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AN | SOCYANATE- TERM NATED PREPO_YIVER AND FLEX| BLE POLYURETHANE FOAM PRERARED
THEREFROM*#4 i nvention relates to an i socyanat e- term nated prepol yrrer
and a process for its use in manufacturing pol yurethane articles,
particularly flexible polyurethane foam Polyurethane foans are general |y
prepared by intinmately m xing under reaction conditions a substance
containing isocyanate groups with a substance containing groups bearing
i socyanat e-reactive hydrogen atons. The subst ance cont ai ni ng
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0 ~When preparing fiexible, open-celled, polyurethane foam it is advantageous o employ polyisocyanates
or polyisocyanate compositions which compriss a significant amount of a diisocyanate, thereby limiting ths
cross-linking within the polymer network and providing for desirzble physical properties such as élongaiion.
Especially desirable due to the physical properties of the resulting foam is the use of 4.4-methyiene
diphenyidiisocyanate in the manufacture of polyurethane foam.

5 In the case of methylane-bridged diisocyanates such as methylene diphenyldiisocyanate (MDI) and
especially the 4.4'-isomer, processing problems in the preparation of the foam may be encountersd. The

. 4.4'-isomer is a solid at room temperature and therefore when used in a relative pure state, requires that the
preparation of the foam be conducted at elevated temperatures. To overcome this problem, it is known from
the art to operats with blends of poly- and.or diisocyanates comprising 4.4'-MDI, see for example, U.S.

20 Peatent 4.256.849. An aliernative means of overcoming this processing inccrivenience is lo prepare an
isocyanzts-terminated prepolymer from the 4,4'-MDI thereby reducing its tendency to solidify at room or
low temperatures.

Isocyanate-terminated prepolymers are gsnerally prepared by reaction of a large molar excess of a

itable isocyanats with an active hydrogen-containing compound. Such active hydrogen-containing com-

25 pounds are usually difunctional or trifunctional compounds of various molecular weights, and espacially
polyeiher polyols. The selection of the active hydrogen-conizining compound is made in consideration of
the physical properties desired for the resuiting foam. For example, whan preparing fiexible polyurethane
foams known as "cold-cure™ foams use of a polyether polycl comprising oxyeihylene resir'ues is desirable.

- Tne foams are identilied as "cold- cure" foams because when removed from the mold the requirement to

32 héat the foam to accelerate the curing of the polymer i$'no longer necessary. Such “cold-cure” fcam can

generally be handled in a relatively short pariod of time without any significant risk of deformation.

Patent publication EP 22,617, describes a process for the manufacture of * "cold-cure” flexible polyure-
thane foams by reacting an organic polyisocyanats composilion comprising a preépolymer prepared from the
reaction of methylene diphenylciisocyanate with a polyoxyalkylene diol cr triol conizining from at least 30

" 35 weight percent, randomly distributed, oxyeihylene residues and hasving a hydroxyl equivalsnt weight of from
1000 to 2000. While such a prepolymer sssentially overcomss the processing preblems associated with
4.4'-MDI and provides for a foam with acceptable physical properties it is desirable lo improve further the
foarn properties to mest with more demanding industrial requirements. Particularly, it is desired to improve
glongation properties while maintaining overall acceptable physical properties such as the extsnt of cell

<9 opening within the foam. .

To this effect, the preparation of isocyanate-terminated prepolymers from afternative polyoxyalkylene
polyols and there subsequert use in the manufacture of polyurethane foam has been investigated.

‘/Surprisingly. it Lo~ now been found that to obtzin imprcvement of tha foam properties, particularly
glongation, it is necessa'v iu select the polyoxyalkylene polyol both in consideration of its hydroxyl
<5 equivalent weight and also ils cxyethylene content.

In a first aspsct, this invention is an isocyanate-terminated prepolymer prepared by reacting a
polyisocyanate comprising 4.4'-methylene diphenyidiisocyanate in from at least 40 weight percent with a
polyoxyzlkylens oolyol, wherein the polyo: has an average functionality of from 2 to 4 and a hydroxyi
equivalent weight of from 2200 to 3500 and contains oxyefiiylene residues in an amount of .from 40 to 63

. 50 percent by weight. '
I a second aspect, this invention is-a process for the preparauon of a polyurethane !oam by mhmately -
mixing under reaction conditions components comprising - R
{a) polyisocyanate composition containing an isocyanale-terminatsd prepolymer prepared by reacting a
polyisocyanate comprising 4.4'-methylene diphenyldiisocyanate in an amount of at least 40 weight
<5 percent with a polyoxyalkylene polyol, wherein the polyol has an average functicnality of from 2 to 4 and
a hydroxyl equivalent weight of from 2200 to 3500 and contains oxyethylene residues in an amount ¢f
from 40 to 68 percent by weight: and
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pol yi socyanat es or polylsocyanate conp05|t|ons whi ch conprise a significant
anount d¥ "a diisocyanate, thereby 2 limting the cross-linking within
.the pol yner network and providing for desirable physical properties such as
el ongati on. Especially desirable due to the physical properties of the
resulting foamis the use of 4,4'-nethylene diphenyldiisocyanate in the
manuf acture of pol yurethane foam In the case of nethyl ene-bridged

di i socyanat es such as nethyl ene di phenyl diisocyanate (MDI) and especially
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The lsocyanate-termmated prepolymer of this invention may ba characterized as having an isocyanate
content of from 5 to 31 we:ght percent, preferably 10, more preferably 15, yet more preferably 25 and most
preferably 28-weight percent and up to 31 weight percent.

10 The isocyzanate-terminated prepolymer of this invention is prepared by coniacting under reaction
conditions a polyisocyanate with a polyoxyalkylene polyol. The polyoxyalkylens polyol used in the
preparation of the prepolymer has an average functionzlity of from 2 to 4, preferably from 2 to 3 and most
prererably has an averags functionality of 3. By "average functionality” it is understocd the number of
:sc"yanate-reaﬁtwe sites par molaculs, in the czse of polyols, hydroxyl grcups, capable of reacting with

s isocyanate groups -

The polyoxyalkylene polyol is further characterizad in that it has a hydroxyl equivalant weight of from
2200 to 3500 and contains oxyethylene residues in an amount of from 40 to 68 percent by weight.

Preferably the hydroxyl equivalent weight of the polyol is 2300 and more preferably 2400 and up to

3200, mere preferably up to 2800.

20 Zzeﬂ oxyathylene residue content of the poiyol preferably is 55 and more preferably 58 and most
préferably 60 up to 85, more preferably up to 64 percent by weight. An oxysthylens content of the polyol
outside these rangas when eventually incorporzied inio a polyurethane foam may nct provide for the
desired properiy characteristics of the resulting foam.

The distribution of the oxyethylene residues within the polyol may bs as ong cr a plurality ¢f

25 oxyethylene blocks either internally or terminally situated on the polyoxyalkylene chain, or alternatively in a
random manner throughout the entirety of the polyoxyalkyleng chain of the polyol, or combingations thereof.

The remaining part of the polyoxyalkylene chain when not constituted by oxysthylene residues
comprises oxypropylene, oxybutylene residues or mixtures thereof, but especially of oxypropyléna residues.
Such residues being obtained from reaction of the alkylens oxides, propylene oxide, and butylens oxide-

30 respectively. A convenient and preferred source of oxyethylens residues is e:hylene OXIC'= Residues from
other oxides may zlso be present.

Methods of preparing the above described polyoxyalkylene polyols are well known in the art and
generally comprise ithe base-catalyzed addition of the alkylene oxide(s), especially ethylene oxide and
propylene oxide, to a di-, tri-, or tetrafunctional initiator 2t elevated temperatures and pressures.

35 uitable initiztors include difunctional compounds such as water, ethyiene glycol. propylene glycol and
higher oxyalkylenz adducts thereof, bis-(4-hydroxyphenyl)-2.2-propane and glycol adducts of phthalic
anhydride; trifunctional compounds such as trimethylolpropane, hexaneiriol and especially glycerine; and
tetrafunctional compounds such as ethylenediamine and pentaerythritol.

The preferred initiators due to ready availebility and convenient processing are water, gthylene glycol,

<9 propylene glycol, glycerine and their higher oxyalkylene adducts, especially preferred is glycerine.

The polyisccyanats used to prepare the prepolymer consists essentizily of a methylena diphenyl-
diisocyanate or a polymethylena polyphenyl polyisocyanate or mixtures thereof, wharein the polyisocyanzie
comprises an amount of at feast 40 weight percent of the isomer 4,4'-methylene diphenyldiisocyanate
(MDI). Preferzbly the polyisocyanate comprises 45. more preferably 52, and most preferebly from 60 and
35 up to 98, more prelsrzbly up to 80 weight percant 4,4'-MDI.

When not constituted by 4,4'-MDI, the remaining part of the polyisocyanzte used in reaction to prepare
the prepolymer can comprise 2.4'-MDI, 2,2'-MC!. polymethylene polyphenyl polyisocyanates or mixtures
thersof. When present. advantageously the 2.4'-M.Z1 Joes not constitute more than 50 weight percent of the
isocyanate used to prepare the prepclymer and the polymethylene polypheny! polyisocyanaie not-more

50 than 50 weight percent.

r{n a prelerred embodiment of this invention. the polyoxyalkylene polyol. preferably’a ¥iol, is reacted
wifi a polyisccyanate consrstmg essentially of 4.4-MDI; 24 MD! and polymethylens polyphenyl
polyisocyanate wherein the percent by weight ratio of the 4,4-MDI to 2.4-MDI based on total weight of
polyisocyanate present is from 40:40 {0 90:2, preferably from 50:30 to 75:10, and more preferably from
s5 50:25 to 85:12 parcent, the remainder being the polymethylene polyphenyl polyisocyanate.

Exempiary of such a preferred polyisocyanate for use in preparing the prepolymer is that obtained by
blending 4,4-MD! and 2.4-MDI in a 70:30 weight ratio with a crude methylene diphenyldiisocyanate
composilion such as. for example. VORANATE ™ M220 available irom The Dow Chemical Company, and
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di i socyana®es conprising 4,4 -MDl, see for exanple, U S. Patent 4,256, 849.
An alternative neans of overcomng this processing inconvenience i'S to
prepare an isocyanate-term nated prepolyner fromthe 4,4 -NDl thereby
reducing its tendency to solidify at roomor |ow tenperatures.

| socyanate-term nated prepolyners are generally prepared by reaction of a

| arge nol ar excess of a suitable isocyanate with an active

hydr ogen- cont ai ni ng conpound. Such active hydrogen-contai ni ng conpounds are
usual |y difunctional or trifunctional conpounds of various nol ecul ar

wei ghts, and espeC|aIIy polyether polyols The sel ection of the active

hydrogen- -containin oun m , TR -»meCOQm d%ratﬂggqgt ,mm]phy3|ca
properties desi rél'd’"’f‘ > ~~fanN§' E@’L 54?:{” CEGE =g ..-6)573@1’,&;- ) ‘*ri,,.',hr‘i?,parl ng

flexible polyur etdranef Ga0® s»krwm 09:40" @ dﬂo(btsﬂ’ces 2 ﬁomafraaazusmmotr & ol yet her
pol yol conpri si ngIFRYEs g Peadersr est-ttngseisy “YESHT 41| reeliT A 1P qerrre) o
Vlymsinylene yphenyl polyisocyenale peicent). Such a prepolymer ch.amhd from the praferrsd
;::}yxscc','araln is also suitable for immediata us2 in the preparation of a fiaxiblz polyurethane fcam without,
‘or exzmple, any subsequent blending with othef polyiééc&ana:és.'
n a less preferred embodiment, the polvoxyalkylene polycl may be rszsied wilh a polyisscyanass

cEnsisiing sssentially of 4.4'-MDI and 2.4°-MDf lo provide a prepolymer which if subseguently desired mzy
:2 e blencad with other isocyanatas inziuding crude methylene diphenyldiisocyanate. N

Whan preparing she prepolymer the relative amount of polvoxyalkylens polvol to polyisocyanais is sucn
3 provide for a resulting prepolymer having ths above mentioned isocyanaie conisnt. In precaring the
srepolymer the above described polyoxyalkylene polyol optionzily may also be used in combinaticn wiih
sther isccyanate-reactive substanges conventionelly used in tha preparation of icocyanate-termin
srapolymars. When vead in combination with cthar conventional isocyanale reaclive sufisiances tha zoove-
Jessubed polyoxyalkylene polyol is prasent in an amount of from 1 lo 99 weight percent cof the ioiai
.socyangt® raactive mixfure used 0 prepare th2 isocyanzte-terminztad prepciymer. Preferadly the polycx-
,=x-<---=ne aclyol is present in from at isast 10 and more prelerably in form at 1225t 20 weight percent. Suzn
nal subsiances include for example eihyiens giycol, prepylene giyeol, and higher molecular weight
ihereol such as obtained by reaction with Cz 1o Ce alkylens oxiGe, und not lzlling within the zbov2
cazscriotizn of the polyoxyalkviens polyol. Exsmplary of higher melecular weight adducis are polycx-

yoropylens glycols having a molecuizr weight of rom 134 to 2000 such as. ier 2xample, those dasignated

as VORANOL® P400, VORANOL® P1010 and VORANCL® P2000 all availzbie from The Dow Chemical

Cempany. Other conventional isocyanate reactive substances alsa includs Oxy zikylenea zdducts of initizis:s
:s  zs giyen for the above-described polyoxyaikylene polyol.

/ The prepelymer may be prepared by using coaditions that hava bzen described in the prior ant {or such
craparations. Typically, the prapolymer can ba prepared by the controlled addition of tha polyol o tha
isocyanate while conlinuously mixing. The rate of addition of the polyol to the isocy».izta advantageously is
such £9 as to maintain, if necessary with heating cr teoling, a reaction temperzture of from 45°C 10 99°C,

32 preferzbly from 80°C 10 30° C. ‘
In the sacond aspact of this invention, thara is provided a process {or (e greparation of Poiyureihans
fcam by intimately mixing undar reaction condilicns componants comarising

(2) ine prepolymer as described hareinabove cotionzlly as part of a polyisocyanate compasition; and

{9) an zclive hycdrogen-containing compositicn comprising {1) a high esuivalent weight isceyanals-
R rezzive material, {2) a blowing 2gent, and (3) a calalyst far promoting the formation of urethane grouss
:n component (2) is present in an amount 1o provide frem 0.6 10 1.3 isosyanaie Groups par eclive
Yy n giom present in compenant (b).
/ Tre high eguivalent waight isacyanats-raesive . material pressnt in component {b) is 2 compound
conizining from 2 10 8, preferadbly from 2 10 4 isocyanate-reactive, hycrogen atoms, per molecule and whicn

e l=ll
:3 rss an average equivalent weight of frem 500 lo 3.000 and preferzbly from 800 to 2.500. Typical hich
sier polyols and espscizlly

squiveisnl waight isccyanate-reactive maleriais include polyamines, polye:
zotyether polyo!s. The polyather polycl, may be a poiyoxyprooylens or 2 poly{oxygrepylene-oxyethyleng)
=Shyol or 3 mixiurg thereof. Such polysther polycls are well known in the art and many being commercigiy

w

2vailzble, The poly(cxypropylene-oxyethylene) polyol include oxyethylens capsed poiyoxypropylens polycls

5 and cther rendom cor block producis cbtained by reacting sthylene and gropylens oxide with aclive
Rygroggn-containing initiaters.

Suitatle high equivalent weight :cocyanzte-reactive material for use in preparing lhe polyurethane lozms

ar2 polyether polyols, generally dicis and triols having an average nydroxyl ecuivalent weight of from 500 o

3.000 and preferably from 800 to 2.500. Exempiary of such polyethsr polyols are those sold by The Dow
4711,

Chemical Company under the trademark VORANOL™ and mc.ude. for example. VORANOL A
o © VORANOL™ 800t, VORANOL™ 3322 and VORANO'
- or SAN-lype cepolymer polyols such as. for exampla. VORANOL " C? 8020.

The blowing agent contained within component (b) is present in an amount lo provide
zalyurethane foamn with an overall density of frem 10 1o 250 kilcgrams per cubic meier, preferably 15, more
£3 crelerzbly 25, and mast prelerably 30 and prelerably up to 100, mere preferably up to €0 kilograms per

cubic mater.
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3 are identified as "cold-cure" foanms because when renoved fromthe nold
the requirement to heat the foamto accelerate the curing of the polyner is
no | onger necessary. Such "cold-cure" foamcan generally be handled in a
relatively short period of time w thout any significant risk of
deformati on. Patent publication EP 22,617, describes a process for the
manufacture of "cold-cure” flexible polyurethane foanms by reacting an

organi ¢ pol yi socyanate corrp03|t|on conprising a prepol yner prepar ed from
the reacti on 'Bf A '"‘d’l‘gh@ﬁg’l"m"‘?"s _%mta “\/\ﬁ°f“Pl”‘°'ﬁs 6%) ¥ytidne di ol
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desir ed t o by use of water. However, in addition to water, small amounts of physical blowing agents may be présent

when necessary to achieve the desired density. Exemplary of such physical blowing agents which may bs

present include, for example, methylene chloride, ftrichlorofluoromethans, dichlorotrifiucrosthane,

chlorodifluoroethane; hydrocarbons such as pentane and hexane; and entrained gases such as air nitrogen

and carbon dioxide.

Suitable cztalysts which may be used in the process of this invention to promote the formation of

:5 urethans groups include fertiary amines and organometallic compounds especially tin compounds. Exem-
prary of suilabls catalysts are tertiary amine compounds including N.N-dimethylcyclohexylamine, N.N-
dimathyibenzyiamine, N.,N-dimethanolamine, bis(dimethylaminosthyljether and 1.4-dizzobicyclof2.2.2)-
octane: are tin compounds including stannous octoate and Gibutyltin dilaurate. Combinations of amine
and or tin compounds as catalyst may advantageously be employed in the process.

20 In the process of this invention component (a) is present in an amount sufficient to provide from 0.6 to

1.3 isocyanate groups per isocyanate-reactive hydrogen atom present in both component (b). Preferzbly,

the amount of component (a) is such so as o provids from 0.8 up to 1.15, mora preferably up to 1.05

isocyanate groups per active hydrogen ztom. The amount of isocyanate present may zlso be expressed in

terms of an “isocyanate-reaction index”. In this cass, an isocyanate-reacticn index of 100 corresponds to a
25 retio of 1 isocyanate group per isocyanate-reactive hydrogen atom.

Other conventional components which optionally, but advantageously are present in the process,
include surfactants such as, for example, siloxane-oxyalkylene copolymers such as producis sold under the
trademark Tegestab by Th. Goldschmict including 8-4113 and 8-4620; chain extending agents s ch as. for
example, ethylene glycol, 1,4-butanediol, diethanofamine, diisopropanolaming and polyaming; fillers; fire-

33 retardants, for example, melamine; pigments and dyes.

The components of the foam-forming reaction may be mixed together in any convenient mannar, for
exampie, by using any of the mixing equipment described in the pricr art for the purpose. if desired non
inter-reactive components may be preblended so as to reduce the number of componant sireams which
requirg intimate mixing with each cther. It is generally advantageous to use a two-siream system whereby
one stream nermally comprises prepolymer and optionally any additional polyisocyanate, while the sacond
stream normelly comprises all other componsnis of the reaction mixture and which essentially cdo not
interreact prier to mixing with the isocyanate stream, .

The process of the inventicn and the isocyanzte-terminated prepolymer is particularly useful in the
praparetion of polyurethane foams especially "cold-cure” foams. Such foams ara suitable for many
<> zpplication areas including uphoistery, sound and wibration damging and cushicning.

Use of the prepolymers of this invention in the preparation of polyurethane foams provides for foams
exhibiting an enhanced degres of elongation compared to foams obtained from reection of art known
prepolymers.

The invention is illusirated by the following Examples in which all parts and percentages are by weight.

<5 uniess otherwise stated.

Prepolymers are prepared according 10 the procedure further described end evaluaied by preparing
flexible polyurethane foam therefrom using the r-olyol formulation given below. The polyurethans foam is
prepared by intimately mixing the isGcyanate, prepsiymer, with the pelyol formulation using a high pres*ure

foaming machine.

&
(1]}

50
N S Polyol Formulation - *« "=+ £
100 parts glycerine-initiated polyoxypropylene-oxyethylene {(15% cap) polyol; molecular weight 8000
3.75 panis | water
£5 0.8 part tristhylenediamine {33% in d:prcpylene glycol)
0.15 part Catalyst NIAX-A1 suppfied by Union Carbide Co. .
0.8 part Surfactand, Tegostab B4113 supplied by Th Goldschmidt Ag.
> . " This Sheet Has Been Replaced
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i nprove el ongation properties while mai nt ai ni ng overall acceptable physical

properti*®s 'stich as the extent of cell opening within the foam To this
effect, the preparation of isocyanate- -term nated prepol yners from
alternati ve pol yoxyal kyl ene pol yols and there subsequent use in the
manuf act ure of pol yurethane foam has been investigated. Surprisingly, it
has now been found that to obtain inprovenent of the foam properties,
particularly elongation, it is necessary to-select the polyoxyal kyl ene,
pol yol both in cepgkg@epsales 6iMheQésuliidg Snolded 16am3 WELEiARY W miRikhrEadith eddponamE Gatr g d
al so its oxyebihysueneditoning miroduding tha rdattihg inzsadpaciold tefriogatddrnvENC k@ Repbred.aast
i socyanat e- t epPwtadeescethpipyed fpatepsyethephysiosh predrtips es reperied #refgr tepsi @tz@smym&m
conpri si ng 4, 2PNAs$7hyepranigssier ppd dflpstien (CERYCRIN PRRT7e and fer eesidioa foaq
per cent s 53578 -

Prepolymer 1

An isocyanate-terminated prepolymer having an isocyanate content of 29 weight percent is prepared by
10 reacting 11.1 parts of a polyoxyethylens-oxypropylene triol (hydroxyl equivalent weight 24563; oxyethylene
content 61 percent, randomly distributed) with 100 parts of an isocyanate blend constituted of 4.4'-MDl (58
percent), 2,4-MDI (19 percent) and polymethylene polyphenyl polyisocyanate (23 percent).
The polyol is added to the isocyanate blend while continuously mixing at a rate such to maintain a
reaction temperature of between 65° C to 70° C. When the entire amount of the polycl has been added the
15 resulting reaction mixture is stirred at the same temperature for an additional hour to ensure completion of
reaction. =
Properties of foams obtained by reacting the so prepared prepolymer with the identified polyol
formulation are given hereinabove. ' :

ad Foam 1 Foam2 | Foam 3
Isocyanate Reaction [ndex 20 100 110
Free-rise density (kg'm?) 36 36 /

) Molded density {kg‘m?) 44.4 449 45.2

25 Elongation (%5) 143 133 119
Tensile Strength (kPa} 117 138 181
CLD (kPa) 3.56 444 6.43
ILD (N) 150 185 250

32

Prepolymer 2

- An isocyanate-terminated prepolymer having an isocyanate content of 29 weight percent is prepared
25 gccording to the same procedure as for Prepolymer 1, by reacting 11.0 parts of a pelyoxyethylene-
"% oxypropylene triol (hydroxyl equivalent weight 2270; oxyethylene content 59 percent, randomly distributed)
with 100 parts of an isccyanate. blend constituted of 4,4'-MDI] (58 percent), 2,4'-MDI (19 percent) and
. polymethylene polypheny! polyisocyanate (23 percent).
) Properties of foams obtained by reacting the so prepared prepolymer with the identified polyol
isrmulation are given hereinabove. :

<0
Foam4 | Foam5 | Foam 6
Isocyanate Reaction Index 90 100 110
5 Molded density (kgm?) 447 44.4 445
Elongation {%5) 130 125 118
Tensile Strength (kPa) 134 . 152 180
CLD (kPa) 4.34 -5.41 - 6.44
50

. Comparative Prepolymer A -

A comparative prepolymer having an isocyanate content of 29 weight percent is prepared, by the same
procedure as for Prepolymer 1, by reacting 10.8 parts of a polyoxyethylene-oxypropylene triol (hydroxyl

5s equivalent weight 1670; oxyethylens content 72 percent, randomily distributed) with 100 parts of an
isocyanate blend constituted of 4,4-MDI (58 percent), 2.4-MDI (19 percent) and polymethylens polyphenyl

polyisocyanate (23 percent).
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with a pol yoxyal kyl ene pol yol, wherein the polyol has an average

functi orfal i“ty of from2 to 4 and a hydroxyl equival ent weight of from 2200
to 3500 and contains oxyethylene residues in an anount of from40 to 68
percent by weight. In a second aspect, this invention is a process for the
preparation of a pol yurethane foamby intinmately m xi ng under reaction

condi tions conmponents conprising (a) polyisocyanhate conposition containing
an isocyanate-term nated prepol yner prepared by reacting a pol yi socyanate
conprising 4,4'-nmethyl ene di phenyl diisocyanate in an anount of .at |east 40
wei ght percent wi th a pplyoxyal kyl ene HoFyal; | Wb @ijnkckmer pol yol has an
average functionality T, 1Ty equival ent wei ght of
from 2200 to 3500 and Ogﬁi(;gﬁgbgeﬁeﬁ?ggi S engsresi gues mw,'gn anmount of from 40
to 68 percent by wei ghtf; Madtddénh),(kam*)act i vis7hyldr agen{ cogdsai hi ng conposition
conprising (1) a high €qeiengaibres) wei ght] | socyjanat®e- [-react|ve material, (2)
a bl owi ng agent, and (3)Teasile8teadthiiia) f o pmm)kti q%t e 1¥rnpti on of urethane

groups CLD (kPa) 3.81 . 5.89
ILD (N) 150 180 240
" * Not an example of this invention ' .
®

Comparztive Prepolymer B

15

A comparetive prepolymer having an isocyadnate content of 29 weight percent is prepared, by the same

procedure as for Prepolymer 1, by reacting 11.1 parts of a polyoxysthylene-oxypropylene triol (hydroxyl
Alendorbn ok  ad

equivaisnt wsight 2670: oxysthylens content 70 percent, randomly distributed) with 100 pais of an

isocyanate blend constituted of 4,4'-MD1 (S8 percent), 2,4'-MDI {19 percent) and pclymethylene polyphenyl
20 polyisocyanate (23 percent).

Foam D" | Foam E°
Isocyanate Reaction Index 90 100
25 Molded density (Kg:m?3) 47.8 46.8
Efongation (%) 117 103
Tensile Strength (kPa) 118 143
CLD (kPa) 412 5.08
* Not an example of this invention:

39

Foams 1 to 6 show the enhanced elongation performance that can be obtained with the prepolymers of
this invention relative to comparative prepolymers.

35 Prepolymer 3

An isocyanate-tarminated prepolymer having an isocyenate content of 29 weight percent is prearsd

" according to the procedure as given for Prepolymer 1, only this example, 11.1 parts of a polyox-
yathylensoxyalkylene triol (hydroxyl equivalent weight 2835; oxyethylene conient 61 percent equally

<g distributed as an internal oxyethylene block and as a terminal oxyethylene block) are reacted with the same

polyisocyanate blend.

Comparative Prepolymer C

45 A comperative prepolymer having an isocyanate content of 29 weight percnet is prepared by the same
procedure as for Prepolymer 1, by reacling 10.9 parts of a polyoxyethylene-oxypropylene friol thydroxyl
equivalent weight 1954; oxyethylene contz~t 64 percent, randomly distributed) with 100 parts of an
isocyanate blend constituted of 4.4'-MDI (58 psrcent), 2.4'-MDI {18) percent and polymethylene polyphenyl
polyisocyanate (23 percent). '

50 The following table presents physical properties of foams obtained by reacting the prepolymers 1.3
and C with_the' polyol. formulation presented heremabov i r‘fys ware:. .grepared in this instancd ‘using"a low'
pressure mixing. ‘dispensing unit.

The data obtained clearly indicates the advantageous elongation performance that can be obtained with

the prepolymers of this invention.

55
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ﬁhereln conponent (a) is present in an anount to provide fron103ésgo 1. 3

i sogyanat e -groups per active hydrogen at om pr esent

this invention is an opened—teffed—pofyurethane f oam

In yet athird aspect,

I n conponent (D).

having an average density of from 10 to 250 Kil ogr ai®she& Ha it Repliadd
The i socya

prepol ynmer of this invention may be characterized agﬂm ,Im:"g mEFcyanate
content of from5 to 31 weight percentg preferably erably
15, yet nore preferably 25 and nost preferably 28 wei ght percent and up to

prepared- according to the above process.

31 wei ght percent.
I's prepared by contacting under
polyoxyalkylene pol yol .

The isocyanate-term nated prepolyner of this invention
reaction conditions a polyi
The pol§oxyalkylene pdﬁyol used int

ﬁcyanate wth a

Prepolymer

Isocyanate 20
Reaction

Index

Pree-rise 36
density

(kg/m3)

Molded
dens1ty
(kg/m>)

Elongation
(%)

Tensile
Strength
{kPa)

48

138

130

*Not an example of this invention

Prepolymer 4

100

37

48

145

178

110

386

48

118

200

0

36

47

147

150

FS

o=

100 110 90 100 110
37 36 37 37 .39
49 48 49 49 49
142 132 126 119 108
188 206 146 174 227

An isocyanate—terminated prepolymer having an
isocyanate content of 27.5 weight percent is prepared

according to the general procedure as given for

Prepolymer 1.

In this example 11.1 parts of a polyol
mixture, comprising 24 weight percent of a

polyoxyethylene-oxyalkylene triol (hydroxyl equivalent
weight 2463: oxyethylene content 61% randomly

distributed) and 76 weight percent of a polyoxypropylene

glycol having a molecular weight of 1000, is reacted

with 89 parts of a polyisocyanate blend.

The

polyisocyanate blend is constituted of 4,4'-MDI (61%),
2,4'-MDI (9%) and polymethylene polyphenyl
polyisocyanate (30%).
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preparation of the prepolyner has an average functionality
preferablyy from2 to 3 and nost preferably has an average ff““mmmﬁmmlli"l"l
3. By "average functionality" it is understood the nunber of % ¢ "L "m s
| socyanate-reactive sites per nolecule, in the case of polyols, hydroxyl
groups, capdble of reacting with isocyanate groups. The pol yoxyal kyl ene
polyol is further characterized in that it has a hydroxyl equival ent wei ght
of from 2200 to 3500 and contai ns oxyet hyl ene residues in an amount of from
40 to 68 percent by weight. Preferably _the hydroxyl equival ent wei ght of

t he polyol is 2300 and nore preferably92400 and up to 3200, nore.preferably
~up to 2800. The oxyet hyl ene residue content of the polyol preferably is 55
and nore preferably 58 and nost 6 '

1. An isocyanate-terminated prepolymer
prepared by reacting a polyisocyanate comprising
4,4'-methylene diphenyldiisocyanate in an amount of at
least 40 weight percent with a polyoxyalkylene polyol,

~ wherein the polyol has an average functionmality of from
2 to 4 and a hydroxyl equivalent weight of from 2200 to
3500 and contains oxyethylene residues in an amount of
from 40 to 68 percent by weight.

2. A prepolymer as claimed in Claim 1 wherein
in the polyisocyanate comprises 4,4'-methylene
diphenyldiisocyanate in an amount of from 52 to 90
weight percent. :

3. A pfepolymer as claimed in Claim 2 wherein
the polyisocyanate additionally comprises 2,4'-methylene
| diphenyldiisocyanate and optionally a polymethylene
Y polyphenyl polyisocyanate.

4. A prepolymer as claimed in Claims 1 to 3
~wherein the polyoxyalkylene polyol has a hydroxyl
equivalent weight of from 2300 to 3200 and contains
oxyethylene residues in an dmount of from 58 to 65
percent by weight.

5. A prepolymer as claimed in Claim 4 wherein
the polyisocyanate comprises 4,4'-methylene
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P _
prefefably 60 up to 65, nore preferably up to 64 percent by
oxyet hyl ene content of the pol yol outside these ranges when e H!’!‘ﬂ!@ﬂl“"ll”““'
i ncorporated into a pol yurethane foam may not provide for the N os  *
property characteristics of the resulting foam The distribution of the
oxyet hyl ene residues within the polyol may be as one or a plurality of
oxyet hyl ene bl ocks either internally ojgtermnally situated on the

pol yoxyal kyl ene chain, or alternatively in a random manner throughout the
entirety of the pol yoxyal kyl ene chain of the polyol, or conbinations

thereof . The remaining part of the pol yoxyal kyl ene chai n when not -

constituted oxyet hyl. ene residues ¢o | ses_oxypropyl ene, oxybutyl ene
resi dues or $¥Rwﬁ?¥id%ﬁéP€dﬁPQ£ﬁ %%%é£R%FFWEBFY S9®r opyl ene resi dues. Such

resi dues bei dfphéhgplatdsbegamaarctdnd-@pt ideabl ¥ypelpmohFbsne propyl ene
oxide, and butflege ogide respectivel§. A\&on%enient and giefegred source
of oxyethyleﬂ% YREFRY sppéxéﬁﬂﬁX§ﬂ§E)id%9 RERFHEER ??%nf et Voxi des may
al so be preseeight percent of 4,4'- and 2,4'-methylene
diphenyldiisocyanate present is from 40:40 to 90:2
percent with remainder being the polymethylene

polyphenyl polyisocyanate.

6. A.process for the preparatibn of a
polyurethane foam by intimately mixing under reaction

(_

conditions components comprising

(a) polyisocyanate composition containing an
isocyanate—terminated prepolymer as claimed in Claims 1
to 53 and

(b)fan active hydrogen—containing composition
comprising (1) a high equivalent weight isocyanate—
-reactive material, (2) a blowing agent, and (3) a
catalyst for promoting the férmation of urethane groups

wherein component (a) is present in an amount to provide
from 0.6 to 1.3 isocyanate groups per active hydrogen
(U atom present in component (b).

7. An opened-celled polyurethane foam having
~an average density of from 10 to 250 kilograms per cubic
meter prepared according to the process of Claim 6.
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Met hods of preparing the above described pol yoxyal kyl ene polyols are well
known.in the art and generally conprise the base-catal yzed addition of the
al kyl ene oxi de(s), especially ethylene oxide and propyl ene oxide, to a di-,
tri-, or tetrafunctional initiator at el evated tenperatures and pressures.
Suitable initiators include difunctional conpounds such as water, ethylene
gl ycol, propylene glycol and hi gher oxyal kyl ene adducts t hereof,

bi s- (4- hydroxyphenyl ) -2, 2- propane and gl ycol adducts of 7 phthalic
anhydride; trifunctional conpounds such as trinethyl ol propane, hexanetri ol
and especially glycerine; and tetrafunctyonal conpounds such as

et hyl enedi am ne and pentaerythritol. The preferred initiators due to ready
avai lability and conveni ent processing are water, ethylene glycol,

propyl ene glycol, glycerine and their

ABSTRACT

This ipvention relates to an isocyanate-—

—-terminated prepolymer prepared from a polyisocyanate
comprising 4,4'-methylene diphenyldiisocyanate and
polyoxyalkylene polyol wherein the polyol has an average
functionality of from 2 to 4, a hydroxyl equivalent
weight of from 2200 to 3500 and contains oxyethylene
residues in an amount of from 40 to 68 percent by
weight; and the use thereof in a process for the

o manufacturing of flexible polyurethane foam.

e
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N _ WOATZS-7
hifghe?~oxyal kyl ene adducts, especially preferred is glycerine. The s
pol yi socyanate used to prepare the prepol yner consists essentially of a
met hyl ene di phenyl dii socyanate or a pol ynet hyl ene pol yphenyl polyi socyanate
or m xtures thereof, wherein the polyisocyanate conprises an anount of at
| east 40 wei ght percent of the isonmer 4,4'-methyl ene di phenyl diisocyanate
(MDI). Preferably the polyisocyanate conprises 45,-nore preferably 52, and

nost preferably from60 and up to 98, nore prefp.au§ 090 wei ght
percent 4,4'-NMDl. Wen not constituted by 4,4'- %?ﬁg@ﬁ@ﬁﬁ“ﬁlﬁﬁﬁﬁiart 68G

t he pol yi socyanate used in reaction to prepare { ,* éﬁﬁﬂ?ﬁéﬁg@hnHqupgusﬁm
2,4 -NDl, 2,2'-NDI, polynethylene pol yphenyl poj ¥ dde§awat esaged mi.xt waesd »>
thereof. Wen present, advantageously the 2,4' -Mb ! dbes”ﬁﬁt c@ﬂStlhumamﬁptg

than 50 wei ght percent of the isocyanate used tjo l%#e@amé th@qﬁfEHQkyﬁﬁgxﬁ"“
t he pol ynet hyl ene pol yphenyl polyi socyanate notj nore than 50 wei ght

percent . DATE OF RECEIPT..... Ms{a7

AN ISOCYANATE~TERMINATED PREPOLYMER AND FLEXIBLE
POLYURETHANE FOAM PREPARED THEREFROM

This invention relates to an isocyanate-
terminated prepolymer and a process for its use in
manufacturing polyurethane articles, particularly
flexible polyurethane foam,

Polyurethane foams are generally prepared by
intimately mixing under reaction conditions a substance
containing isocyanate groups?with a substance containing
groups bearing isocyanate-reactive hydrogen atoms. The
substance containing isocyanétefreactive hydrogen atoms
is generally a polyahl and can be an amine or imine—
terminated polyether polyol a polyester polyol or
especially a conventional polyether polyol. The
isocyanate is generally an organic polyisocyanate,
especially an aromatic polyisocyanate such as toluene
diisocyanate or a (poly) methylene-bridged
polyisocyanate such as methylene diphenyldiisocyanate
(MDI).

When preparing flexible, open-—celled,
polyurethane foam it is advantageous to employ
polyisocyanates or polyisocyanate compositions which
comprise a significant amount of a diisécyanate, thereby



|3 a preferred enmbodi ment of this invention, the polyoxyal kyl ene pol yol,
preferably a triol, is reacted with a pol yi socyanate consisting essentially
of Thi s Sheet Has Been Replaced 8 1 3 C

Prepol yner |socyanate 90 100 110 90 100 110 90 100 110 Reaction

| ndex Free-rise 36 37 36 36 37 36 37 37 39 density (kg/ nB)
Mol ded 48 48 48 47 49 48 49 49 49 density (kg/ nB)

. 0
El ongati on lf§¥%i&é5th%1§ro%gzli%ﬁ%nglé%th%%ﬁtﬁgu%of¥¥% Qetwork

and providing for desirable physical properties such as
elongation. Especially desirable due to the physical
properties of the resulting foam is the use of
4,4'-methylene diphenyldiisocyanate in the manufacture
of polyurethane foam.

In the case of methylene-bridged diisocyanates’
such as ﬁethylene diphenyldiisocyanate (MDI) and
especially the 4,4'-isomer, processing problems in the
preparation of the foam may be encountered. The"
4,4'-isomer is a solid at room temperature and therefore
when used in a relative pure state, fequires that the
preparation of the foam be conducted at elevated
temperatures. To overcome this problem, it is known
from the art to operate with blends of poly- and/or .
diisocyanates comprising 4,4'-MDI, see for example,

U.S. Patent 4,256,849. An alternative means of i
overcoming this processing inconvenience is to prepare
an isocyanate-terminated prepolymer from the 4,4'-MDI
thereby reducing its tendency to solidify at room or low
temperatures.

Isocyanate—-terminated prepolymers are generally
prepared by reaction of a large molar excess of a
suitable isocyanate with an active hydrogen-containing
compound. Such active hydrogen—containing compounds are
usually difunctional or trifunctional compounds of
various molecular weights, and especially polyether
polyols. The selection of the active hydrogen-
~containing compound is made in consideration of the
physical properties desired for the resulting foam. For
example, when preparing flexible polyurethane foams
known as "cold-cure' foams use of a polyether polyol
comprising oxyethylene residues is desirable. The foams



Tensi b€ 130 178 200 150 188 206 146 174 227 Strength (kPa) *Not
an exanple ofr this invention Prepolyner 4 An isocyanate-term nated

prepol yner having an isocyanate content of 27.5 weight percent is prepared
according to the general procedure as given for Prepolymer 1. I'n this
exanple 11.1 parts of a polyol mxture, 3conprising 24 wei ght percent of a
pol yoxyet hyl ene- oxyal kyl ene triol (hydroxyl equival ent weight 2463:

oxyet hyl ene 6ant; i (11 d Arglon Yo S SELERUT fg)am§n‘ée2?u‘§%' e Seifed 2

polyoxypropy ene glyco aving a npl ecul ar wej O, is reacted with
89 parts of t&omoltjies akthakke br emul remenpokPi EGé;'FaﬁH?e f9agnda s constituted

of 4,4 - Ml gckt¥feratet th® cdPhgabd Eabysaugmbgnespabynm@ér

ol yi socyanate (30% . R SHEET
pol yi socyanale (309 "RELACHENT  SEETS

d-cure foam can generally be
handled in a relatively short period of time without any

significant risk of deformation.

Patent publication EP 22,617, describes a
process for the manufacture of "cold-cure" flexible
polyurethane foams by reacting an organic polyisocyanate
composition comprising a prepolymer prepared from the
reaction of methylene diphenyldiisocyanate with a
polyoxyalkylene diol or triol containing from at least
50 weight percent, randomly distributed, oxyethylene
residues and having a hydroxyl equivalent weight of from
1000 to 2000. While such a prepolymer essentially
overcomes the processing problems associated with
4,4'-MDI and provides for a foam with acceptable
physical properties it is desirable to improve further
the foam properties to meet with more demanding
industrial requirements. Particularly, it is desired to
improve elongation properties while maintaining overall
acceptable physical properties such as the extent of
cell opening within the foam.

To this effect, the preparation of isocyanate-
—terminated prepolymers from alternative polyoxyalkylene
polyols and there subsequent use in the manufacture of
polyurethane foam has been investigated.

Surprisingly, it has now been found that to
obtain improvement of the foam properties, particularly
elongation, it is necessary to select the
polyoxyalkylene polyol both in consideration of its



97l. An | socyanat e-term nated prepol yner prepared by reacting a

pol yi socyanat e conpri sing 4, 4' -net hyl ene di phenyl dii socyanate in an anount
of at |least 40 weight percent with a pol yoxyal kyl ene pol yol, wherein the
pol yol has an average functionality of from2 to 4 and a hydroxyl

equi val ent wei ght of from 2200 to 3500 @nd contai ns oxyet hyl ene residues in
an anount of from40 to 68 percent by weight. 2. A prepol yner as cl ai ned

in daiml wheideioxyln ddifi vadlentsosybghteag@nalisses t4, dxysthiyllediee
diphenyldiiso%%%pate in an anount of from52 to 90 wei ght percent. 3. A
pr epol yner as ﬁqﬁﬂiip Claim 2 wherein the polyisocyanate additionally
conprises 2,4'-nethyl ene difhenyldiisocyanqte-and optionally a
pol ymet hyl ene pol yphehyl apbiystoagppeatts. this iAverdpoirymes as clainmed in
Cains 1to 3 |5 %Fg I y e+ eI yal ent
wei ght of fro%&%%é?%E)SZdﬁegﬁ d§n§g%ﬁ§?yegk 8¥e93§eﬁ.%¥d gl
polylisocyanate comprising 4,4 -methylene
diphenyldiisocyanate in from at least 40 weight percent
with a polyoxyalkylene polyol, wherein the polycl has -an
average functionality of from 2 to 4 and a hydroxyl
equivalent weight of from 2200 to 3500 and contains
oxyethylene residues in an amount of from 40 to 68

percent by weight.

- In a second aspect, this invention is a process
for the preparation of a polyurethane foam by intimately
mixing under reaction conditions components comprising

(a) polyisocyanate composition containing an
isocyanate—terminated prepolymer prepared by reacting a
polyisocyanate comprising 4,4'-methylene
diphenyldiisocyanate in an amount of at least 40 weight
percent with a polyoxyalkylefe polyol, wherein the
polyol has an average functionality of from 2 to 4 and a
hydroxyl equivalent weight of from 2200 to 3500 and
contains oxyethylene residues in an amount of from 40 to
68 percent by weights and

(b) an active hydrogen—containing composition
comprising (1) a high equivalent weight isocyanate-—
-reactive material, (2) a blowing agent, and (3) a
catalyst for promoting the formation of urethane groups

wherein component (a) is present in an amount to provide
from 0.6 to 1.3 isocyanate groups per active hydrogen
atom present in component (b).



5
oxyet hyl ene residues in an anount of from58 to 65 percent by weight. 5.

A prepolynmer as clained in Caim4 wherein the polyisocyanate conprises

. 4, 4" -nmet hyl ene REPLACEMENT SHEET 10 di phenyl di i socyanat e and

2, 4" -nmet hyl ene di phenyl dii socyanate and_optional |y pol ynet hyl ene pol yphenyl
pol yi socyanate and wherein the relative5meight percent of 4,4'- and

2,4" - et hyl ene di phenyl dii socyanate present is from40:40 to 90:2 percent

with remainder belng Iheypulﬁnmmmﬁdﬂuspnﬂthemyk povegnshayabat en 6. A
~process for t n re e Y, y m xing
fié& 33r8??%§b %%%& H§%¥%é)a4yusocf§%ate

under reactio cond| i ONnsS c nE
conposi ti on dsns iy nef afremotfanat mmlmmmmmmrc &k med in

Caims 1 prepared according to the above process.

The isocyanate-terminated prepolymer of this
invention may be characterized as having an'isocyahate
content of from 5 to 31 weight percent, preferably 10,.
more preferably 15, yet more preferably 25 and most
preferably 28 weight percent and up to 31 weight
percent. '

The isocyanate—terminated prepolymer of this
invention is prepared by contacting under reaction
conditions a polyisocyanate with a polyoxyalkylene
polyol. The polyoxyalkylene polyol used in the
preparation of the prepolymer has an average
functionality of from 2 to 4, preferably from 2 to 3 and
most preferably has an average functionality of 3. By

"average functionality" it is understood the number of
isocyanate-reactive sites per molecule, in the case of
polyols, hydroxyl groups, caﬁable of reacting with
isocyanate groups.

The polyoxyalkylene polyol is further
characterized in that it has a hydroxyl equivalent
weight of from 2200 to 3500 and contains oxyethylene
residues in an amount of from 40 to 68 percent by
weight.

Preferably the hydrd§y1 equiﬁalent weight of
the polyol is 2300 and more preferably 2400 and up to
3200, more preferably up to 2800.

The oxyethylene residue content of the polyol
preferably is 55 and more preferably 58 and most



t ot 5; and (b) an active hydrogen-containing conposition conprising (1) a

hi gh equi val ent wei ght isocyanate- -reactive material, (2) a bl ow ng agent,
and (3) a catalyst for pronmoting the for ation of urethane groups wherein
conponent (a) is present in an anount to provide fromO0.6 to 1.3 isocyanate
groups per active hydrogen at om presept I n conponent (b). 7. An
opened-cel | ed pol yuret hane foam having an average density of from 10 to 250

i | 6.
REPy ACIVENTT EpERRRBLTCE®, o] WY, SR Daecraply #6764 ThefLRE |
i ncl.ude oxylYhyeégbteappad axyethaianpytaHenpol 9b| tsh«anmpbmbrouaﬁadm or
bl ock prOdUeﬁésebEthég hre dRid L £L 1Y | Bico QE@&H&P& gxide wth

active hydro a|n| initiators.” Sujtab uj val.ent wei ght
|socyana¥e pgfyuret ane &%m may not provide r the Sgkire g

property characteristics of the resulting foam.

The distribution of the oxyethylene residues
within the polyol may be as one or a plurality of
oxyethylene blocks either internally or terminally
situated on the polyoxyalkylene chain, or alternatively
in a random manner throughout the entirety of the
polyoxyalkylene chain of the polyol, or combinations
thereof.

The remaining part of the polyoxyalkylene chain
when not constituted by oxyethylene residues comprises
oxypropylene, oxybutylene residues or mixtures thereof,
but especially of oxypropylene residues. Such residues
being obtained from reaction-of the alkylene oxides,
propylene oxide, and butyiené oxide respectively. A
convenient and preferred soufce of oxyethylene residues
is ethylene oxide. Re31dues ‘from other oxides may also
be present. 4

Methods of preparing the above described
polyoxyalkylene polyols are well known in the art and
generally comprise the base-catalyzed addition of the
alkylene oxide(s), especially ethylene oxide and
propylene oxide, to a di-, tri-, or tetrafunctional
initiator at elevated temperatures and pressures.

Suitable initiators include difunctional
compounds such as water, ethylene glycol, propylene
glycol and higher oxyalkylene adducts thereof,
bis-(4~hydroxyphenyl}-2,2-propane and glycol adducts of



reactive material for use in preparing the pol yurethane foans are pol yet her
polyols, generally diols and triols having an average hydroxyl equival ent
wei ght of from 500 to 3,000 and preferably from 800 to 2,500. Exenplary of
such pol yether polyols are those sold by The Dow Chem cal Conpany under the
trademark [err] and include, for exanpje, [err] 4711, [err] 6001, [err]
3322 and [err] 1421. O her suitable polyols include PHD -, PIPA - or

SAN type CORMICHIRI POUifydr2Hel 8% flokrS¥adR! ConpRiidd Bt Qs The bI owi ng
agent contained wi thin conponent_ (b) 1Is present. in an amunt to provide the

resul ting pdisdeditekel PEARARLe hhexagesrapl aadsespesiallom 10 to.250
kil ograns peilyaddrineptend peetafableyibhalmebmppigidey dch 25 and nost

preferably 3Q.and preferably ug to 100, re preferably up to 80 kil ograns
per cubic|ﬂ§€§§1Q4?é;?W%¥%r?8§ EﬁB%&PEEEBr6F°}His'invention t he bl owi ng
agent conprises water. Water reacts with isocyanate noieties |leading to
generation of carbonTHeopréferted sinigdraratsediusmsenteady bon di oxi de
availability and convenient processing are water,
ethylene glycol, propylene glycol, glycerine and their -
higher oxyalkylene adducts, especially preferred is
glycerine.

The polyisocyanate used to prepare the
prepolymer consists essentially of a methylene
diphenyldiisocyanate or a polymethylene polyphenyl
polyisocyanate or mixtures thereof, wherein the
polyisocyanate comprises an amount of at least 40 weight
percent of the isomer 4,4'-methylene |
diphenyldiisocyanate (MDI). Preferably the
polyisdcyanate comprises 45, -more preferably 52, and
most preferably from 60 and up to 98, mdre preferably up
to 90 weight percent 4,4'-MDIL.

When not constituted by 4,4'-MDI, the remaining
part of the polyisocyanate used in reaction to prepare
the prepolymer can comprise 2,4'-MDI, 2,2'-MDI,
polymethylene polyphenyl polyisocyanates or mixtures
thereof. When present, advantageously the 2,4'-MDI does
not constitute more than 50 weight percent of the
isocyanate used to prepare the prepolymer and the
polymethylene polyphenyl poigisocyanate not more than 50
wéight percent.

In a preferred embodiment of this invention,
the polyoxyalkylene polyol, preferably a triol, is
reacted with a polyisocyanate consisting essentially of



functions as a blowing agent, providing for a cellular structure to the

pol yur et hane. Typically, the amount of water present providing for
sufficient blowing capacity to result in foanms with the desired densities
is from1l.0 to 7 parts 12 by wei ght per 100 parts by wei ght of conponent
(b), based on total weight of all cons8ituents present in conponent (b).
Advant ageousl y, such.-ampunts of water are preferably 2.5, nore preferably

3.5 and up t4,4" mm]:g py&f erdll vindp god ymezhydene By lweit@gliiyl The bl owi ng
requirenent f desire ensi t.y ,can_ be. proyi ded for
s enti e RS xana?—ema?safelﬁow&ferver.% o e
amount s of ptiyesileah ' HPMDE ng ﬁgédt-MDTa)batsedploese:MtaMmzeng&nesmﬁry to achl eve
e o L ey RS ket ek 8V PGty b
from 50:30 tongS 10, and more preferably from 50:25 to
65:12 percent, the remainder being the polymethylene
polyphenyl polyisocyanate.
Exemplary of such a preferred polyisocyanate
for use in preparing the prepolymer is that obtained by
blending 4,4'-MDI and 2,4'-MDI in a 70:30 weight ratio
with a crude methylene diphenyldiisocyanate composition
such as, for example, VORANATE™ M220 available from The
Dow Chemical Company, and containing polymethylene
polyphenyl polyisocyanate (approximately 57.5 weight
percent), 4,4'-MDI (40 weight percent) and 2,4'-MDI (2.5
weight percent). Combining the 70:30, &4,4'-/2,4'-MDI
blend with VORANATE™ M220 in for example a 60:40 weight
ratio provides a polyisocyanate suitable for use in !
manufacturing the prepolymer‘consisting essentially of
4,4'-MDI (58 percent), 2,4' €19 percent) and
polymethylene polyphenyl polyisocyanate (23 percent).
Such a prepolymer obtained from the preferred
polyisocyanate is also suitable for immediate use in the
preparation of a flexible polyurethane foam without, for
example, any subsequent blending with other
polyisocyanates. '

In a less preferred embodiment, the
polyoxyalkylene polyol may bé reacted with a
polyisocyanate consisting essentially of 4,4'-MDI and
2,4'-MDI to provide a prepolymer which if subsequently
desired may be blended with other isocyanates including
crude methylene diphenyldiisocyanate.



t rii chl or of | uor omet hane, dichl orotrifl uoroethane, chlorodifl uoroet hane;
hydr ocar bons such as pentane and hexane; and entrai ned gases such as air
nitrogen and carbon di oxide. Suitable catalysts which may be used in the
process of this invention to pronote the formati on of urethane groups
include tertiary am nes and organonetald i c conpounds especially tin
conpounds. Exenplary of suitable catalysts are tertiary am ne conpounds

i ncludi ng N, N—dinethygﬁg? Pngﬁga nghéﬂ )Qéﬂgﬂ%%e

N, N- di net hanol am ne { noet et er and_1,
di azobi cycl opmoNnY g pelyexra iyl eBApsa ml. kel aalugsgsaﬁﬁéﬁse d& oate and

di butyl tin dishalf aie- Mé\aﬁdﬁn& @ésalrtﬂﬁ aﬁéégblymarcamwgd&tﬂas

catal yst may dvanta eousl ess. I n the process of
this inventi &MRéhﬁﬁ %5 *%9%? %EF Fﬂnﬁﬁnﬁnnu P PEPPACIES provi de
fromO0.6 to hr2pcigmenadle gtlops describegapelgorgatkiylenleygrodgml at om
present in b@glf%ﬁg¥¥yﬁﬁa§tglso be used in combination with other

isocyanate-reactive substances conventionally used in
the preparation of isocyanate-terminated prepolymers. ~
When used in combination with other conventional
isocyanate reactive substances the above-described
polyoxyalkylene polyol is present in an amount of from 1
to 99 weight percent of the total isocyanate reactive
mixture used to prepare the isocyanate-terminated
prepolymer. Preferably the polyoxyalkylene polyol is
present in from at least 10 and more preferably in form
at least 20 weight percent. Such conventional
substances include for example ethylene glycol,
propylene glycol, 'and higher molecular weight adducts
thereof such as obtained by éeactioﬁ with C, to C,
alkylene oxide, and not falling within the above
description of the polyoxyalkylene polyol. Exemplary of
higher molecular weight adducts are polyoxypropylene
glycols having a molecular weight of from 134 to 2000
such as, for example, those designated as VORANOL* P400,
VORANOL* P1010 and VORANOL* P2000 all available from The
Dow Chemical Company. Other conventional isocyanate ;
reactive substances also include oxyalkylene adducts of
initiators as given for the above—described
polyoxyalkylene polyol.

The prepolymer may be prepared by using
conditions that have been described in the prior art for
such preparations. Typically, the prepolymer can be
prepared by the controlled addition of the polyol to the



13t Preferably, the anmpbunt of conponent (a) is such so as to provide from
0.8 up to 1.15, nore preferably up to 1.05 isocyanate groups per active
hydrogen atom The anount of isocyanate present nay al so be expressed in
terms of an "isocyanate-reaction index". In this case, an

| socyanat e-reaction index of 100 corregfonds to a ratio of 1 isocyanate
group per isocyanate-reactive hydrogen atom O her conventional conponents

whi fch ?ptltonaidd’c matédwﬁmageeaﬁlmu%ru% %ﬁ%ﬁltr}( i 5353 > PEDCESSE i ncl lﬁde
surfactants s oxané- gxya y ene po mers such as
product s scﬂcFéH&Eﬁ°?h% tFESggﬁiWOie§GbF§@ ny ageR¥EHY ng
B|-411|3 and BE) %chhlgongextenﬁaiigtag@r;tafsumeﬁsatfl rwﬁmr‘fpéﬁlm% hytene
glycol, 1, 4-but o) et hano | 1.sopr no e pQl yam ne;
fillers; fi re=q afh‘g%An?sre?SE%gQa%ﬁn erﬁg:' r?eé)g‘gﬁ aﬁ@ 5 qug

preferably from 60°C to 80°C.

In the second aspect of this invention, there
is provided a process for the preparation of
polyurethane foam by intimately mixing under reaction
conditions components comprising

(a) the prepolymer as described hereinabove
optionally as part of a polyisocyanate composition; and

(b) an active hydrogen—containing composition
comprising (1) a high equivalent weight isocyanate-
-reactive material, (2) a blowing agent, and (3) a
catalyst for promoting the formation of urethane groups

wherein component (a) is presemt in an amount to provide
from 0.6 to 1.3 isocyanate groups per active hydrogen
atom present in component (b}.

The high equivalent weight isocyanate-reactive
material present in component (b) is a compound
containing from 2 to 8, preferably from 2 to 4
isocyanate-reactiﬁe, hydrogen atoms, per molecule and
which has an average equivalent weight of from 500 to
3,000 and preferably from 800 to 2,500. Typical high
equivalent weight isocyanate—reactive materials include
.polyamines, polyester polyols and especially polyether
polyols. The polyether polyol, may be a
polyoxypropylene or a poly(oxypropylene-oxyethylene)
polyol or a mixture thereof. Such polyether polyols are
well known in the art and many being commercially
available. The poly(oxypropylene-oxyethylene) polyol



. The conponents of the foamform ng reaction may be m xed together in any
conveni ent manner, for exanple, by using any of the m xing equi pnent
described in the prior art for the purpose. If desired non inter- reactive
conponents may be prebl ended so as to reduce the nunber of conponent
streams which require intimte mxing with each other. It is generally
advant ageous to use a two-stream system whereby one stream nornmally

conpri ses tional

-pr ep ner._a any .,addi tional, pol yi socyanate, while
the second™$t 4? VG1oF YgQESnﬁﬁpgég ﬁx&ﬁxﬁfQﬁﬁﬁéﬁﬁnﬁi?%ﬁ%%képqeaction
m xt ure amdher aamdsenotabl9cloproduictiseobdadingst ibyr tenatizagig with the
| socyanat 8 C f ot i | fyg%
| socyanat %—t?glm n,atae%?p,gggﬂlrgn{%rg ?2‘3&% twﬁ't('}zll éaﬁ\%%ésgyu | éﬁe preparation
of pol yur &ondd FingslespeaFarey "col d-cure" foans. Such foans are
sui table for many

Suitable high equivalent weight isocyanate-
reactive material for use in preparing the polyurethane
foams are polyether polyols, generally diols and triols -
having an average hydroxyl equivalent weight of from 500
to 3,000 and preferably from 800 to 2,500. Exemplary of
such polyether polyols are those sold by The Dow
Chemical Company under the trademark VORANOL™ and
include, for example, VORANOL™ 4711, VORANOL™ 6001,
VORANOL™ 3322 and VORANOL™ 1421. Other suitable
polyols include PHD -, PIPA - or SAN-type copolymer
polyols such as, for example,. VORANOL™ CP-8020.

The blowing agent contained within component
(b) is present in an amount to provide the resulting
polyurethane foam with an overall density of from 10 to
250 kilograms per cubic meter, preferably 15, more
preferably 25, and most preferably 30 and preferably up
to 100, more preferably up to 80 kilograms per cubic
meter.

In a preferred embodiment of this invention the
blowing agent comprises water. Water reacts with
isocyanate moieties leading to generation of carbon
dioxide, the so generated nascent carbon dioxide
functions as a blowing agent.providing for a cellular
structure to the poiyurethane.

Typically, the amount of water present
providing for sufficient blowing capacity to result in
foams with the desired densities is from 1.0 to 7 parts



application areas including uphol stery, sound and vi bration danpi ng and
cushioni ng. Use of the prepolyners of this invention in the preparation of
pol yur et hane foans provides for foans exhibiting an enhanced degree of

el ongation conpared to foans obtained fromreaction of art known
prepolynmers. The invention is illustrat2ed by the foll ow ng Exanples in
which all parts and percentages are by weight, unless otherw se stated.

Prepol yners gy e,pi gRa' gd ag00" e d Gy R TPINC SR o pbh 88 ¢ribed and
eval uat ed by9§ &t 5 r %h poly f%théﬂ% foamth eﬁ% roﬁ1gg?ng t he

reparin
pol yol fornubgf?gnoﬁlgﬁﬁageWGWg tr [ﬁﬁ%ﬂﬁQﬂqﬁﬁﬁ?QQﬁﬁnPEeﬁ?EEaFEd by
intimately ntempgnéhie (50cyamtvenwg,%mismve; ,sudH hadden po! ¥l wheewul ation

o1 yoor | ne- (it e BEr 0By Br ony FEITE BARRINA F”%“%?%% Y2 pbpyBe:

mol ecul ar wehghé¢ poeferably up to 5.5 parts by weight.

The blowing requirement for preparing foams of
the desired density can be provided for in its entirety
by use of water. However, in addition to water, small
amounts of physical blowing agents may be present when
necessary to achieve the desired density. Exemplary of
such physical blowing agents which may be present
include, for example, methylene chloride,
trichlorofluoromethane, dichlorotrifluoroethane,
chlorodifluoroethane; hydrocarbons such as pentane and
hexane; and entrained gases such as air nitrogen and
carbon dioxide.

Suitable catalysts which may be used in the
process of this invention to:promote the formation of
urethane groups include tertlary amines and
organometallic compounds espec1a11y tin compounds.
Exemplary of suitable catalysts are tertiary amine
compounds including N,N-dimethylcyclohexylamine,

- NyN-dimethylbenzylamine, N,N-dimethanolamine,
bis(dimethylaminoethyl )ether and 1,4-
diazobicyclo[2,2,2]octane; are tin compounds including
stannous octoate and dibutyltin dilaurate. Combinations
of amine and/or tin compounds as catalyst may
advantageously be employed in the process.

In the process of this invention component (a)
is present in an amount sufficient to provide from 0.6
to 1.3 isocyanate groups per isocyanate-reactive
hydrogen atom present in both component (b).



3i75 ‘parts water 0.8 part triethyl enediam ne (33% in di propyl ene

gl ycol) 15 0.15 part Catal yst NI AX- Al supplied by Union Carbide Co.
0.8 part Surfactant, Tegostab B4113 supplied by Th Gol dschm dt Ag.
Physi cal properties of the resulting nol ded foans obtained by m xing
reaction conponents under high.. presg3ire conditions and introducing the
reacting nass into a nold thernostated to [err] are reported. Test

pr ocedur es 9ggk%¥§% RRS Wefodde @PYé6£€$n9ﬁ9p€§9IE§ ascheperhedtare for
& él ongat | DI N

tensil e strengt on -

essE n Ioag dﬁfb ction
(CLD)- DI N B39vdeadaomo0 idhauhte® i bnl %aIﬂO’a%nggE?Bﬁ ?YLBP B §576.
Prepol yner 1 sfeylasa®eapdioirg B aieeipé epplyogenhavomg afhe amount

of isocyanate present may also be expressed in terms of
an "isocyanate-reaction index". In this case, an
isocyanate-reaction index of 100 corresponds to a ratio
of 1 isocyanate group per isocyanate-reactive hydrogen
atom. ' B

Other conventional components which
optionally, but advantageously are present in the
process, include surfactants such as, for example,
siloxane—oxyalkylene éopolymefs such as products sold
under the trademark Tegostab by Th. Goldschmidt
including B-4113 and B—-4690; chain extending agents such
as, for example, ethylene glycol, 1,4-butanediol,
diethanolamine, diisopropanolamine and polyamine;
fillers; fire-retardants, for example, melamine;

>

pigments and dyes. &

The components of thé foam-forming reaction may
be mixed together in any convenient manner, for example,
by using any of the mixing equipment described in the
prior art for the purpose. If desired non inter-
reactive components may be preblended so as to reduce
the number of component streams which require intimate
mixing with each other. It is generally advantageous to
use a two-stream system whereby one stream normally
comprises prepolymer and optionally any additional
polyisocyanate, while the second stream normally
comprises all other components of the reaction mixture
and which essentially do not interreact prior to mixing
with the isocyanate stream.



i sbcyanate content of 29 weight percent is prepared by reacting 11.1 parts
of a pol yoxyet hyl-ene- oxypropyl ene triol (hydroxyl equival ent wei ght 2463;
oxyet hyl ene content 61 percent, randomy distributed) with 100 parts of an
i socyanate blend constituted of 4,4'-MD (58 percent), 2,4'-MD (19
percent) and pol ynet hyl ene pol yphenyl pplyi socyanate (23 percent). The

pol yol is added to the isocyanate blend while continuously mxing at a rate

such to maintain a r%ﬁg)ﬁ¥b%§@peégtyﬁgdgé ?ﬁ&f@gn F rEL to [err]. Wen the

entire anount of the™p been-a e resu |ng reaction m xture
is stirred aiseppasahe-tempdmatade prepakymaniiis opasthotkarky epseful

compl eti on ofn! EAE! peBparatibd PG @Ehér@r@oaﬁ)sawﬁ&cmr acting the
so prepared pre nerp\}a\'nrta t he |dgﬂt|ﬁ§r yol ]‘orr‘riJI aél on afe gi ven
her ei nabove. ga]gure fopggy 2 Suc ;;re suitable for many
appllcat;on areas including upholstery, sound and
vibration damping and cushioning.

Use of the prepolymers of this invention in the
preparation of polyurethane foams provides for foams
exhibiting an enhanced degree of elongation compared to
foams obtained from reaction of art known prepolymers.

The invention is illustrated by the following
Examples in which all parts and percentages are by
weight, unless otherwise stated.

Prepolymers are prepared according to the
procedure further described and evaluated by preparing
flexible polyurethane foam therefrom using the polyol
formulation given below. Thé polyurethane foam is
prepared by intimately m1x1ng the isocyanate,
prepolymer, with the polyol formulation using a high
pressure foaming machine.

Polyol Formulation

100 parts glycerine-initiated
polyoxypropylene—oxyethylene
(15% cap) polyols molecular weight
6000

3.75 parts water

0.8 part triethylenediamine (33% in
dipropylene glycol)



7 v & . .
| focyanat e 90 100 110 Reaction Index Free-rise

36 36 / density (kg/n8) Ml ded 44. 4

44.9 - 45. 2 density (kg/ nB) El ongation 143 133

119 Tensile 117 138 181 Strength (kPa) CLD

(kPa) 3. 56 4. 44 16. 43 ILD (N) 150

195 260 Prepolynmer 2 An-isocyanate-term nated prepol yner having an

i socyanat e ‘content of_ 2 ight p S pate | Lng
procedure as for Pre%ol?ng%r&h yQEEEE?StE;EAX %a?Fgﬁgg%ﬁ B Uil
|

pol yoxyet hyl ene- oxypr opyl ene trlopaF equi val ent wei ght 2270;
oxyet hyl ene
0.8 part Surfactant, Tegostab B4113 sgpplied

by Th Goldschmidt Ag.

Physical properties of the resulting molded
foams obtained by mixing reaction components under high.
pressure conditions and introducing the reacting mass
into a mold thermostated to 50°C are reported. Test
_procedures emplojed to measure the physical properties
as reported are for tensile strength and elongation —
DIN 535713 compression load deflection (CLD)- DIN 535773
and for indentation load deflection (ILD)— DIN 53576.

Prepolymer 1

An isocyanate—terminated prepolymer having an
isocyanate content of 29 weight percent is prepared by
reacting 11.1 parts of a polipxyethylene—oxypropylene
triol (hydroxyl equivalent weight 24633 oxyethylene
content 61 percent, randomlyéﬁistributed) with 100 parts
of an isocyanate blend constituted of 4,4'-MDI (58
percent), 2,4'-MDI (19 percent) and polymethylene
polyphenyl polyisocyanate (23 percent).

The polyol is added to the isocyanate blend
while continuously mixing at a rate such to maintain a
reaction temperature of between 65°C to 70°C. When the
entire amount of the polyol has been added the resulting
reaction mixture is stirred 4t the same temperature for
an additional hour to ensure completion of reaction.



cont ént 59 percent, randomy distributed) with 100 parts of an isocyanate .
bl end constituted of 4,4'-NDI 17 (58 percent), 2,4'-MDI (19 percent) and
pol ynmet hyl ene pol yphenyl polyi socyanate (23 percent). Properties of foans
obtained by reacting the so prepared prepolyner with the identified polyol

formul ati on are given herei nabove. Fopgn 4 Foam 5 Foam 6
| socyanat e 90 100 110 Reaction |Index Mol ded
44. 7 444 Properéﬂe§ Qﬁn§b5ﬁs(59££§ﬁeg|B?gﬁéh@ﬁlng thel 3%
125 118 (% Tensi| 180

134,
prepared prepolymer with the 1dent1f1e£’polyol
formulation are given hereinabove.

Foam 1 Foam 2 Foam 3
Isocyanate 20 100 110
Reaction
Index
Free-rise 36 36 . /
density
(kg/m3)
Molded 44.4 44.9 45,2
density
(kg/m3) _
Elongation 143 133 119
(%)
i ' Tensile 117 . 138 181
Strength i )
(kpa) T
CLD (kPa) 3.56 - 4.44 - 6.43
ILD (N) 150 ' 195 260

Prepaolymer 2

An isocyanate—terminated prepolymer having an
isocyanate content of 29 weight percent is prepared
according to the same procedure as for Prepolymer 1, by
reacting 11.0 parts of a polyoxyethylene—oxypropylene
triol (hydroxyl equivalent weight 22703 oxyethylene
content 59 percent, randomly distributed) with 100 parts
of an isocyanate blend constituted of &4,4'-MDI



St éngth (kPa) CLD (kPa) 4.34 5. 41 6. 44 Conparative
Prepol ynmer A A conparative prepol yner having an i socyanate content of 29
. wei ght percent is prepared, by the same procedure as for Prepolyner 1, by
reacting 10.8 parts of a pol yoxyet hyl ene-oxypropyl ene triol (hydroxyl
equi val ent wei ght 1670; oxyethyl ene camtent 72 percent, randomy
~distributed) with 100 parts of an isocyanate blend constituted of 4,4'-M
(58 percent) , 4 - 19,pencemty 0 Y.
pol yi socyanagzg(ggrggbtc:gﬁt f.f%' ?@}g é?%p%ﬁ&é@ﬁéorgﬁwgéﬁg%g%eg
| socyanate Polypheayl polyisocyamate (23 pemierRehction | ndex

Properties of foams obtained by reacting the so
prepared prepolymer with the identified polyol
formulation are given hereinabove.

Foam 4 Foam 5 Foam 6
Isocyanate S0 100 110
Reaction )
Index
Molded 44.7 44.4 ) 44.5
density
" (kg/m3)
Elongation 130 125 . 118
(%)
Tensile 134 152 180
] Strength ;
! {kpPa) .
CLD (kPa) 4.34 < 5.41 6.44 !

Comparative Prepolymer A

A comparative prepolymer having an isocyanate
content of 29 weight percent is prepared, by the same
procedure as for Prepolymer 1, by reacting-10.8 parts of
a polyoxyethylehe-oxypropylene triol (hydroxyl
equivalent weight 16703 oxyethylene content 72 percent,
randomly distributed) with 100 parts of an isocyanate
blend constituted of 4,4'-MDI (58 percent), 2,4'-MDI
(19 percent) and polymethylene polyphenyl polyisocyanate
(23 percent).



Free-ri se 38 / /| density (kg/m8) Ml ded
45.7 45.6 . 45.5 density (kg/ nB) El ongation 120
115 99 (% Tensile 122 140 159
Strength (kPa) CLD (kPa) . 3.81 4. 77 5.89 ILD (N)
150 190 " 240 * Not anygexanple of this invention

Conpar ati ve Prepol yner
content of 29 wei ght percent

Pr epol yner
triol (hydroxyl

Comparative Prepolymer B

Foam A*

Isocyanate 90
Reaction
Index
Free-rise 38
density

(kg/m3)
Molded _ 45.7
density

(kg/m3)
Elongation 120

(%)
Tensile 122
Strength
(kpa)
CLD (kPa) 3.81
ILD (N) - 150

B A conparative prepol yner
is prepared, by the sane procedure as for
1, by reacting 11.1 parts of a pol yoxyet hyl ene- oxypropyl ene
equi val ent wei ght 2670;

havi ng an i socyanate

oxyet hyl ene content 70 percent,
randomy distributed) with 100 parts of an isocyanate

Foam B*

* Not an example of this invention

100

Foam C*

110

45.5

99

159

5.89
240

A comparative prepolymer having an isocyanate

content of 29 weight percent is prepared, by the same

procedure as for Prepolymer 1,

by reacting 11.1 parts of

a polyoxyethylene—oxypropylene triol (hydroxyl
equivalent weight 26703 oxyethylene content 70 percent,
randomly distributed) with 100 parts of an isocyanate
blend constituted of 4,4'-MDI (58 percent), 2,4'-MDI
(19 percent) and polymethylene polyphenyl polyisocyanate

(23 percent).



blend constituted of 4,4'-NDI (58 percent), 2,4'-MDI (19 percent) and
pol ynmethyl ene pol yphenyl polyi socyanate (23 percent). 19 Foam D*
Foam E* | socyanate 90 100 Reaction I ndex Mol ded

47.8 46. 8 density (Kg/nB) El ongation 117 103 (%
Tensil e 118 143 Strg&gth (kPa) CLD (kPa) 4.12
5.08 * Not an exanple of this inventi

Foam D* Foam E#*
Isocyanate 90 100
Reaction
Index
Molded 47.8 46.8
density
(Rg/m3)
Elongation - 117 103
{3)
Tensile 118 143
- Strength
{kPa)
CLD (kPra) 4.12 5.08

* Not an example of this invention

-

Foams 1 to 6 show thé enhanced elongation
performance that can be obtained with the prepolymers of
this invention relative to comparative prepolymers.

Prepolymer 3

An isocyanate—terminated prepolymer having an
isocyanate content of 29 weight percent is preared
according to the procedure as given for Prepolymer 1,'
only this example, 11.1 parts of a polyoxyethylene-
oxyalkylene triol (hydroxyl equivalent weight 26353
oxyethylene content 61 perceﬁt equally distributed as an
internal oxyethylene block and as a terminal oxyethylene
‘block) are reacted with the same polyisocyanate blend.



Foams' 1 to 6 show the enhanced el ongation performance that can be obtai ned
with-the prepolyners of this invention relative to conparative prepol yners.
Prepol yner 3 An isocyanate-term nated prepol ymer having an isocyanate
content of 29 weight percent is preared according to the procedure as given
for Prepolyner 1, only this exanple, 20.1 parts of a pol yoxyethyl ene-
oxyal kyl ene triol (hydroxyl equival ent weight 2635; oxyethylene content 61

per cent equ@dﬂ#fﬁé%f*%%ﬁﬁ?g@f%ﬁﬂrieternal oxyet hyl ene bl ock and as a :
term nal ox ' ed with the sane pol yi socyanat e bl end.
20 Conparative Prepolymer C A gonparative prepol yner_having an isocyanate
content of 29 wei ghtApePBRAFALS VF QrARAL LR Ma Sl 3R otAtyanakef or
Pr _epf)l ygea honltt\énrteam |70 J&ifhpapescabta iROpy@puaiddy IlnaHaX Y| ene
triol (hy r%é%cedure as for Prepolymer 1, by reacting 10.9 parts of

a polyoxyethylene—-oxypropylene triol (hydroxyl

equivalent weight 1954; oxyethylene content 64 percent,

randomly distributed) with 100 parts of an isocyanate

blend constituted of 4,4'-MDI (58 percent), 2,4'-MDI

(19) percent and polymethylene polyphenyl polyisocyanate

(23 percent). : '

The following table presents physical
properties of foams obtained by reacting the prepolymers
1, 3 and C with the polyol formulation presented
hereinabove. Foams are prepared in this instance using

"a low pressure mixing/dispensing unit.

f The data obtained clearly indicates the
advantageous elongation perférmance that can be obtained
with the prepolymers of this-invention.



eqﬁiValent wei ght 1954; oxyet hyl ene content 64 percent, randomy
distributed) with 100 parts of an isocyanate blend constituted of 4,4'-ND
- (58 percent), 2,4'-MD (19) percent and pol ynet hyl ene pol yphenyl

pol yi socyanate (23 percent). The follow ng table presents physical
properties of foans obtained by reacting the prepolyners 1, 3 and Cwth
the polyol fornulation presented herei nabove. Foans are prepared in this

i nstance using a | ow pressure nixing/disgﬁnsing unit. The data obtained
clearly indicates the advant ageous el ongati on performance that can be

obtained with the prepol yners of this-invention. 21 1 3
C* Prepol yner |socyanate 90 100 110 90 100 110 90 100 110
Reacti on 1 3 c*

Prepolymer

Isocyanate 90 100 110 90 100 110 90 100 110
Reaction
Index

Free-rise - 36 37 36 36 37 36 37 37 39
density :

(kg/m3)

Molded 48 48 48 47 49 48 49 49 49
density

(kg/m3)

'Elongation_ 138 145 118 147 142 132 126 118 108
(%)

 Tensile 130 178 200 150 188 206 146 174 227
‘Strength
{kPa)

*Not an example of this invention

Prepolymer 4

[RIN I RTI

An isocyanate—termin;ted prepolymer having an
isocyanate content of 27.5 weight percent is prepared
according to the general procedure as given for
Prepolymer 1. In this example 11.1 parts of a polyol
mixture, comprising 24 weight percent of a
polyoxyethylene—oxyalkylene triol (hydroxyl equivalent
weight 2463: oxyethylene content 617% randomly
distributed) and 76 weight percent of a polyoxypropylene
glycol having a molecular weight of 1000, is reacted
with 89 parts of a polyisocyanate blend. The
polyisocyanate blend is constituted of 4,4'-MDI (61%),
2,4'-MDI (9%) and polymethylene polyphenyl
polyisocyanate (30%).



| ideX' Free-rise 36 37 36 36 37 37 39 densit (kg/ 8)

I\E/Fl)ﬁggtion 48138481'454811847144719 122 1?312 126 119”'&'%'"!”“ 130

178 200 150 188 206 146 174 227 Strength (kPa) *Not an exanple of
this invention Prepolyner 4 An isocyanate-term nated prepol ymer having an
| socyanate content of 27.5 weight percent is prepared according to the
general procedure as given for Prepolyner 1. In this exanple 11.1 parts of
a polyol mxture, conprising 24 weight percent of a
pol yoxyet hyl ene- oxyal kyl ene triol (hydroxyl equival ent weight 2463:
oxyet hyl ene content 61% random y

22

1. An isocyanate-terminated prepolymer
prepared by reacting a polylsocyanate comprising
4,4"'-methylene diphenyldiisocyanate in an amount of at
least 40 weight percent with a polyoxyalkylene polyol,
wherein the polyol has an average functionality of from
2 to 4 and a hydroxyl equivalent weight of from 2200 to
3500 and contains oxyethylene residues in an amount of
from 40 to 68 percent by weight.

i P2, A prepolymer as claimed in Claim 1 wherein
in the polyisocyanate compriges 4,4'-methylene
diphenyldiisocyanate in an amount of from 52 to 90
weight percent. d

3. A prepolymer as claimed in Claim 2 wherein
the polyisocyanate additionally comprises 2,4'-methylene
diphenyldiisocyanate and optionally a polymethylene
polyphenyl polyisoéyanate.

4, A prepolymer as claimed in Claims 1 to 3
wherein the polyoxyalkylene polyol has a hydroxyl
equivalent weight of from 2300 to 3200 and contains
-dxyethylene residues in an amount of from 58 to 65
percent by weight.

5. A prepolymer as claimed in Claim 4 wherein
the polyisocyanate comprises 4,4'-methylene
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6. A process for the preparation of a
polyurethane foam by intimately mixing under reaction
conditions components comprising

(a) polyisocyanate composition containing an
isocyanate—terminated prepolymer as clalmed in Claims 1
to 53 and

(b) an active hydrogen—containing composition
comprising (1) a high equivalent weight isocyanate-—
‘-reactive material, (2) a blowing agent, and (3) a
catalyst for promoting the férmation of urethane groups

wherein component (a) is present in an amount to provide
from 0.6 to 1.3 isocyanate groups per active hydrogen
atom present in component (b).

7. An opened—celled polyurethane foam having
an average density of from 10 to 250 kilograms per cubic
meter prepared according to the process of Claim 6.
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ABSTRACT

This invention relates to an isocyanate-terminated prepolymer prepared from a
polyisocyanate comprising 4, 4'-methylene diphenyldiisocyanate and polyoxyalkylene
polyol wherein the pc;lyol has an average functionality of from 2 to 4, a hydroxyl
equivalent wéight of from 2200 to 3500 and contains oxyethylene residues in an amount
of from 40 to 68 percent by weight; and the use thereof in a process for the

manufacturing of flexible polyurethane foam.



under reaction conditions conponents conprising: (a) polyisockevate™*
conposi fion containing an i socyanate-term nated prepol yner prepared by
reacting a polyi socyanate conprising 4,4 -nethylene di phenyl diisocyanate in
fromat |east 40 weight percent with a pglyyoxyal kyl ene pol yol, wherein the
pol yol has an average functionality of from about 2 to about 4 and a
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250 kil ogr JEACHOR frOndIHODS CORPERCHS EOIRISNE]i ng to t he process of claim 6.
(@) polyisocyanate composition containing an isocyanate-terminated prepolymer
prepared by reacting a polyisocyanate comprising 4,4'-methylene diphenyldiisocyanate in
from at least 40 weight percent with a polyoxyalkylene polyol, wherein the polyol has an
average functionality of from about 2 to about 4 and a hydroxyl equivalent weight of
from about 2200 to about 3500 and an oxyethylene content of from about 40 to about 68
percent by weight; and
(b) an active hydrogen-containing composition comprising (1) a high equivalent
weight isocyanate reactive material, (2) a blowing agent, and (3) a catalyst for promoting
the formation of urethane groups wherein component (a) is present in an amount to
provide from about 0.6 to about 1.3 isocyanate groups per active hydrogen atom present
in component (b). |
7. An opened-celled polyurethane foam having an average of from about 10 to
about 250 kilograms per cubic meter prepared according to the process of claim 6.
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