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VERY SOFT POLYURETHANE ELASTOMER

The present invention relates to a process for making elastomeric polyurethane materials.
More in particular the present invention is concerned with a process for making a very soft
elastomeric polyurethane matenial using a monool.

JP-07-324161 discloses the use of polyoxyalkylene monools as plasticizer in preparing a
non-foam resin with improved vibration insulation over a range of temperatures.

US 3875086 discloses the preparation of solid elastomers by reacting a polyisocyanate, a
polyol and monohydroxy polyether chain stopper to soften the elastomer. The elastomers
made contain a large amount of filler.

WO 01/57104 discloses the preparation of viscoelastic polyurethane foams using low
molecular weight polyols and monool.

US 4863994 discloses the making of elastomers using a low amount of polyoxyalkylene
monool. The monool is used to prepare a monophase low viscosity blend of the polyols
used.

The present invention is related to a process for preparing an elastomeric polyurethane
material having a shore A hardness of at most 5 (DIN 53505), a density of 500 kg/m® or
more (DIN 53420), a compression load deflection at 40% (CLD) of 600 kPa or less (DIN
53577) and a resilience of 25% or less (ISO 8307) by reacting 1) a polymethylene
polyphenylene polyisocyanate having an average isocyanate functionality of 2.4 or more,
and preferably 2.5-3.2,2) a polymeric polyol having an average equivalent weight of at
least 500 and preferably of 700-2000 and an average nominal hydroxyl functionality of 2-4
and preferably of 2, 3) a polymer having a nominal hydroxyl functionality of 1 and an
average equivalent weight of at least 500 and preferably of 500-3000, and 4) optionally
using additives and auxiliaries known per se in an amount of less than 5% by weight
(based on weight of the polyisocyanate, polymeric polyol 2) and polymer 3)), wherein the
reaction is conducted at an index of 90-110 and preferably of 98-102 and the equivalent

amount of polymer 3) is 25-80% and preferably 35-70% of the available NCO equivalents.

Further the present invention is concerned with an elastomeric polyurethane material made

according to the above process.
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Still further the present invention is concemed with an elastomeric polyurethane

material having a density of 500 kg/m’ or more, a compression load deflection at

40% of 600 kPa or less, a resilience of 25% or less, which material preferably is

free of plasticizer other than polymer 3). The materials are very soft materials,

which may be used in transport/automotive interiors like in armrests and

dashboards; in saddles of bicycles and motorbikes and in mouse-pads and hand-

rests for computers. Further the materials show adhesive properties.

In the context of the present invention the following terms have the following

meaning :

D

isocyanate index or NCO index or index :
the ratio of NCO-groups over isocyanate-reactive hydrogen atoms present

in a formulation, given as a percentage :

[NCO] x100 ().

[active hydrogen ]

In other words the NCO-index expresses the percentage of isocyanate

" actually used in a formulation with respect to the amount of isocyanate

theoretically required for reacting with the amount of isocyanate-reactive

hydrogen used in a formulation.

It should be observed that the isocyanate index as used herein is
considered from the point of view of the actual polymerisation process
preparing the elastomer involving the isocyanate ingredient and the

isocyanate-reactive ingredicnts.

The expression “isocyanate-reactive hydrogen atoms™ as used herein for
the purpose of calculating the isocyanate index refers to the total of active
hydrogen atoms in hydroxyl and amine groups present in the reactive

compositions; this means that for the purpose of calculating the isocyanate

-4-
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index at the actual polymerisation process one hydroxyl group is
considered to comprise one reactive hydrogen, one primary amine group is
considered to comprise one reactive hydrogen and one water molecule is

considered to comprise two active hydrogens.

Reaction system : a combination of components wherein the
polyisocyanates are kept in one or more containers separate from the

isocyanate-reactive components.

The expression “polyurethane material” as used herein refers to cellular or
non-cellular materials as obtained by reacting polyisocyanates with
isocyanate-reactive hydrogen containing compounds, optionally using
foaming agents, and may include cellular products obtained with water as
reactive foaming agent (involving a reaction of water with isocyanate
groups yielding urea linkages and carbon dioxide and producing polyurea-

urethane [oams).

The term “average nominal hydroxyl functionality” is used herein to
indicate the number average functionality (number of hydroxyl groups per
molecule) of the polyol or polyol composition on the assumption that this
is (he number average functionality (number of active hydrogen atoms per
molecule) of the initiator(s) used in their preparation although in practice it

will often be somewhat less because of some terminal unsaturation.

The word “average” refers to number average unless indicated otherwise.
The term “hard block ratio” refers to the amount (in pbw) of
polyisocyanate + isocyanate-reactive materials having a molecular weight

of 500 or less (wherein polyols having a molecular weight of more than

500 incorporated in the polyisocyanates are not taken into account)
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divided by the amount (in pbw) of all polyisocyanate + all isocyanate-

reactive materials used.

The polyisocyanate used in the invention is commonly known in the art as
diphenylmethane  diisocyanate ~ (MDI)  comprising  homologues  of
diphenylmethane diisocyanate having an isocyanate functionality of 3 or more
(polymethylene polyphenylene polyisocyanates); such polyisocyanates are known
in the art as polymeric or crude MDI. '

They are made by the phosgenation of a mixture of polyamines obtained by the
acid condensation of aniline and formaldehyde.

The manufacture of both the polyamine mixtures and the polyisocyanate mixtures
is well known. The condensation of aniline with formaldehyde in the presence of
strong acids such as hydrochloric acid gives a reaction product containing
diaminodiphenylmethane together with polymethylene polyphenylene polyamines
of higher functionality, the precise composition depending in known manner inter
alia on the aniline/formaldehyde ratio. The polyisocyanates are made by
phosgenation of the polyamine mixtures and the various proportions of diamines,
triamines and higher polyamines give rise to related proportions of diisocyanates,
triisocyanates and higher polyisocyanates.  The relative proportions of
diisocyanate, triisocyanate and higher polyisocyanates in such crude or polymeric
MDI compositions determine the average functionality of the compositions, that is
the average number of isocyanate groups per molecule. By varying the
proportions of starting materials, the average functionality of the polyisocyanate
compositions can be varied. The isocyanate functionality may be further
increased by removing MDI. The average isocyanate functionality preferably
ranges from 2.5-3.2. The NCO value of these polymeric or crude MDIs is at least
29% by weight. The polymeric or crude MDI contain diphenylmethane
diisocyanate, the remainder being polymethylene polyphenylene polyisocyanates
of functionality greater than two together with by-products formed in the

manufacture of such polyisocyanates by phosgenation.
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The polymeric polyol 2) used in the invention may be any of the polyols, or
mixtures thereof, used in the manufacture of polyurethanes, having an average
hydroxyl equivalent weight of at least 500 and preferably of 700-2000 and an
average nominal hydroxyl functionality of 2-4 and preferably of 2. These polyols
can be polyether polyols, polyester polyols, polyesteramides polyols,
polythioether polyols, polycarbonate polyols, polyacetal polyols, polyolefin
polyols, and the like.

Polyether polyols, which may be used, include products obtained by the
polymerization of a cyclic oxide, for example ethylene oxide, propylene oxide,
butylene oxide or tetrahydrofuran in the presence of polyfunctional initiators.
Suitable initiator compounds contain a plurality of active hydrogen atoms and
include water, butanediol, ethylene glycol, propylene glycol, diethylene glycol,
triethylene  glycol, dipropylene  glycol, ethanolamine, diethanolamine,
triethanolamine, toluene diamine, diethyl toluene diamine, phenyl diamine,
toluene diamine, phenyl diamine, diphenylmethane diamine, ethylene diamine,
cyclohexane diamine, cyclohexane dimethanol, resorcinol, bisphenol A, glycerol,
trimethylolpropane, 1,2,6-hexanetriol and pentaerythritol. Mixtures of initiators
and/or cyclic oxides may be used.

Especially useful polyether polyols include polyoxypropylene diols and triols and
poly(oxyethylene-oxypropylene) diols and triols obtained by the simultaneous or
sequential addition of ethylene and propylene oxides to di- or trifunctional
initiators as fully described in the prior art. Copolymers having oxyethylene
contents of 5-90 % by weight, based on the weight of the polyol, which polyols
may be block capolymers, random/block copolymers or random copolymers, are
preferred. Mixtures of the said diols and triols can be particularly useful. Other
particularly useful polyether polyols include polytetramethylene glycols obtained
by the polymerization of tetrahydrofuran.

Polyester polyols which may be used include hydroxyl-terminated reaction
products of polyhydric alcohols such as ethylene glycol, propylene glycol,
diethylene glycol, 1,4-butanediol, neopentylglycol, 1,6-hexanediol, cyclohexane

7-




WO 02/094902 PCL/EPO2/04315

20

25

dimethanol, glycerol, trimethylolpropane, pentaerythritol or polyether polyols or
mixtures of such polyhydric alcohols, and polycarboxylic acids, especially
dicarboxylic acids or their ester-forming derivatives, for example succinic,
¢lutaric and adipic acids or their dimethyl esters sebacic acid, phthalic anhydride,
tetrachlorophthalic anhydride or dimethyl terephthalate or mixtures thereof.
Polyesters obtained by the polymerization of lactones, for example caprolactone,
in conjunction with a polyol, or of hydroxy carboxylic acids such as hydroxy
caproic acid, may also be used.

Polyesteramides polyols may be obtained by the inclusion of aminoalcohols such
as ethanolamine in polyesterification mixtures.

Polythioether polyols, which may be used, include products obtained by
condensing thiodiglycol either alone or with other glycols, alkylene oxides,
dicarboxylic acids, formaldehyde, amino-alcohols or aminocarboxylic acids.
Polycarbonate polyols which may be used include products obtained by reacting
diols such as 1,3-propanediol, 1,4-butanediol, 1,6-hexanediol, diethylene glycol or
tetraethylene glycol with diaryl carbonates, for example diphenyl carbonate, or
with phosgene.

Polyacetal polyols may be used include those prepared by reacting glycols such as
diethylene glycol, triethylene glycol or hexanediol with formaldehyde. Suitable
polyacetals may also be prepared by polymerizing cyclic acetals.

Suitable polyolefin polyols include hydroxy-terminated butadiene homo- and
copolymers and suitable polysiloxane polyols include polydimethylsiloxane diols
and triols. Mixtures of polyols may be used as well.

Most preferred polyols are polyether polyols having a nominal hydroxyl
functionality of 2, in particular polyoxyethylene polyoxypropylene diols having
an oxyethylene content of 5-90% by weight, based on the weight of the diol, and
an average equivalent weight of 700-2000.

Polymer 3, hereinafter also called ‘monool” may be selccted from monools having

an equivalent weight of at least 500.
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Preferred monools are polyoxyalkylene monools having an equivalent weight of
500-3000, in particular such polyoxypropylene monools, polyoxyethylene
monools and polyoxyethylene polyoxypropylene monools. Such monools are
made by alkoxylation of a monohydric alcohol. Monohydric alcohols may be
selected from branched and unbranched aliphatic, cycloaliphatic and aromatic
alcohols, preferably having 1-20 carbon atoms and more preferably having 1-8
carbon atoms. Examples of aliphatic alcohols are methanol, ethanol, propanol,
isopropanol, n-butanol, sec.-butanol, tert.-butanol, and the various isomers of
pentyl alcohol, of hexyl alcohol, of octyl alcohol (for example 2-ethyl-hexanol),
of nonyl alcohol, of decyl alcohol, of lauryl alcohol, of myristyl alcohol, of cetyl
alcohol and of stearyl alcohol, as well as the fatty alcohols and wax alcohols
which occur naturally or which can be obtained by the hydrogenation of naturally
occurring carboxylic acids. Cyclohexanol and its homologues are examples of
cycloaliphatic aleohols. Aromatic hydroxyl compounds, such as phenol, cresol,
thymol, carvacrol, benzyl alcohol and phenylethanol, can also be employed. Most
preferred are the above-mentioned aliphatic alcohols having 1-4 carbon atoms. If
polymeric polyol 2) is a polyether polyol, this polymeric polyol 2) and polymer 3)
may be made together, for example by oxyalkylating a mixture of one or more
polyhydric alcohols and one or more monohydric alcohols. Most conveniently

polymeric polyol 2) and polymer 3) are made separately and mixed when used.

Further, additives and auxiliaries known per se and conventionally used in the
preparation of polyurethanes may be used. Examples of such additives and
auxiliaries are blowing agents, chain-extenders, cross-linkers, catalysts enhancing
the formation of urethane and/or urea groups, mould-release agents, plasticizers,
pigments, fillers, like (hollow) microspheres, calcium carbonate, barium sulphate,
carbon black, fumed silica and nanoclays; colorants, fire retardants, smoke
suppressants, anti-microbial agents, antioxydants and superabsorbent polymers.
Additives and auxiliarics are defined as any ingredient used in the process other

than the polyisocyanate, the polymeric polyol and the monool.

-9-
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The total amount of all additives and auxiliaries used in general is less than 20%
by weight based on the weight of the polyisocyanate, the polymeric polyol 2) and
the polymer 3), and preferably less than 10% by weight and more preferably less
than 5% by weight and most preferably less than 2% by weight.

If a blowing agent is used it may be selected from those known in the art.
Preferably water is used. In order to obtain an elastomeric material having a
density of 500 kg/m® or more the amount of water will be less than 1% by weight
based on the weight of the polyisocyanate, the polymeric polyol 2) and the
polymer 3), hereinafter called ‘the 3 essential ingredients’. Preferably no blowing
agent is used.

Chain extenders are isocyanate-reactive compounds having 2 reactive hydrogen
atoms and having a molecular weight below 1000, like ethylene glycol, butanediol
and polyethylene glycol having a molecular weight below 1000. If used the
amount of chain extenders will not be more than 5% by weight based on the
weight of the 3 essential ingredients. Preferably they are not used.

Cross-linkers are isocyanate-reactive compounds having 3 or more reactive
hydrogen atoms and an equivalent weight below 500, like glycerol. trimethylol
propane, pentaerythritol, sucrose and sorbitol. If used the amount of cross-linkers
will not be more than 5% by weight based on the weight of the 3 essential
ingredients. Preferably, they are not used.

Examples of above catalysts are tertiary amines and organo-metallic compounds
known in the art, like those described in the ICI Polyurethanes Book, 2" edition,
1990, by G. Woods, pages 41-45. If used the amount will not be more than 2% by
weight based on the weight of the 3 essential ingredients. Preferably the amount
is 0.01-1% by weight based on the weight of the 3 essential ingredients.
Plasticizers may be selected from thosc known in the art like esters of polybasic
(preferably dibasic) carboxylic acids with monohydric alcohols. Examples of
such polycarboxylic acids are : succinic acid, isophthalic acid, trimellitic acid,
phthalic acid anhydride, tetrahydrophthalic acid anhydride, hexahydrophthalic
acid anhydride, endomethylene-tetrahydrophthalic acid anhydride, glutaric acid

-10-
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anhydride, maleic acid anhydride, fumaric acid and dimeric and trimeric fatty
acids (such as oleic acid) which may be mixed with monomeric fatty acids.
Branched and unbranched aliphatic alcohols having 1-20 carbon atoms, such as
methanol, ethanol, propanol, isopropanol, n-butanol, sec.-butanol, tert.-butanol,
and the various isomers of pentyl alcohol, of hexyl alcohol, of octyl alcohol (for
example 2-ethyl-hexanol), of nonyl alcohol, of decyl alcohol, of lauryl alcohol, of
myristyl alcohol, of cetyl alcohol and of stearyl alcohol, as well as the fatty
alcohols and wax alcohols which oceur naturally or which can be obtained by the
hydrogenation of naturally occurring carboxylic acids, are suitable monohydric
alcohols. Cyclohexanol and its homologues are examples of cycloaliphatic
alcohols.  Aromatic hydroxyl compounds, such as phenol, cresol, thymol,
carvacrol, benzyl alcohol and phenylethanol, can also be employed. An cxample
of a widely used plasticizer is dioctyl-phthalate.

Phosphoric acid esters of the above-mentioned branched and unbranched
aliphatic, cycloaliphatic and aromatic alcehols are also suitable as plasticizers. If
aﬁpropriate, phosphates of halogenated alcohols, for example, trichloroethyl
phosphate, can also be employed. Such phosphates of halogenated alcohols are
particularly advantageous in that they also impart a flame-retarding finish. Of
course, mixed esters of the above-mentioned alcchols and carboxylic acids can

also be employed.

So-called polymeric plasticizers can also be employed. Polyesters of adipic acid,
sebacic acid or phthalic acid are examples of such commercial polymeric
plasticizers. Phenol alkysulfonates, for example phenyl paraffinsulfonates, can

also be used as plasticizers.

If used the amount is less than 5% by weight and preferably less than 2% by
weight based on the weight of the 3 essential ingredients. One of the surprising
findings of the present invention is that good quality, very soft elastomeric

materials can be made without using plasticizers other than polymer 3). The

11-
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advantage of this is that no leaching of such other plasticizers can occur; such
leaching has been claimed to be the cause of certain health problems. Avoiding
such leaching further reduces the amount of fogging of windows of cars when the
clastomeric material is used in the interior of the car. Still further avoidance of
leaching provides for a more consistent quality (softness) of the material over

time. Therefore, most preferably no plasticizer other than polymer 3) is used.

The materials are made by combining the ingredients and allowing them to react.
Tt may be advantageous to premix all polyol 2), polymer 3) and, if used, additives
and auxiliaries and to combine this mixture with the polyisocyanate and allow to
react.

The materials may be made according to the prepolymer method or the one-shot
method. The one-shot method is preferred. The materials may be made in an
open container, on a conveyor belt and in an open or a closed mould. When made
in a mould the materials may be made according to the reaction injection
moulding process and the cast moulding process.

The materials obtained have 1) a density of 500 kg/m® or more (DIN 53420);
preferably they are non-blown, 2) a compression load deflection at 40% (DIN
53577) of 600 kPa or less and preferably of 10-300 kPa, 3) a resilience (ISO
8307) of 25% or less and preferably of 0-15% and 4) preferably have a hardblock
ratio of less than 0.30 and more preferably of 0.05 to 0.20; preferably these
materials are free of plasticizer other than polymer 3) and most preferably these
materials contain only catalyst in an amount of 0.01-1% by weight based on the
weight of the material,

The elastomeric materials according to the present invention are soft, gel-like
materials with a certain degree of stickiness. Their Shore A hardness preferably is
at most 5 as measured according to DIN 53505 and more preferably at most 3 and
most preferably at most 1. Since the materials are most preferably made as close
as possible to index = 100 and since the materials are most preferably made while

using as little as possible of auxiliaries and additives, the materials have reduced

12-




WO 02/094902 PCT/EP02/04315

20

25

-11-

amounts of leachable products and reduced numbers of remaining reactive groups.

At higher index, e.g. 120, the materials become harder while at lower index, e.g.

85, a liquid paste is obtained.

The invention is illustrated by the following examples :

Ingredients used :

1)

2)

k)

4

5)

6)

7)

8)

Polyol 1 : a polyoxyethylene polyoxpropylene diol having a molecular weight
of 2000, an oxyethylene content of about 73% by weight (all random) and a
primary hydroxyl content of about 51%

Polyol 2 : a polyoxyethylene polyoxypropylene diol having a molecular
weight of 2300 and an oxyethylene content of 15% by weight (all capped).
Monool 1 : monomethoxylated polypropylene glycol having a molecular
weight of 1000.

Monool 2 : monomecthoxylated polyoxyethylene polyoxypropylene diol
having a molecular weight of about 985 and an oxyethylene content of about
64% by weight (all random).

Monool 3 : monomethoxylated polyoxyethylene polyoxypropylene diol
having a molecular weight of about 1475 and an oxyethylene content of about
66% by weight (all random).

Polyisocyanate | ; Polymeric MDI having an NCO value of 30.7% by weight
and an isocyanate functionality of 2.7,

Polyisocyanate 2 : Polymeric MDI having an NCO value of 30.35% by weight
and an isocyanate functionality of 2.9.

Diaminobicyclooctane as catalyst in an amount of 0.25% by weight on the

amount of diol used.

The polyol and monool were premixed and then mixed with the polyisocyanate

and allowed to react in open reaction cup. The following physical properties have

been measured/ determined :

monool content, % : equivalent amount of monool as a percentage of the

available amount of NCO equivalents

13-
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- index : calculated
- hard block ratio : calculated
- stickiness : based on hand-feel,
0 is not sticky at all;
5 10 is extremely sticky
- compression load deflection at 40% (CLD), kPa : DIN 53577
- resilience, % : ISO 8307
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Where the terms “comprise”, “comprises”, “comprised” or “comprising” are used in this
specification, they are to be interpreted as specifying the presence of the stated features,
integers, steps or components referred to, but not to preclude the presence or addition of one or

more other feature, integer, step, component or group thereof.
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The claims defining the invention are as follows:-

. Process for preparing an elastomeric polyurethane material having a shore A

hardness of at most 5 (DIN 53505), a density of 500kg/m® or more (DIN 53420), a
compression load deflection at 40% (CLD) of 600 kPa or less (DIN 53577 and a
resilience of 25% or less (ISO 8307) by reacting
1) a polymethylene polyphenylene polyisocyanate having an average
isocyanate functionality of 2.4 or more,
2) a polymeric polyol having an average equivalent weight of at least 500 and an
average nominal hydroxyl functionality of 2-4,
3) a polymer having a nominal hydroxyl functionality of 1 and an average equivalent
weight of at least 500, and
4) optionally using additives and auxiliaries known per se in an amount of less than
5% by weight (based on the weight of the polyisocyanate, polymeric polyol 2) and
polymer 3)), wherein the reaction is conducted at an index of 90-110 and the equivalent

amount of polymer 3) is 25-80% of the available NCO equivalents.

. Process according to claim 1 wherein the average isocyanate functionality is 2.5-3.2, the

polymeric polyol 2) has an average equivalent weight of 700-2000 and an average
nominal hydroxy! functionality of 2, the polymer 3) has an average equivalent weight of
500-3000, the amount of additives and auxiliaries is less than 5% by weight based on the
weight of the polyisocyanate, the polymeric polyol 2) and the polymer 3) and wherein
the index is 90-110 and the equivalent amount of polymer 3) is 35-70% of the available
NCO equivalents.

. Process according to either claim 1 or 2 wherein no plasticizer is used other than polymer

3).

4. Process according to any one of claims 1-3, wherein catalyst is used in an amount of 0.01-

1% by weight based on the weight of the polyisocyanate, polymeric polyol 2) and
polymer 3).
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5. Process according to any one of claims 1-4, wherein the polymeric polyol 2) is a

polyether diol and polymer 3) is a polyoxyalkylene monool.

6. Process according to any one of claims 1-5, wherein the index is 98-102.

7. Process according to any one of claims of 1-6, wherein less than 2% by weight, (based
on the weight of the polyisocyanate, polymeric polyol 2) and polymer 3)), of additives

and auxiliaries is used.

8. Process according to any one of claims 1-7, wherein the material is non-blown, the

CLD is 10-300 kPa and the resilience is 0-15%.

9. Process according to any one of claims 1-8, wherein the hard block ratio is 0.05-0.20

and the Shore A hardness is at most 3 (DIN 53505).

10. Process according to any one of claims 1-9, substantially as herein described with

reference to any one of the Examples.

11. An clastomeric polyurcthanc whenever made according to the process of any one of

claims 1-10.

18-




	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS

