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57) Very soft, very low density, all water-blown polyurethane foams are prepared

by reacting an isocyanate-terminated prepolymer with from 30% to 150%
stoichiometric excess of water. The foams have moulded densitics less than or
equal to 24.028kg/m3 and softness, as measured by 25% ILD of less than or cqual
to 6.8kg, yet retain excellent resiliency, tear strength and elongation. The foams
are suitable for use in cushioning applications such as thosc traditionally employing
polyester fibrefill.

CLam

l. A process for the preparation of an all-water blown, prepolymer
derived, soft, very low density moulded polyurcthane foam having a moulded
density of less than or equal to 24kg/m* and a softness as measured by 25% ILD of
less than or equal to 6.8kg, said process comprising:

a) mixing (i) an isocyanate-terminated prepolymer prepared by reacting a
stoichiometric excess of a di- or polyisocyanate component with a polyoxyalkylene
polyol component having an oxyethylene group content of from 0 to about 30wt %,
a nominal average hydroxyl functionality of from 2 to 8, and a hydroxyl number of
from about 12 to 56, said polyoxyalkylenc polyol component comprising one or
more polyoxyalkylene polyols and satd isocyanate-terminated prepolymer having a
free NCO group content of from 12 to about 22wt% bascd on the weight of said
isocyanatc-terminated prepolymer, with (i) water in an amount of from 30mol % to
150mol % stoichiometric excess based on the NCO group content of said
isocyanate-terminated prepolymer, to form a foamable polyurethane rcactive
mixture;

b) introducing said foamable polyurethane reactive mixture into a mould: and

¢) recovering a foamed polyurethane product. .42
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10. A process as claimed in claim 1 characterised in that

a) said prepolymer comprises an isocyanate-terminated prepolymer prepared
by reacting a stoichiometric excess of an isocyanate component comprising TDIs,
MDIs, or mixtures thereof, with a polyoxyalkylene polyol componenl comprising
one or more palyoxyalkylene polyols having an oxyethylene group content of from
5 to about 30wt%, said polyoxyalkylene polyol component having a nominal
average hydroxyl functionality of from 2 (o 3, and a hydroxyl number of from
about 15 10 30, said isocyanate-terminated prepolymer having a free NCO group
content of from 14 to about 20wt% based on the weight of said isocyanate-
terminated prepolymer;

b) said isocyanate-terminated prepolymer is mixed with:

b)i) an effective amount of a catalyst;

b)ii) an effective cell stabilising amount of one or more surfactants; and

b)iiiy water in an amount of from 35mol% to 65mol% stoichiometric excess
based on the NCO group content of said isocyanate-terminated prepolymer.

12, An all  water-blown, isocyanate-terminated  prepolymer-derived.
polyurethane moulded foam obtained by a process as claimed in any one of c¢laims
['to 11 and having a moulded density of about 20.8kg/m’ or less.
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Very Low Density Moulded Polyurethane Foams Via
Isocyanate-Terminated Prepolymers

Abstract
Very soft, very low density, all water-blown polyurethane foams are prepared
5 by reacting an isocyanate-terminated prepolymer with from 30% to 150%
stoichiometric excess of water. The foams have moulded densities less than or
equal to 24.028kg/m3 and softness, as measured by 25% ILD of less than or equal
to 6.8kg, yet retain excellent resiliency, tear strength and elongation. The foams
are suitable for use in cushioning applications such as those traditionally employing

10 polyester fibrefill.
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Very Low Density Moulded Polyurethane Foams Via
Isocyanate-Terminated Prepolymers

Technical Field
The present invention pertains to very low density moulded polyurethane
foams prepared from isocyanate-terminated prepolymers. More particularly, the
present invention pertains to very low density moulded polyurethane foams of
enhanced softness, prepared by reacting an isocyanate-terminated prepolymer with
a large stoichiometric excess of water. The soft, low density foams are suitable
replacements for fibrefill such as polyester, in upholstery and bedding applications.

Background Art

Polyurethane flexible foams are well recognised articles of commerce which
have applications in numerous diverse fields. Flexible polyurethane foams are
prepared by the reaction of a di- or polyisocyanate with an isocyanate reaclive
component in the presence of a suitable urethane reaction-promoting catalyst, a
chemical or physical blowing agent, and a suitable foam stabilising surfactant.
Although much early research in the arca of polyurethane foams involved the use
of isocyanate-terminated prepolymers and quasi-prepolymers, the bulk of
polyurethane flexible foam produced commercially is prepared by the so-called
“one-shot” technique. The “one-shot™ process was developed due to its flexibility
and the inability to prepare moulded foams by the prepolymer process. Although
the “one-shot” process requires the foam manufacturer to inventory a variety of
different ingredients, the process remains the predominant polyurethane foam
technology today.

In the “one-shot” technique, two or more separate streams of isocysanate,
polyol, catalyst, blowing agents, etc., or combinations thereof, are introduced into
a mix head. The reactive mixture exiting the mix head may be allowed to rise
freely, gencrally on a lined conveyor, to produce slab foam, or may be poured or
injected into moulds to produce moulded foam. Slab foam may be sliced to
thicknesses suitable for carpet underlay, seat cushions, and the like. Moulded foam
allows complex contours to be produced, for example for use in automotive
seating. Due to the differences between the free rise associated with slab foam and
the constrained rise of moulded foam, the polyurethane reactive ingredicnts are
tailored to the specific application.

While  physical  blowing agents such as methylene  chloride,
chierefluorocarbons (CFC’s) and low boiling alkanes have been used as physical
blowing agents, their use has been severely curtailed by cnvironmental concerns,
particularly the Montreal Protocol. High resilience polyurethane flexible foams
have employed water as a reactive blowing agent for many years. Water reacts
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with a portion of the isocyanate groups present to generate an amine and carbon
dioxide. The amine reacts with additional isocyanate to produce urea linkages,
while the carbon dioxide provides the necessary blowing effect.

The urea groups generated in high resilience foam tend to harden the foam.
The fraction of urea groups as compared to urethane groups in high resilience foam
in the nominal 32 to 64kg/m’ density range is small cnough so that the increased
hardness can be compensated by suitable choice of the polyurethane reactive
ingredients, particularly polyols and crosslinkers. However, as the density
decreases below the 32kg/m’ range, increased levels of water and isocyanate
necessary to achieve lower density result in unacceptable hardness due to the
increased urea group content. To lower the hardness, physical blowing agents such
as methylene chloride have been added. Methylene chloride appears to exert a
plasticising effect, increasing foam softness. However, the use of methylene
chloride is environmentally undesirable.

There is a long-standing need for exceptionally soft, very low density
polyurethane (lexible foams, for example those having densities of 24.028kg/m" or
less, and 25 % indentation load deflections (ILD} of less than 6.8kg. Such soft, low
density foams can be used as replacements for soft cushioning material such as
polyester fibrefill, and for other uses as well.

In EP-A-Q703254 is disclosed a one-shot formulalion suitable for hypersoft,
low density polyurethane flexible foams. While the formulations disclosed therein
produce a foam with the desired density and softness, a prepolymer process is not
disclosed.

Prepolymer and quasi-prepolymer technology has been used in the past to
prepare free rise high resilience slab foam employing water as a reactive blowing
agent. However, attempts to lower density while at the same time affording a very
soft foam have not been successful. In general, as with one-shot water-blown
foams, the increased amount of water used as a blowing agent increases the urea-
group content of the foam. Low density foams prepared {rom such formulations
have been too firm for use in cushioning applications. Prepolymer techniques have
seldom been employed for high resilience moulded foam.

R.E. Knox, “Molding of Prepolymer Based Resilient Urcthane Foam”
Rubber World, 139, 1959, pp. 685-692 discloses the use of isocyanate-terminated
pre-polymers admixed with additional toluene diisocyanate, reacted with water at
5% abave the stoichiometric equivalent. Despite the presence of ca. 5% -
didecylphthalate plasticiser, the 32 to 40kg/m’ foams exhibited ILDs which were
still in the range of 9kg. Morcover, rather than reduce part weight by further
density reduction, Knox proposes core moulding instead, atiesting to the problems
assoclated with low density, all-water blown prepolymer foam.

NilibinO 1626
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J.H. Sanders and K.C. Frisch in Polyurethanes, Chemistry and Technology,
Part 11, “Technology,” Interscience Publishers, N.Y., in Chapter VII, “Flexible
Foams” discusses the use of water in conjunction with isocyanate-terminated
prepolymers to produce flexible poly-urethane foams. However, this treatise
indicates that a large exccss of water will use up the free isocyanale groups,
reducing the isocyanate available for effective cross-linking. Although foam density
decreases with increasing water content, when 30-50% water in excess of
stoichiometry is used, physical properties are said to markedly decrease, and
therefore onty a 10-20% excess is used to foam prepolymers. A 20.8kg/m’ one-
shot (not prepolymer) foam is disclosed on page 65 of the reference. However,
even with the addition of 10 parts CFC-11 per 100 parts polyol, foam hardness is
quite high, in the range of 10 to 13.6kg.

In US 5 070 114, free rise and moulded foam employing specific prepolymers
is disclosed., The prepolymers are prepared by reacting a polyol component,
preferably one with from 10 to 25% by weight oxyethylene residues, with a
particutar blend of MDI isomers containing from 2 to 40% of 2,4’-MDI. One
example of a foam with a free rise density of 20kg/m’ is exemplified, prepared
from a prepolymer derived from the reaction of an isophoronediamine-modified,
urea-containing isocyanate with a polyol having 14% ethylene oxide moieties, the
prepolymer having an NCO group content of 11.3%. However, the resulting foam
was firm and in addition had low clongation and tear strength, the latter being but
17.9kg/m.

G.F. Lunardon er al., “Production of Soft Block Foams and TDI-Based Cold
Cure-Moulded Foams With No Use of CFCs”, 32nd Annual Polyurethane
Technical/Marketing Conference, Oct. 1-4, 1989, discloscs use of specialised TDI-
derived prepolymers including both a conventional polyol and a polyol with high
ethylenc oxide content to produce water-blown polyurcthanc foam. The
prepolymers have little polyol content, the NCO group content ranging from 38.5
to 42.5wt%, and the range of water used is conventional, resulting in foams in the
48kg/m® range.

All water-blown prepolymer foams having densities of less than 24.028kg/m’
and simultancously having a 25% ILD of less than 6.8kg have not previously been
prepared. It would be desirable to provide a process for their preparation, and
compositions suitable for use therein. It would be further desirable to prepare soft,
low density foams having the aforementioned characteristics which provide
acceptable tear strength and elongation.

Summary Of The Invention
It has now been surprisingly discovered that very low density, all-water
blown, moulded polyurethane foams which, at the same fime, are very soft,
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exhibiting 25% ILDs less than 6.8kg, may be prepared from isocyanate-terminated
prepolymers by employing from 30 to 150% stoichiometric excess of water. The foams
unexpectedly retain physical properties such as elongation and tear strength.
According to a broad form of the invention there is provided a process for the

o

preparation of an all-water blown, prepolymer derived, soft, very low density moulded
polyurethane foam having a moulded density of less than or equal to 24kg/m’ and a
softness as measured by 25% ILD of less than or equal to 6.8kg, said process comprising:
a) mixing (i) an isocyanate-terminated prepolymer prepared by reacting a
stoichiometric excess of a di- or polyisocyanate component with a polyoxyalkylene polyol
1o component having an oxyethylene group content of from 0 to about 30wt%, a nominal
average hydroxyl functionality of from 2 to 8, and a hydroxyl number of from about 12 to
56, said polyoxyalkylene polyol component comprising one or more polyoxyalkylene
polyols and said isocyanate-terminated prepolymer having a frec NCO group content of
from 12 to about 22wt% based on the weight of said isocyanate-terminated prepolymer,
15 with (i) water in an amount of from 30mol% © 150mol% stoichiometric excess based on
the NCO group content of said isucyanate-terminated prepolymer, to form a foamable
polyurethanc reactive mixmure;
b) introducing said foamable polyurethane reactive mixture into a mould; and
¢) recovering a foamed polyurethane product.

45,0, 20 Description of the Preferred Embodiments
. .: The polyurcthdne foams of the present invention are characterised by a density of

less than 24kgfm preferably about 20. 8kg/m or less, and more particularly about
I 16kg/m cand a 25% ILD, as measured by ASTM D-3574 Tests Bl and B2, of 6.8kg or
"eeee”  less. The foams are all-water blown. By the term “all water-blown” is meant that water is
7e, . 26 essentially used as a reactive blowing agent. It would not depart from the spirit of the
invention to employ a small proportion of a physical blowing agent. However, the use of '
even small amounts of such blowing agents is undesired and unnecessary.

The isocyanate-terminated prepolymers employed in the subject invention are the

* '3 reaction product of an excess of a di- or polyisocyanate or mixture thereof with a

L

+**1%, 30 polyether polyol component having a nominal average functionality of from 2-8,

preferably 2-4, more preferably 2-3, a hydroxyl number of from 12-56, preferably from

+.7¢3 1530, and a content of oxyethylene moieties of from 0-30wt%, preferably 5-30 weight
per-cent, and most preferably 8-20wt%. The polyol component may comprise but a single
polyol meeting these requirements, or may be a blend of several polyols. The amount of
_:_:'_'. 35 isocyanate and polyol are selected so as to provide an isocyanate-ierminated prépelymer

containing 12 to 22wt% free NCO groups, and preferably 14 to 20wt% free NCO groups.
The polyols of the polyol component of the isocyanate-terminated prepolymer may
be a conventional polyether polyel prepared by oxyalkylating a suitably functional

Njnitiator molecule with one or more alkylens oxides, preferably propylene oxide and

N:bei\01529
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ethylene oxide, or may be a polymer-modified polyol, ic., a polyether polyol containing
dispersed polymer pariicles. Examples of polymer-modified polyols include polyols
containing dispersed vinyl polymers, preferably polymers of styrene, acrylonitrile, or
their mixtures, PIPA polyols, and PHD polyols, all recognised polyels of commerce,
Mixtures of conventional polyether polyols and polymer-modified polyols may also be

<

used. Preferably, the amount of polymer-modified polyol is minor if foams of very low
softness are desired.
The polyether polyols used herein may be prepared conventionally, ie. by the base
catalysed oxyalkylation of a suitable initator, may be prepared using catalysts such as
10 barfum hydroxide or metal naphthenates, and are preferably prepared by the double metal
cyanide complex catalysed oxyalkylation of an initiator, preferably an oligomeric initiator,
by the processes described in EP-A-0654302 and 0700494 or US 5 158 922 and 5 248
833. The advantage of double metal cyanide complex catalysed polyols lies in the lower
monol content of such polyols and the
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availability of higher equivalent weight polyols at any given functionality. The
unsaturation of the polyol component, as measured by ASTM D-2849-69 “Testing
of Urethane Foam Polyol Raw Materials”, is preferably 0.07meq unsaturation/g
polyol or less, more preferably 0.02meq/g or less, and in particular 0.01meq/g or
less.

As stated previously, the polyol component nominal functionality may range
from 2 to 8, is preferably from 2 to 4, and most preferably from 2 to 3. Nominal
functionalitiss of individual polyols may be higher, for example 8, when polyol
blends are employed. By “nominal functionality” is meant the theoretical
functiopality determined by the number of oxyalkylatable hydrogens on the initiator
molecule,  When double metal cyanide complex catalysts are used for
oxyalkylation, the measured functionality 1 generally close to the nominal
functionality, particularly when the double metal cyanide complex oxyalkylation
catalysts of EP-A-0654302 and 0700949, hercin incorporated by reference, are
employed. However, when traditional base, ie., KOH catalysis is used, the
measured functionality may be considerably less than the nominal functionality.
particularly at higher equivalent weights.

Polyel nominal functionalities of 2 to 3 are particularly preferred. The polyol
functionality in the case of polyol blends may be determined by the sum of the mol
fraction contribution of each polyol. Thus, a mixture of 50mol% of a nominally
difunctional polyol and 50mol% of a nominally trifunctional polyol will be 2.5
Equivalent weights of the polyols suitably range from 1000Da to 5000Da,
preferably 1500Da to 4000Da, and advantageously between 1500Da and 3000Da.
Equivalent weights and molecular weights in Da are number average molecular
weights.

The oxyethylene content of the polyols may range from Owt% to 30wt%, and
may be prescnt as randomly incorporated oxyethylene moieties, as a
polyoxyethylene cap, or both randomly incorporated and capped. A substantial
benefit of the subject invention prepolymer process is that the demould and cure
times of the foam arc largely independent of the amount of primary hydroxyl
content of the prepolymer polyol. Small amounts, ie. up to about 15wt% of the
polyol component, may comprise polyols with high oxyethylene content.

Examples of isocyanates which may be used to form the prepolymer are
toluene diisocyanates (TDIs), methylenediphenylenediisocyanates (MDIs) including
MDI variants, aliphatic isocyanates such as |,6-diisocyanatohexane and isophorone
diisocyanate, and modified isocyanates such as the reaction products of the above-
identified isocyanates with minor quantities of glycols, polyols, diamines, or water,
to form so-called “urethane-modified” or “urea-modified” -isocyanates, or reaction
of isocyanates with themselves to form carbodiimide, allophanate, or uretonimine
modified isocyanates. Mixtures of di- and -polyisocyanates can be used.

Nilbe 01525
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The prepolymers of the subject invention are prepared conventionally, for
example by thermally induced reaction of the isocyanate component with the polyol
components, generally at temperatures of from 50°C to 120°C. Urethane
promoting catalysts such as tin compounds, ie., dibutyltin diacetate or dibutyltin
difaurate, inorganic acids, and the like may be added to increase the rate of
prepolymer formation, if desired, and when such are used, allow prepolymer
preparation at lower temperatures, for example room temperature. Methods of

«@

prepolymer preparation are well known to those skilled in the art, and are

discussed, for example in the Polyurethane Handbook, Gunter Oertel, Ed., Hanser
10 Publishers, Munich O 1985, and “Polyurethanes: Chemistry And Technology”,
J.H. Sanders and K.C. Frisch, Interscience Publishers, New York, 1963.

The prepolymer thus prepared is reacted with a considerable stoichiometric
excess of water, ie. an excess of 30 to 150% over stoichiometry on an equivalent
weight basis, preferably 30 to 80%, more preferably from 35 to 80%, and most
preferably 35 to 65%, excess water on this basis. The stoichiometric quantity of

[l

water 1s calculated by converting the weight percentage of isocyanate (NCO)
groups in the isocyanate-terminated prepolymer to equivalents. The number of
isocyanate equivalents must be matched by the number of water equivalents to
achieve 100% stoichiometry. The equivalents of water are then 5 increased by the
20 desired degree of excess, le., 30% to 150%. It is believed that the excess water
acts partially as a physical blowing agent, further decreasing the foam density.
Surprisingly, the physical properties of the resultant foams are retained, the foams
exhibiting good cell structure, along with excellent elongation and tear strength.
The latler are especially important in cushioning applications in the furniture

2

[

industry, where the moulded foam product often must be inserted into upholstered
coverings, pillow cases, etc., without tearing,

A catalyst is generally necessary in preparing the subject foams, Such
catalysts are well known, and include the amine catalysts, noted for catalysing both
the polyol/isocyanale and water/isocyanate reaction, and catalysts which essentially
20 promote urethane group formation. Examples of suitable catalysts include
diethylene triamine, 1,4-diazabicyclo[2.2.2]octane, and the tin catalysts described
previously, Most preferred is an amine catalyst available from OSi, Inc. under the
trade name Niax® A-1. Additional catalysts may be found in “Polyurethanes:
Chemistry And Technology”, ap. cit ., Chapt. IV, pp. 122-217, and Polyurethane
Handbook, op.cit, Chapter 3, § 3.4.1, pp. 90-95. By the term “polymerisation
catalyst” as used herein is meant one or more catalysts effective to promoie

3

m

reaction between the isocyanate-terminated prepolymer and isocyanate-reactive

ingredients to form the polymer product. The amount of catalyst is readily

ascertained by one skilled in the art, and preferably ranges from (.1 part to 5 parts
40 per 100 parts moulded foam.

Miibag 1828
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A foam stabilising surfactant is also generally necessary. Silicone surfactants
suitable for use in moulded foam are preferred. Other examples of suitable
surfactants and catalysts may be found in the Saunders and Frisch treatise
previously cited, the patent literature, and in the polyurethane Handbook on pages
98-101.

Additional components may be added to the reactive ingredients to tailor
physical properties or increase processing latitude. Optional ingredients include
chain extenders and cross-linkers. These are preferably low molecular weight di-
and higher functionality, isocyanate-reactive compounds such as cthylene glycol,
propylene glycol, diethylene glycol, dipropylene glycol, tripropylene glycol, 1.4-
butanediol, 1,6-hexane-diol, glycerine, trimethylolpropane, and in particular the
various alkanol amines, preferably diethanolamine and triethanolamine. Minor
quantities of additional conventional polyether or polymer-modified polyols may be
used. However, if added in significant quantity, competition for isocyanate groups
between the polyol hydroxyl group and water may decrease the blowing
effectivencss of the latter. The result will be a foam of a higher density, ie., greater
than 24kg/m”’.

Determination of whether a given quantity of chain extender or cross-linker is
outside the scope of the present invention, whether of low molecular weight,
oligomeric, or polymeric, may be readily determined by [ocaming the formulation
in a closed mould and measuring the moulded foam density (<24kg/m* and 258
ILD (<6.8kg}. These tests are routine and quickly and easily performed. It is most
preferable that the entire quantity of polyol be incorporated into the isocyanate-
terminated prepolymer itself, and that when processing aids such as chain
extenders and/or cross-linkers are to be used, that they be dissolved in the water to
be added.

Fillers, dyes, pigments, antioxidants, flame-retardants, and other commonly
used additives and/or auxiliaries may be used, preferably added to the pre-polymer,
but in the case of isocyanate-reactive additives and/or auxiliaries which might
present a problem with respect to storage stability, may be added together with
waler, or as a separate stream to the mix head.

Having generally described this invention, a further understanding can be
obtained by reference to certain specific examples which are provided herein for
purposes of illustration only and are not intended to be limiting unless otherwise
specified.

Example 1
An isocyanate-terminated prepolymer having 16.6wt% free NCO groups was
prepared from a nominally difunctional polyoxypropylene/polyoxyethylene diol,
having a molceular weight of ca. 4000Da and containing 20wt% oxyethylene

Nibn1hZs
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moieties as a cap. The prepolymer was prepared conventionally by reacting 100 parts
polyol with 69 parts of an 80/20 blend of TDI and polymeric MDL

The isocyanate-terminated prepolymer described above (100 parts) was mixed with
5.0 parts water (40% stoichiometric excess based on prepolymer NCO group content),
0.18 parts Niax® A-1 catalyst, and 1.5 parts OSi silicone surfactant Y-10,515 in a
standard laboratory mixer and moulded in a closed mould (demould time 5 minutes) and
cured to produce a moulded article of good foam quality with the following properties:

Moulded Density 16kg/m’
Resiliency 51%

25% ILD 6.17kg
65% ILD 19.69kg
65/25 Support Factor 318
Elongation at Break 250%
Tear Strength 46.35kg/m

The low density of 16kg/m3 is exceptional, but especially surprising is the low 25%
ILD of only 6.17kg. The elongation at break and tear strength are exceptional for such a
low density, soft foam,

Example 2
An isocyanate-terminated prepolymer prepared as in Example 1, from 100 parts diol
and 58 parts isocyanate, had an NCO group content of 14.8wt%. To 100 parts
prepolymer was added 4.43 parts water (40% in excess of stoichiometry), 0.19 parts Niax
® A-1 catalyst, and 0.6 parts OSi silicone surfactant Y-10,513, and mixed in 4 laboratory
mixer prior to introduction into a closed mould (demould time 5 minutes). The
curcd, moulded polyurethane article had the following properties:

Moulded Density 20.8ke/m’
Resiliency 48%

25% ILD 5.26kg
65% IL.D 17.8kg
65/25 Support Factor 3.37
Elongation at Break 273%
Tear Strength 43 86kg/m

Despite being of higher density (20.8kg/m3) than the foam of Example 1, the foam had
exceptional softness, as indicated by the 25% ILD of only 5.26kg. The elongation was
higher at 273%, and the tear strength only slightly lower.

Examples 3-6 illustrate the flexibility of the present invention with respect to polyol
functionality, selection of isocyanate, and ability to incorporate cross-linkers such as
DEOA in either the prepolymer (A-side) or water (B-side) of the formulation. In each
case, 4 low density foam of exceptional softness was produced, cven when employing
large amounts of water (Example 3, 57% excess) and cven when employing minor
ameunts (Example 3) of polymer-modified polyols.

N:libeh21626




@

20

2

o

30

o

9
Example 3
An isocyanate-terminated prepolymer having 18.8wt% free NCO groups was
prepared from 85 parts of a nominally hexafunctional polyoxypropylene/polyoxyethylene
polyol, having a molecular weight of ca. 12000Da and containing 16% oxyethylene
moicties as  a  cap, 15 parts of a nominally  trifunctional  polyoxy-
propylene/polyoxyethylene polyol, having a molecular weight of ca. 4800Da and
containing 19% oxyethylene moieties as a cap, and further containing 38% polymer
(SAN) particles as a dispersion, 1 part diethanol amive, and 76 parts TDI (20/80 2,6-
toluene diisocyanate/2,4-toluene diisocyanate).
The isocyanate-terminated prepolymer described above (100 parts) was mixed with
6.2 parts water (57% stoichiometric excess based on prepolymer NCO group content),
0.28 parts Niax A-1 catalyst, and 0.85 parts Air Products silicone surfactant DC5164 in a
standard laboratory mixer and moulded in a closed mould {demould time 5 minutes) and
cured to produce a moulded article of good foam quality with a density of 15.7kg/m3 and
a25% ILD of 5.9kg.

Example 4

An isocyanate-lerminated prepolymer having 15wt% free NCO groups was prepared
from 90 parts of a nominally hexafunctional polyoxypropylenc/polyoxyethylene polyol,
having a molecular weight of ¢a, 12000Da and containing 16% oxyethylene moieties as a
cap, [0 parts of a nominally difunctional polyoxypropylene/polyoxyethylene polyol,
having a molecular weiglt of ca. 4000Da and containing 20% oxyethylene moieties as a
cap and 50 parts of a mixture comprising 80% TDI (20/80 2.6-toluene diisocyanate/2,4-
toluene diisocyanate) and 20% crude MDI.

The isocyanate-terminated prepolymer above (100 parts) was mixed with 4.9 parts
water (50% stoichiometric excess based on prepalymer NCO group content), 0.19 parts
Niax A-1 catalyst, and 0.5 parts OSi silicone surfactant 1540 in a standard laboratory
mixer and moulded in a closed mould {demould time 5 minutes) and cured to produce a
moulded article of good foam quality with a density of 25 .6kg/m3, a25% ILD of 6.8kg,
elongation of 112%, and tear strength of 23.3kg/m.

Example 5

An isocyanate-terminated prepolymer having 13.7wt% free NCO groups was
prepared from 20 parts of a nominally hexafunctional polyoxypropylene/polyoxyethylene
polyol, having a molecular weight of ca. 12000Da and containing 16% oxyethylene
moieties as a cap, 80 parts of a nominally difunctional polyoxypropylene/polyoxyethylene
polyol, having a molecular weight of ca, 4000Da and containing 20% oxyeﬁlylene
moieties as a cap and 53 parts of mixture comprising 80% TDI (20/80 2,6-toluene
diisocyanate/2,4-toluene diisocyanate) and 20% crude MDI.
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The isocyanate-terminated prepolymer described above (100 parts) was mixed with
4.0 parts water (50% stoichiometric excess based on prepolymer NCQ group content),
0.17 parts Niax A-1 catalyst, and 0.67 parts Air Products Silicone Surfactant DC5164 in a
standard laboratory mixer and moulded in a closed mould (demould time 5 minutes) and
cured to produce a moulded article of good foam quality with a density of 24kg/n13, a
25% ILD of 5.4kg, elongation of 185%, and tear strength of 39.4kg/m.

o

Example 6
The isocyanate-terminated prepolymer described in Example 5 (100 parts) was
mixed with 4.0 parts water (50% stoichiometric excess based on prepolymer NCO group

1o content), 0.67 parts diethanolamine, 0.17 parts Niax A-1 catalyst, and 0.67 parts Air
Products Silicone Surfactant DC5164 in a standard laboratory mixer and moulded in a
closed mould (demould time 5 minutes) and cured to produce a moulded article of good
foam quality with a density of 22.4kg/m3, a25% ILD of 6.4kg, elongation of 88%, and
tear strength of 17.9kg/m.

15 Having now fully described the invention, it will be apparent to one of ordinary
skill in the art that many changes and modifications can be made thereto without departing
from the spirit or scope of the invention as set forth herein.
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The claims defining the invention are as follows:

1. A process for the preparation of an all-water blown, prepolymer
derived, soft, very low density moulded polyurethane foam having a moulded
density of less than or equal to 24kg/m® and a softness as measured by 25% ILD of

5 less than or equal to 6.8kg, said process comprising:

a) mixing (i) an isocyanate-terminated prepolymer prepared by reacting a
stoichiometric excess of a di- or polyisocyanate component with a polyoxyalkylene
polyal component having an oxyethylene group content of from 0 to about 30wt %,
a nominal average hydroxyl functionality of from 2 to §, and a hydroxyl number of

10 from about 12 to 56, said polyoxyalkylene polyol component comprising one or
more polyoxyalkylene polyols and said isocyanate-terminated prepolymer having a
free NCO group content of from 12 to about 22wt% based on the weight of said
isocyanate-terminaled prepolymer, with (ii) water in an amount of from 30mol % to
150mol%  stoichiometric excess based on the NCO group content of said

15 isocyanate-terminated prepolymer, to form a foamable polyurethane rcactive

. .

mixture;
b) introducing said foamable polyurethane reactive mixture into a mould: and

LT}

1 % se

ROy ¢) recovering a foamed polyurethane product.

.
X

2. A process as claimed in claim 1 characterised in that said

..
LI
-

20 polyoxyalkylene pelyol component has an average nominal functionality of from 2
. to about 3; said isocyanate-terminated prepolymer has a free NCO group content of

..
-
-

from 14 to about 20wt%; and wherein water is employed in an amount from
30mol% to 80mol% in excess of the stoichiometric amount based on the NCO

sy
.

group content of said isocyanate-lerminated prepolymer.

sany

egened 25 3. A process as claimed in claim 1 or claim 2 characterised in (hat at least
| ane of said polyoxyalkylene polyols in said polyoxyalkylene polyol component has

F an oxyethylene content of from 5 to 30wt%.

4. A process as claimed in any one of the preceding claims characterised in

that said di- or polyisocyanate is selected from TDIs, MDIs, and mixtures thereof.
30 5. A process as claimed in any one of the preceding claims characterised in
that cne or more polymerisation catalysts are included in the mixture in an amount
of from 0.1 Lo about 5.0wt% based on foam weight.
6. A process as claimed in any one of the preceding claims characterised in
that said polyoxyalkylene polyol component comprises a polyoxyalkylene diol
35 having an equivalent weight of from 1000Da to 5000Da and an exyethylene content
of 0 to 30wt %,
7. A process as claimed in claim 6 characterised in that said
polyoxyalkylene polyol component [urther comprises a polyoxyalkylene triol
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having an equivalent weight of from 1000Da to 5000Da and an oxyethylene content of 0
to 30wt %.

8. A process as claimed in any one of the preceding claims characterised in that
said polyoxyalkylene polyol component conmtains a polymer-modified polyoxyalkylene
polyol.

9. A process as claimed in any one of the preceding claims characterised in that
said isocyanate-terminated prepolymer is a reaction product of a mixwre of TDIs and
MDIs; said polyoxyalkylene polyol component comprises a polyoxyalkylene diol having
an equivalent weight of from [500Da to 3000Da and an oxyethylene content from 8% to
about 20% by weight; said isocyanate-terminated prepolymer has an NCO group content
of irom 14 to about 20wt% by weight; and water is employed in an amount of from about
35mol% to 65mol% in stoichiometric excess based on the NCO group content of said
isocyanate-terminated prepolymer.

10. A process as claimed in claim 1 characterised in that -

a) said prepolymer comiprises an isocyanate-terminated prepolymer prepared by
reacting a stoichiometric excess of an isocyanate component comprising TDIs, MDIs, or
mixtures thereof, with a polyoxyalkylene polyol component comprising one or more
polyoxyalkylene polyols having an oxyethylene group content of from 5 to about 30wt %,
said polyexyalkylene polyol component having a nominal average hydroxyl functionality
of from 2 to 3, and a hydroxyl number of from about 15 to 30, said isocyanate-terminated
prepolymer having a free NCO group content of {rom 14 to about 20wt% bascd on the
weight of said isocyanate-terminated prepolymer;

b} said isocyanate-terminated prepolymer is mixed with:

b)) an cffcetive amount of a catalyst;

bi) an effective cell stabilising amount of one or more surfactants; and

b)ii) water in an amount of from 35mol% to 65mol% stoichiometric excess based
on the NCO group content of said isocyanate-terminated prepolymer.

11. A process for the preparation of an all-water blown, prepolymer derived, soft,
very low density moulded polyurethane foam, substantially as hereinbefore described with
reference to any one of the Examples.

12, An all water-blown, isocyanate-terminated prepolymer-derived, polyurcthane
moulded foam obtained by a process as claimed in any one of claims 1 to 11 and having a
moulded density of about fl().éikglm3 or less.

13, An all water-blown, isocyanate-terminated prepolymer-derived, polyurethane
moulded foam obtained by a process as claimed in any one of claims 1 to 11 and having a

moulded density of less than about iﬁkg/mj.
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14, An all water-blown, isocyanate-terminated prepolymer-derived, polyurethane
moulded foam, substantially as hereinbefore described with reference 1o any one of the

Examples.

Dated 29 January, 1999
5 ARCO CHEmicAL TECHNOLOGY, L. P.

Patent Attorneys for the Applicant/Nominated Person
SPRUSON & FERGUSON
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