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PREPOLYMERS Technical Field 5 ' : The present invention pertains
to very | ow density nol ded pol yuret hane foans prepared fromi so-
cyanate-term nated prepolyners. Mre patidcularly, the present invention
pertains to very |ow density nol ded polyurethane foans of enhanced

soft ness, prepared by 10 react gAf : .n1nated pr epol yner
with a Iarge st oi chi onet i Iom/den5|ty f oans
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Pol yur et hane flexible foans are well recog- nized articles of comrerce
whi ch have applications in nunerous diverse fields. Fl exi bl e pol yur et hane

foans are prepared by the reaction oﬁggggéﬁggﬁgﬁﬂgyisocyanate 20 with an
| socyanate reactive conponent in the sui t abl e uret hane
reaction-pronoting catalyst, a chemcal or physical blow ng agent, and a
sui tabl e fo$n1stab|I|2|ng surfactant. Al though much early research in the

area of pol Juret hane foansTheyHLESENthelEenEions Pertaiss, bat ¥8rdr nd oMt ed
prepol yners and qeasitPr apdlded®  solytteblbke Offdaglsy upeépaned f Ifaend! £sd.0am

P aue. - The ~one. GYatattrbeeBletied etdedlmetas " Ste ﬁ%ﬁ? hertS dhe ¢ ne
inability to prepaesentl dadehbion Iper3ains the perpolpwedemsidys smolded
Al though the "ong,$P0l e+ RENECFdams of enhanced softness, prepared by
10 reacting an isocyanate-terminated prepolymer with a
large stoichiometric excess of wéter. The soft, low
density foams are suitable replacements for fiberfill
such as polyester, in upholstery and bedding applica-

tions.

15 Background Art

Polyurethane flexible foams are well recog-
nized articles of commerce which have applications in
numerous diverse fields. Flexible polyurethane foams
are prepared by the reaction of a di- or polyisocyanate

20 with an isocyanate reactive component in the presence of
a suitable urethane reaction-promoting catalyst, a
chemical or physical blowing agent, and a suitable foam
stabilizing surfactant. Although much early research in
the area of polyurethane foams involved the use of

25 isocyanate-terminated prepolymers and quasi-prepolymers,
the bulk of polyurethane flexible foam produced commer-
cially is prepared by the so-called "one-shot" tech-
nique. The “one-shot" process was developed due to its
flexibility and the inability to prepare molded foams by

30 the prepolymer process. Although the "one-~shot" process



~2- requires the foam manufacturer to inventory a variety of different
I'ngredients, the process renmains the predom - nant pol yurethane foam

technol ogy today. In the "one-shot" technique, two or nore 5 separate
streans of isocyanate, polyol, catalyst, blow ng agents, etc., or
conbi nations thereof, are introduced into a m x head. The reactive

m xture exiting the mx head may be allowed to rise freely, generally on a
| i ned conveyor, to produce slab foam or 162- may be poured or injected
into nolds to produce nolded foam Slab foam may be sliced to thicknesses
suitable for carmummw foﬁeama@uélmcmerahd fiheehtkey a/bwlﬂizleif:pam
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wi th additional isocyanate to produce ur ages
di oxi de provi ded 3idgeon a llned conveyor, to produce slab foam, or
10 may be poured or injected into molds to produce molded

foam. Slab foam may be sliced to thicknesses suitable
for carpet underlay, seat cushions, and the 1like.
Molded foam allows complex contours to be produced, for
example for use in automotive seating. Due to the

15 differences between the free rise associated with slab
foam and the constrained rise of molded foam, the
polyurethane reactive ingredients are tailored to the
specific application.

‘While physical blowing agents such as methy-
20 lene chloride, chlorofluorocarbons (CFC’s) and low
boiling alkanes have been used as physical blowing
agents, their use has been severely curtailed by envi-
ronmental concerns, particularly the Montreal Protocol.
High resilience polyurethane flexible foams have em-
25 = ployed water as a reactive blowing agent for many yvears.
Water reacts 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 neces-

30 sary blowing effect.



.30 sary blow ng effect. . -3- The urea groups generated in high
resilience foamtend to harden the foam The fraction of urea groups as
conpared to urethane groups in high resilience foamin the nom nal 2-4

| b/ft3 density range is small 5 enough so that the increased hardness
can be conpensated by suitable choice of the pol yurethane reactive ingredi-
ents, particularly polyols and crosslinkers However, as the density
decreases below the 2 [err] range, i ncreasatr | evel s of water and i socyanat e
necessary to 10 achieve |l ower density result in unacceptable har dness due
to the increased urea grouPP®oRFeRt 9rPBPEoREneTfd e ighdsigh presibignce
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10 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 plasticizing effect, increasing foam softness.

15 However, the use of methylene chloride is environmental~

ly undesirable.

There is a long-standing need for exceptional-
ly soft, very low density polyurethane flexible foams,
for example those having densities of 1.5 1b/ft? or less,

20 and 25% indentation load deflections (ILD) of less than
15 1lbs. "~ Such soft, low density foams can be used as
replacements for soft cushioning material such as
polyester fiberfill, and for other uses as well.

In EP-A-0703254 1is disclosed a one-shot

25 formulation 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.

30 Prepolymer and quasi-prepolymer technology has
been used in the past to prepare free rise high resil-
ience slab foam employing water as a reactive blowing



3

.density and softness, a prepolymer process is not disclosed. 30

Prepol ynmer and quasi - prepol yner technol ogy has been used in the past to
prepare free rise high resil- ience slab foam enploying water as a reactive
bl owi ng -4- agent. However, attenpts to |ower density while at the same
time affording a very soft foam have not been successful. [In general, as
W th one-shot water-bl own foans, the increg;ed anount of water used as a

bl owi ng 5 agent increases the urea group content of the foam Low

density foans prepared from such fornul ationg have been . too firmfor _use in
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AND TECHNCLOGY, mBadedl lfpainlechnol ogy, " Interscience

10 R.E. Knox, "Molding of Prepolymer Based
Resilient Urethane 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% above the stoichiometric

15 equivalent. Despite the presence of c.a. 5% -
didecylphthalate plasticizer, the 2 to 2.5 1lb/ft® foams
exhibited ILDs which were still in the range of 20 lbs.
Moreover, rather than reduce part weight by further
density reduction, Knox proposes core molding instead,

20 attesting to the problems associated with low density,
all-water blown prepolymer foam.

J.H. Sanders and X.C. Frisch in POLYURETHANES,

CHEMISTRY AND TECHNOLOGY, Part II, "Technology," Interscience
Publishers, N.Y., in Chapter VII, "Flexible Foams"
25 discusses the use of v}ater in conjunction with isocyan-
ate-terminated prepolymers to produce flexible poly-
urethane foams. However, this treatise indicates that
a large excess of water will use up the free isocyanate
groups, reducing the isocyanate available for effective
30 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 only a 10-20% excess is



Publishers, NY., in Chapter VII, "Flexible Foans" 25 di scusses the use
of water in conjunction with isocyan- ate-term nated prepolyners to produce
flexi ble poly- urethane foans. However, this treatise indicates that a

| arge excess of water will use up the free isocyanate groups, reducing the
| socyanate available for effective 30 cross-1inking. Al t hough foam
density decreases with increasing water coptent, when 30-50% water in
excess of stoichionmetry is used, physical properties are said to markedly
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by reacting a pehgolrape@pefeni-3pr aberably one with from10 to 25% by
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rise density of 1.25 [err[In 9.SerpaténtedNopr Sp@7éJd 1fldom frgw epbsy nand

cont a1 ning 1 sochSaged F8in‘emBlov ERP LA SR Rher S ie B BB L0RRYs 1 e

prepol yner havi ﬁ‘@eanpméﬁmpscoﬂt@ntpﬂﬁpa_lled%%byl-lomtlmmear epqll.yoihg

foamwas firm aEmeBn@ﬂ@' t pearBadph P oRkORIRh 8PoRNY 0! £87 254" BPIHlighte

latter bellBg but xyethylene residues, with a particular blend of MDI
isomers containing from 2 to 40% of 2,4'-MDI. One
example of a foam with a free rise density of 1.25 1b/ft3
is exemplified, prepared from a prepolymer derived from
the reaction of an isophoronediamine-modified, urea-

15 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 elongation and tear strength,
the latter being but 1 1lb/in.

20 -G.F. Lunardon et al., *“Production of Soft
Block Foams and TDI-Based Cold Cure-Molded Foams With No
Use of CFCs", 32Np ANNUAL POLYURETHANE TECHNICAL/MARKETING
CONFERENCE, Oct. 1-4, 1989, discloses use of specialized
TDI-derived prepolymers including both a conventional

25 polyocl and a polyocl with high ethylene oxide content to
produce water-blown polyurethane foam. The prepolymers
have 1little polyol content, the NCO group content
ranging from 38.5 to 42.5 weight percent, and the range
of water used is conventional, resulting in foams in the

30 3 1b/ft® range.

All water-blown prepolymer foams having
densities of less than 1.5 1lb/ft® and simultaneously



.20 G F. Lunardon et al., "Production of Soft Bl ock Foans and
TDI - Based Col d Cure-Ml ded Foans Wth No Use of CFCs", 32ND ANNUAL
POLYURETHANE TECHNI CAL/ MARKETI NG CONFERENCE, Oct. 1-4, 1989, discloses use
of specialized TDI -derived prepol yners including both a conventional 25

pol yol and a polyol with high ethylene oxide content to produce water-bl own
pol yur et hane foam The prepolynmers have little polyol content, the NCO
group content ranging from38.5 to 42.5 WeT'Qght percent, and the range of
wat er used is cqonventional, resulting in foans in the 30 3 Ib/ft3 range.
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It has now been surprisingly discovered that

10 very low density, all-water blown, molded polyurethane

foams which, at the same time, are very soft, exhibiting

25% ILDs less than 15 lbs, may be prepared from isocyan-

ate-terminated prepolymers by employing from 30 to 150%

stoichiometric excess of water. The foams unexpectedly

15 retain physical properties such as elongation and tear
strength.

Description of the Preferred Embodiments

The polyurethane foams of the present inven-

tion are characterized by a density of less than 1.5

20 lbs/ft’, preferably about 1.3 1lbs/ft’ or less, and more

particularly about 1 1b/ft?, and a 25% ILD, as measured

by ASTM D-3574 Tests Bl and B2, of 15 1lb. or less. The

foams are all-water blown. By the term "all water-

blown" is meant that water is essentially used as a

25 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.



.strength. Description of the Preferred Enbodi nents The pol yuret hane foans
of the present inven- tion are characterized by a density of less than 1.5
20 | bs/ft3, preferably about 1.3 [err] or less, and nore particularly
about 1 [err], and a 25%I1LD, as neasured by ASTM D- 3574 Tests Bl and B2,
of 15 Ib. or less. The foans are all-water bl own. By the term"all water-
bl own" is nmeant that water is essentially used as a 25 reactive bl ow ng
agent. It would not depart fromthe spirit7-of the invention to enploy a
smal | proportion of a physical blow ng agent. However, the use of even
smal | amounts of such bl ofhyiggerasate-gayminatedprepehysers smployed 7-
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to 22 weight pecear!, f&® MeSt preferably 8-20 weight percent. The
10 polyol component may comprise but a single polyol
meeting these requirements, or may be a blend of several
polyols. The amount of isocyanate and polyol are
selected so as to provide an isocyanate-terminated
prepolymer containing 12 to 22 weight percent free NCO
15 groups, and preferably 14 to 20 weight percent free NCO
groups.

The polyols of the polyol component of the
isocyanate-terminated prepolymer may be a conventional
polyether polyol prepared by oxyalkylating a suitably

20 _functional initiator molecule with one or more alkylene
oxides, preferably propylene oxide and ethylene oxide,
or may be a polymer-modified polyol, i.e., a polyether
polyol containing dispersed polymer particles. Examples
of polymer-modified polyols include polyols containing

25 dispersed vinyl polymers, preferably polymers of sty-
rene, acrylonitrile, or their mixtures, PIPA polyols,
and PHD polyols, all recognized polyols of commerce.
Mixtures of conventional polyether polyols and polymer-
modified polyols may also be used. Preferably, the



15 groups, and preferably 14 to 20 wei ght percent free NCO groups. The
" polyols of the polyol conponent of the isocyanate-termninated prepol ymer may
be a conventional polyether polyol prepared by oxyal kylating a suitably 20
functional initiator nolecule with one or nore al kyl ene oxi des, preferably
propyl ene oxi de and et hyl ene oxide, or may be a pol yner-nodified polyol,
I.e., a polyether polyol containing dispersed polyner particles. Exanples
of pol ymer-nodified polyols include polyor§'containing 25 di sper sed
vinyl polyners, preferably polyners of sty- rene, acrylonitrile, or their

m xtures, PlPA pooysits ofamelymepeiogdifdied polyak obmi réBopoifofoams of

conmer ce. NIxtubggyoﬁo@og&g&h@ggahr@pH%%HQ§H.polyofs and pol yner- nodified
pol yols may al so bé used. Preferably, the -8- anount of polyner-nodified

polyol is mnor if foans of very |ow softness are desired. The pol yet her
pol yol s used herein may beher epalgdtEenvepblpods| Yuséd €. hdneihe nasebe
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initiator, preferably an oligomeric initiator, by the
10 processes described in EP-A-0654302 and 0700494 or U.S.
Patent Nos. 5,158,922 and 5,248,833. The advantage of
double metal cyanide complex catalyzed polyols lies in
the lower monol content of such polyols and the avail-
ability of higher equivalent weight polyols at any given
15 functionality. The unsaturation of the polyol
component, as measured by ASTM D-2849-69 "Testing of
Urethane Foam Polyol Raw Materials", is preferably 0.07
meq unsaturation/g polyol or less, more preferably 0.02
meq/g or less, and in particular 0.0l meq/g or less.

20 "As stated previously, the polyol component’
nominal functionality may range from 2 to 8, is prefera-
bly from 2 to 4, and most preferably from 2 to 3.
Nominal functionalities of individual polyols may be
higher, for example 8, when polyol blends are employed.

25 By "nominal functionality" is meant the theoretical
functionality determined by the number of oxyalkylatable
hydrogens on the. initiator molecule. When double metal
cyanide complex catalysts are used for oxyalkylation,
the measured functionality is generally close to the

30 nominal functionality, particularly when the double
metal cyanide complex oxyalkylation catalysts of



aability of higher equivalent weight polyols at any given 15

functionality. The unsaturation of the polyol conponent, as
measured by ASTM D- 2849-69 "Testing of Urethane Foam Pol yol Raw Material s",
is preferably 0.07 meq unsaturation/g polyol or less, nore preferably 0.02

meq/ g or less, and in particular 0.01 neq/g or less. 20 As
stated previously, the polyol conponent non1na| functionality nmay range
from2 to 8, is prefera- bly from2 to 4, drmstprﬁerﬂﬂyfromZ to 3.

Nom nal functionalities of individual polyols may be higher, for exanple 8,
when pol yol bl erfER-2r@6243fdyeand2s 070%2/ 9 mork@EeiR undncermorared s bpant
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when traditionalweiaghetsdi .e., KOH catalysis is used t he neasured func-
tionality may be considerably | ess than the nomi nal 5 functionality,

particularly at higher e%élvalent wei ghts. Pol yol nom na
functionalities of 2 to 3RBalyglarnominak| fupecbieraditigneofoRydio 3 are

functional ity ipdhel G 16f éﬁ:@ﬂé@re@ emi‘ﬁe”ﬁdl?@ldﬁz%ﬁéﬁéhﬂ’ytﬂ?w of
10 the mol f“%ﬁéé”h c£%£§oft£82n8; %g§ be agtermfggg by the sum of
10 the mol fraction contribution of each polyol. Thus, a
mixture of 50 mol percent of a nominally difunctional
polyol and 50 mol percent of a nominally trifunctional
polyol will be 2.5. Equivalent weights of the polyols
suitably range from 1000 Da to 5000 Da, preferably 1500
15 Da to 4000 Da, and advantageously between 1500 Da and
3000 Da. Equivalent weights and molecular weights in Da

(Daltons) are number average molecular weights.

The oxyethylene content of the polyols may
range from 0 weight percent to 30 weight percent, and
20 may be present as randomly incorporated oxyethylene
moieties, as a poljoxyethylene cap, or both randomly
incorporated and capped. A substantial benefit of the
subject invention prepolymer process is that the demold
and cure times of the foam are largely independent of
25 the amount of primary hydroxyl content of the prepolymer
polyol. Small amounts, i.e. up to about 15 weight
percent of the polyol component, may comprise polyols

with high oxyethylene content.

Examples of isocyanates which may be used to

30 form the prepolymer are toluene diisocyanates (TDIs),
methylenediphenylenediisocyanates (MDIs) including MDI
variants, aliphatic isocyanates such as 1,6——



.mxture of 50 nol percent of a nomnally difunctional polyol and 50 nol
percent of a nomnally trifunctional polyol will be 2.5. Equival ent weights
of the polyols suitably range from 1000 Da to 5000 Da, preferably 1500 15
Da to 4000 Da, and advant ageously between 1500 Da and 3000 Da. Equival ent
wei ghts and nol ecul ar weights in Da (Daltons) are nunber average nol ecul ar
wei ghts. The oxyet hyl ene content of the polyols nmay range from O wei ght
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randonml y i ncor pdﬁét%??yaﬂwfﬁ’ﬁ??&e A adigh s tLBARNAT R e ki sFCHARALRYD] ANRd
i nvention prepolmodr fimd)cmccjvanaiﬁeé Ehehd@ﬁ)lﬂaéinﬂeéuﬁﬁghi ﬁﬁlﬁdﬁhtbh%ﬁ o?m
are largely independent. of, 25 . .the. amount_o rim roxyl cqontent o
the prepol yner %%of?é%%fe‘é%ﬁ%,lﬁ%ﬁ%t?% gﬁgﬁt m%goﬁeiw%ﬂ'&%e@nt of
t he pol yol conp@fenglycals coppilyedspoldidmined h of glwadexst hyd efiormososnt .
Exanpl es ofc i so S ' i O 3 f Qrm e .enal ynmer are
t ol uene di issocy%&?f(T\gyse,tlh%%%g%}g%ﬁe'ny%é‘nedi idspggygnr?glggl | S)
i ncluding MDI vé@Sosyanatesa| ioghaeactions ofy dsecyanatescwithashensedves
- 10- di i socyanatiehex@diin anshrsapghoae, di afpggﬁgﬁaee, a”grmﬁ',rfe!t%gimine
| socyanat es such as .t.,he, reaction groducts of .the above-identifie
i socyanat es wi t FORIFdEduakEPEYRRABES gl ycol ¥1XEBFGSI s, 0% afitnes,arfl wat er,
to formso- 5 polylisedyanatest baneberdisded” or  "urea-nodified” -
| socyanates, or reaction of isocyanates with thensel ves
10 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
15 compounds, i.e., dibutyltin diacetate or dibutyltin
dilaurate, 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.
20 Methods of prepolymer preparation are well known to
those skilled in the art, and are discussed, for example
in the PoOLYURETHANE HANDBOOK, Gunter Oertel, Ed., Hanser
Publishers, Munich © 1985, and "Polyurethanes: Chemistry
And Technology®", J.H. Sanders and K.C. Prisch,

25 INTERSCIENCE PUBLISHERS, New York, 1963.

The prepolymer thus prepared is reacted with

a considerable stoichiometric excess of water, i.e. an
excess of 30 to 150 percent over stoichiometry on an
equivalent weight basis, preferably 30 to 80 percent,

30 more preferably from 35 to 80 percent, and most prefera-
bly 35 to 65 percent, excess water on this basis. The
stoichiometric quantity of water is calculated by
converting the weight percentage of isocyanate (NCO)



to form carbodiimde, allophanate, or uretonimne nodified isocyanates.
"Mxtures of di- and - polyisocyanates can be used. 10 The
prepol yners of the subject invention are prepared conventionally, for
exanple by thermally induced reaction of the isocyanate conponent with the
pol yol conponents, generally at tenperatures of from[err] to [err].

Ur et hane pronoting catal ysts such as tin 15 conpounds, i.e., dibutyltin
di acetate or dibutyltin dilaurate, i norganpe' acids, and the |like may be
added to increase the rate of prepolyner formation, if desired, and when
such are used, &MO¥RSprdpvl Ve pigRyarave-berminatedenpEepedymer f &o

exanpl e room t egERRiFalledts30 ThEEhiaderobePh epek iRt ePeaRdkvallbaR samse! |

known to those skllledhlea the art, and arfe di scussed, fp exanpl e in the

r npl e i,
POLYURETHANE HaRSs®ekched PE, the pumberpt watar saus ialients £0 pehiene err]
1985, and " Pol yaoeshanes chometyiy.y Atk dpeivelegys , of Jwhter Sapgethenand

thus prepared | SPFESEPER Bt R18 SSRAFAY, ABUESS SECRRGRERr| & Brcedliore
water, i.e. an d%0&ss dft 3stbelbévedr that dher etagsdiwaker yaobsapar-

From 35 1o B0 pereaat, 358 Ml DLowel Jgere eulbher THoRRRRIRE o &

on this basis. ¥he Spamciensityi c Syraniaingy wdiher physigrdupaeparbyes

converting the yei ¢ghe PREGEREAYUCFOEmsSAFEAPELEiINNE)D) the EbAMBSekAibRe-

| socyanat e-.t er m, nat ed gregoiyrrer to equivalents. The mﬂ‘oer OR |socxanate

equi val ent'$ nusfng good ¢ 11 structure, along with excellent elongation
and tear strength. The latter are especially important
in cushioning applications in the furniture industry,
where the molded foam product often must be inserted
into upholstered coverings, pillow cases, etc., without

15 tearing.

A catalyst is generally necessary in preparing
the subject foams. Such catalysts are well known, and
include the amine catalysts, noted for catalyzing both
the polyol/isocyanate and water/isocyanate reaction, and

20 catalysts which essentially 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 0Si, Inc. under the

25 trade name Niax® A-1l. Additional catalysts may be found
in *"Polyurethanes: Chemistry And Technology", op.cit.,
Chapt. IV, pp. 129-217, and POLYURETHANE HANDBOOK, op.cit,
Chapter 3, § 3.4.1, pp. 90-95. By the term “polymeriza-
tion catalyst" as used herein is meant one or more

30 catalysts effective to promote 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 0.1 part to 5 parts per



.be mat ched by the nunber of water equivalents to achieve 100%
stoichionetry. The equivalents of water are then 5 I ncreased by the
desired degree of excess, i.e., 30%to 150% It is believed that the excess
water acts par- tially as a physical blow ng agent, further decreasing the
foam density. Surprisingly, the physical properties of the resultant foans
are retained, the foans exhibit- 10 I ng %ood cell structure, along with
excel l ent el ongation and tear strength. Thd2t atter are especially inportant

in cushioning applications in the furniture industry, where the nol ded foam
product often rn_?gqo RATHE M XAPE nE@RMphol st ered coverings, pillow cases,
etc., wthout 15 tearing. A catalyst is generally necessary in preparing

t he subj ect foans. Such caf sts. are.well known, and include the am ne
catal ysts, noted for cat ala%/%(’?‘/?é“ S&Phlllﬁélﬁ& §H¥?F§869§nbﬁeala$ﬂ general-

wat eL/ i socyanat .y geestésmaryand A0 icomed adquﬂa:f ;aﬁﬁ'bsf s u igstsl I ¥ i i _)usef)rig{mt e

ur et hane group rﬁl t abl e catal yst i.nc e

di et hylene tri ago(r?'e, %h(ﬁ a%%%%#%ﬁsﬁ?‘gf 2] §§b§ﬁe,ex L"‘Fﬁeqfisr?“b‘&aéﬁﬁt S

%gscri bed pr gvi swnfiactants Bnd cawalystamayi be fagaﬂysm ahai ISﬂlninde‘rrs)m
i, Inc. under gher i o ln g g tal.ysts may

be found in "Pol {%r e%ﬁasﬁgs?ighgg%ggﬁfl&gééhﬁ'gx#}% ég{gy“‘%,;ba%:ﬁ% a}_&%:g&%'_ |V,

pp. 129-217, andus@ryEReT HANEheAROBIYRETHARE HANDBOPK b Pages 2841@L 4. 1, pp.
90-95. By the term"polyneriza- tion catalyst” as used herein is neant one

or nore 30 catal ysts effect.ive tqQ pronote reaction between the
i socyanat e-t erm nat ed pre&gﬁ’ﬁép FeURYRRALE.- (Bt P RAGRdditeht $heo

form the pol ynerepctdwet .ifwediante b6 tatidbystpliysiesi pyopeseiési bed by
one skillegg in he ke aﬂgogéggfﬁab | Yal 80988, 17 O@p%i%n%"i” i%%rgdggg%ss per
include chain extenders and cross-linkers. These are
preferably low molecular weight di- and higher function-
ality, isocyanate-reactive compounds such as ethylene
glycol, propylene glycol, diethylene glycol, dipropylene
15 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
20 be used.  However, if added in significant quantity,
competition for isocyanate groups between the polyol
hydroxyl group and water may decrease the blowing
effectiveness of the latter. The result will be a foam
of a higher density, i.e., greater than 1.5 1lb/ft3.

25 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
foaming the formulation in a closed mold and measuring

30 the molded foam density (< 1.5 lb/ft®) and 25% ILD (< 15
lb.). These tests are routine and quickly and easily
performed. It is most preferable that the entire



-12- 100 parts nolded foam A foamstabilizing surf actant is al so general -
Ty necessary. Silicone surfactants suitable for use in nolded foam are
preferred. Ot her exanples of suitable 5 surfactants and catal ysts may be
found in the Saunders and Frisch treatise previously cited, the patent
litera- ture, and in the POLYURETHANE HANDBOOK on pages 98-101. Additional
conponents may be added to the reactive ingredients to tailor physical
properties or 10 i ncrease processing | atil8ude. Optional ingredients
include chain extenders and cross-linkers. These are preferably |ow

mol ecul ar wei ghta@antibty of greivolirke i incoxporayted sinyarthe-isecyanate-

conpounds such o] gl I
di propyl ene 15 3@3&3%%+€§§“ﬁ£¥ﬁ81¥mﬁ£ Iﬂ's,@@_? aﬁ?ﬁﬁ%neﬁ %]ﬁo%é%exa%e-

diol, glycerine, 234§ /Bidh|as ﬁhé&&néx'céﬁée?ﬁ pady pEucEPSEhdinkersuaral t@nol

ani nes, preferal:lbg diseldhaneh 241 RBedNthd I YeERNYedN €. theMWEeHURR! ik €S
of addl tion on&e c%l onal polyether or polyner-nodified polyols may 20

be used. €¢f added in significant quantity, conpetition for

I socyanat e groups between the-polyol hydroxyl group and water may decrease

t he bl ow ng effectiveness Th It wid oam of a
hi gher density, i.e., grea {li%ﬁahaél)}%‘[ rlﬁq‘.\érgééj’ aﬂzéxﬂfax@t%efﬁ%-at i on

of whet her a gi wetaxdantisy endcmhezexcemmenlyr wserbsatldnkévess and Sxle
the scope of theatﬁEfPfiﬁhééwﬁ reag‘%%t h%éﬁfﬂiﬁé&&&é%‘“@h@tpre-

ol i goneric, or polyneric, ermn
polymer, but ln the case of 1socyanate-react1ve addi-
10 tives and/or auxiliaries which might present a problem
with respect to storage stability, may be added together

with water, or as a separate stream to the mix head.

Having generally described this invention, a

further understanding can be obtained by reference to

15 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

20 16.6 weight percent free NCO groups was prepared from a

nominally difunctional polyoxypropylene/polyoxyethylene

diol, having a molecular weight of c.a. 4000 Da and

containing 20 weight percent oxyethylene moieties as a

) ca;;. The prepolymer was prepared conventionally by

25 reacting 100 parts polyol with 69 parts of an 80/20
blend of TDI and polymeric MDI. |

The isocyanate-terminated prepolymer described

above (100 parts) was mixed with 5.0 parts water (40%
stoichiometric excess. based on prepolymer NCO group

30 content), 0.18 parts Niax® A-1 catalyst, and 1.5 parts



foaming the fornulation in.a closed nold and neasuring 30 the nolded foam
density ([err] 1.5 [err]) and 25% ILD ([err] 15 Ib.). These tests are

routi ne and quickly and easily perforned. It is nost preferable that the
entire -13- quantity of polyol be incorporated into the isocyanate-
term nated prepolyner itself, and that when processing aids such as chain
extenders and/or cross-linkers are to be ui d, that they be dissolved in
the water to be 5 added. Fillers, dyes,” %‘lgments, anti oxi dants, flanme-
retardants, and Qt.her, conmonl }/1 sed additives_and/or auxiliaries may be
used, pref erabl YP3d§dd oS ﬁ%@gtﬁﬁl"y%?‘?@ﬂ@ 1R §andardflaborato~
isocyglnat e-reﬁct:dyvemmddi:-aha nolded %ﬁfi/&)rcwgédiibﬁbil@?j ((’jﬂ*é:ﬁéﬂ.dnhﬂl‘ﬂheprsﬁsem
a problemwth r ct.\to.storage,stabili may added t.ogether wit
water, or as a g‘gi%gl&ae[se) satnr‘%aéﬁ'tg%d {2 W?é%‘}éﬁd.a Wﬁifiﬁg %ﬁéFiFl PIi&aad ped
this invention, foamrgquaddtynaertt aidi fipldawihey gataperetidy: ref erence to 15
certain specific exanples which are provided herein for purposes of

illustration only and are ot herw se
speci fied. SExanpl e 1 An ijsoNekitdtBDedsiy M nat ed| prepph\igar havng 20 16.6
wei ght percent free NCO gfoups—was prepared—fftoma—noraaty di f uncti onal

pol yoxypr opyl ene/ pol yoxyej} hB¢siliencgi ol , havi ng|la nol 629 ar wef ght of c. a.

The pr epol yrer vs pr epar b XaMUBht 1 onal 1y byl 156108 | o ° °%P
65% IFD 43.4 Ibs
" 65/25 Support Factor 3.18
10 " Elongation at Break 250%
“ Tear Strength 2.59 Ib/in

"

The low density of 1.0 1b/ft? is exceptional,
but especially surprising is the low 25% IFD of only
13.6 1bs. The elongation at break and tear strength are
15 exceptional for such a low density, soft foam.

E_xamgle 2

An isocyanate-terminated prepolymer prepared
as in Example 1, from 100 parts diol and 58 parts
isocyanate, had an NCO group content of 14.8 weight

20 percent. 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 0Si silicone surfactant Y-

' 10,515, and mixed in a laboratory mixer prior to intro-

duction into a closed mold (demold time 5 minutes). The

25 cured, molded polyurethane article had the following
properties:

| Molded Density 13/ |




25 reacting 100 parts polyol with 69 parts of an 80/20 blend of TD and
‘pol ymeric MDI. The isocyanate-term nated prepol yner descri bed above (100
parts) was mxed with 5.0 parts water (40% stoichionetric excess based on
prepol ymer NCO group 30 content), 0.18 parts [err] A-1l catalyst, and 1.5
parts -14- OSi silicone surfactant Y-10,515 in a standard |aborato- ry
m xer and nolded in a closed nold (denold tinme 5 mnutes) and cured to
produce a nol ded article of good foan1quarﬂ§y with the foll ow ng
properties: [err] The low density of 1.0 [err] is exceptional, but

especi al | surprising is theg |. 5% | FD of onl 13. bs. THle el ongati on
P ) 0 0 £ EP P% eyr‘ep_f_;_g_nj yf Qr @l‘? 2h J

at break and tear strengt w density,
soft foam Exanple 2 An i : tern1nated prepahygs preflared as in

Exanple 1, from 100 parts n NCO group
content of 14.8 weight 20 To 100 parts39ﬁbhslyne was added
4.43 parts water (40%in s AT Omeyry par [err] A1

catal yst, and 0.6 parts Ofi 6§ﬁzﬁ|%ﬁ@t§i§ﬂ°§ct arft " Y- @3%15 afjd mxed in a
| aboratory Jgrixer prior to ro-..duction intoja clo nmol d {(denmold time 5
m nut es) . ‘I‘i?e cured, || m&\imﬁtm t\/$ %hanp arti r?’i:gﬁnd thet foll ow ng

properties: [er r] ﬂ Tear Strength 2.45 1bfin

Despite being of higher density (1.3 1lb/ft?)
than the foam of Example 1, the foam had exceptional
softness, as indicated by the 25% ILD of only 11.6 lbs.

10 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

15 cross-linkers such as DEOA in either the prepolymer (A-
side) or water (B-side) of the formulation. In each
case, a low density foam of exceptional softness was
produced, even when employing large amounts of water
(Example 3, 57% excess) and even when employing minor

20 amounts (Example 3) of polymer-modified polyols.

Example 3

An isocyanate-terminated prepolymer having

18.8 weight percent free NCO groups was prepared from 85
parts of a nominally hexafunctional polyoxypropyl-

25 ene/polyoxyethylene polyol, having a molecular weight of
c.a. 12000 Da and containing 16% oxyethylene moieties as

a cap, 15 parts of a nominally trifunctional polyoxy-
propylene/polyoxyethylene polyol, having a molecular
weight of c.a. 4800 Da and containing 19% oxyethylene



Jerr] Despite being of higher density (1.3 [err]) than the foam of Exanple
1, the foam had exceptional softness, as indicated by the 25%I1LD of only
11.6 I bs. 10 The el ongation was higher at 273% and the tear strength
only slightly I ower. Exanples 3-6 illustrate the flexibility of the present
I nvention with respect to polyol functionality, selection of isocyanate,
and ability to incorporate 15 cross-1inke such as DEQA in either the
prepol yner (A- side) or water (B-side) of T formul ati on. In each case,
a low density foam,of .exceptional softness was produced, even when

enpl oyi ng | arge Qﬁﬁﬁﬁ%@soﬁﬁmﬁeﬁaQEyéﬂﬁl§u3thsp%ﬂgaﬁﬁﬁnlnﬂuﬁ%%enolmsﬁr

EXWF” Olyl ng 21 nor ?QAN)aﬁSflﬂiéléEXé’%ﬂH idped I BpeHs iRl yqebaﬂdaiéﬁﬁaﬁﬁh.y%ne .
anpl e n iso e-term ye vin i ght perceh

free NCO gr oups 9&%@ gﬁse&;ﬁreftf mﬁm é§°2§8t < cé“%? %a‘]ﬁ-*}/sﬂ‘é)(%%h%( 2 ofhal

pol yoxypr opyl - 2t6oluene/ dbigozyahhgépne pol yol, having a nol ecul ar wei ght

of c.a. 12000 Da and contai ni ng 16@6oxyethylene noi eties as a cap, 15 parts

of a nominally trifunctional polyoxy- propylene/polyoxyethyl ene polyol,
havi ng a mofecul ar wei ght ﬁheds@cmmmmﬁépmepglmqwmwe
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as a di spersion, part di ethanol
st01ch10metr1c excess based. on prepolymer NCO group

content), 0.28 parts Niax A-l1 catalyst, and 0.85 parts
Air Products silicone surfactant DC5164 in a standard

10 laboratory mixer and molded in a closed mold (demold
time 5 minutes) and cured to produce a molded article of
good foam quality with a density of 0.98 1b/ft> and a 25%
IFD of 13 1bs.

Example 4

15 An isocyanate-terminated prepolymer having 15
weight percent free NCO groups was prepared from 90
parts of a nominally hexafunctional polyoxypropyl-
ene/polyoxyethylene polyol, having a molecular weight of
c.a. 12000 Da and containing 16% oxyethylene moieties as

20 a cap, 10 parts of a nominally difunctional polyoxypro-
pylene/polyoxyethylene polyol, having a molecular weight
of c.a. 4000 Da 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

25 diisocyanate) and 20% crude MDI.

The isocyanate-terminated prepolymer above

(100 parts) was mixed with 4.9 parts water (50% stoi-
chiometric excess based on prepolymer NCO group con-
tent), 0.19 parts Niax A-1 catalyst, and 0.5 parts OSi

30 silicone surfactant L540 in a standard laboratory mixer
and molded in a closed mold (demold time 5 minutes) and



and 76 parts TDI (20/80 2,6-toluene diisocyanate/2,4- tol uene
“diisocyanate). 5 The i socyanate-term nated prepol yner

descri bed above (100 parts) was mxed with 6.2 parts water (57%
stoichionetric excess based on prepol yner NCO group content), 0.28 parts
Niax A-1 catalyst, and 0.85 parts Air Products silicone surfactant DC5164
In a standard 10 | aboratory m xer and nol ded in a closed nold (denold
time 5 mnutes) and cured to produce a molddd article of good foam quality
with a density of 0.98 [err] and a 25%_|FD of 13 I bs, Exanple 4 15 _,

An i socyanat e-t FuFeft €@ Pregdarendr mpadedg artigdiegif ARk foan sty
grfjups was p{ep%ﬁgfﬁome&%iwtgfoﬁ.i% rmlwﬁa’l,! Ya hQB%fltﬂlU:@ﬁa'ls_ 1hx%s.?
pol yoxypropyl - enge/ pol yoxyet hy] ene pol yol, having a c r I, o}
c.a. 12000 Da arﬁil%‘g‘iﬁ%’r?# ngP 1%’@5’6«@?‘%%%% %’Fg?%gv 32 gag lgzlgap, 10
parts of a nomnally difunctional polyoxypro- pylene/pol yoxyethyl ene

pol yol , having nol ecy ar wei ght of c.a. 4000 Da and contai ning 20%
oxyet hyl ene noi a cap and 50 parts of a m xture conprising 80% TDI
(20/80 2, 6-tol uene di i socyanat e/ 2, 4-t ol uene 25 di i socyanate) and

5 : ) .
0% crude MY The SO0y aNgt e LGS BLEPRLINES SBOe (IR0 PGl des
NCO group con- tENL?) wetl gt pericenti fxed- NCOagabyps,Waadpﬁeﬁapadtsrcﬁ_sizmo
oo o (B U S G | MBS BT 2
ene/polyoxyethylene polyol, having a molecular weight of
c.a. 12000 Da and containing 16% oxyethylene moieties as
10 a cap, 80 parts of a nominally difunctional polyoxy-
propylene/polyoxyethylene polyol, haVing a molecular
weight of c.a. 4000 Da and containing 20% oxyethylene
moieties as a cap and 53 parts of mixture comprising 80%
TDI (20/80 2,6-toluene diisocyanate/2,4-toluene diiso-

15 cyanate) and 20% crude MDI.

The isocyanate-terminated prepolymer described
above (100 parts) was mixed with 4.0 parts water (50%
stoichiometric excess based on prepolymer NCO group
content), 0.17 parts Niax A-1 catalyst, and 0.67 parts
20 Air Products Silicone Surfactant DC5164 in a standard
laboratory mixer and molded in a closed mold (demold
time 5 minutes) and cured to produce a molded article of
good foam quality with a density of 1.5 1b/ft®, a 25% IFD
of 11.8 1lbs., elongation of 185%, and tear strength of

25 2.2 1b/in.

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

30 content), 0.67 pts diethanolamine, 0.17 parts Niax A-1



-17- cured to produce a nol.ded article of good foamquality with a density
of 1.6 [err], a 25% I FD of 15 I bs., elongation of 112% and tear strength
of 1.3 Ib/in. Exanple 5 5 An isocyanat e-term nated

prepol yner having 13.7 wei ght percent free NCO groups was prepared from 20
parts of a nom nally hexafunctional pol yoxypropyl- ene/pol yoxyethyl ene

pol yol, having a nol ecul ar weight of c.a. 12000 Da and containing 16%
oxyet hyl ene noieties as 10 a cap, 80 part® of a nom nally difunctional
pol yoxy- propyl ene/ pol yoxyet hyl ene pol yol, having_a nol egcul ar wei ght of

c.a. 4000 Da andC@&AL¥skrngndod. &?yé—ﬁﬁﬁser%ur'm?%‘?‘ihégt‘-ésSélé‘a‘ﬁnﬁn§u5§aﬁarts
of m xt ure Cormrtanagnas%mtn(a(y&ho?axﬁi tl(?ibtﬂl‘&tdify OGN 3ind Rotded tiane
di i so- cyanate%land ZO(V gtg NDJ;dm;g anat e-t ermn nat ed &

pr epol yrrer descr b 71 ey paft LURELr tPs0%
stoichionetric epcedacbasedncmrﬂqm epotyote Ikm)gpmﬂlpfoamt qua)llﬁy Wwitdar &s

Ni ax A-1 catkal ys 7 s Q R Si ne

DC5164 in akstang gg?gb%fa ol;rayl i>2<te|' %ﬁﬁ ? #@93&‘ flMa olc %ged %f’éaﬁgg%l d
time 5 mnutes) aﬁd88&nedndotpacdatgeagnblQédlaﬁtﬂbVenof good foamquality
with a density of 1.5 [err], a 25%)IFD of 11.8 I bs., elongation of 185%
and tear strength of 25 2 2 Ib/in. nple 6 The i socyapate-term nat ed
prepol yner described in ExgﬁﬁFBQSnPYbéﬁ&%ﬁsgeﬁﬁﬁéhﬁ@«ﬁpﬁm%?W%nﬁlﬁﬁrtét

wat er (50% st oi CRLDNELE CappPeatsitc beéednen ¥ epedinEry NeRigloum 3he art
content), 0.67 pLg. di %ﬂgng anges’ asa holfE 82l 8%s“cdn be made thereto
10 without departing from the spirit or 'scope of the

invention as set forth herein.



-18- catalyst, and 0.67 parts Air Products Silicone Surfac- tant DC5164 in
‘a standard | aboratory m xer and nolded in a closed nold (denold tine 5

m nutes) and cured to produce a nolded article of good foamquality with a
5 density of 1.4 Ib/ft3 , a 25%I1FD of 14.0 I bs., elongation of 88% and
tear strength of 1.0 Ib/in. Having now fully described the invention, it

w || be apparent to one of ordinary skill iy the art "that many_changes and
nodi fications can be made thereto 10  w t hout departicnﬂ

_ C fromthe spifit or
scope of the inviﬂtLon as set forth herein. -19- !U/ﬂ{”"ﬂﬂﬂlﬂ“ﬁ/r t he
CM

preparation of a swat er bl own, prepol yner derivea,
density nol ded pol yur et hane foam having a nol ded density of less* * than
or equal to 1.5 Ib/ft3 and a softness as neasured by 25% LD of |ess than
or equal to 15 I bs., said procesd poapessi igr the prapanafiqn of ap all-
| socyanat e-term ¢ BASRAl YBREpBI ghakedePYvEgaCckbRY, avat9l ¢Bl,08BRELE
excess 10 of a ﬁ;_’é or pol {/iggceang?e corrpo,‘r:ent' wth'a po?yo,xy- af‘[%ylgne

pol yol conponent "RadrdgPakYBkoEhapecFRay RRABLRY R SRLdsd degsifs 9fapBES 30

wei ght percgnt, ahBATbPAEqEANErESE J&/AdbYet? dndd isyRindss @fs meaduzedoby,
and a hydroxyl nunber of frqm aboyt 12 to 56,. said 5’L5 bspolggfxal Ilggl ene

pol yol conponent 2e&nmpPs Py QF equdl to 1571 process
comprising:
a) mixing (i) an isocyanate~terminated
prepolymer prepared by reacting a stoichiometric excess
10 of a di- or polyisocyanate component with a polyoxy-
alkylene polyol component having an oxyethylene group
content of from 0 to about 30 weight percent, a nominal
average hydroxyl functionality of from 2 to 8, and a
hydroxyl number of from about 12 to 56, said
15 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 22 weight percent based on the weight of said
isocyanate-terminated prepolymer, with (ii) water in an
- 20 amount of from 30 mol percent to 150 mol percent
stoichiometric excess based on the NCO group content of
said isocyanate-terminated prepolymer, to form a
foamable polyurethane reactive mixture;
b) introducing said foamable polyurethane
25 reactive mixture into a mold; and
c) recovering a foamed polyurethane product.

2. A process as claimed in c¢laim 1
characterised in that said polyoxyalkylene polyol
component has an average nominal functionality of from

30 2 to about 3; said isocyanate-terminated prepolymer has
a free NCO group content of from 14 to about 20 weight
percent; and wherein water is employed in an amount from
30 mol percent to 80 mol percent in excess of the



_pol yoxyal kyl ene pol yol s and sald i socyanat e-term nated prepol ymer having a
free NCO group content of from 12 to about 22 weight percent based™on the

wei ght of said isocyanate-term nated prepol yner, with ( "n
anount of from 30 nol percent to 150 nol percent stoic lﬂﬂﬂﬁﬂ"ﬂﬂﬂp
based on the NCO group content of said isocyanate-term ndtefl p¥repo

forma foamabl e pol yurethane reactive m xtypge; b) I nt roduci ng sald
f oamabl e pol yur et hane 25 reactive mixturé into a nold; and c)

recovering a fo ol .yur.e n cess as claimed in
claim 1 char acfse O%ée}ﬁlallﬁettz{fa‘? ?ﬁ%‘%%ﬁéaﬂ’kﬁ%@f UR SRt 9fas an
aver age nom nal sairttisogyanatesftdmmingied pﬁbpmigmamu 3 sai d

i socyanat e-term nated prepol yner has a free NCO group content of from14 to

about 20 weight percent; and wherein water is enployed in an anount from 30
mol percent to 80 mol perdent B BERSEsES @ a@imed 0 odadimHi eretcliadm

anount based on & hecm%@ypsé&nt gﬁt Hnaai datsoq)ézag%t e &gé mhggt et g
charac erlse

prepol ymer roc as claiyed in, claim claim
in that at eastp°34}) 1&‘? POl isda ‘-k?!-@nEOBBP?Bﬁ}kYAeg&l polyol
pol yoxyal kyl ene conipeolentoripaneah bayerhylen hobsren€ oBEeraal 41 eg 3ot 0 30

wei ght per cent rocess as claimed in any one of the preceding
cl ai s characteré?@gt|¢%ﬁ§%%§ald di- or 10 pol yi socyanate is sel ected

fromTDl's, MD's, and m xtures
4. A process as claimed in any one of the

preceding claims characterised in that said di- or
10 polyisocyanate is selected from TDIs, MDIs, and mixtures
thereof.

5. A process as claimed in any one of the
preceding claims characterised in that one or more
polymerization catalysts are included in the mixture in

15 an amount of from 0.1 to about 5.0 weight percent based
on foam weight.

6. A process as claimed in any one of the
preceding claims characterised in that - said
polyoxyalkylene polyocl component comprises a polyoxy-

20 alkylene diol having an equivalent weight of from 1000
Da to 5000 Da and an oxyethylene content of 0% to 30% by
weight.

7. A process as claimed in claim 6
characterised in that said polyoxyalkylene polyol
25 component further comprises a polyoxyalkylene triol
having an equivalent weight of from 1000 Da to 5000 Da
and an oxyethylene content of 0% to 30% by weight.

8. A process as claimed in any one of the



t hereof . 5. A process as.clained in any one of the preceding clains
“characterised in that one or nore polynerization catalysts are included in

the m xture in 15 an amount of fromO.1 to about [ based
on foam wei ght. 6. A process as clained in any on I l"mlg ““Qmm"tg
cl ai s characteri sed I n t hat sai d pol yoxyal kyi efie pol yols conponent

conpri ses a pol yoxy- 20 al kyl ene diol haying an equival ent wei ght of
from 1000 Da to 5000 Da and an oxyet hyl ene ¢content of 0% to 30% by wei ght.

7. A process %1@1? ﬁg_{ggmadclhgmscl aléﬂa}g%ﬁ%grl sgd | ntfhfgact Sa Qld

pol yoxyal kyl ene comnmponent ri ses
pol yoxyal kyl ene p@lym&blvyl@nqn pedyiolal comporeght qqn&am 1aocp<mrmer5ooo

Da and an oxyet hylehe l&@né@ﬁ;o,gﬁ 91&@%{5 oYl ght . -21- preceding

clains characterised sal yoxyal kyl ene pol yol conponent
contains a polymer- nodified pol yoxyal kyl ene polyol. 9. A process as
clainmed in any one of the Rrppedess @lsaidiFa ik afﬁe&h§96nlen dfhagnhesai d

I socyanat e- tern1nat ner |s a reapt éﬁhwt of a m xt ur e of
TDI's and s; @%@aﬁﬁ% %‘gp’d[h) skRPocgyanate-
pol yoxyal kyl ene t:kmh:.ﬂimued@:wp Ile.snh meaghtlonf pf:bdm:il:56ﬁ Danixxx3FHH0 Da
and an oxyet hyl e ,ﬂﬁ& t 0/ Y. &{1
I socyanat e- terniﬁf;la asprepo e s%%ﬁé?o]&éﬂé L};Z)]pc%‘%tpeg Eg c%o@frgent
comprises a polyoxyalkylene diol having an equivalent
weight of from 1500 Da to 3000 Da and an oxyethylene
10 content from 8% to about 20% by weight; said isocyanate-
terminated prepolymer has an NCO group content of from
14 to about 20 weight percent by weight; and water is
employed in an amount of from about 35 mol percent to 65
mol percent in stoichiometric excess based on the NCO
15 group content of said isocyanate-terminated prepolymer.

10. A process as claimed in <claim 1
characterised in that
a) said prepolymer comprises an isocyanate-
terminated prepolymer prepared by reacting a stoichio-
20 metric 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 30 weight percent, said polyoxyalkylene polyol
25 component having a nominal average hydroxyl functional-
ity 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 from 14 to about 20 weight
percent based on the weight of said isocyanate-terminat-
30 ed prepolymer;
b) said isocyanate-terminated prepolymer is
mixed with:
b)i) an effective amount of a catalyst;



14 to about 20 weight percent by weight; and water is enployed in an anmpunt
.of from about 35 nol percent to 65 nol percent in stoichionmetric excess

based on the NCO 15 group content of said isocyanate- J et

prepol yner. 10. A process as claimed in claim 1Hmm‘"ﬂl5"lkl"'m,
that a) sai d prepol yner conprises an isocyanate- termmnatedLlpreposyner
prepared by reacting a stoichio- 20 metr'gg_ excess of an isocyanate

conponent conprising TDI's, MD's, or mixturé§ thereof, with a

pol yoxyal kyl ene pol yol conponent, conmprisin ne, or _nore._pol ygxyal kyl.ene
pol yol s havi ng an oxyet hyl ene 3?’ comt engfg?cﬁ'gﬁ) SCF&&ab&%Q%&J\ﬁe‘i%t
percent, said pol yoxysaidurdteref pole/ ar ore suonfackatdhavamd) ‘a nom nal

aver age hydroxyl functional- i th\é/)nlg{iei {v%rp& titq1 n %@@w @%m Wl of

fromabout 15 to 30, said isocy mnated prepolyner  having a free
NCO group content of Hersientd te #HFouroR0 peaicgmt petetehiomebrion exgessei ght

of said isacyanate-t ¢d8flon Ihe NCRH HRRPIHRentPlof ¥ isocyanate-

i socyanate-term nated prepolyner is nm'xed with: b)i) an effective anount of
a catal yst; -22- Phesmingfed RIQRAIYM&H Y stabilizing amount of one or
nore surfactants; and b)iii) water in an anount of from 35 nol percent to
65 nol percent stoichionetric based on _the NCOn&ro%p

xce 5
content of said isocyanat &1+ e%rﬂ ﬁgié@tﬁreﬂ%lr%‘r 15ocyanate-terminated
prepolymer-derived, polyurethane molded foam obtained by

a process as claimed in any one of claims 1 to 10 and
10 having a molded density of about 1.3 lbs/ft® or less.

12. An all water-blown, isocyanate-terminated
prepolymer-derived, polyurethane molded foam obtained by
a process as claimed in any one of claims 1 to 10 and
having a molded density of less than about 1.0 lbs/ft3.



11. An all water-blown, isacyanate-termn nated prepol yner-derived,

pol yur et hane nol ded foam obtained by a process as clained in any one of
claime 1 to 10 and 10 having a nol ded density of about 1.3 [err] or |ess.
12. An all water-blown, isocyanate-term nated prepol yner-derived,

pol yur et hane nol ded foam obtai ned by a p?dcess as clained in any one of

clains 1 to 10 and having a nol de%ﬁﬁ?iww ﬂﬁﬁ%flb?n about 1.0 I bs/ft3.

MOLDED POLYURETHANE FOAMS VIA
ISOCYANATE-TERMINATED PREPOLYMERS

Abstract

5 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 molded
densities less than or equal to 1.5 1lb/ft*® and softness,

10 as measured by 25% ILD of less than or equal to 15 lbs.,
yet retain excellent resiliency, tear strength and
elongation. The foams are suitable for use in cushion-
ing applications such as those traditionally employing
polyester fiberfill.



