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POLYOQOL COMPQOSITIONS AND THEIR USE IN THE PREPARATION OF HIGH RESILIENCE
POLYURETHANE FOAMS

The present invention reiates to polyol compositions, their use in the preparation
of high resilience polyurethane foams and to foamed articles prepared from formulations
containing such polyoi formulations.

High resilience (HR) polyurethane foams are widely used in automotive, furniture
and other applications due to their superior comfort, support and higher resilience
characteristics. ASTM Method D-3770 sets specific guideiines for defining HR poiyurethane
foams. In practice, a wider class of polyurethane foams is known as high resilience foams. Itis
the intent of this invention to encompass this broader classification as well as the so called

combustion modified high resilience (CMHR) polyurethane foams.

HR polyurethane foams are typically produced using formulations comprising (1)
a polymer polyol, (2) water, (3) a crossiinking agent/chain extending agent such as
diethanolamine, (4) a silicone-based foam stabilizer, (5) amine and tin catalysts, (6) toluene
diisocyanate and (7) various other additives such as auxiliary blowing agents, fillers and flame
retardant agents.

Processing characteristics of commercial HR polyurethane foams are usually
characterized by the diethanolamine and isocyanate index ranges that give acceptable
processing. A broad range is desirable both for processing and grade fiexibility since load
decreases as the diethanolamine level increases and isocyanate index decreases. The lower
diethanol level is characterized by excessive collapse while, at the upper level, the foam will
shrink. The diethanol level will typically depend on factors such as isocyanate ingex, water
level, catalyst types and their leveis, surfactants and machine parameters.

Numerous methods and polyurethane formulations emplioying polymer polyol
compositions and/or various polyol blends have been used in the preparation of high resilience
polyurethane foams, see for example, U.S. Patent 4,111,865, U.S. Patent 3,857,800; British
Patent 1,339,442; Japanese Patents SHO 57-13312, SHO 57-195113, SHO 57-195725 and SHO 59-
100125; U.S. Patent 4,544,678; British Patent 1,480,972 and U.S. Patent 4,690,955. In general,
these methods and formulations did not provide desirable latitude for varying formulation
components without adversely affecting processing and physical properties. These HR
polyurethane formulations show deficiency in processing as the water level in the formulation
is increased to make lower density foams, and/or as the crosslinking agent level is increased or
decreased beyond the cu rrently established limits. These limitations restrict the range of foam

grades, thatis density and load, that can be produced and limit the applications in which these
foams can be used.
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Tor yvears, lower density foams have been produced by incorporating
an auxiliary blowing agent 1into the polyurethane formulation. The most
commonly used auxiliary'blowing agents are halogen containing low boiling
polint 1iguids such as CFC-11. The use of this type of auxiliary blowing
agents is now seen as undesirable due to concerns about their environ-
mental effects and efforts are being made to avoid their use by using
water as the only blowing agent in foam formulations.

terman Offenlegungsschrift 2,263,205 discleoses a'n rocess for the
preparation of cold-cured, soft polyurethane fcams by the reaction of

toluene diisocvanate with a polyether 1n the presence of water and/or

organic blowing agents, amine catalysts and silicone Dbased foam
stabiliser, characterised in that the polyether 1s a 6 to 8 functional
polvether having a molecular weight from 6000 to 30000 and at least 10

weight percent of primary hydroxyl groups or a mixture of this pblyether
with up to 30 weight percent of a 2 to 5 functional polyether having a
molecular weight from 2000 to B000 and at least 10 weight percent primary
nydrcxyl groups.

US Patent 5,011,908 and Eurcopean Patent Application Publication No.
0,250,868 disclose a polymer polycl compositicon comprising (1) a high
functionality polyol or polycl blend with an equivalent weight between
1000 and 2000 which polycl or a polyol blend is present in an amount of
from 230 to 90 weight. percent of the polymer polyol composition, (2) a
subsidiary polyvalkylene oxide having a molecular weight between 450 and
30000 and having a poly(oxyethylene) content greater'than 30 percent and
wherein the polyalkylene oxide is present in an amount of Zrom 1 to 20
weight percent based on the polymer polyol composition, and (3) a stably
dispersed polymer which is present in an amount of from 2 to 50 weight
percent based on the polymer polyol composition. These polymer polyol
compositions, useful in the preparation of flexible polyurethane foam,
provide enhanced latitude for varying formulation components €O make
polvurethane foams with broad lcad and density ranges.

It has now surprisingly been found that high resilience polyurethane
foams can be prepared using a high functionality polyol or a polycl blend
and a polyisocyanate, without‘a'polymer polyol or with less than 2 welght
percent of polymer based on the polymer polyel, and with or without a

subsidiary polyalkylene oxide having high poly (oxyethylene) content.
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Accordingly, the present inventldn 1n one embodiment concerns &

. S b

process for the preparation of a high resillience slabstock polyurethane

-

foam which process comprises preparing a Ioam formulation comprising &

polyol, a high index polyisocyanate, water at from 1 to 5 pphp, a

.

crosslinking agent, a catalyst for the formation of urethane linkages

"
b -
'

the foam formulation and a surfactant, and thereafter allowing the ZIZocam

formulation to foam and cure characterised in that said polyol is a polyel

composition comprising:

(1)
10

15

20

25

30

L)
U

a high functionality polyol or a polyol blend being a polyvalkylene oxide
polyol or a blend of polyalkylene oxide polyols having an ethylene oxide

content of between 8 and 25 percent and having an egquivalent weight
between 1000 and 4000 and average nominal functionality between 3.2,
é.nd 6 (preferably between 3.2 and 5.8, most preferably between 3.2
and 5.5), present in an amount ©f Irom 80 to 25.E8 (preferablyél O
89.5, most preferably 94 to 99) weight percent based on the total
weight of the polyol composition, and

a subsidiary polyalkylene oxide having a maximum functionmality oI
B and containing at least one hydroxyl group which subsidiary
polyalkyl oxide has an eguivalent welght between 300 and 6000 and
a poly(oxyethylene) content greater than 30 percent (preferably
greater than 60 percent) by weight of alkylene oxide, present i1n an
amount of from 0.2 to 20 (preferably 0.5 to 20, more preferably 1
to 9) wéight percent based on the total weight of the polyol
compeosition; wherein the average nominal functionality of the
mixture of (1) and (2) i1s between 3.2 and 6 (preferably between 3.2

and 5.8, most preferably between 3.2 and 5.5); provided that when

said subsidiary polyalkylene oxide has an equivalent weight of 1,500
or less and an average nominal functionalilty of at least 4, said

subsidiary polyalkylene oxide 18 present in an amount of from 0.2

to less than 5 weight percent based on the total weight of the
polyol composition; and optionally

a stably dispersed polymer within the high functional pelyel, the

L

subsidiary polyalkylene oxide, or a mixture thereof wherein said

‘,

polymer is present in an amount oI less than 2 weight percent based

on the total weight of the polyol composition or a polymer polyol
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or the blend of polymer polyols provides less than 2 weight percent

of the total weight of the polyol composition.

Fty

In the above described polvyol compositions the absence of component
(3) 1s preferred. .

In another embodiment the present invention concerns a polyocl
composition useful for the preparation of high resilience polyurethane

foams comprising:

(1)

a high functicnality polyol or polyol blend (not being ethylene diamine
initiated) and being a polyalkylene oxide polyol or a blend of polyalkylene
oxide polyols having an ethylene oxide content of between 8 and 25 percent

and having an equivalent weight between 1000 and 4000 and an average
nominal functionality between 2.2 and 6 (preferably between 3.2 and
5.8, most preferably between 3.2 and 5.5), present in an amount of
from 50 to 98 weight percent based on the total weight of the
polymer polyol composition,

(2) a subsidiary polyalkylene oxide having a maximum fynctionality ot
8 and containing at least one hydroxyl group which subsidiary
polyalkylene oxide ﬁhas an equivalent weight between 300 and 6000 and
a poly(oxyethylene) content greater than 30 (preferably greater than
60) percent by weight of alkylene oxide, present in an amount cf
from 0 to 0.9 (preferably 0.2 to 0.8, more preferably 0.2 to 0.6,
for example, 0.4 to 0.6) weight percent based on the total weight
of the polyol composition, and

(3) a stably dispersed polymer within the high functionality polyol
and/or the subsidiary polvalkylene oxide, wherein said polymer Is
present in an amount of from 2 to 50 weight percent based on Lhe
total weight of the polyol composition, or a polymer polyocl or a
blend of polvmer polyols in a amount such that the polymer present
in the polymer polyol or a blend of polymer polyols 1s present 11
an amount of from 2 tc 50 weight percent based on the total weight

of the polyol composition; wherein the average nominal functionallty

of the mixture of (1) and (2) is between 3.2 and 6 (preferably

between 3.2 and 5.8, most preferably between 3.2 and 5.5).

cg+41l1l in another embodiment, the present invention concerns a
process for the preparation of a high resilience polyurethane foam which

process comprises preparing a foam formulation comprising a poelyol or a
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volvmer rolvol component, an organic polvisocyvanate, water at from 1 to

(1

pphp, a crosslinking chain-extending agent, a catalyst for the formation
of urethane linkages in the foam formulation, and a foam stabiliser/
surfactant and thereafter allowing the fcam formulaticn to foam and cure
characteris'ed in that said polyol or a peoclymer polyol component: 1s
selected from the above-described polybl compositions.

S+ill in another embodiment, the present invention concerns a high
resilience polyurethane foam prepared by the above-described process.

The polyol compositicns of the present invention provide greater
latitude for varying formulation components in the preparation of high
resilience polyurethane foams with broad density and load ranges.

The present invention results in high resilience polyurethane foams
wnich show increased resillience and better compression sets, and permits
~he use of high levels ©of a crosslinking agent such as diethanolamine

(DEQOL) {(up to 5 php}, which leads to better flame resistance properties

-h

2f the focam. The present invention provides excellent processability and

cood flame resistance properties at an extremely low level of a polymer

-

n the polyol or even 1in the absence of a polymer when *toluene

iJ-

diisocyanate is used as the 1socyanate component. Furthermore, the'
present inventicn allows for the preparation of high resilience foam over
wider load range without the use of any auxiliary blowing agents.

The high functionality polyol which can be used in the practice of
~he present invention can be any polyalkylene oxide polyols or blends cof
such polyols of average nominal functionality between 2.3 and 6; having
an ethylene oxide content between 8 and 25 percent; and an equivalent
welght between 1000 and 4000, preferably from 1500 to 3000. These polyols
and methods for their preparation are well-known to persons skilled in the
art to which the present in#ention pertains.

The subsidiary polyalkylene oxide containing at least one hydroxyl

roup which can. be used in the practice of the present invention, can have
an equivalent weight between 300 and 6000, preferably between 500 to 6000;
nominal functionality up to 8; and ethylene oxide content between 30 and
100 percent. The lower egquivalent weight (300 to 2000) liquids with
ethylene oxide content greater than 60 percent are preferred for ease in

handling and optimum processing. The subsidiary polyalkylene oxides

useful in the practice of the present invention and methods for their
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prevaration are well-known to persons skilled in the art to which <he

present invention pertains.

The polvmer which can be used 1n the present invention can be =

= §
standard vinyl polymer or copolymer; a polyurea-type polymer; or a
condensation product of a polyfunctional low molecular weight glycol or

glvcol amine with a diisocyanate. This component is formed as a stable

dispersion in one or more of the polyols by in situ polymerisation of the

appropriate reactive components. The level of the stably dispersed
polvmer can vary between (0 and less than 2 weight percent based on the
total weight oI the polyocl composition 1n one embodiment of the present
nTlon. Tn another embodiment of this invention the level of the
dispersed pclyvmesr can vary between 2 and 50 weight percent based on the
total weight ¢ the polyol ¢omposition.

The polvec.s wnich can be utilised in the present invention can
include a variezv of components and encompass, but are not limited to, the
following: (a) a_kylene oxide adducts of polyhydroxyalkanes; (b) alkylene
oxide adducts of nonreducing sugars and sugar derivatives; and (c)
alkvliene oxide adducts of polyphenols.-

Illustraczive alkylene oxide adducts of polyvhydroxyalkanes include,

‘among others, =he alkylene oxide adducts of glycerine, 1,2,3-trihydroxy-

butane, 1,2,5-zrihydroxyhexane, 1,1,1-trimethylolethane, 1,1,1-tri-
methylolpropane, pentaerythritol, polycaprolactone, xylitol, arabitol,
scroitol and mannitol.

2 further class of polyols which can be employed are the above
mentioned alky.iene oxide adducts of the nonreducing sugars, wherein the
alkviene oxides have from 2 to 4 carbon atoms. Among the nonreducing
sugars and sugar derivatives contemplated are sucrose; alkyl glycosides
such as methyl glucoside and ethyl glucoside; glycol glycosides such as
ethylene glycel gl?coside, propylene glycel glycoside, glycerol glucoside
and 1,2,6-hexanetriocl glycoside, as well as the alkylene oxide adducts of
the alkyl glycosides as set forth in US Patent 3,073,788,

L still further useful class of polyols as indicated in (¢c) above,
is <the polyphenols, and preferably the aikylene oxide adducts thereof
wherein the alkvlene oxides have from 2 to 4 carbon atoms. Among the
poclyrhenols which are contemplated are, for example,' condensation products

of phenol and formaldehyde, and novolac resins; condensation products of

Lan adr ar 4 ..,.-mw-m*«-«-mm
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various phenolic compounds and acrolein, the simplest member of this class
being 1,2,3-tris (hydroxyphen'yl) propanes; condensation products of various
phenolic compounds and glyoxal, gluteraldehyde, and other dialdehydes with
the simp.lest members of the this class being the 1,1,2,2-tetra
(hyvdroxyphenol) ethanes.

The alkyléne oxide adducts of phosphorous and polyphosphorus acids
are anotner useful class of polycls. Ethylene oxide, 1,2-epoxypropane,
the epoxybutanes and 3-chloro-1,2-epoxypropane are preferred alkylene
oxides. Phosphoric acid, phosphorus acid, the polymethaphosphoric acids
such as tripolyphosphoric acid and the polymetaphosphoric acids are

desirable for use in this connecticn.

The most preferred polyols emploved in this invention include +“he

N

poly (oxypropylene-oxyethylene) polyols. Ethylene oxide, when used, can
be incorporated in any fashion along the polymer chain. tated ancther

way, the ethy.lene oxide can be lncorporated either in internal blocks, as
terminal blocks, or may be randomly distributed along the polyol chain.

In addition to the aforementioned poly(alkylene oxide) components,
the pclyol composition may contain hydroxyl terminated polybutadiene.
Also, addition of minor amounts of an alkenoic acid grafted polyalleene
oxide polyether may be employed to aid in reactivity control and cell
cpening.

The production of stably dispersed vinyl polymer or copoclymer within
polycls to make polymer polyols is known in the art. See, for example,
US Re. Nc. 28,175 (reissue of US Patent.3,383,351) and US Re.No.29,118

(reissue of US Patent 3,304,273). Such compositions can be produced by

i,..l

polymerising cone or more ethylenically unsaturated monomers dissolved or

dispersed in a polyol in the presence of a free radical catalyst to form
a stable dispersion of polymer particles in the polyol.

A wide varlety of monomers may be utilised in the preparation of the
polymer polyols. Numerous ethylenically unsaturated monomers are
disclosed in the prior patents. Any of these monomers are suitable. More
recently, polyurea and polyurethane suépension polymers have also been
utilised.

Exemplary monomers include styrene and 1ts derivatives such as
paramethlstyrene, acrylates, methacrylates such as methyl methacrylate,
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acrylonitrile and other nitrile derivatilves such as w&thacrylonitrile.
'inylidene chloride may also be employed.

- The preferred monomer mixtures used to make the poclymer polvyeols are.
mixtures of acrylonitrile and stYrene or acrylonitrile; styrene and
vinylidene chloride.

The production of stably dispersed polyurea-type poclymer or con-
densation product of a polyfunctional low molecular weight glycol or
glyccl amine with a diisocyanate within polyols to make polymer polyols
is also known in the art. See, for example, British Patent No. 2,072,204
and British Patent No. 1,501,162 respectively.

2 low molecular weight polyfunctional glycolamine crosslinker/
extender is preferred to make stable, free rise foams under the conditions
~f this invention. Diethanolamine is the most commonly used commercial
crosslinker and is the preferred compound of choice. Its use at levels
of from 0 to 5 php, which is much boarder than what ié commercially used,
that 1s, 0.6 to 1.5 php, 1is facilitated by the polyol compositions
described herein, and this provides for substantlal broader load control.

BRlends of other crosslinkers with diethanolamine can also provide similar

advantages. Though diethanclamine is preferred, other crosslinkers, such

as, glycerine, triethanolamine, sorbitol and many other low molecular

weight polyfunctional hydroxy and/or amine compounds can be substituted

far diethanolamine if desired.
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Any of a large number of polyurethane catalysts may be utilized for producing

the polyurethane foam. Typical levels are from 0.001 to 2 php. Representative catalysts
inciude: (a) tertiary amines such as bis(2,2'-dimethylamino)ethyl ether, trimethylamine,
triethylamine, N-methyimorpholine, N,N-ethylmorphoiine, N,N-dimethyibénzylamine,
N,N-dimethylethanoiamine, N,N,N’,N'-tetramethyl-1,3-butanediamine,
npentamethyldipropyienetriamine, triethanolamine, triethylenediamine and pyridine oxide; (b)
strong bases such as alkali and alkaline earth metai hydroxides, alkoxides, and phenoxides; (c)
acidic metal salts of strong acids such as ferric chloride, stannous chioride antimony trichionae,
bismuth nitrate and chioride; (d) chelates of various metais such as those which can be
obtained from acetylacetone, benzoylacetone, trifiluoroacetylacetone, ethyl acetoacetate,
salicylaldehyde, cyclopentanone-2-carboxylate, acetylacetoneimine, bis-acetyiacetone-
alkylenediimihes and éalicytaidehydeimine, with various metals such as Be, Mg, Zn, Cd, Pb, Ti,
Zr. Sn, As, Bi, Cr, Mo, Mn, Fe, Co, Ni, orsuchions as MoQO> + +,UQO; + + (f) alcoholates and
phenolates of various metals such as Ti{OR)4, SN{OR}4, SN(OR); and AI{OR)3, wherein R is alkyl or
aryl, and the reaction products of alcoholates with carboxyiic acids, beta-diketones, ana
2-{N,N-dialkylamino)alkanols, such as the well-known chelates of titanium obtained by this or
equivalent procedures; (g) salts of organic acids with a variety of metais such as alkali metals,
atkaline earth metals, Al, Sn, Pb, Mn, Co, Bi, and Cu, including, for example, sodium acetate,
potassium laureate, calcium hexanoate, stannous acetate, stanncus octoate, stannous oleate,
lead octoate, metallic driers such as manganese and cobalt naphthenate; (h) organometallic
derivatives of tetravalent tin, trivalent and pentavalent As, Sb, and Bi, and metal carbonyls of
iron and cobalt.

Among the organotin compounds that deserve particular mention are dialkyltin
salts of carboxylic acids, for example, dibutyltin diacetate, dibutyltin dilaureate, dibutyltin
maleate, dilauryltin diacetate, dioctyltin diacetate, dibutyltin-bis(4- methylaminobenzoate),
dibutyltindilauryimercaptide and dibutyitin-bis(6-methylaminocaproate). Similarly, there may
be used a trialkyitin hydroxide, dialkyltin oxide, dialkylitin dialkoxide, or dialkyltin dichloride.
Examples of these compounds include trimethyltin hydroxide, tributyltin hydroxide, trioctyltin
nhydroxide, dibutyitin oxide, dioctyitin oxide, dilauryltin oxide, dibutyltin-bis(isopropoxide)
dibutyltin-bis(2-dimethylaminopentylate), dibutyltin dichloride and dioctyltin dichioride.

It is also within the scope of the invention to employ, when applicable, smal
amounts, for example, 0.001 percent to 5 percent by weight, based on the total reaction
mixture, of a foam stabilizer. Suitable foam stabilizers or surfactants are known and may vary
depending upon the particular polyurethane application. Suitable stabilizers for slabstock

applications inciude “hydrolyzable” polysiloxane-polyoxyaikylene biock copolymers such as the
block copolymers described in U.S. Patents 2,834,748 and 2,917,480. Another useful class of

foam stabilizers are the “non-hydrolyzable” polysiloxane-polyoxyalkylene block copolymers

such as the block copolymers described in U.S. Patents 3,505,377 and 3,686,254 and British

.7-
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Patent Specitication No. 1,220,471, The latter class of copolymers differs from the above-
-mentioned polysiloxane-polyoxyalkyiene biock copolymers in that the polysiloxane moiety is
bonded to the polyoxyaikylene moiety through direct carbon-to-silicon bonds, rather than
througn carbon-to-oxygen-to-silicon bonds. These various polysiloxane-polyoxyalkylene block
5  copolymers preterably contain from 5 to 50 weight percent of polysiloxane polymer, with the
remainder being poiyoxyaikylene polymer. Yet another useful class of foam stabilizeris
composed of the cyanoalkyi-polysiloxanes described in U.S. Patent 3,905,924,
Althougn 1115 not required, a polyether-silicone copolymer with mixed hydroxy
and methoxy capping of the polyether as described in U.S. Patent 4,690,955 is preferred over
10 lessstabilizing HR surfactants to counteract destabilization from the subsidiary polyol in the
polyol composition of the present invention.
An agvantage of this invention is the wide latitude for varying the isocyanate

ingex and still make stable foams with low shrinkage. Suitably, the index can be varied

between 75 and 120 for free rise foams.

15 The organic polyisocyanates that are useful in producing polyurethane foam in
accordance with this invention are organic compounds that contain at least two isocyanate
groups. Such compounds are well known in the art. Suitable organic polyisocyanates include
the hydrocarbon diisocyanates (for example, the alkylene diisocyanates and the aryl
agiisocyanates, as well as known triisocyanates and polymethyiene poly(phenylene isocyanates).

20 Examples of suitable polyisocyanates are 2,4-diisocyanatotoluene, 2,6-diisocyanatotoluene,
methylene bis(4-cyclohexylisocyanate), 1,8-diisocyanatooctane, 1,5-diisocyanato-2,2,4-
-trimethyipentane, 1,9-diisocyanatononane, 1,10-diisocyanatopropylether of 1,4-butyiene
glycol, 1,11-dusocyanatoundecane, 1,12-diisocyanatododecane bis{isocyanatohexyl) sulfide,
1,4-alisocyanatobenzene, 3,5-diisocyanato-o-xylene, 4,6-diisocyanato-m-xylene,

25 2.b-dilsocyanato-p-xylene, 2,4-diisocyanato-i-chlorobenzene, 2,4-diisocyanato-i-nitrobenzene,

' 2,5>-dlisocyanate-i-nitrcbenzene, 4,4'-diphenylmethylene diisccyanate, 2,4'-diphenyimethylene
diisocyanate, and polymethylene poly-(phenvieneisoccyanates), and mixtures thereof. The
preferred polyisocyanate 1s 80/20 TDI (a mixture of 80 percent 2,4-toluene diisocyanate and 20
percent 2,6-toluene ditsocyanate).

30 Water is used in an amount from 1.0 to 5.0 php to produce carbon dioxide by
reaction with 1socyanate and thus act as the blowing agent for the foam. Additionally, a
combination of water and other known blowing agents may be employed. However, one of
the advantages of the present invention is that the use of auxiliary blowing agents can be
avoided or at least minimized in the foam formulation.

35 Various additives known to those skilled in the art may be incorporated in the
foam formulations. These may include flame retardants, fillers and ¢coloring agents.

Suitable filiers are latex, calcium carbonate, synthetic plastics including viny!

polymers such as, polyvinyl chioride and polystyrene.

.8-
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Suitable coloring agents are, for exampie carbon black, titanium dioxide, methyi
biue and chromium red.

So-called combustion modified HR polyurethane foams can be preduced with the
polyol composition of the present invention through the use of flame retardants.

Suitable flame retardants are melamine, antimony oxide, tris (chioroethyl)
phosphate, tricresyl phosphate, aluminum hydroxide and triphenyl phosphate.

The formulations used in preparing HR foams of the present invention are
orepared by mixing the aforementioned components in standard foam processing equipment
in accordance with techniques known to those skilled in the art. |f desired non-interreactive
components may be prebiended so as to reduce the number of component streams which
require intimately mixing with each other. Itis generally advantageous 10 use a two-stream
system whereby one stream comprises isocyanate component, while the second stream
comprises all other components and which essentially do not interset prior to mixing with the
isocyanate stream. Due to the particular components used in the present invention, a wider
latitude is provided to the operator in controlling the density, load and other physical
oroperties of the resuiting polyurethane foams. In accordance with the present invention HR
poiyurethane foams can be prepared using wider range of water, crossiinker/chain-extender

and isocyanate formulation variables. Due to this flexibility in processing, expanded density

and load grades can be produced.

The following designations, symbols, terms and abbreviations are used in the
examples which follow:

HN-206 is a 30/70 weight percent biend of (a) a polymer poiyol (70/30 SAN, 21
percent solids) based on an ethylene oxide capped polyel having an
equivalent weight of 1,700 and 17 percent EO content and (b) a glycerine
started ethylene oxide capped polyol having an equivalent weight of 1,700
and 14 percent EQ content; the blend having 6.3 percent solids content

and nominal functionality of 3 sold by The Dow Chemical Company under

the trademark
VORALUX HN 206.

PP-91.1008 is a high molecular weight sorbitol based polyol having a hydroxyl number of 28
and 84 percent primary OH groups, 15.9 percent EO content, viscosity at 25°C of

1490 cps and nominal functionality of 6.
HF-501 is a giycerine started ethylene oxide capped polyol having an equivalent
weight of 1,700, hydroxyl number of 34 and nominal functionality of 3,

sold by The Dow Chemical Company under the trademark VORALUX HF
501.

PP.92. 3047 is a sorbitol based polyol having an equivaient weight of 2,000 and hydroxyl

number ot 28.
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PP-93.1932 15 a sorbitol based polyol having an equivalent weight of 2,000 and nydroxyl
number of 28.
CP-1421 s a glycerine started polyol having an equivalent weight of 1,600, hydroxy!
number of 34, and 72 to 75 percent £EO content sold by The Dow Chemical
Company under the trademark VORANQL CP-1421.
DHD-911.01 15 a butanol started monol having an a molecular weight of 3500 based on 25

percent propylene oxide/75 percent ethylene oxide mixed feed.

XZ-948156 's @ polymer polyol (70/30 SAN, 43 percent solids) based on an ethylene
oxide/propyiene oxide mixed feed having equivaient weight of 1,000,
XZ-94557 s @ high functionality polyaikylene oxide (sugar and glycerine started)
naving a hydroxyl number of 31 and approximately 69 percent EQ content.
DEQA 1s diethanolamine.
B-8681 is a silicon surfactant sold by Th. Golidschmidt under the Trademark
Tegostab
5-8681.

DABCO 33LV is a 33 percent solution of triethylene diamine in dipropylene glycal sold Dy Alr

Products and Chemicals Inc.

NIAX AT s 70 percent bis(2-dimethylaminoethyl)ether solution in DPG sold by OS!
Specialties inc.

SO s Stannous octoate.

DBTL s dibutyltin tin dilaureate.

Amgard TDCP s @ high chlorine containing phosphate ester flame retardant sold by
Aloright and Wilson.

T80 s an 80:20 mixture of 2,4- and 2,6-toluene diisocyanate soid by The Dow
Chemical Company under the trademark VORAMNATE T80.

Index is the ratio of the amount of reactive isocyanate groups in the reaction
mixture divided by the amount of active hydrogen groups in the reaction
mixture multiplied by 100.

DDW 15 parts by weight.

Properties of the HR polyurethane foams given in the examples which follow are

determined according to the following test methods:

Density determined in accordance to DIN 53420 method.
CFD Compression Force Deflection determined according to DIN 53577.
IFD 40% ~load (indentation force deflection) at 40 percent compression

determined according to BS4443, part 24-88 method.
Tens. Str. is @ tensile strength determined in accordance with ASTM D-3574-91

method.

-10-
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determined in accordance with

ASTM D-3574-91 methodq.
determined in accordance with
ASTM D-3574-91 method.
determined in accordance with

ASTM D-3574-91 method.

's compression set determined in accordance with DIN 53572-11-86

method.

s wet compression set determined in accordance with BS-4443, part 7-92

method.
is the California Bulletin 117A fire retardancy test.
i< the California Bulletin 117D fire retardancy test.

is the Furniture and Furnishings (Fire Safety Amendment) Regulations

1989, Schedule 1, part 1 fire retardancy test.

The following examples are given to iliustrate the invention and snould not be

interpreted as limiting it in any way. Unless stated otherwise, all parts and percentages are

given by weight.

Examples 1 to 28

and

-9 Comparative Examples C-110 C-6

HR and CMHR poiyurethane foams of Examples 1 to 20 and Comparative

Examples C-1 to C-4 were prepared by mixing the components as indicated in Tables | to IV

using a laboratory slabstock foam machine having a high pressure mixing head, dispensing the

resulting foaming mixture and allowing it to rise and cure. The machine operating conditions

25 were as follows:

30

polyol component output: 20 kg/minute,

nolyol and isocyanate components temperature: 20°C to 25°C,
air injection level: 1 to 2 l/minute,

head pressure: below 1 bar.

After sufficient cure time the produced foams were submitted to physical

oroperty determinations. The results of these tests are given in Tables 1 to 6.

35
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TABLE | - HR Foam Grade 30 kg/m’
Examole C-1*¥ 1 2 3 4
Formulation:
HN-206 (pbw) 100 - - - -
PP-91.1008 (pbw) - 100 100 100 100
Water (total) (pbw) 3.1 3.1 3.1 3.1 3.1
DEOCA 100% (pbw) 1.1 1.25 2.0 2.0 5.0
i T80 ingex 110 110 110 110 100
Amgard TDCP {(pbw) 2 2 2 Z 2
XZ-94557 (pbw) 1.0 1.0 1.0 1.0 1.0
Foam Properties:
Blow off - + -+ SRR, ERRE RS
Density (kg/m3) 29.4 30.0 29.2 29.2 32.1
CFD DIN 40% (kPa) 2.62 1.94 1.81 1.8 1.65
IFD 40% (N) 107 72 74 70 67
R 25%/25% 87.3 89.5 89.3 89.0 90.3
SAG factor 2.54 2.68 2.63 2.8 3.2
Tens. Str. (kPa) 93 03 64 &7 o7
Elongation (%) 137 111 109 102 91
Tear Strength (N/m) 197 158 111 107 93
Resilience (%) 58 65 &5 66 59
Comp. Set 75% (%) 2.8 3.4 2.9 3.9 3.8
Comp. Set 90% (%) 4.0 4.4 3.4 4.0 4.2
Wet Comp 70% (%) 10.2 11.0 3.1 14.1 16.0
Cal. 117 A burntiength 0ass pass Dass fail Dass
after flame Dass DaAsS fail fail 0ass
Calitornia 117D pass tail tail Dass Dass

*Comparative Example C-1 1s not an example of this invention

35
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Examples 1 to 4 in Table Iillustrate the DEQA latitude of the present invention
compared to a standard commercial HR polyurethane technology (Comparative Exampie C-1).
Exampies 1 to 4 demonstrate that, at the 30 kg/m3 foam density, wider range of the DEOA level
can be employed in the present invention than the one used in Comparative Example C-1

without adversely affecting the foam processing conditions. Normaily, ievels of DEOA jower

L

than 1 pbw iead to collapse of the foam and levels of DEOA higher than 1.2 pbw to its
shrinkage. As evident from Examples 1to 4, the DEOA level in the present invention can be
varied to much greater extent (1.25 to 5 pbw) without leading to any processing problems. This
is especially remarkable as no polymer polyol was used in Examptes 1 to 4. The foams produced

19 nExamples1to4are softer than the one prepared in Comparative Example C-1 with slightly

worse mechanical properties but much improved resilience.

15

20

25

30

35
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TABLE 1
HR Foam Grade 23 kg/m3
Exampie C-27 C-3T 2 & / 8 ) 10
. Formulation:
HN-206 (pbw) 100 100 - - - _ ] )
PP-81.1008 (pbw) - - 100 100 100 100 100 100
Water (total) (pow) 3.9 3.9 4.0 4.0 4.0 2.9 3.9 3.9
DEOA 100% (pbw) 25 25 25 20 15 25 25 25
10 T80 index 85 103 100 100 100 103 103 113
Amgard TDCP (pbw) 2 2 2 2 2 2 -
XZ-94557 (pbw) 0.3 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Foam Properties:
Blow off + <+ " T S T S N S
° Density (kg/m3)} 249 237 229 239 228 242 238 @ 23.1
CFD DIN 40% (kPa) 1.17 1.57 1.1 T.11 1.28 1.51 1.35 1.85
IFD 40% (N} 45 59 47 42 &5 5% 52 63
R 25%/25% 88.1 85.6 8406  85.1 §5.3 857 86.2  86.7
20 SAG factor 2.8 2.78 297 273 268 2.94 291 2.74
Tens. Str. (kPa) g3 106 70 75 74 73 71
Elongation (%) 176 177 155 160 138 125 113
Tear Strength (N/m) 295 287 218 159 211 207 135
Resilience (%) 59 56 55 57 56 58 64
25 Comp. Set 75% B. 1 6.4 9.5 6.7 7.0 6.2 7.8 3.1
Comp. Set 90% 23 7.7 28 7.2 12.1 8.7 10.1 3.9
Wet Comp. 70% 52 72 73 80 59 35 51 i3
Cal. 117 A pass tail - fail 935S fail fail fail fail
30 burnt lengih
after flame fail fail 1ail 0ass fail tail fail fail
Calitornia 117 D pass 0ass tail fail 0ass  Dass 5ass Da5s
*Comparative Example C-2 and C-3 are not examples of this invention
35
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Table |l demaonstrates excelient processing characteristics of the present invention

at high water leveis. As can be seen from Exampies 5 to 10, the DEQA level can be varied from

1.5 10 2.5 pow without showing any signs of foam settling or collapse. This demonstrates that

very soft foams can be produced according to the present invention without the need for any

auxiiary biowing agents and at polyisocyanate indices of 100 and greater.

Example

Formulation:
HN-206 (pbw)
PP-91.1008 (pbw)
HF-501 (pbw)
melamine (pbw)
water (total) (pbw)
DEOA 100% (pbw
T80 index

Amgard TDCP (pbw)
XZ-94557 (pbw)

TABLE Il

CMHR Foam Grades 25 - 28 kg/m?3

c-4* 11
100 -
- 70
- 30
23 25
4 4
1.5 2
105 110
6 6
- 0.5

12 13
70 70
30 30
25 25
4 4

2.52 Z
110 110
4 -
0.5 0.5

*Comparative Example C-4 1s not an example of

-15-
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70 70
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25 25
44 44

2 2
110 110

3 -
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TABLE Il (Continued)
CMHR Foam Grades 25 - 28 kg/m3

Example c4* 11 12 13 & 15 16
> Foam Properties:
Blow off -
Density (kg/m3) 24,1 27 27.5 26,1 248 245 253
CFD DIN 40% (kPa) 2.3 2.26 2.07
10 IFD 40% (N} 91 70 57
R25%/25% 84.6
SAG factor 3.0 2.93 2.61
Tens. Str. (kPaj g1 02 52
Elongation (%) 121 93 91
> Tear strengtn (N/m) 308 182 173
Resilience (%) 42 57 55
Comp. Set 75% (%) 18.5 5.2 5.8
Wet Comp. 70% (%) &4 35 51
20 Crib 5 fall pass pass fall  fail tail tail
Cal 117 A burntiength pass fall tail
atterflame fail fail  fail
Calitornta 117 D Dass 0ass  pPass
25 “Comparative Example C-4 1s not an example of this invention.

Table HI further illustrates advantages of the present invention. In Examples 11 to
18, a blend of polyols having combined nominal Tunctionality of 5.1 is used in combination
with melamine to prepare CMHR foams. it is evident from Table 3 that foams made according
30 tothe presentinvention show similar or better flammability performance {(see Exampies 11 and
12 and Comparative Example C-4) with much improved resilience and compression set, two very

important foam properties.

35
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TABLE IV
CFC Free HR Foam Formulations
Example 17 18 19 C-7*
. HN-206 pbw -- .- - 100
PP-92.3047 cbw 1G0 80 60 --
XZ-94816 pbw - 20 40 -
XZ-34557 pbw 0.5 0.5 0.5 0.5
10 Water cbhw 4.0 4.0 4.0 4.0
DEOCA 100% PDW 2.0 2.0 2.0 2.0
NIAX A-1 phw 0.03 0.03 0.03 0.03
DABCO 33LV pbw 0.09 0.09 0.09 0.09
B 8681 pbw 0.5 0.5 0.5 0.5
> SO obw 0. 0.1 0.1 0.
DBTL pbw 0.1 0.1 0.1 0.1
Amgard TDCP pbw 2.0 2.0 2.0 2.0
T80 Index 110 110 110 110
20

*Comparative Example C-7 is not an example of this invention.

Table |V illustrates versatility of the present invention. Ascan be seen from

Examples 17 to 19, a high solids content polymer polyol can be added in various amounts to the

5 high functionality polyol without adversely affecting i1ts processing.

30

335
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TABLE V
R Foams With Various Polyol Functionalities and Solids Content

-18-

Sample number C-5% 21 C-6~™ 22 23
> Formulation:
PP-82.3047 (pow) 82 82 60
HF S0 (pbw) - ' -
XZ-94816.00 (pbw) 18 18 40
10 HN 206 (pbw) 100 : 100 - :
Water (total) (pbw) 4 4 3.1 3.1 3.1
DEOCA 100% (pbw) 2.4 2 1.1 2.0 1.2
CP 1421 (pow) - 0.5 - 0.5 0.5
DABCO 33LV (pbw) 0.12 0.1 0.08 0.1 0.1
> 3868 (pbw) 0.3 0.4 0.5 0.4 0.4
DBTL (pbw) 0.05 0.05 0.07 0.07
Amgard TODCP (pbw) 2 2 ‘ 2 2 o
XZ-94557.00 (pbw) 0.5 - - -
20 DHD-911.01  (pbw) - : - ]
S5.0. 0.15 0.15 0.15 0.1 0.1
TEO Index 100 100 110 110 110
*Comparative Examples C-5 and C-6 are not examples of this invention.
25
30
35



TABLE V (Continued)
HR Foams With Various Polyol Functionalities and Solids Content

Sampie number C-5% 21 C-6~ 22 23
5
Foam Properties:
Density (kg/m3) 23.7 23.7 28.2 30.6 28.6
CFD DIN 40% (kPa) 1.57 1.66 2.98 2.74 3.68
IFD 40% (N) 59 63 130 110 144
10 SAG factor 2.78 2.64 2.4 2.76 2.73
Tens. Str. (kPa) 106 79 S7 78 103
Elongation (%} 177 123 145 89 101
Tear resistance (N/m) 287 231 273 185 225
\5 Resiiience (%) 56 57 56 62 49
Comp. Set 90% CT 7.7 10.4 4.2 3.8 4.2
Wet Comp. 70% CD 72 28.9 §.2 8.9 10.3
*Comparative Examples C-5 and C-6 are not examples of this invention
20
25
30
35
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Sample number

Formutation:

PP-G2.3047 (pbw)
HF 501 (pbw)
XZ-94816.00 (pbw)
HN 206 (pow)
water (total) (pow)
DECA 100% (pbw)
CP 1421 (Dow)
DABCO 33LV  {(pbw)
38681 {(pbw)
DBTL (pbw)

Amgard TDCP (pbw)
AZ-94557.00 (pbw)
DHD-911.01  {pbw)
5.0.

T80 Index

24

50
50

3.1
1.7
0.5
0.05
0.5
0.1

-

0.1

(110)

TABLE Vi
HR Foams With Various Polyol Functionalities and Solids Content

25

A ——

50
50

4.0
2.0
0.5
0.05
Q.5
0.05

0.1

{100)

-20-

26

65

35

3.1
1.4

0.08
Q.5
0.1

0.5

0.1

(115)

PCTY

27

©5

35

3.1
1.6

0.08
0.5
0.1

2
0.1
(115)

“Comparative Examples C-5 and C-6 are not examples of this invention.

LP94/04018
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3.1
1.6

0.08
0.5
0.1

0.1
(115)
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TABLE VI

(Continued)

PCT/EP94/04018

HR Foams With Various Polyol Functionaiities and Solids Content

Sample number 24 25 26 27 28
> Foam Properties:
Density (kg/m3) 29.8 23.9
CFD DIN40% (kPa) 2.24 1.29
IFD 40% (N) 38 53
10 SAG factor 2.76 3.05
Tens. Str. (kPa) 70 85
Eiongation (%) 112 179
Tear resistance (N/m) 161 263
Resilience (%) &1 54
'S Comp. Set90% CT 6.2 10.2
Blow off + + + + “
*Comparative Exampies C-5 and C-6 are not examples of this invention.

&8 Tables S and 6 further demonstrate versati'li‘ty and advantages of the present
invention. Foams have been made using different high functionality polyols and polymer
nolyols and various high EQ containing species. The effect of these formulation components
on cell-opening and processing is demonstrated in Examples 21 1o 28 and 1s compared with
conventional formulations in Comparative Exampies C-5 and C-6.

25

30

35
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CLAIMS:

1. A process for the preparation of a high resilience
slabstock polyurethane foam which process comprises
preparing a foam formulation comprising a polyol, a high
index polyisocyanate, water at from 1 to 5 pphp, a
crosslinking agent, a catalyst for the formation of urethane
linkages in the foam formulation and a surfactant, and
thereafter allowing the foam formulation to foam and cure
characterised in that said polyol is a polyol composition

comprising:

(1) a high functionality polyol or polyol blend
being a polyvalkylene oxide polyol or a blend of polyalkylene
oxide polyols having an ethylene oxide content of between 8

and 25 percent and having an equivalent weight between 1000

and 4000 and an average nominal functionality between 3.2
and 6, present in an amount of from 80 to 99.8 weight

percent based on the total weight of the polyol composition,

(2) a subsidiary polyalkylene oxide having a
maximum functionality of 8 and containing at least one

hydroxyl group which subsidlary polyalkylene oxide has an

equivalent weight between 300 and 6000 and a
poly (oxyethylene) content greater than 30 percent by weight

of alkylene oxide present in an amount of from 0.2 to 20

welght percent based on the total weight of the polyol
composition; wherein the average nominal functionality of
the mixture of (1) and (2) 1s between 3.2 and 6; provided
that when said subsidiary polyalkylene oxide has an
equivalent weight of 1,500 or less and an average nominal
functionality of at least 4, said subsidiary polyalkylene

oxlde 1s present in an amount of from 0.2 to less than 5

-2 -~
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welght percent based on the total weight of the polyol

composition, and optionally

(3) a stably dispersed polymer within the high

functional polyol, the subsidiary polyalkylene oxide, or a

mixture thereof wherein said polymer 1s present in an amount

P

of less than 2 weight percent based on the total weight of

the polyol composition or a polymer polyol or a blend of
polymer polyols 1n an amount such that the polymer present
in the polymer polyvol or the blend of polymer polyols
provides less than 2 weight percent of the total weight of

the polyol composition.

2 . A process as claimed 1n claim 1, wherein such high
functionality polyol 1s a polvalkylene oxide polyol or
polyalkylene polyol blend having an equivalent weight
between 1000 and 3000 and an average nominal functionality

between 3.2 and 6.

3. A process as claimed 1n claim 2, wherein said
polyvalkylene oxide polyol or polyol blend 1s a

poly (oxyethylene-oxypropylene) polyol or blend of

poly (oxyethylene-oxypropylene) polyols.

4. A process as claimed 1n any one of claims 1 to 3,
wherein said subsidiary polyalkylene oxide has an eguivalent
welght between 500 and 6000 and a poly(oxyethylene) content

greater than 60 percent.

5. A process as claimed 1n claim 4, wherein said
subsidiary polyalkylene oxides 1s a poly(oxyethylene-
oxypropylene) polyol.

6 . A process as claimed 1n any one of claims 1 to 5,

which contains none of component (3).

_23 -
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7 . A polyol composition for use with high i1ndex
isocyanate and low water content in the preparation of high

resilience polyurethane foams comprising:

(1) a high functionality polyol or polyol blend
not being ethylene diamine 1nitiated and being polyalkylene
oxide polyol or a blend of polyalkylene oxide polyols having
an ethylene oxide content of between 8 and 25 percent and
having an equivalent weight between 1000 and 4000 and an
average nominal functionality between 3.2 and 6, present 1in

an amount of from 50 to 98 weight percent based on the total

welght of the polyol composition,

(2) a subsidiary polyalkylene oxide having a
maximum functionality of 8 and containing at least one
hydroxyl group which subsidiary polyalkylene oxide has an
equlvalent weight between 300 and 6000 and a
poly (oxyethylene) content greater than 30 percent by weight

- p—

of alkylene oxide, present i1n an amount of from 0.2 to 0.6

P

welght percent based on the total weight of the polyol

composition, and

(3) a stably dispersed polymer within the high
functionality polyol and/or the subsidiary polyalkylene

P

oxlde, wherein sald polymer 1s present i1n an amount of from

2 to 50 weight percent based on the total weight of the
polyol composition, or a polymer polyol or a blend of
polymer polyols provides from 2 to 50 percent by weight of

-

polymer based on the total weight of the polyol composition;

wherein the average nominal functionality of the mixture of

(1) and (2) 1s between 3.2 and 6.

8 . A polyol composition of claim 7, wherein said high

functionality polyol 1s a polyalkylene oxide polyol or
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polyalkylene oxide polyol blend having an equivalent weight

between 1000 and 3000 and an average nominal functionality

between 3.2 and 6.

9. A polyol composition of claim 8, wherein said
polyalkylene oxide polyol or polyol blend is a

poly (oxyethylene-oxypropylene) polyol or a blend of
poly (oxyethylene-oxypropylene) polvyols.

10. A polyol composition of any one of claims 7 to 9,
wherein the subsidiary polyalkylene oxide has an eguivalent
welght between 500 and 6000 and a poly(oxyethylene) content

greater than 60 percent.

11. A polyol composition of any one of claims 7 to 10,
wherein said subsidiary polyvalkylene oxide is a

poly (oxyethylene-oxypropylene) polyol.

gra—

12. A process for the preparation of a high resilience

slabstock polyurethane foam which process comprises
preparing a foam formulation comprising a polyol, a high
1ndex polyisocyanate, water at from 1 to 5 pphp a

crosslinking agent, a catalyst for the formation of urethane

linkages 1n the foam formulation and a surfactant, and
thereafter allowing the foam formulation to foam and cure
characterised 1n that said polyol 1s a polyol composition of

any one of claims 7 to 11.

13. A high resilience polyurethane foam whenever

prepared by the process of claim 12.

14 . A high resilience polyurethane foam prepared by a

process according to any one of claims 1 to 6.

o Y-
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