50 to 65 the tensile strength is preferably 4 N/mm?®or
greater and most preferably 5 N/mm® or greater, while the elongations are preferably 200
percent or greater and more preferably 250 percent or greater. Preferably the formulation is
a liquid or a low viscosity blend. Suitable viscosities can vary according to the formulation
and the ingredients (such as fillers). The polyols used in the process preferably have a

25  viscosity of from 1000 to 2500 centipoise (cPs), the isocyanates used preferably have a
viscosity of from 30 to 500 ¢cPs. The blend of polyols with 'the isocyanates preferably have a
viscosity of 500 to 2500 cPs at 25°C without fillers.

in.one embodiment the invention is an adhesive composition comprising the
polyurethane compositions of the invention. More particularly the adhesive composition can
30 comprise a polyurethane prepolymer as described herein which is formulated with a catalyst
which promotes the curing of the prepolymer by atmospheric moisture. Useful catalysts are
well known in the art and include dialkyltin dicarboxylate, dialkyltin dimercaptide,
dimorpholinodiethy! ether, and (di(2-(3,5-dimethylmorpholino)ethyl)ether, etc. Other known

9 {



15 hydrogen contai ning conpounds with isocyanate noieties. Such catalysts
are well known in the art and include the stannous salts of carboxylic
acids, such as stannous octoate, stannous ol eate, stannous acetate,
and st anno¥O %HA6R08at e; di al kyl tin di carboxyl ates, such as FPCT/USBIG? tin
dilL.aurate and dibutyl tin diacetate; dibutyl tin sulfides; organomercurial

Ca oy o st S SR O5h e SR Rl (FBE LIS £ RO Hefuri) S,
L P nermasijemaybe s mampa i 001 Zophesni g, o
5 per centWily rom@i QPR tq 84»[%@986{%%&9&['1?8?{}%93}?&5 entes- ﬁb‘? i’?%ﬁg’ Ikyldith 0. 01 to g
percent RQyearboxy laféslurﬂﬂmde ﬂhﬁﬁethﬂmnm&t&w ﬁta*wnguﬁataeéwséa 1-gifdeslg t hose

di sclosed I n Taylor et ines 11 t'o 46.
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i In pol éu[] leddeainen thleameughrtmf tHecadhesive] more @eferabing. Emruem(bylwelgm@r fess mnHaosdbns
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nodi fi er sadditional adhésiVe SorapeRaE Welbkbwr intissatty reduction agents.
Preferably the conpositions contain water scavengers such as

fZg? lrr:JIt g f | o-rll-gea?gou Pt;cog:o;mtaﬁflig gdwmrmdmmhe,r thb |pyepmabri may becombined,
greater, dillers, gddmves, ultr¥V|olet stgg'mzers andy antlox%ants?mown in Ih%rpr;%lr glt't fc%r use'in
adheswe compositions. By the addition of such materials, physical properties such as
15  viscosity, flow rate, sag, and fire resistance can be modified. However, to prevent premature
reaction with the moisture sensitive groups of the polymer, the filler should be thoroughly
dried before admixture therewith. Exemplary filler materials and additives include such as
carbon black, titanium dioxide, clays, calcium carbonate, surface treated silicas, and PVC
powder. This list, however, is not comprehensive and is merely illustrative. The fillers are
20 preferably present in an amount of 1 percent by weight or greater based on the amount of
the adhesive. The fillers are preferably present in an amount of 300 percent by weight or -
less based on the adhesive, more preferably 200 percent by weight or less and even more

preferably 150 percent by weight or less.

The adhesive composition may also contain one or more plasticizers or

25  solvents to modify rheological properties to a desired consistency. Such materials should be
free of water, inert to isocyanate groups, and compatible with the polymer. Such material
may be added to the reaction mixtures for preparing the elatomers or to the mixture for

~ preparing the final adhesive composition, but is preferably added to the reaction mixtures for
preparing the elastomers, so that such mixtures may be more easily mixed and handled.

30  Suitable plasticizers and solvents are well-known in the art and include dioctyl phthalate,
dibutyl phthalate, a partially hydrogenated terpene commercially available as “HB-40", trioctyl
phosphate, trichloropropylphosphate, epoxy plasticizers, toluene-sulfamide, chloroparaffins,
adipic acid esters, xylene, 1-methyl-2-pyrrolidinone and toluene. The amount of plasticizer
used is that amount sufficient to give the desired rheological properties and disperse the

¢
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preferably 1.5 percent by weight or greater. Preferably the anount of water

scavenger used .is 3.0 percent by weight of the fornmulation or |ess and
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Typi cal | y QUABG @5 /despabedharein. of @ mixiureghereph| thseatalystisn ly bigngigd into the
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pol yur et hanixedlansthamdedc ddtemagively, the plasticizers can be added during blending of all the

20 components. Once the adhesive composition is formulated, it is packaged in a suitable

container such that it is protected from atmospheric moisture. Contact with atmospheric

moisture could result in premature crosslinking of the polyurethane prepolymer.

The adhesive compositions of the invention can used to bond porous and
nonporous substrates together. The adhesive composition is applied to a substrate and the
25 adhesive on the first substrate is thereafter contacted with a second substrate. In the
embodiment wherein the adhesive is a two part adhesive the two parts are combined prior to
contacting with the substrate. Thereafter the adhesive is exposed to curing conditions. The
substrates which may be adhered together include one or more of glass, plastic, metal,
fiberglass or a composite substrate, such substrate may optionally be painted. Generally the
30 one component adhesives of the invention are applied at ambient temperature in the
presence of atmospheric moisture. Exposure to atrﬁospheric moisture is sufficient to result
in curing of the adhesive. Curing may be further accelerated by applying heat to the curing
adhesive by means well known in the art including convection heating, or microwave
heating.
11 !



encapsul ant may be used. Exanples of such substrates include plastics,
metal, electrical 30 devices, conputer chips. Preferred plastics include
ABS rubbers, pol yurethanes, pol yam des, nyl on, polyolefins and
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10  Polyol Cis a bisphencl adduct based on DER* 331 epoxy resin and a monoethylene glycol

initiated polyol having polypropylene oxide chain with a ethylene oxide cap (90/10 percent)
having a molecular weight of 4000 and a functionality of 3.57.

Polyol D a sorbitol initiated polyol having a molecular weight of 2,160, a polyether chain of
propylene oxide units and a hydroxyl functionality of 4.5.

15 VORANOL* CP 6055 polyol is a 6000 MW polyether triol glycerine initiated with 14.5 percent
of the polyether groups derived from ethylene oxide and 85.5 derived from propylene oxide.

VORANOL* CP 4702 polyol is a 4800 MW glycerine initiated polyether triol with 17 percent

of the polyether groups derived from ethylene oxide and 83 percent derived from propylene
oxide. |

20 VORANOL* EP 1900 polyol is 4000 MW polyether based reactive diol.

ISONATE* M340 Isocyanate is based on carbodiimide modified MMDI and MMDI
prepolymer.

* DER, ISONATE and VORANOL are trademarks of The Dow Chemical Company

Antioxidants used include sterically hindered phenols, phosphites and substituted aromatic
25 amines.

A molecular sieve, 3A, is used as water a scavenger.

The formulated polyol was prepared by mixing all necessary ingredients with
a stirrer at least for 5 min. at 2000 rpm. The formulations contained a catalyst with the
amount adjusted for a pot life of around 10 min. The blend was stored at ambient
30 temperature. Re-homogenisation was carried out before use and further blending with the
isocyanate component. '
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are prefe I : b nt
or o eat orespbufing anoh AR noRkerthiRig e WitBY F1cf 1 THELR, e RGNS,
bl end. Supbuieddnioi &bol(BOT@)s 2mamspased piate oragidh withdhe berfdaeradelquatetyprepared and

the i Is LI : I ' .

br of e abr V3, Betf YaSed oicdse o, g ReadilyfhstalBtion B hiHgBi B0 ETec M. he

| socyanat dhecastielpstofrer ahest wasremaved from the suodd, tposbéured ¢on23thdues &0M00°Cs -

o 5000 o209 RN Porelt o 2 eb B 20,2 KBHBtaER 8 ity BofSreTosting. V! SCPR 1Y
thodi ¢ the i £ . hesi . e h

pol yur ot hane conposi Al SHEPIGT UGy sYRHERasI S TN Ay PRemar Apciayaaifesf v e

conposi ti ge AASHM oftR0EY propertied Ohdeidey heataagelnyy) MeyeBlired and efpéd hkdbriips ei n

which is formul ated with a catal yst whi ch pronotes the curing of the
pr epol ynesag %@Bﬁ@?iq,es?fichegtw‘g.e' Useful catal ysts are wel I known

in the art and include dialkyltin dicarboxylate, dialkyltin dinercaptide,

U or phol {1 BERREFAAR Tet tercry et adhingSveuasons et honeaperitiN e 50 R L SHiape

etc. GQsherg @R cut out of the 2 mm thick elastomer sheet, placed on a Tefion tray and placed i¥
an oven with temperature controlled within +/- 3°C of the set point. |

The following mechanical properties are tested using the listed tests: Tensile
strength and Elongation DIN EN ISO 527 (Shape # 5, speed 200 mm/min) The elongation is
calculated by measuring the elongation between the jaws, DIN EN 1SO 527, corrected by

20 multiplication factor 0.66; Shore A and Shore D were performed according to DIN 53505.
Tear strength were performed according to DIN 63515 without initial cut.

Examples 1, 2 and Comparative Example A and B

Elastomers having a Shore A hardness of 60 to 65 were prepared from Polyol
A (Example 1), Polyol B (Example 2) VORANOL CP 6055 polyol (Comparison Example A)
25 and a mixture of VORANOL CP 4702 and VORANOL EP 1900 (Compatrison Example B)
using the procedure described above. The formulation used for Examples 1, 2 and
Comparison A was 88.35 weight parts polyol, 5.0 weight parts 1,4-butane diol, 5.0 weight
parts 2-ethyl, 1,3 hexane diol, 0.15 weight percent Formrez UL 32 Tin catalyst, 1.5 weight
parts Molecular sieve 3A water scavenger, and 37.35 weight parts of Isonate M 340
30 isocyanate. The formulation for comparison Example B was the same except the polyol
mixture comprised 58.96 weight parts of VORANOL CP 6055 polyol and 30.3 weight parts of
VORANOL EP 1900 polyol, the amount of 1,4-butane diol was 9.09 weight parts, and the
amount of Isonate M 340 isocyanate was 42.81 weight parts. |
13 d



pol yur et hane catal ysts include those disclosed in Taylor et al, US
4,442,235 Colum 7, lines 11 to 46. The catal yst may, be present in an
anount ofwéeeigses 01 to 2. 0 percent by wei ght W th fropc@niiesiisssd. 4
percent by weight being preferred. The preferred dialkyl tin

di carboxylates include 1,1-dinmethyltin dilaurate, 1,1-dibutyltin diacetate,
1 ,1-dinmethyl 5 di mal eate and_ di butyl tin sulfide. Wwere the catalyst is
an organotin catalyst it is preferably present in an amount of 5 parts

perf m | Ib: on6or gr eaherpréxm;ﬂﬂglaetdmws migﬁgemétdﬁbsc&&fmsPy%, b'Alo,sg éagame o
prefera ts, per mJlion or greater, an st preferably. 120 parts by
i1 +on gy THe \angid dbndaon. BRalh wiingtanc Siare A BargRess emiistad bt | 1 an
amount ofesigatee agPitintds the ¥ésults are Eafisikdan Thie el ght of the adhesi ve,
nore preferably 0.5 percent by weight or |ess and nost 10 preferably 0.1
perceit by weight or |ess. The one parAgpghgesi ve may further conprise
addi t1 onal adhesive conponents well known in the art.

For fornulating adhesjve conpositions, the prepolyner may be conbi ned

with filllests, additives, ultraviollet stabillizers, drkbmpatative|Campasativabwn i n
the pridr_art for use in adh daxampled gnbxamnle 21|s Exaple Aec| Satainple 8n| of
such matlerials, physical propertigs such & 15 vidcosity, flow rate,|sag,
and fi r gRetentien of meshanigal pasforparices dd. Howevier, to prlevent prefature
react i onAARIPHat¥WE°Groi st ure sensitilve groups of the |polynmer, {he fillef

shoul d ble thoroughly dried Hefore adm xture tlherew th. | Exenpl ary
filler @®i%| s and additives indl ude such as carbon bl ack, titanium
di oxi de, | t4a\AgeIN@ 4| ci um car bonat e,| suf8ace| tr et ed |si | i 8s, T;nd pY/C

powder . [fAd8Y9398"d however, is not| cofiprehfnsi®¥e and jsS3nerefy 32

i | lustrafPPBYSaeRB9f || ers are 20 | pr&feraply ¥ esdntdestoyad anmouR® of |1
per cent dﬁ)éﬂgt"gor greater based on®he anmo of th¢ adf®sive. The
fillers gaé'a BPably present in fan unt of “300 jpercent by weight ¢r

| ess basPd 98¥F 39809 dhesi ve, nore prefdPabll 200 perlcent by wi ght or |ess
and even I, . preferably 150 percent| by wei ght or |ess. .
The adhe#gﬂ'%&%%t&nt"i‘%n may al so jcontain pne or re plastig¢izers or| 25
sol ventsi o gjnBy rheol ogi cal properjies [o g.gdesifed gansi gtengy. STJCh
mat eri al Sloiagadlinl&e _ 340 356 0 700

15 days ageing , 315 347 720

20 days ageing 295 280 : - 500

30 days ageing 270 -

40 days ageing 270

Tensile strength in N/mm2

0 day ageing 4.5 5.8 6.2 8.1

10 days ageing 4.3 3.9 0.5 2.9

15 days ageing " 5.8 4.5 T2

20 days ageing 71 6.5 0.5

30 days ageing 7.4 - -

40 days ageing ' 85

Major variations in Shore A performance are seen under ageing for the
different formulations. The formulation based on Polyol A is stable whereas the formulation
10  based on the comparative polyol were not stable. Figure 1 shows the performance

differences in hardness retention, and Figure 2 illustrates performances differences in
strength retention.

Examples 3 to 6 and Comparative Example C This Sheet Has Been Replaced
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free of water, inert to

Such material -
el at omer YVQPIAPBhe i xt
conposition, but
preparing the el as
and handl ed. 30

art and g

| socyanat e groups,

ure for

and conpatible with the pol ymer.
"may be added to the reaction m xtures for
preparing the final
is preferably added to the reaction mxtures for

preparing the
RITAFABH 9589

be nore easily m xed

Y@ friiilatibRs add
abl e as "HB- 40", ty

trioc

tQnmers,..so at. such m xtures nay
Shlre Risss 57 lastoReTpiepaiad A8 AAPEHRes shavoViene LeRUNRKET  ho
ARl Ageing Contitiohs ﬁlai@rc for up tlo ter|1 WekKs.

hydr ogenat'ed, t erpene commerci al ly avai

Fék’uitis akd ¥

phosphat eompiledtin Tl 2opy| phosphat e, epoxy pl asticizers, tol uene-sul fani de,
chl oroparaffins, adi pic acid est erSTA’QLl e, .
1-nmethyl - 2-pyrrolidinone _and toluene. The anmpunt of plasticizer used
is that famount sufficienft to gi e the depired rhepl ogi cal | pCapsaratives} and
di sper sd the Example 3 | Example 4 | Example 5 | Example 6 | Example C 1P
conponents in the adhesijv®atobypqsiRanshy Pr Patsibl y Rans byl st iPangky |
present [ingredienterount WT 0 jperWdnt py WTght| or Wif eafjer, Wilire
pr ef er abpglyd Aper cent by {weB4B2 or greatef and nosi 8375 pieferably 19
percent [pgiyeid ght or grgater bas d 8483t he adhesi vp conposi{ti on. The
pl asti ci[pelyoliG pref er ablly prese in an anodh02 of | 45 percent by wei ght or
| ess, ORANOLERERFSabIly 40 perfcent by yeight or|less and no8&59ref ¢rably
20 part s{ighbuiasiegint or | dss1bd8ed 14.37on|t h#4.88hepi ve conposi d#8n.
I n anot hid:3 reenpoadiplent t He adhesile, can be a two par f48omposi tion in|whi ch
one part{Tt ¥stes a | oW viscosify isocyatnatoé’zas lescri bed before ang the
ot her paT!"O'i;at 534cipatcryng t H2%0l ol @25 andl opt-i onaf | yO#Be ¢hai &kt endler as
descri be re. Thet s {10 ylbe formulated w tth t he_ ot hef
opt i onal ‘;?qu%g?' ' s@e%ﬁ beld hérsg?n THE® at fl ys’tc'17 q 0.85
eston 430 Phosphite X :

A.O. '

Isonate M 340 60.56 61.69 63.86 70.34 60.11

Retention of mechanical Properties

Shore A

0 week ageing 92 93 97 94

2 weeks ageing 94.5 88 97.5 92

4 weeks ageing 94 87 97 90

6 weeks ageing 93 86 97 88

8 weeks ageing 93 87 975

10 weeks ageing 92.5

Tensile Elongation % : ’

0 week ageing 229 168.4 200 217 287

2 weeks ageing 245 231 204 234 173

4 weeks ageing 255 217 184 237 55

6 weeks ageing 216 228 147.8 238 20

8 weeks ageing 217 195 106 235

10 weeks ageing 181 163 95 203

Tensile strength N/mm2 :

0 week ageing 18.2 16.1 17.6 21.6 16.1

2 weeks ageing 16.7 16.4 13.6 20.5 8.5

4 weeks ageing 17.2 158.2 12.7 20 6.1

6 weeks ageing 15.8 16 - 114 18.9 3.2

8 weeks ageing 16.7 16.1 10.6 19.7 -

10 weeks ageing 15.8 15.5 10.7 18.1

5  Figure 3 illustrates tensile strength performance, and Figure 4 illustrates tensile elongation

of Example 3 and Comparative Example C.

15

SUBSTITUTE SHEET (RULE 25)

This Sheet Has Been R,

|

T



used may be a pol yurethane curing catal yst as described herein, a catalyst
for noisture curing as described herein, or a m xture thereof. The
cat al yst woopesoer abl y bl ended into the pol yol part ofpctrm%9 19589
conposi tion. The adhesive conpositions of ﬁ

I nvention may be fornul ated by bl ending 15 the conponents together usi ng
nmeans wel | -known in the art. CGenerally the conponents are bl ended in a

sui tabl e onducted in an inert
at m)spheE%ﬁ‘nSfesﬁd?aﬁ&@ﬁﬂbg%tﬁéggéﬁPﬁgm eric noisture to prevent
premature reaction. It may be advant ageous to add any plasticizers to
t he prepol yner so that such m xture may be eas m xed and handl ed.
Alternatively, the %temﬁbﬁ%fP§fme%es dm@edabovgusmﬂmfngnmaumg the 20
conpofienygscriged | it ed in
S0y aby oAt TaSler® SIS NG cohiiidoh e firilietions, el . 20°
noi st ur e Comparative Examples GeogRbarecaged at 1497G and Exarople® is aged ait 150°®; eTH Ur €
crosslin ne prepol ymer. : The
adhesi vekécé(;"ﬁg%gel%%ﬁs o'?‘q.raﬁfeer?nventlon can used to bond porous and
nonporous substrates together. The adWABLEe conposition is applied to a
substr at; ate s thereafter
cont act e jubstl 2t bodi ment  wRbeEs A98°h
S Examniel |y

d with a secon

14

adhesi velHs—a—t-wo—pari—atiroad 3o rExampled
contactip g the substi AP ThdR B¥iheki Dartsiby exp@?éﬁbYo Curi ng
conditiq ;%%ﬁ slub t ed y b adheredW'Bget her Wcl ude one
or nore B qiass, pl astj c, t all, ’ [ bergl ass a conpposite
subst r at wail_é‘y&%tsr e may ofti Fgénte . Gener |1y ¥ 30{ one
corrponent\,c% he inventi 8 éent tenperatufe in
t he 1,4BERER6E O nosgher i F{é osuy e Cjospherl C
noi sturer&éyg?hgh o result CL] of esi vg Cur] ng
may be fhy gyiysacce ed by a|dply| ng h at to the ur| ng gdhes ve by
means wel'rhoﬂeaq;m mércm;he artp.2 ncljudi ng copvecgspn heat g, or m crowave
heat i ng. [catalyst . 11

Molecular sieve 3A, 1.7 1.5 0.85 1.68 1.5

water scavenger .

Weston 430 Phosphite 0.5 -

A.O. _

Isonate M 340 70.33 78 60.11 60.05 45.84

Retention of Mechanical Properties

Tensile Elongation in

% .

0 week ageing 229 147 287 517 . 120
2 weeks ageing 245 157 173 70.5 112
4 weeks ageing 255 153.6 55 51 96
6 weeks ageing 216 117 20 35 92
8 weeks ageing 217 111 destroyed
Tensile strength in
N/mm2

0 week ageing 18.2 . 233 16.1 17.6 16.8
2 weeks ageing 16.7 21.5 8.5 3.8 17.2
4 weeks ageing 17.2 20.8 6.1 3.7 165
6 weeks ageing 15.8 20.9 3.2 4.4 18.9
8 weeks ageing 16.7 20.7 - -

This Sheet Has Been Replace
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The follow ng exanples are provided to illustrate the invention, but are
not I nttended to |imt the scope thereof. Al parts and percentages are
by wei ghtwo nd/e6808 ot herwi se i ndi cat ed. Pol yol A ipeTRUSY8/1ME8H Ol
initiated polyol having a nol ecul ar wei ght of 12,000, a pol yether chain 5
of 85 percent propylene oxide units and 15 percent of ethyl ene oxide units
and a hydroxyl Fofmulationsriwvingdiffiérert iévels of crosslinkénvséreipréarad and tested

sucrose/gl ycer] y 0, @t L . havi a | ecul ar .wei ght
of 3 4ahb Aeabfpldn . B et ubipBh SR et Boardfke e G mReREa ey g 10
per cenlt atftaiabu )byexsgug at Ieasm?sbuwig Oclguahﬁt?sa:ﬁ drassimiar itk foremadtionnaitidugh (92|1039 R4
10 Polyo I S .a bisphenol, adduct bas on., * 33 oXy resin and a
Tonoet hyRhgonpatbn ars BEbE puliEadang BRie: 4G Riuie P oPRR hmpeg ot chai n
Wi th 2 esdtathearl (0,09 dohtent BRASHEIE treRgth In a cast diastoMer Gnddh ageinbalt 1469ciht  of
4000 and a functionality of 3.57. Polyol D a sorbitol "inftiated”

pol yol heyamglea 1ol ecul ar wei ght of 2,160, a polyether chain of

propyl ene oxide units and a hydroxyl functionality of 4.5. 15~ VORANOL* CP
6055 polyol is a 6@sdHéRVaLE bAPYol AlustHgREeshm@ forhiiatntss iwéx*arffefaé
per cent of the polyether groups derived from ethyl ene oxide. and 85.5

deri ved W'tﬂa)ﬁmﬁﬂﬁ%id@'ﬁé’%k#%?f tris dipropylgnagivee! Rhosphiteansbgtppm butylatebo My
|l yceri ng,d-Ringti | \ : nt - of the polyether
grgups d@qrgiggblfxréﬁgﬁ%ﬁ%&%%ﬁ%?s&%&dfoggé%e%g " derived from pEopil ene

oxi dg, The elastomers demonstrate good retention of physical properties over
extended periods (12 weeks - 140°C). Additional heat ageing tests further demonstrated that
the temperature-time limit, defined by 50 percent loss of mechanical performance, can be
extended with antioxidants. N
Example 12
15 ' Samples of elastomers of the invention were prepared using phosphite and

hindered phenol antioxidants. The tensile strengths and elastomers were examined in Shore
A 90 elastomers. The data shows that “phosphite” based antioxidants when added ata
minimum level of 0.25 percent on total elastomer formulation brings outstanding
improvement. Figure 6 illustrates tensile strength performance, and Figure 7 illustrates

20 tensile elongation for Shore A 90 elastomers under 140°C dry heat ageing test.
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20 VORANOL* EP 1900 polyol is 4000 MN pol yet her based reactive diol.
| SONATE* MB40 | socyanate is based on carbodiimde nodified MVDI and MVDI

prepol y * DER, | SONATE and VORANOL are tradenar w
Chem ca%r‘?ﬁ%ﬁ?s Ant i oxi dants used include sterical F’?Tmsﬁ%;@%ggo ’

phenol s, phosphites and substituted aromatic 25 am nes. A nol ecul ar
sieve, Fyampled/§gd as water a scavenger. : The
f or mul at e(T po?yo was prepared by mxing all necessary ingredients with

a stirrer at |eastgfgfoneréiware frepafédtactiiing'tdené Pfo@ﬂa%'é'?&élogé’&“"ai ned a
f a pot life o

catalyst with the anmount” adj usted for i around 10 mn.
The bl erhereiabeforeusing pelyelfbwith varigus araeynds af L4 dutame-diel s dlechain extenders

gg;r{)iogg R elRSthHefs Wk RBRdoN diipe AN dRT6idhgdtich nsile sf;eﬂgﬁpsé@&%} e
A knaéwn sjieemth.t'l}he)lfesult%arpmoylmilecbﬂ'ahlel(.bet ween 1 50g to 2009) was wei gﬁed

into a plastic beaker and pl aced undefAé/@Hum until bubbl es. di sappeared

i ndi cat iprg—t-hat—at+ 8 14 B ] 16 17 18 19 20 21
Experimental polyol A | 88.35 | 9535 | 93.35 | 00.85 | 88.35 | 85.85 | 84.05 | 81.35 | 79.35

C4 diol : 0 25 5 75 10 125 | 143 17 18

Molecular sieve 15 15 15 15 15 15 15 15 15
Catalyst at 2% in polyo) | 0.15 0.15 015 [ 0.15 0.15 015 | 015 0.15 0.15

Isocyanate / M-340 8.6 17.6 266 | 35.6 446 53,6 605 | 703 | 774

r Shore A | 48 | 52 | 66 78 L 86 L 91 | 94 | 86 | 96

| Elongation % ] 57 | 85 1 115

155 l 185 ] 205 | 203 | 195 L 187
6.3

] |

| ]

I_Tensilestrangth N/mm2| 07 L 1.3 L 29 l | 10.0 | 13.8 L 17 ] 19.8 ] 20.6 |
I |

rTearstrengtthcm L12.5 l 31 ] 56 08 | 163 l 216 L459 l 525 | 617

Fig 8 demonstrates the impact of 1,4 butane diol content on Shore A. Fig 9 demonstrates
the impact of 1,4 butane diol content on Elongation
10
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di ssol ved gases were renoved. Thi s process was repeated
for the isocyanate.: Both conponents were mxed 5 together for at |east two
m nut es uwaogeacgo®od spatula to avoid b!i bl es. The resul ti nPOTS98/19589WaS

b
poured into another plastic beaker mixi m tinued for 1 minute. The
m xture was oured into a hot (80['e I/ d plate nould, with
t he surfd&H&@ﬁEAMED_ﬁbpar ed wth & wa gmfrel ease agent. The
[err]C for 1 M. The cast

reaction was carried on by curing at 80 [e AS
el astomer sheet was 1r hoMmResHoNWSafWdN REAPRANG BPSIVUERIned  3StoMer poMPHSiIRG
100[err]C, 10 and the hm 1 B0 I ve
hum dity before testi n'g). ﬁtd%ed# nf'&é_ p?) vig R&%@Q&?@“@?@@rééhé}
eval uat i candbé weightaverage molegudan weight of 2900 16000 Whereisfthe polyolsiase the wactiam

of thaqgse pr I tel - . ' he
cane dondERR! o g e riptplHRMIRRAR BlbraEhRefutafiy f Bbrh G ardos of 1
agei ng evmbrmélkglene bridlesjoone pi eces (DIN EN | SO 527; Shape 15 #5) were cut
out of the 2 mmthick el.astoner sheet ced Tefl on tr - .pla

in an oven with terf@e?)aonﬂ%roé r%%rﬁtqpﬁsgvaqq&dﬁoqf {ung{f%ﬁll%fgfw?ﬁ%reége?

poi nt. and a weight average molétutaf weightofrgeatecthanicood wherette plyols gretthst ed

using the listed tests, Tensile, .. st rength and ongation DIN EN .| SO 527
(Shape # ™actipR REPANEHOTARERNOre Rt RAYY aidtage tuAg ARt & pgecter and

measujd Nohd Br RloPS kYR8 ohiEXETY B) thel c¥ore @kdﬁsﬁiﬁkééﬂaﬁ%p,amm@ém Welght 20

mul tiplication factor O.66; Shore ‘A and Shore D were pertormnmed according to
DI N 535050f 200 or lge8ir strength were performed according to DI N 53515 wit hout

initial cut. Exagrbﬁéo mofe GYANIcS: 2 LRdtby-Gngxampl e A and B

El ast omers having a Shofe A hardneSs of to 65 were prepared from Pol yol

A (Exanple 1), Polyol 86)eexanfoee catalysiiniche cradtion 5f isoryanatq cungaings on
Exanpl e A ) and VORANOL EP 1900
( Conpari sé%'%ég%ﬁ%qgmhgbﬁ%wﬁr(@sepxg !h‘e %rggrgégures’ descri bed above. The

f or rul st | whersirthe ratio Bt isopyaratd mojetieado active hyGmgen costaining maistisgisdoraei ght
parts pol 5%'1 o%q g_\n?ioght parts 1, 4-butane diol, 5.0 weight

2. The composition of Claim 1 wherein the ratio of isocyanate groups to
active hydrogen containing groups is from 1.0:1.0 to 1.10:1.0.

3. The composition according to Claim 1 or 2 wherein the isocyanate is an
20 aromatic isocyanate, an oligomerized aromatic isocyanate or a polymerized aromatic
isocyanate.

4. The composition according to any one of Claims 1 to 3 wherein the
isocyanate is an aromatic isocyanate, an oligomerized aromatic isocyanate or a polymerized
aromatic isocyanate derived from diphenyl methane diisocyante.

25 5. The composition according to any one of Claims 1 to 4 wherein the
initiator for the polyol is sorbitol, a mixture of sucrose and glycerin, an adduct of an epoxy
resin and a glycol, or an adduct of novolac resin and one or more alkylene oxides.

6. The composition according to anyone of Claims 1 to 5 wherein the weight
average molecular weight of the polyol is from 8000 to 16000 and the functionality of the
30 polyolis 3.2 to 4.8.

7. An elastomer comprising the reaction product of the composition

according any one of Claims 1 to 5.
cording any This Sheet Has Been Replaced
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parts 2-ethyl, 1,3 hexane diol, 0.15 weight percent Fornrez UL 32 Tin

catalyst, 1.5 weight parts Mol ecul ar sieve 3A water scavenger, and
37.35 weig of Isonate M 340 30 isocyanate. The forny ise¥h1 8y
conpari son%g%%sisB was t he same except the polyol m x#ﬁ;rde conpri sed

58. 96 wei ght parts of VORANOL CP 6055 polyol and 30.3 weight parts of

VORANOL EP 1900 pol ygql, = Wa i ght

parts, and the 8’61&)%%%%@ ﬂ%ﬁ%%géﬁ%hﬁgggwgﬁg{‘ %%@Q%hﬁé wei ght
13

parts. composition according to any one of Claims 1 to 6. _
The prepared el astoners were a&gd at 155[err]C for 0, 10, 15, 20, 30 and 40
days. The tensile el 8nghptasass tosapeapsulating aguhstsate comenaing har dness were

tested at the designated aging tines the results are conpiled in Table
1 5 a) placing the substrate in a mold;rABLE 1 Test

Corrpar ative Conparative i ) o ) Exampl e 1
Exanpl & 2 Exanple A b)Efilingihe mpold with aearapasition asroringHa@ny gne gbClaimeditees
Ageing at dbalerr]C . Shore A
c) exposing the composition to curing conditions.
10. A process for c_:oatihg a substrate which comprises

a) contacting a substrate with a cbmpo’sition according to any one of
10 Claims1 to 6;

b) curing the composition.

N M
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0 day ageing 63 67 60 57

10 days agei ng " 59 57 32
15 days agdvY®@9/16808 62 56 desermgg 20
20 days agei ng 63 60 fisssy 29,
30 days agei ng 62 - 40 days agei ng

56 Tensile Elongation in % 0 dgg agei ng

260 273 " 450 650 10 days agei ng

340 356 0 700 15 days agei ng

315 §47 720 20 days agei ng

295 wot 500 30 days agei ng |

270 - 40 days agei ng 270 Tensil e
strength in N m? 0 agei ng . ... 4.5 5.8
6.2 8.1 Y 3@@6 o 4.3 3.9
0.5 2.9 ) - 5.6 4.5

2 20 days agei ng 7.1 " 6..5.

0.5 30 days agei&? 7.4 40 days agei ng

6.5 riations in Shore A performance are seen
under ageing for the ' t formulations. The formnul ati on based on
Pol yol A is stable mﬁg} as th ation 10 based on the ‘conparative
pol yol were not stabl20 he performance = . differences in

har dness retention,

performances differences in
strength retention. '

0 10 20 30 40
Ageing time in days
——Experi A
—&—Blend 4000 MW diol +4000 MW triol
—l— 6000 MW trid

Fig 2
A . 10T Tensiein

6

4

2

(0} | }

0 10 2 30 40
Ageing time in days
Bxperimental Polyol A

—A—Blem4000NW£l + 4000 MW triol
—— 6000 MWHriol

This Sheet Has Been R,
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Exanples 3 to 6 and Conparative Exanple C
14 Shore A 95 - 97 el astoners prepared. as

descri bed wihoyfssp’ € used under dry heat ageing Conditionﬁcf‘}ggasf}%@n ar]C

for up to ten weeks. The fornulations and results are conpl bl e
2. TABLE 2

Conparative Exarrplz% 3 Exanple 4 Exanple 5

Exanpl e 6 Exanple C Parts by Parts by Parts
by Partsté;,ar Parts by I ngredi ents WI WI : WI
wWI pol yol A 84. 32

83. 75 pol yol B 84. 53 pol yol C

84. 02 VORANOL CP 6055
84.53 1,4 but a8

14. 33 14. 37 14. 28

14. 37 1,3 propas 14. 3
Tin catal yst o 14 _ .0 ol 534, nercury
0.25 0.25E 12 0.25 0.25  catalyst

S 10 o

£ 8

2 6

g 4

- 2

0
0 2 4 6 8 10 12
Time in weeks

—I— 6000 MW triol —ll— Experimental Polyol A

Fig 4
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200
150
100

50
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Mbl ecul ar si eve 3A, 0. 84 1.5 1.68 1.7 0. 85

West on 430 Phosphite 0. 25 A O | sonate M 340 60. 56
61. 69 V¥3 980808 70. 34 60. 11 Retention of nedcaisoaliosss
Properties Shore A 0 week ageing 92 93
97 94 2 weeks agei ng 94.5 88
97.5 92 4 weeks agei ng 3/6 94 87
97 90 6 weeks agei ng 93 86
97 88 8 weeks agei ng 93 87
97.5 1ofmfgks agei ng 92.5 Tensile Elongation % 0 week
agei ng 229 168.4 200 217 287 2
weeks agei ng 245  Tensile231 204 234 173
4 weeks agei ng 30 . 184 - 237 ' 55
6 weeks agei ng o6 strenghtin,g 147.8 - - 238 20
8 weeks agei ng 25 7 N2 195 106 235 10 weeks
agei ng 181 203 Tensile strength
N nmf err] 0 week aggp - 17.6 21.6
16.1 2 weeks agei ng .33 20.5
8.5 4 weeks ageing 15 12. 7 20
6.1 6 weeks ageing 11. 4 18.9

10.6 19.7 10

3.2 8 weeks ageing 4
weeks agei ng 15.9 19.1 5 Figure 3
illustrates tensile str De r-g-ef e, CAdlolFi gule 4 illustrates tensile
el ongati on of Exanple}3 apd -carpd®% €4 diolanpl ¢ C. _

0 ' K| 2 ]
LJ LI L4 L) LI L] L] L

0 2 4 6 8 10 12 14
Time in weeks

Fig6

—— noadded AO

—— .+ 0.25% phosphite
—A— .+ 050%phosphite.
—¥—+0.25% hindered phenol

o

0 5 10 15
Time inweeks
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15 Exanples 7 to 9 and Conparative Exanples C and D
El astoners were prepared as descri bed above using the fornul ations 5

descri bedng;;%%g 3. Ageing tests were conducted on the foi’ﬁh@é‘#’ﬁ?@ and

Exanpl es Conpar ati ve Exanples C and D are aged at
Exanple 9 is aged at 150[err]C. The results are conpiled in Table 3.
TABLE 3 Corrpar ative
"Shore A 98" %npl e 7 Exanple Exanple C
Exanple D Exanple 9 Parts by Parts by Parts
by Parts by Parts by I ngredi ents WI' WI'
WIr Fig7 WIr pol yol A 80.85 . 79.35
pol yol D
98. 2

BHongation in

%

250
200 —&— no added AO
150 —i— + 0.25% phosphite

| —&— +0.50% phosphite
100 - —¢— +0.25% hindered phenol

50 -
0 } } ]
0 5 10 15

Time in weeks

Fig 8

Shore A
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C4 diol in %
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VORANCL CP 6055 84. 53 VORANCL EP 1900

83. 82 1, 4 but anedi ol 17 19 14. 37 14. 25
no For Me9/16B0832 at 2% 0.15 PCT/US98/19589
0.3 Tin catal yst Thorcat 534, nercury 0.2
0. 25 0. 25 cat al yst Mol ecul ar sieve 3A, 1.7 1.5
0. 85 1.68 1.5 wat er scavenger West on 430 Phosphite
0.5 - A O | sonate M 34)¢ 70. 33 78
60. 11 60. 05 45. 84 Retenti on of Mechani cal Properties
Tensil e Elqﬂg?tlon in 0 week ageing 229 147
287 17 120 2 weeks ageing - 245 ¢ 157
173 70.5 112 4 weeks agei ng 255 153. 6
55 51 96 6 weeks ageing 216 . 117
20 35 250 92 8 weeks agei ng 217 111
destroyed Tensile RtE \ oz. N 2 ageing - 18. 2
23.3 16.1 200 ?Q?fbd“ati'bn A’16 8 R —zedh 00 2 16. 7
21.5 8.5 . 4 weeks agein 17.2
20. 8 6.1150 3.7 5.5 6 weeks ageing -. _ 15. 8
20.9 3.2 4.4 18.9 8 weeks agei ng 16.7
20. 7 - 100 -
50 —&—Elongation %
0
0 5 10 15 20
C4 diolin %
Fig 10
65 T Shore A

0 5 10 15 20
C8 diol in%
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16 WD 99/ 16808

PCT/ US98/ 19589 For mul ati ons havi ng di fferent |evels
of crossl i weedoieggse prepared and tested for ageing. Exggp 7, 8
The tests denonstrate that inproved heat resistance may be ’b(gﬁlg?’ﬁed by
using at .l east sone quantities of crosslinker in the formulation, although
Shore A and el ongation are stable during ageing test at 140[err]C
Figure 5 shows the inpact of 1,4 5 but &@& di ol (Cferr]diol) content on
tensile strength in a cast el astoner under ageing at 140C. Exanmple 1
1 El ast omers based on Polyol A using the sane

formul ati oFigdlin Exanple 3 w th an anti oxi dant package of tris

di propyl enegl ycol phosphite and 500 ppm butyl at ed hydr oxyt ol uene, were
prepared and tested for heat ageing. 10 The el astoners
denonstrate good retention of physical properties over ext ended
periods (12 V\B%@ ‘20l err] Q). Additional heat ageing tests further
denonstrated t 0

Ellmnﬂa‘[]@na%jre time limt, defined by 50gpercent
| oss of mechani cal rfor can be _
600

400
200
0

—&— Elongation %

0 5 10 15 20
C8 diol in %
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extended with anti oxi dants. Example 12 15 T/USOB 95889 of

el astomers of the invention were prepared using phosphite ang g2 9g
hi.ndered phenol anti oxidants. The tensi-le strengths and el astoners were
exam ned i n Shore A 90 el astoners. The data shows that "phosphite”
based antioxi.dants when added at a - mni nrum | evel of 0.25 percent on
total elastoner for ke RvEolPrHEPAlYrethanstcarpoRitions whichURAR syteAtAuSsel] Hure 6

tensi | ¢ o SnoaPyaiyS b ged enRSIIH T RREin AR Colpdbligne carmitl L SR eat
ageing test. A) i) one or more polyols having hydroxyl functionality of 3.0 or greater and a
weight average molecular weight of 2000 to 6000 wherein the polyols are the reaction
5  product of one or more initiators having an average functionality of 4 or greater and one or
more alkylene oxides; or ii) a) one or more polyols having hydroxyl functionality of 3.0 or
greater and weight average molecular weight of greater than 6000 wherein the polyols are
the reaction product of one or more initiators having an average functionality of 4 or greater
and one or more alkylene oxides, and b)one or more crosslinkers having an equivalent

10 weight of 200 or less;
B) one or more organic isocyanates; and

C) one or more catalysts for the reaction of an isocyanate with an active
hydrogen containing compound;
wherein the ratio of isocyanate moieties to active hydrogen containing moieties is 0.9:1.0 to
15 1.5:1.0.

In another embodiment the invention is a polyurethane elastomer prepared

from the compositions of the invention.

in another embodiment the invention is adhesive and sealant compositions

prepared from the polyurethane compositions of the invention.

20 In yet another embodiment the invention is a process for preparing a high
_temperature elastomer. The process comprises first contacting in‘a mold i) one or more low

viscosity organic isocyanates and oné or more poiyol's havirig hydroxy! functionality of 3.0 or
greater and a weight average molecular weight of 2000 to 6000 wherein the polyols are the
reaction product of one or more initiators having an average functionality of 4 or greater and

25  one or more alkylene oxides; ii)one or more low viscosity organic isocyanates and one or
more polyols having hydroxyl functionality of 3.0 or greater and a weight average molecular
weight of greater than 6000 wherein the polyols are the reaction product of one or more
initiators having an average functionality of 4 or greater and one or more alkylene oxides
and one or more a cross-linkers having an equivalent weight of 200 or less; or iii) one or

30  more isocyanate functional prepolymers prepared from one or more low viscosity organic
isocyanates and one or more polyols having hydroxy! functionality of 3.0 or greateranda
weight average molecular weight of greater than 6000 wherein the polyols are the reaction
product of one or more initiators having an average functionality of 4 or greater and one or
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17 43418A . Exanpl es 13 El ast oprer s--were-

prepared according to the procedures di scl osed her ei nbef or e .usi.ny
pol yol A with various anounts of 1,4 butane diol as the cha-n extender..
The el astoners were tested for Shore A hardness, el ongation, tensile
strength and tear 5 strength. The results are conpiled Table 4.

“TABLE 4 more alkylene oxides with one or more crpgs-linker having an equivalent waight of 200 a7

59.35 90'g8 ThEprogess %egg"mpw%ﬁﬁﬁd (5 oBtack® HGterfrs to ot 5oiia 92, %5,

0 2. 5polyuretr5ane elastgmer. 12.5 14. 3 17 19
Mol ecul ar sl eve 1.5 1.5 1.5 1.5 1.5 1.5 1.5
1.5 1.5 CIhelfgmwlations of the ipention can e pecessetsat relativelyslow 0. 15

2712 5 Zg.t%'ﬁperaglgg%r% fon&ﬂ@g%@at %e}ﬁ%&émp@&tgre corﬂ}@)gg%ﬁg?l%%%a%é}h%gives, 8.6
Shore A  sealants, égcapsulants2gaskets @ elastom@®. Such f@6nulations dave relatively low 96
205 ooyscostiegAiB R aibient empiaturs; \Fioer. the SR prpfdstions o
2.9 6. vention démonstratel Biebility toMithstand té@p&rature®6f 640°C or greater and more
preferably 155°C or greater without significant deterioration in properties. Elastomers of the
10  invention can be used in electrical castings, encapsulating electrical device castings used in
under the hood applications in automobiles and other environments where long term
exposure to high heat environments is anticipated. The adhesives are especially useful in
high heat environments.

Figure 1 illustrates a comparison of the hardness retention of Shore A 60
15 elastomers of the invention to conventional elastomers.

Figure 2 illustrates a comparison of the strength retention of Shore A 60
elastomers of the invention with conventional elastomers.

Figure 3 illustrates a comparison of the tensile strength with ageing of Shore
A 95 elastomers of the invention to conventional Shore A 95 elastomers.

20 Figure 4 illustrates a comparison of the tensile elongation of Shore A 90
elastomers of the invention to conventional elastomers.

Figure 5 illustrates the effect of the amount of C, diol on the tensile strength
of the cast elastomer of the invention under ageing at 140°C in dry heat.

Figure 6 illustrates tensile strength performance of cast elastomers after
25 ageing at various antioxidant levels.

Figure 7 illustrates tensile elongation for Shore A 90 elastomers at various
antioxidant levels after ageing at 140°C in dry heat.

Figure 8 illustrates the effect of 1,4 butane diol concentration on the Shore A
properties of cast elastomers of the invention.

30 Figure 9 illustrates the effect of 1,4 butane diol content on elongation of cast
elastomers of the invention.

This is the replacement sheet

Y
Date: 80302
AWVIENDED S5



N . —t AL A ATt i P LR AL (O 2
e - -

Tedr 'Strength Nem 125 31 56 98 163 216 459
525 617 Fig 8 denonstrates the inpact of—1,4 butane_diol content
on Shore A Fig 9 denonstrates . the.inpact of 1,4 butane diol content

on &ongat on 10 A RO AR

WHAT.IS CLAIMED IS:

1. Composition useful in preparing a polyursthane elastomér'compn'sing
A) i) one ar mars polyals having hydroxyl functionality of 3.2 or greater
and a weight average molecular weight of 2000 to 6000 wherein the polyols are the reaction
-5 product of one or mare initiators having an average functionality of 4 or greater and one or
more alkylene oxides; or
ii) a) one or more polyols having hydroxyl functionality of 3.2 or greater
and a weight average molecular weight of greater than 6000 wherein the polycls are the
reaction product of one or more initiatars having an average functionality of 4 or greater and
10  one or more alkylene oxide, and b} cne or more cross-linkers having an equivalent weight of
200 orless;
B) one or more organic isacyanates; and
C) one or more catalysts for the reaction of isccyanate containing
compounds with active hydrogen centaining compounds;
15  wherein the ratio of isocyanate moieties to active hydrogen containing moieties is from
0.9:1.0 t0 1.5:1.0.

2. The composition of Claim 1 wherein the ratio of isocyanate groups to
active hydrogen containing groups-is from 1.0:1.0 to 1.10:1.0.

3, The composition according to Claim 1 or 2 wherein the isocyanate is an
20  aromatic isocyanate, an oligomerized aromaiic isocyanate or a polymerized aromatic
isocyanate.

4. The composition according to any one of Claims 1 to 3 wherein the
isocyanate is an aromatic isocyanate, an oligomerized aromatic isocyanate or a
polymerized aromatic isocyanate derived from diphenyl methane dilsocyante.

25 §. The composition according to any one of Claims 1 to 4 wherein the
initiator for the polyol is sorbitol, a mixture of sucrose and giycerin, an adduct of an epoxy
resin and a glycol, or an adduct of novolac resin and one or more alkylene oxides.

6. The compasition according to anyone of Claims 1 to 5 wherein the waight
average molecular weight of the polyol is from 8000 to 16000 and the functionality of the
30 polyolis 3.2t104.8.

7. An elastomer comprising the reaction product of the composition
according any one of Claims 1 to 5.

This is the replacement sheet .
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18 . VWHAT IS CLAIMED I S: ' 1. --Conposj+tion
useful in preparing a polyurethane el astoner conprising Vol Teat T,
A) -i)-one or nmore polyols having hydroxyl functionality of 3.2 0r geeatér
and a wei ght average nol écul ar wei ght of 2000 to 6000 wherein the polyols
are the reaction 5 product of one or nore initiators having an average
functionality of 4 or greater and one or nore al kyl ene oxi des; or

ii) a) one or nore polyols having hydroxyl 1fsnctionality of 3.2 or greater

and a wei ght average nol ecul ar wei ght of greater than 6000 wherein the

pol yol s are the reacti on product of one or nore initiators having an
aver age funct i B8l | ty of 4 or greater and 10 one or nore al kyl ene oxi de,
-and b) one or nore cross-|linkers having an equival ent wei ght of 200 or
| ess; - B) one or nore organi c i socyanates; and

C) one or nore catal yst#0
~conmpounds with active h
of isocyanate noieties

r Shbre Aeacti on of isocyanate contai ning
taini : erein the ratio
tive hydrogen containing noietieS rom

0.9:1.0 to 1.5:1.0. 50
40
30
24
10
, 0 ’
0 10 20 0 40
Ageing time in days
—— Experi
i B A00 M chol 4000 MWtrio
——6000 MW tridl

Fig 2

10

8
6
4
2
0 T } {
0 10 20 30 40
Ageing time in days
—4— Exerimental Polydl A
—A— Blend 4000 M\Nggl + 4000 MW tridl
—— 5000 MW tridl
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2. The conposition of Claim1 wherein the rati o of isocyanate groups to
active hydraogen containing groups is from1.0:1.0 to 1.10;3%.3.5 1 : R
3. The composition according to Claim1l or 2 wherei.n. the |sopyanate“rs an
20 aromati c i socyanate, an oligonerized aronatic isocyanate or a

pol ymeri zed aromatic i socyanat e. 4. The
conposition according to any one of Clains 1 to 3 wherein the

i socyanate is an aromatic isocyanate, an ol¥gonerized aromatic isocyanate

or a polyqiggzed aromati c i socyanate derived from di phenyl nethane
di | socyante. 5. The conposition according to any one
of Clains 1 to 4 mherein t he initiator for the polyol is sorbitol, a
m xture of sucrose | ycerin, an adduct of an epoxy resin and a

f novol ac resin and one or nore al kyl ene oxi des.
o anyone of Clains 1 to 5 wherein the weight
i rom 8000 to 16000 and the

gl ycol, or an adduc
6. The conposition d8cge din
aver age nol ecul ar Bg of t
functionality of the~3 polyol is 32 to

el ast omer conpri SEnd4tHe\r eact i on product of the Gonpo
accordi ng any one;_:_of12q.a| 1to 5.
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8: An adhesive or seal ant conposition conprising a pol yuret h.ane ‘e

conposi tion according to any one of Clains 1 to 6. Ll _3"~1 9 A
process for encapsul ating a substrate conpri sing L S, a)
pl acing the substrate in a nold; 5 b) f||||ngthe nol d
Wi th a conposition according to any one of Clains 1 to 6; and
c) exposing the conposition to curing conditions. 10. A
process for coating a substrate which conpjjsses a)
contacting a substrate with a conposition according to any one of 10
Clains 1 to 6; b) curing the conposition.
Fig5
Tensile .
, strenght in
25 Nrmme

.33 % C4 diol

—o—14
54 | —W—17% C4diol
—&— 19 % C4 diol
0 —

0 2

N

6 8 10 12 14
Time in weeks

Fig 6

—&— 4 0.50% phosphite

0 : f i
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Time in weeks )
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Fig. 7
200 ?ongation in
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50 4
0 i i |
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Fig 8
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Fig 9
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