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The present invention pertains to high resil-
ience (HR) flexible polyurethane foam. More particular-
ly, the present invention pertains to shrink-resistant

10 HR foam prepared by reacting an isocyanate component
with a poly({oxypropylene/oxyethylene} polyol component
manufactured at least in part with a double metal
cyanide catalyst.

Background Art

15 Flexible polyurethane foams are well recog-
nized articles of commerce. The two most common classi-
fications of flexible polyurethane foams are convention-
al and high resilience (HR). Flexible foams may also be
characterized by the process used in production, either

20 molded or free rise. Free rise foams are often made in
a continuous slabstock process. In slabstock foam, the
reactive foam forming ingredients, including any neces-
sary catalysts, blowing agents, and foam stabilizing
surfactants, are mixed and deposited on a moving, and

25 generally lined, conveyor belt where the foam is allowed
to rise freely. After cure, the foam is then sliiced to
the appropriate thickness for its intended use, for
example as seat cushions, mattresses, carpet underlay,
and the like. Molded foams are typically manufactured

30 within an enclosed chamber having the shape of the
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sary catalysts, blow ng agents, and foam stabilizing surfactants, are
m xed and deposited on a noving, and 25 generally lined, conveyor belt

where the foamis all owed torise freely. After cure, the foamis then
sliced to woserkhss appropriate thickness for its intendecaramerdosds

exanpl e as seat cushions, mattresses, carpet underlay, and the |iKke.
Mol ded foans are typically manufactured 30 within an encl osed chanber
havi ng the shape of the WO 97/ 27236

PCT/ EP97/ 00306 ~2- - 2- desi red
finished article. HR foamis manufactured by both free rise and

nol ded processes . Vs Hi gh Resilience.(HR) fpamis fined by
ASTM Met hod® BRY7 0" 9£_Lfnfa‘°lhﬁ?o§dﬁ$ HRE i ndst ?mgé%efnéPVga‘F%‘ﬁ)e&feb%

ni zes a wider cabeferires megnsndhreldsmpuscegsssgnat ed as HR foans.
In particular, foanms manufactured with HR chem cal s but having

densities |lower than the Lj.mt .y Spegif. In,D377Q-91_are al so
included in the wider ldl@é‘a?&&&ﬁl.enﬁ%e@g)l %@P‘ &§n§Fg§7n?% Bi®R al so
i ncl uded 10 i Hethrd BR7d8sPinaatwusiptbyetndustty geapphltntierng- | n

general , HRsfoangizé£ LhaGaE! 8atRsbBNiEBRRE WIEIOHayObe desi t
factor and higher_r |€°|a<xangce han Jan- HR_f oam or "convent]onal" foam
HR foamis gener%?l@?prepafed B Particulagy (Hpams maqufactued it Heact i ve

conponent, a 15 chemicahey 2wy | eaelpd| gensiddssai ynwey srstrabihe dlsparsed
pol yner phase, agh&yd fEEECiH ap3 1 -BY HOSSIdINKMIRMERN in the wider
category. These lower density foams are also included
10 in the HR designation employed in this application. 1In
general, HR foams are characterized by higher comfort or
support factor and higher resilience than non-HR foam or
"conventional"” foam. HR foam is generally prepared by
employing as the isocyanate-reactive component, a
15 polyoxyalkylene polyol containing a stably dispersed
polymer phase, a low molecular weight crosslinker/exten-
der, generally diethanolamine, water as a reactive
blowing agent, and amine and/or tin catalysts. While
molded HR foam often employs methylene diphenylene
20 diisocyanate or polymethylene polyphenylene polyiso-
cyvanate, often in specific isomer ratios and often in
combination with toluene diisocyanate {(TDI}, HR slab-
stock foam is generally prepared solely or predominately
with TDI, either as an 80/20 or 65/35 blend of the 2,4-,
25 and 2,6-~isomers.

The surfactants used for conventional slab-
stock foam and HR foam alsc differ, the latter generally
employing a less potent surfactant such as the silicone
surfactants described in U.S. Patent No. 4,690,955,

30 These low potency silicones are characterized by their
lower molecular weight and minimal number of siloxane
moieties in their molecular backbone, typically 20 or
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der, geperally diethanol am ne, water as a reactive bl ow ng agent, and

amne and/or tin catalysts. Wiile nol ded HR foam often enpl oys

met hyl ene di phenyl ene 20 di i socyanate or pol ynmet hyl ene pol yphenyl ene

pol yi so- wWoYPEet e, often in specific isoner ratios an'EF’i‘l‘?me%

conbi nation with toluene diisocyanate (TDI), HR sl ab- stock foamis
general ly prepared solely or predom nately with TDI, either as an
80/ 20 or 65/35 blend of the 2,4-, 25 and, 2, 6-i soners.

The surfactants used for conventional slab-"" stock foam and HR foam
also differ, the latter generally enploying a | ess potent surfactant

such as the silicqags. 1n SHhéaG4Y S LSSH1DEGRE Mk %oq%%gngukl@ac_-
4,690, 955. 30 These | ow %)é%rlc silicones are characterized by their

|
| ower nol ecul ar WEPGHE B SHGRBEFTYHY% | oxane noi eties in
their nol ecul ar backbone, typically 20 or WO 97/ 27236

PCT/ EP97/ 00306 The polyol polymer dispefsions used irf#R £b8mSONME
cases, non-si i cone | oW pOt eg(i¥ surtac- tants
T

f may ,be used
successful ly. contain sta SPEFF6E FOrymeF (ﬂaé%é'fzg?%ngeﬂ%ﬂl}:ﬁ HR
f oam cortt ai npsepbieddilypeisedipol wrdympaizatias génarcdlymerbzabpeepar ed

by in situ pol ymegiaahbes O @Mg&ﬂzﬂe}ferxe basBPPOIRES, | Brd type of
pol yoxyal kyl ene b%%?[ygglgg We@%iszgfsiogn is the product obtained by the
in situ polymerization of one or more vinyl monomers
such as styrene and acrylonitrile in a polyoxyalkylene
10 base polycl. Such polyol polymer dispersions are termed
"polymer polyols®" herein. A further polyol polymer
dispersion is the type prepared by the in situ polymer-
ization reaction between a di- or polyisocyanate and a
low molecular weight isocyanate reactive species such as
15 water, hydrazine, diamines, or alkanolamines. Such
polyol polymer dispersions are termed "polymer-modified
polyols" herein. While polyol polymer dispersions of
either type may be made with the solids level regquired
for a particular HR foam, i.e. in the range of 2 to 35
20 or more weight percent solids, it is common to prepare
the polyol polymer dispersion at the highest solids
level practical and then dilute the polyol polymer
dispersion with additional polyol, which may be the same
or different from the polyol polymer dispersion base
25 polyol, to obtain the desired solids level. In this
manner, maximum use is made of polyol polymer dispersion
production capacity. In the past, it has been found, in
general, that the polyoxyalkylene base polyol and any
additional polyol subsequently blended to prepare the
v 30 polyol component must have a high primary hydroxyl
content in order to provide suitable reactivity. This
is typically achieved by reacting ethylene oxide onto a
polyoxypropylene core.
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_pol yol ,pol ymer dispersion is the product obtained by the in situ
pol ynmerization of one or nore vinyl nononers such as styrene and
acrylonitrile in a pol yoxyal kyl ene 10 base pol yol. Such polyol polyner

di sper si onsy@g$@rixr ned "pol ymer polyols" herein. péykbyrobweé pol yol
pol ymer di spersion is the type prepared by the in situ polyner-

| zation reaction between a di- or polyisocyanate and a | ow nol ecul ar
wei ght isocyanate reactive species such as 15 water, hydrazine,

di am nes, or al kanol am nes. Such ~%&ol yol pol yner dispersions are
ternmed "pol ynmer-nodified pol yol s" herein. Wiile ponoI pol ynmer

di spersi ons of eith y ith the.solids | evel required
for a particular HR foa ei?% ﬁhqﬁm¥%€e$an§ ES?% 38 seParipg nfiRe wei ght

percent solids, fiopmsg E’éﬁ‘%‘ﬁuﬁi’lp’r dpatie lowertdenyidiy otanwsl,yweratesper si on
at the highest solpgsblem w1tBV&*eglarraCttt&aerBQs§M dhkytgathe pehyol

pol ymer h onal 4 t he sane
or different fré)%@?%éhf% ]'Itt hgg%’eéve&l b $pe §¥3hitb5%eprﬁ§egsp%|°§‘6§ afo obtain
t he deS|redisoIﬂ§§CVéVéFe 1“¢$$Q$n%f less nthaer 10Pmandugrester sthade of ‘

pol yol pol yner dﬂsperﬁnowls pataﬁ@dm@t|5m17qapgg|t¥€$$§§%i§§ Bg%EtPa%ngaZny

been found, in é t hat hgﬂp alﬁé

addi tional pol ydff ¢ Py BPE %% o é%%r RWﬁ?Paﬁnalgx|§eFa~
conponent nust HQVQGaFWﬁgﬁlpFPﬁE?9e¢WMr®x§irst highem efindtiocondétyt o
provi de suitabl golgaat i #érisainlhhS betweer Sst y.ma:abby Reay V\%e%eﬁéaﬂl ng

SE?.}I:ESS(; / gg O%gtﬁ&lene mo&gl:}fgéypa':rgip ! %ré%o% polhyol conta.lnlng/ %Z 236
weight percent or more polyoxyethylene moieties.

In U.S. Patent No. 5,010,117, the use of
polyoxypropylene polyols having a low monol content
reflected by an unsaturation of less than 0.040 meq/g,

i5 as measured by ASTM D-2849-69 "Testing Urethane Foam
Polyol Raw Materials”, is suggested as a means of
improving foam green strength and compression set.
However, the patent exemplifies only molded foam pre-
pared from high primary hydroxyl content polyols, and

20 fails to examine polyoxypropylene polycls having unsat-
urations of less than 0.027 meq/g. Also, no examples
are cited in which a double metal cyanide catalyst was
used to prepare such polyvels as described below.

Double metal cyanide {DMC) catalysts were

25 discovered in the decade of the 1960's to be efficient
oxyalkylation catalysts suitable for preparing polyoxy-
alkyvlene polyether polyols having notably lower levels

of unsaturation, and thus monol content, than polyols
prepared by traditional base catalysis. Unsaturations

30 in the range of 0.018 to 0.025 meq/g were achieved.
However, the cost/activity ratio of such catalysts
coupled with the difficulty of removing catalyst resi-
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The hi gh, water |evels used in preparing HR foanms, particularly in the

Fomen density range, create a problemw th regard to processing

| ati t ude. In particular, it has proven difficult to process foans
at 5 i socvomz®3s ndexes of | ess than 100 and greater thRGEFEPITOONE 15 |n
U S. Patent No. 5,171,759, processing |latitude I's increased by

I nclusion in the conventionally cata- | yzed pol yol conponent, a
first, higher functionality pol yol containing between 8 and 25 wei ght
percent 10 oxyet hyl ene noi eties, and a setond pol yol containing 70

wei ght percent or nore pol yoxyet hyl ene noieti es. In U S.

Patent No. 5,010, 1kfes herdas &ty polyolPRWEU¥Er SR¥leRCed Ot 1R kRE-a | ow
nonol cont ent ref | ected %e%g ua?%gt u%atlon of Ieé%% th%n 01040 meg/g,
15  as nmeasured by *ARSTM DRIFTEo “PFEIYFRY BPEPhARe FOSM FLSCLoRBEyoF Raw
Material s", is sugdest.ePatend Msanss df58,922 shopedviightvamcgivdty sandngt h

and conpressi on seligyered uHOXEYALnid&RRhEP! e3CPRLifdRR JH % GREded foam
pre- pared fro igh primry h‘%,/droxyl content polyo 3 and 20,

fails to examhe pé’l‘;ﬁ| p‘r"%%{ﬂ’éne BOYSHTSs ha9RMG- uifest " and  RROSEs§ARIof

| ess than 0.027 neqifficalspes mrasenpedesommercialazittiod.i n whi ch a doubl e
nmetal cyani de catal yst was used to prepare such polyols as descri bed

bel ow. Doubjf netal cya i%g%DNC% at al yst.s were_25
di scovered in the decade of ﬁ% f§§0'%é/t§° L1 e ?gntcya&&e SRFARFESt i on
catal ysts suitabl e Hadivogsepar iy foayoryoduction ahkgl ent pekpetaosivpdiryol s
havi ng notably | owgf;d=@\8 Sue to deffE8§§E£E§lti&%cﬁi@i&@uﬁi@ﬁn%‘ri&gﬁem 1
t han pol yol s 6%%&{)& ddbfé’ ra |t|ongl -base cataglysis nsat ur at.i ons 30
in the range 8} 0. OFY0. 055 S8 q/ T RBPE SERPEDEqWAth ethylepeerxifRe
cost/activity rati @M cavhivshsl yead to homopeplwedrike hethelené f oxdbey of
removi ng catal yst ne%her than add to existing secondary hydroxyl moieties,
thus restricting the primary hydroxyl levels to less
than 50% under normal production conditions. Introduc-
15 ing strongly basic catalysts for the ethylene oxide
addition stage adds significant additional cost and
complexity to the process.

Most recently, the ARCO Chemical Company has

developed new double metal cyanide complex catalysts

20 which offer exceptionally high catalytic activity

coupled with the ability to remove catalyst residues by

simple filtration. Polyoxyalkylene polyols prepared

with such catalysts have exceptionally low levels of
unsaturation, in the range of 0.003 to 0.010 meqg/g.

25 The higher molecular weights and function-
alities of DMC catalyzed polyols and lack of monofunc-
tional species which serve as chain terminators in
polyurethane polymerization reactions has led to the
belief that use of such polyols to prepare polyurethanes

30 will lead to improved properties and superior perfor-
mance in many applications. However, it has been found

SUBSTITUTE SHEET (RULE 26)



. WO 97/ 27236 PCT/ EP97/ 00306

-5- dues fromthe pol yol product prevented commercializa- tion.
| nproved catal ysts such as those disclosed in U.S. Patent No.

5, 158, 922 shoemt23si gher activity and | ower ed unsat urerEpsrobsest her, to
the range of 0.015 to 5 0.018 neq/g. However, again, cost and
processi ng difficulties prevented commercialization.

The use of double netal cyani de catal yzed polyols in HR foam
production has not been actively pufgﬁed due to difficulties in
achieving high primary 10 hydroxyl |evels through capping with ethylene
oxi de. DMC I t DHTE] Xi rat her
than add to exi s?fl%tta %/p%:xo%ndfdr%‘ﬁj l{i&(ljgrh.(;x nol et?‘éguﬁémr%nﬁ'og P% ci ctl ng the
pri mary hydroxylPH% g é” catW&ﬁSS(?‘%eurﬂﬂ’é:r Hog  HESERIds”on

condi tions. | nt negdliacendntsi figrstoonghyidrasl chbasd atyisdlerfedl pgdigroaishyl ene

id ddi t d t
o 1y S5 50 S Lot ol et

Cheni call NRIRAYBE IR ET 1y RANYO LR apzﬁﬁ/éﬁmﬂ‘é %Wex
catal ysts 20 MAW\TEcmﬁxfceL/Mmmmcmmﬂzﬂm lDcgh 1-emt abgbi caistaldsedt y

coupl ed wi (h t haah |;$Jl)ﬁru&'@tﬁ§ﬂ9v§1§ﬂl§‘ié/sfoé}%s 8RN from S PLE

filtration. Po aIkerE ’8 1_)/ols repar.e W th 3dch catalysts
have except i onal‘llyol SwPRelelecBta Wel%é?F&P%t FBﬁhe? nthake & &E&eBH- 0. 003
to 0.010 nmeq/g. tionally catalyzed 6200 Da triol produced a stiff and

10 boardy foam. Due to the higher molecular weight of the

polycl, a softer foam would have been expected.

Moreover, it has been found that addition of
as little as 20 weight percent of a polyol, produced at
ieast in part by DMC catalyzed oxypropylation, to the

15 polyol component of an HR foam formulation results in
a commercially unacceptable "tight”" foam which exhibits
severe shrinkage. Increasing the primary hydroxyl level
by capping with a mixture of EQ0 and PO in the latter
stages of the DMC catalyzed polymerization did not avoid

20 the tightness problem. Moreover, even higher primary
hydroxyl, low unsaturation polycls prepared by DMC
catalyzed oxypropylation £followed by base catalyzed
capping with ethylene oxide failed to solve the shrink-
age problem.

25 Double metal cyanide complex catalysts capable
of preparing very low unsaturation polyols offer the
potential £for preparing polyurethanes with improved
physical properties. Future development may also result
in the opportunity to produce polyoxyalkylene polyols at

30 lower prices. However, in order to make use of these
potential advantages in HR polyurethane foam, it is
necessary to eliminate the shrinkage and tightness of
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25 . The hi gher nol ecul ar wei ghts and functi on- alities of

'DMC catal yzed pol yol s and | ack of nonofunc- ti onal species which
serve as chain termnators in pol yur et hane pol ymeri zati on reactions
has led to t Q9727236 phe|jef that use of such polyols to prBEHFRI7/00306

pol yurethanes 30 wll lead to inproved properties and superior perfor-
mance in many applications. However, it has been found WO 97/ 27236
PCT/ EP97/ 00306 7 - 6- that ultra | ow
nonol, ultra | ow unsaturation polyols produced with DMC catal ysts are
not sinply "drop-in" repl acenents for conventional base catal yzed

pol yol s. Forfcemsrrplrepafé¢ frds theke , pdlyadishan@tAppl aLsd ipprefefrar- 5
Novel Hi gh Mol eculay QEyg{xéh"f&at@éWU% 190U i ng mod%@g
TECHNI CAL/ MARKETI NG CO\IF ?é -4, 1989, d| scl osedl

pol yur et hane flexﬁﬂlé“afré’ar]i’é’uﬁlpgkf 8"?4’%%1&3% ¢gn be aghieysd Eﬁtﬁ‘DP@Eul ar

wei ght triol ratheratalystawitmonenresorting mmabhgeceatailyzed &30 o orfi ol
produced a stgff Qne BRazdy. t cul ar wei ght
angd, AQne i(f‘l ad Q_EHE Sf t?‘oexpect ea@&ﬁ

of the poI yol, a softer toam woul ave

Mor eover, it has been found t hat addltlon of as little as 20 wei ght
per cent of a polyol, produced at Slmm[g@f_g_mr 3 DMC cat al yzed
oxypropyl ation, to 'the 15 pol yol conpdnent of an oam formul ati on
results in a comercially unacceptable "tight" foam which exhibits

severe shrinkage. Increasingtt RgsPhbwBbhded iPlkih§Y¢! discovered that

HR foam may be prepared from a polyol component contain-
ing in excess of 20 weight percent of low unsaturation
10 polyols made with DMC catalysts, without excessive
shrinkage or tightness, when the low unsaturation
polyols are poly(oxypropylene/oxyethylene) random
copolymers prepared by the mixed oxyalkylation via DMC
catalysis of one or more initiator molecules during a
15 substantial portion of the total DMC-catalyzed oxy-
alkylation. Most surprisingly, low unsaturation DMC
catalyzed polyoxyalkylene polyols having substantially
all-oxypropylene internal blocks and external random
oxypropylene/oxyethylene blocks, and low unsaturation
20 polyoxyethylene-capped polyoxypropylene block polyols do
not offer these advantages. Though the source of the
foam tightening experienced with DMC catalysis of
polyols containing all poly{oxypropyvlene) blocks is not
fully understood, it is believed to be associated with

25 a tendency to extend some of the block structures to
longer lengths than is typical with standard base
catalysis.

» » e -

The HR foams of the present invention are
30 prepared by reacting an isocyanate component with a
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by capping with a m xture of EO and POin the latter stages of the
‘DMC cat al yzed pol ynerization did not avoid 20 the tightness problem

Mor €éover, even higher primry hydr oxyl, |ow unsaturation polyols
prepar ed bywbWeami¢ catal yzed oxypropyl ation fol |l owed bydrarermsdsal yzed
capping with ethylene oxide failed to solve the shrink- age problem
25 Doubl e netal cyani de conpl ex catal ysts capabl e of
preparing very | ow unsaturation polyols offer the potential for
prepari ng pol yurethanes with inproved -8~ physical properties. Future
devel opment may al so result in the opportunity to produce

pol yoxyal kyl ene po Is at 30 I n order, to nake
use of these bs L% éﬁFPﬁFe%ﬁv%ﬁégg} ?Qeﬁe?ﬁfp%$gﬁF€Fh3ﬁeaffﬁﬁﬁtﬁqeis
necessary to el ibiowing tdgenthr ifvitiyerand thghbtrnessned of one od\NW®H 27236

PCT/ EP97/ 00306 catalysts, foam stabilizing surfactan7t's, and opti&aEprepared”
fromthese polyols. It Isodg tefera- oduce such foans
v : g R,

from pol yol s havf BLVRT ndP el §-Fhat® be
achi eved wi 6h Em&xtendersdgmas9txnhwn3u3@hysesaltbqunng bgsetsat ediazed

addition of 5 anedhydianergXi it her8astkOf AherRO! VRS | Zakifihes
Summary O The Inventlpn
of suitable isocyanates, catalysts, additives and

auxiliaries may be found in U.S. Patent No. 5,171,759,
herein incorporated by reference, in J.H. Saunders and

10 K.C. Frisch, POLYURETHANES: CHEMISTRY AND TECHNCLOGY, Inter-
science Publishers, New York, 1963, and the POLYURETHANE
HanpBoOK, Gunter Oertel, Ed., Hanser Publications, Munich,
© 1985.

The isocyanate component generally comprises

15 one or more di- or polyisocyanates such as thoge commer-
cially available. Both aliphatic, cycloaliphatic, and
aromatic isocyanates are useful. Preferred isocyanates

are the commercially available mixtures of 2,4~ and 2,6-
toluenediisocyanate {(TDI), generally furnished as an

20 80/20 or 65/35 isomer blend. Methylene diphenylene
diisocyanates (MDI) are also useful. Commercial mix-
tures of 2,2'~, 2,4'-, and 4,4'-methylene diphenylene
diisocyanates are suitable, with preference given to
nmixtures containing substantial gquantities of the 4,4'-

25 isomer. Polymethylene polyphenylene polyisocyanates
having Ffunctionalities greater than 2 {polymeric MDI}

are also suitable, as are mixtures of TDI, MDI and/or
polymeric MDI. Modified isocyanates such as urea-,
urethane-, biuret, and carbodiimide-modified isocyanates

30 as non-limiting examples, are also suitable. The
isocyanate should be present in an amount sufficient to
provide an isocyanate index of from about 70 to about
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It has .now been surprisingly discovered that HR f oam may be prepared

‘from a polyol conponent contain- ing in excess of 20 wei ght percent of
| ow unsaturation 10 pol yols made with DMC catal ysts, w thout excessive
shri nkage orwoi%gR®Aess, when the | ow unsaturation pJIGFGPe7003fso

pol y(oxypr opyl ene/ oxyet hyl ene) random copol ynmers prepared by the

m xed oxyal kyl ation via DMC catalysis of one or nore initiator

nol ecul es during a 15 substantial portign of the total DMC-catalyzed
oxy- al kylation. Most surprisingly, |ow unsaturati on DMC

catal yzed pol yoxyal kyl ene pol yol s having substantially
al | - oxypropyl ene LB ermedfdilabiisalnt 6ot €6 ed0,r andoih particular about
oxypropylene/oxyeg@y{gnf1 I ocks, and | ow unsaturation 20

pol yoxyet hyl ene- capped pol yoxypropyl ene bl ock pol yols do not offer
t hese advantages. Though the source of the foam ti ghteni ng experienced
with DMC catal ysis of dltebls catdlaistisngnal idPaine @xipeopyd ey~ bl ocks

endency to ext eniosaecereterd yhibE hEYTE LA SRR At bR
than is typi &al wre¥ BeaH8fdapavell- Examplgs, gfs amine catalysts are
Description of thaiPerfbeneikiamiod, nefksethylenediamine, blBe2HR f@prs of
the present invention e 20 ocaePUeid:Y KERCK! ¥ Al 29ayRNRLE, poIPOnent
PCT/ EP97/ 00306  diethylenetriamine, and the like. Suitable tin cata-
lysts include dibutyltin dilaurate, dibutyltin diace-
10 tate, stannous octoate, and the like. Most preferably,
both amine and tin catalysts are utilized, typically at
levels of from about 0.001 to 2 parts per hundred parts

polyol.

Low molecular weight chain extenders/cross-

15 linkers having molecular weights preferably below about

300 Da are generally employed to stabilize the rising

foam and to control properties. Examples are glycerine,

pentaerythritol, ethylene glycol, sorbitcl, and in

particular alkanoclamines such as moncethanolamine,

20 diethanolamine (DEQA) and triethanolamine (TEOA). DEOA

is preferred, in amounts of from about 0 to 5 parts per

hundred parts polyol, preferably about 0.4 to about 3.5
parts per hundred parts polyocl.

Water is preferably used as the sole blowing

25 agent. However, additional reactive or non-reactive
blowing agents may be used in conjunction with water.
Examples of additional blowing agents include dichloro-
methane, difluorodichloromethane, 1,1-dichloro-i-fluoro-
ethane, 1,1,2-trichloro-1,2,2-trifluoroethane, hydro-

30 fluorocarbons (HFCs), perfluorocarbons (PFCs}, lower
alkanes such as butane, isobutane, pentane, cyclopen-
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- 8- . polyol conmponent in the presence of water as a reactive

bl owi ng agent, further in the presence of one or nore catal ysts, foam
stabilizing surfactants, and optionally conventional additives and
auxi liari es,wgegznsshain 5 ext ender s/ crosslinkers, physceabottosy N9
agents, col or- ants, fillers, flame retardants, and the |iKke.

Exanpl es of suitable isocyanates, catal ysts, additives and
auxiliaries may be found in U S. Patent No. 5,171, 759, her ei n

i ncorporated by reference, in J.H Saundef®s-and 10 K. C. Frisch,
PCOLYURETHANES: CHEM STRY AND TECHNOLOGY, | nt er- sci ence Publishers,
New Yor k, 1963, and the PQLYURETHANE DBOCK, Gunter Certel, Ed.,

Hanser Publicati of@*eMffTYus Low mfé??]’liﬁgﬁelght ethers and ketorgfe
i socyanate conponemd tjenéikely Rlowingsagerits suchnas ciirmaire odher Ofases

pol yi socyanat es Sﬁ’rﬁé@%ﬂeggﬁﬁe CHHA 3 quid CO Ghably, ,rilzaé/s@ulr@b use\%ﬁd

aliphatic, cycloali phaﬁc aromati c, 1 socyanat es ar
Preferred i socyanat ¥ W&Fﬁrt h8S cShAEPL; alf yPROESTLA ¢ ¥ @AW SOf 2, 4-
and 2, 6- 5 totamniedi ifsonyalbatte I TOl pbogenerpddys pernheh@ted ot 20
80/ 20 or 65/35 i sigg@{; Plgdpres di ykene dii socyanates
(MDI') are also usefu ° aCom%rem a%gwepeto aBQﬁE i;es otl‘s 2,2'-, 2,4 -, and
4,4' -met hyl ene di phenyl ene di i socyanates are suitable, with
preference given to Filamar esetandaxits ,Ng itdiskagahes, qu;a{tjxﬁéritﬁ, of the
4,4 - 25  1SONBhyeg, Pgharrfftlhthgenw yﬁwybgnﬁ%a) V'QOSXM&@

are

haV| ng functionalities %r eate mﬁabt han 2 ‘g‘ﬁﬂé nNeric

suitabl e, as are #I4Rk FLiRprmattiifd foams pay he prenayed bY
Modi fi ed i sdp8yanatmslisticin asfunsidrogenous wret hatkRer fildamet , rétk-dant

car bodi i m de- nodi fifﬂei’sgoc)’ﬁ@15ﬂ§n§0 is @Sprofdlddm ﬁi%ge%ﬁgplﬁ%ne are

al so suitable. e ﬁocyanate shoul d be present 1 n an anpunt
sufficient to etap‘?%ﬂ d&14h®F socyanate i ndex of from about 70 to about

The polyol component is the c¢ritical component
of the subject invention. The polyol component may
15 comprise a polyoxyalkylene polyol component optionally
mixed with other isocyanate reactive polymers such as
hydroxyl-functional polybutadienes, polyester polyols,
amino-terminated polyether polycls, and the like, but
preferably comprises one or more polyoxyalkylene poly-
20 ether polyols at least one of which is manufactured with
a DMC catalyst, and a polyocl polymer dispersion prepared
by in situ polymerization of polymerizable monomers in

a polyoxyalkylene polyether ®"base polyol."

By the term ‘“polyoxyalkylene component' is

25 meant the total of all polyoxyalkylene polyether
polyols, whether polyoxyalkylene polyether polyols
containing no polymer dispersion or whether the base
polyol (s} of one or more polyol polymer dispersions. As

an example, in an isocyanate-reactive polyocl component

30 containing 40 parts by weight of a polymer polyol
containing 30 weight percent vinyl polymer solids
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-9- 130, preferably about 80 to 120, and in particul ar about

90 to 115. Sui tabl e catal ysts include the am ne and tin-
based catal yN@3"2f@6ch are preferred. Other catalysts 5 POREPE®sed as
wel | . Exanples of am ne catal ysts are di et hyl enetri am ne,

triethyl enediamne, bis(2,2'-di- nmet hyl am no) et hyl et her,
N,NNN,N"',N"'-pentanethyl - di et hyl enstyr i am ne, and the |ike.
Suitable tin cata- | ysts include dibutyltin dilaurate, dibutyltin

di ace- 10 tate, stannous octoate, and the Iike. Most preferably,

bot h am ne and ti ndispbeatsest snaa epaltyolkivabidyldngpipodikyhat base polpyklandf
from about 0.001 ! gq2phetlspheleliyndl 8¢ BA'dolyoxyallhPbd! non-polymer-

Low nol ecul ar wei g al n extenders/cross- ers havihg "nol ecul ar
wei ght's pref er abl yCHRIBWHEGoRPLYOL, thegpopgoRyRllgafies PP} YT FRRIPI
stabilize the risiwgight wilflohm a8dparts Wyt weight opes t+ €0% bfagples are

gl yceri ne, pentaerythritol, ethylene glycol, sorbitol, and in
particul ar al kanol am nes such as nonoet hanol am ne, 20  di et hanol am ne
(DEOA) and trPet hanol ami ne FPEORCW pRgFruration PydioxyPEaPY}eheiit s of
fromabout 0 to 5 geiyberpar polyol huagperepar manpdhyhredr fiehabdourkout

0.4 to about 3.5 e e by I .
metal %§§dﬁe£%%%igggl gsmtﬁ%lssesp?a%ﬁ 100 welight percent

Water is preferably use t he
to about 20 weight percent of the total polyol used to

produce the foan. The poly(oxypropylene/oxyethylene)
10 low unsaturation random polyols as herein defined are
prepared by oxyalkylating a suitably hydric initiator
compound with a mixture of propylene oxide and ethylene
oxide in the presence of a double metal cyanide catalyst
for a substantial portion of the total oxyalkylation, as
15 more fully set forth below. The amount of ethylene
oxide-derived moieties in the poly (oxypropyl-
ene/oxyethylene) low unsaturation random polyocl blocks
should be minimally 2 weight percent and preferably 5
weight percent or mnore. Preferably, the amount of
20 ethylene oxide in the ethylene oxide/propylene oxide
mixture is increased during the latter stages of the
polymerization to increase the primary hydroxyl content
of the polyol. Alternatively, the random polyol may be
capped with ethylene oxide using non-DMC catalysts.

25 The poly(oxypropylene/oxyethylene} low unsat-
uration random polyols of the subject invention are
prepared by oxyalkylating one or more initjator mole-
cule(s) of suitable functionality in the presence of a
double metal cyanide catalyst suitable for preparing a

30 polyol with low unsaturation as discussed previously.
Preferably, double metal cyanide complex catalysts such
as those disclosed in U.S. Patent Nos. 5,158,922 and
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25 agent. However, additional reactive or non-reactive bl ow ng
"agents may be used in conjunction with water. Exanpl es of additi onal

bl owi ng agents include dichl oro- nmet hane, difl uor odi chl or onet hane,

1, 1- di chl orgg bprd7bidor o- ethane, 1,1, 2-trichloro-1, 2pgrikpirichaeer oet hane,
hydro- 30 fluorocarbons (HFCs), perfluorocarbons (PFCs), |ower

al kanes such as butane, isobutane, pentane, cycl open- WO 97/ 27236
PCT/ EP97/ 00306 -10- tane, various
| ow nol ecul ar wei ght ethers and ketones,-12- and the |ike. Blow ng agents
such as air or other gases under pressure and liquid CJerr] under

pressure may be tated, is preferred, in
anounts 5 ra gl4ﬁ7% TBrlémaﬁ%ou%A%I PSrg\aﬁ ax Y s SR VALRRYr HPIESSs
pol yol and pref e@fabfyeaten &sbant 190§arRas. and more particulblkdye for

retardants, antigyiidalest @égﬁ&r@t f 2000 ﬂeye&ﬁ mBldell |l ers fYeRI$Q be used
I n conventlonal on- 1M ff?ed foag§ may be preépared by

10 i ncl usi on Hf° ni ngagg%usargndlﬁ??ﬁo’?ﬁ TiShHahy refergnag.grs.
Mel ami ne isSa prEfuivedenti t veighizus aiidanmeoleculan ewaidhns fétgmrssed

The pol yol CO”DCH@:‘EJJ! SJ.II hea Cr(b&l@@ﬂs)coa{@n&ﬂﬁber averty et hen sl 1861

I nventi on. The oI i se a al kyl ene
pol yol corrponent )%/ %I:moq.ecular welghts gB{ess in 1c tedy other-~

wise.

When the oxyalkylation is performed in the

10 presence of double metal cyanide complex catalysts, it

is preferable that initiator molecules containing

strongly basic groups such as primary and secondary

amines be avoided. Further, when employing double metal

cyanide complex catalysts, it is generally desirable to

15 oxyalkylate an oligomer which comprises a previously

oxyalkylated "monomeric® initiator molecule. It has

been found, particularly with vicinal hydroxyl groups,

that DMC oxyalkylation is initially slow and may be

preceded by a considerable "induction period" where

20 essentially no oxyalkylation takes place. Use of a

polyoxyalkylene oligomer having an equivalent weight of

from about 80 Da to about 1000 Da, preferably 90 Da to

500 Da has been found to mitigate these effects. The

polyvoxyalkylene oligomeric initiators may be prepared by

25 oxyalkylating a "monomeric" initiator in the presence of

traditional basic catalysts such as sodium or potassium
hydroxide or other non-DMC catalysts.

A variety of suitable initiator molecules may

be oxyalkylated to prepare the oligomeric initiators for

30 the DMC reaction stage. Non-limiting examples include
dihydric initiators such as ethylene glycol, diethylene
glycol, ttiethylene glycol, propylene glycol, dipropyl-
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mxed with other isocyanate reactive polynmers such as

“hydr oxyl - functional pol ybut adi enes, pol yester polyols,

am no-term nated pol yether polyols, and the |ike, but referably
poPGHFRS

conpri ses ondv@¥4 ke pol yoxyal kyl ene pol y- 20 et her east
one of which is manufactured with a DMC catal yst, and a pol yol polyner
di spersion prepared by in situ polynerization of polynerizable
nononers in a pol yoxyal kyl ene pol yet hes-"base pol yol ."

By the term "pol yoxyal kyl ene conponent” is 25 nmeant the total of al
pol yoxyal kyl ene pol yet her pol yol s, whet her pol yoxyal kyl ene pol yet her
pol yol s cont&Pﬁlﬁ§Y¢Ri¢xﬂ?}§§ﬁpﬁl%ﬁﬁH§¥M§@1@rnﬁﬁ@@#ﬁyltgiycbésel 3-

pol yol (s) OI one %Eroﬁﬁﬁ@dxl'%l yal, 4pghu5médimqur81-tﬁa§ané@ml &?c?éﬁ@' e, hitn
an i socyanate-reagtive po con alnlng arts wei g

of a pol yner pon%ﬁx nedl? ¥bnt 1 qféeﬁﬁP O Vi f&' ﬂ%? sol i ds
WO 97/ 27236 hydroquinone blS(2 hydroxyethylFﬁﬂh@;@?/@@306vavlous

-11-. i Sp@.ﬁ%?ﬁeh@l@ rya&mawé%w %@pﬁ@ﬁ(’lﬁtph%dbﬁ:?@pméﬂoﬁpl? ARl

60 parts by weigh e n-
pol yol, the ponofﬁﬁFE?Pg%Q%%¥ ¥%¥#h) égﬁfp%8¥lvaﬁkﬂiﬁﬂ %ﬁ#iﬁnﬁe %%gparts
by meight (60 + 76%répugQ)N- N~bn§(hydroxyalkylfﬁmslhgnsunsanxnamm oalkyl

pol y(oxypropyl ene/s@i%es and eHey| 0881oR9! ¥ON-EQURRPE AR hdakihed, Wi th

doubl e
trihydric initiators such as glycerine, trimethylolpro-

10 pane, trimethylolethane, the various alkanolamines such
as ethanolamine, diethanolamine, triethanolamine,
propanclamine, dipropanclamine, and tripropanolamine;
tetrahydric initiators such as pentaerythritol, ethylene
diamine, N,N,N',N'-tetrakis[2-hydroxyalkyl]ethylenedi-

15 amines, toluene diamine and N,N,N', 6 N'-tetrakis[hydroxy-
alkyl] toluene diamines; pentahydric initiators such as
the various alkylglucosides, particularly o-methyl-
glucoside; hexahydric initiators such as sorbitol,
mannitol, hydroxyethylglucoside, and hydroxypropyl

20 glucogide; octahydric initiators such as sucrose; and
nigher functionality initiators such as various starch
and partially hydrolyzed starch-based products, and
methylol group-~containing resins and novolak resins such
as those prepared from the reaction of as aldehyde,

25 preferably formaldehyde, with a phenol, cresol, or other
aromatic hydroxyl-containing compound. Preferred
initiators are the monomeric and oligomeric glycols,
glycerine, trimethylolpropane, sorbitol, and sucrose.

The poly{oxypropylene/oxyethylene) low unsat-

30 uration random polyols of the subject invention may be
oxyalkylated initially with all propylene oxide, or a
previously prepared, all propylene oxide-derived oligo-
meric initiator may be used. However, regardless of
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nmetal cyani de catal yst conprises from 100 wei ght percent to about 20
"wei ght percent of the total polyol used to produce the foam The
pol y(oxypr opyl ene/ oxyet hyl ene) 10 | ow unsat uration random pol yol s as
her ei n def i wodrar8s prepared by oxyal kyl ati ng a sui trdirpetigodes C
Initiator conpound with a m xture of propylene oxide and et hyl ene
oxide in the presence of a double netal cyani de catal yst for a
substantial portion of the total oxyal kylation, as 15 nore fully set
forth bel ow The amount of ethyl ene ~14-0oxi de- deri ved noi eti es in

t he pol y(oxypropyl - ene/ oxyet hyI ene) | ow unsaturat.i on random pol yol

bl ocks shou nj, vei ercent and preferably 5
wei ght percent of" ger a Iﬂnorfm%/earﬁ'lc ghgl BB - DI G a8 AT éﬁngXI de in

t he et hyl ene oxi 8bepropynenet oamdeall—propmlgngr@xs,réewdmxer&éednuarmg t he

latter stages of ptiBex produ@@diYﬁEEhZQMCOE\:aEQl 8€r RAsSE EQﬁr@ééﬁW Yebydr oxyl
cont ent

on AI ternativel ngom pol
capped with et hyltéﬁg G dfeieh Pron: W%af‘gf‘ysﬁg at pf@ ypiBYy LS The
pol y(oxypr oyl enengkywmyé@)e)l bow wrzgituration pawddmpalyedomwepghiyol s of
the subject inveptbearabe, zs wem%@%x%onXYéég)"é{d RbreNerafefRL e

2 ot o bl 28, HeRgRt BeaPbhy St rebe 1 SF shenarFagnal 5ot Doty al
wi th | ow unsat ur sekatyaed m@a&mﬁomle&n%mnyent is 33Dmea‘1@b&bpyrc=dnubl e
netal cyani de cogpl gyréataiaret 5ssb.|c§\trong t eddehBP S€oWH AT 1360 shBikk S.
ngr?g:gl;l;) 8(}39361589922n%nghe process:.n a/a%Ygége is ?gceed..ingly narrow.
Most preferably, polyoxypropylene internal blocks will
represent no  more than 12-15% of the total
pely{oxypropylene/oxyethylene) low unsaturation random

polyocl weight.

15 To avolid foam shrinkage and expand the pro-
cessing latitude, the bulk of the DMC catalyzed oxy-
alkylation should be performed with a mixture of propyl-
ene oxide and ethylene oxide, optionally including minor
quantities of other alkylene oxides such as 1,2~ and

20 2,3-butylene oxide. The ethylene oxide content of the
continued oxyalkylation feed contains at least 2 weight
percent ethylene oxide, preferably at least 5 weight
percent, and more preferably at least 7 weight percent
ethylene oxide. Most preferably, the final stages of

25 the DMC catalyzed oxyalkylation are conducted with
propylene oxide/ethylene oxide mixtures containing £rom
15 to 80 percent or more ethylene oxide. The total
poly (oxyethylene) content of the final pclyol should be
at least 5% and preferably more than 10%.

30 High levels of ethylene oxide in the last

stage of oxyalkylation may be used to increase the
primary hydroxyl content of the polyol and provide
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5,470,813 are used, particularly for equival ent weights of greater

than 1000 Da, and nore particularly for equi val ent wei ghts of 2000 Da
or higher. The foregoing U S. patents are |ncorporated her ei n by
reference. 5 WOERTMal ent weights and nol ecul ar wei ght s PCEER0¢NE
herein in Da (Daltons) are nunber average equival ent wei ghts and

nol ecul ar wei ghts unl ess indicated ot her- W se. When
the oxyal kylation is performed in the 10 _jgresence of double netal cyanide
conpl ex catal ysts, it is preferable that initiator nolecul es

cont ai ni ng strongly basic groups such as primary and secondary

am nes be avoi ded. s\Eraier resiceivinpl 69t ngtalold| proedsding of HRy diviage
conpl ex catal ysts,yddy indndBner Mldanydes! reﬂéeaxﬁ&éé SF eeﬁwéga'&h%eaqn

ol i gonmer whi ch conprlses a prevjously oxyal nonomneri ¢
initiator nol ecul etk Fingpsteed malbe’é‘ﬁ £8ehd, P’E)%‘?‘E‘F’étﬂ RYradist hayiiggnal
hydr oxyl groups, from Stohmblabﬁamltbybatm@n pexrddntt oal hyg}sér)vpramﬁnyay be

preceded by agconsj 1€ &;Ejé}&tlonwg i
oxyal kyl ation takesﬂﬁ]I ace. © €' P oxy faiI}% Fene oI| oﬁr}éé’%aw ng

an equi val ent wei g‘??fldcﬁ feed tlf?’cﬁﬁ%oﬁ?n%‘%%ol%%ﬁtlolmegbﬁ PYRSE0Er abl y
90 Da to 500 Brohdenecexifieund bdther thigater tllkytenéfexide, okbher-

pol yoxyal kyl ene ol QoUTe§ §_4d¥ Ll Aoy ,ﬁ@%&%garb%q i%ef®to contain

oxyal kyl ating a "nmononmeric” initiator resence
basi ¢ catal ysts suefrepdedodaldiosyepbyhens u?r’fru‘:tureﬁydf%é Re RruTed-
non- DMC cat algst s. Primary hydroxyl confenes i@f yumftsutahl @d nid isat aol

mol ecul es may P&wmwﬂ@tf&,%%er %garc%nhhet%gf 9P{HRLT Co ﬁ;eyélt ors

for 30 t he DI\/Creactlon St a, T mting exa esmcu

di hydric initiatord R hvh IAETE SIOPCarnind effy? eethylenegl‘i?&ﬂe
triethyl ene glycol If phdphbenemgmaeyl hyxlinoxypyleontent is desired when

employing DMC catalysts, a traditional basic catalyst
15 may be added and oxyalkylation continued with all
ethylene oxide. Surprisingly, the poly({oxypropyl-
ene/oxyethylene} low unsaturation random polyols of the
subject invention function well in HR slabstock foam
formulations without primary hydroxyl content higher
20 than 50 mel percent, and in fact can be employed even at
primary hydroxyl contents of as low as 19 mol percent.

The preparation of poly{oxypropylene/oxy-
ethylene} low unsaturation random polyols preferably
employs DMC catalysis and an oligomeric initiator

25 molecule having an equivalent weight of from 200 Da to
500 Da, the initiator preferably having an oxypropylene
content of from about 50 to 100 weight percent based on
the weight of all oxyalkylene moieties present in the
initiator. The DMC catalyzed oxyalkylation of the

30 oligomeric initiator may be conducted in one stage with
a fixed propylene oxide/ethylene oxide ratio, but is
advantageously conducted in multiple stages with the
second stage alkylene oxide composition containing a
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13- ene glycol, tripropylene glycol, neopentyl glycol, 1, 3-
propanedi ol , 1, 4-butanedi ol, 1,6-hexanediol, 1,4-cyclo- hexanedi ol ,
1, 4- cycl ohsweeevedizset hanol , hydr oqui none, hydr oqui NnOPEI/EP97/06306
bi s(2- hydr oxyet hyl ) et her, the various 5 bi sphenol s, particularly
bi sphenol A and bi sphenol F and their bis(hydroxyal kyl) ether
derivatives, aniline, the vari ous N-N-bi s(hydroxyal kyl)anilines,
primary al kyl amines and the vari 648~ N- N- bi s( hydr oxyal kyl ) am nes;

trihydric initiators such as glycerine, trinethylol pro- 10 pane,

trimethylol et haﬂ%ghla?egi‘éﬁdx%r@'o‘fa%h?ﬂbﬁésoﬁi@ It 1sa§1ec%EQ§ | am ne,
di et hanol am ne tri et hanol am ne ﬁ q%}i ﬁg anm ne,
and tripropanol ¥HfRetWo OF MOTE: $LAARF Arei BFt L&RSt hri t ol

et hyl ene oxdidende Préegddt I\Iintemlealar@[cmdxydessgra:lllay.ﬂyetamlehbdl 15
am nes, tol uene .giagl naleﬂgu&x NedhrtN 5d:Sd 2K icH M‘&O)ﬁ)\fopxlene 8kkyl |

toluene di am nes; entad¥ ric |n|t[ators such e varl ous -
al kyl gl ucost des 33FAFLPR (FuGh #SaOREIRg | initiatioy pysikfe tolerakedr#e
initiators suchlasgsasbthade oxypropykenms thilockshiidrmxty etdvidledl 368sat®, and

hydr oxypr opyl 2QresehnpSidle’ LAEhAYIIE Jinichbab i HWaAs wayghose; and

hi gher functionality Injtiators such,as various i arch partlally
hydrol yzed st ar SHeBasBH ¥ Guére, ahi esﬁﬁ@?ﬁ? RUVIYREPKHINg resins
and novol ak resiene/sughthylensais lichosmsprtepat toh fraomdrheollgatsi onThé as

al dehyde, dro;&@%&%@@hy &@w@sde%/d&;e vg,éiyoqsph}ss}%angée%%m QL Ot her

aronmati c conéal ni.ng nitrators are

t he nnnonerlc ardag| PEONRE i%® &Fy8n$§ss of 8°°8Iyéer?Yﬁaaﬁﬁ’PﬁEFﬁ§PB}%ropane

sorbitol, and suerbbe.range of 500 Da to 5000 Da. Polyoxyalkylation of
all polyoxypropylene blocks of considerable size using
catalysts other than double metal c¢yanide complex
i5 catalysts is acceptable. However, substantial DMC-
catalyzed, all polyoxypropylene blocks must be avoided

to eliminate foam shrinkage.

The polyol polymer dispersions useful in
preparing the HR slabstock foams of the subject inven-
20 tion are preferably prepared from base polyols which
comprise poly{oxypropylene/oxyethylene} low unsaturation
random polyols or blends of these with conventionally
base-catalyzed polyoxyalkylene polyols, preferably those
having high primary hydroxyl content. As the proportion
25 of polyol polymer dispersion utilized is generally less
than 50 weight percent of the total polyol component,
and as a considerable part of the polyol polymer disper-
sion represents egsentially non-reactive solids, polyol
polymer dispersions prepared from conventiomally cata- -
30 lyzed, high primary hydroxyl base polyols may be used
guite successfully.
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The pol y(oxypropyl ene/ oxyet hyl ene) | ow unsat- 30 uration random pol yol s

‘of the subject invention may be oxyal kylated initially with all
propyl ene oxide, or a previ ously prepared, all propyl ene

oxi de- der i veWVaA2336 nmeric initiator may be used. HofiERE7/00306
regardl ess of WO 97/ 27236

PCT/ EP97/ 00306 -14- whet her a
"nmononeric" or oligoneric initiator is usegy._ t he amount of any

al | - propyl ene oxi de-derived internal  ock produced with DMC cat al yst
must represent |ess than 35 wei ght percent of the total

pol y(oxypropyl - 5 ene/ oxyes hyh goe)ty Ovf u@s:a?dn.atpio(l&mé&ndﬁmpléﬁb}iﬁhs

wei ght , pr ef l; 5 [ C r er

b1y 20" wei ght " per CEatEeoy 228, BBHyREE BBLySle BRSa ) ST Eng! B0 KTk

pol yoxypr opyl ene &SivEerigatien @f qne |6’é’r Bere vinyl gionasiers dRepebrgea
strong tendency t @usakdlf cam shdvitly 481idsageomi¥ht hén ptheessinge |t i sude is

exceedi ngly ”OWe:.ght pQ@cgéntoE fgéqp%hfgg}é@%ycor%%ylpg 18 | nter I. QI ocks

wil | re esent
poI y( oxypr opyl enemlyéﬂﬁyl@??@aﬂeéw %sé?ﬁ?‘éﬂ%naﬂarﬂeﬁﬂﬁwn&tepmw aRri ght .
To 1Mydnﬁeantéi&ﬁﬂﬁéaglibxﬁﬂxdre>iﬁa&dtthnp'éO'base n0193§$l ng

'otitude, the bul k.Qh the @{Q ' VEEf Wim so-caBiby! %0{‘%% ng%

per f or med with a MXture o ehe &xi qé
optional ly incl ud,ggd,ymlﬁor he polymer-modlfled polyols are generally

10 somewhat more limited in solids content due to increased
viscosity at high solids loading. Suitable solids
contents generally range from about 5 to 30 weight
percent. The weight percent solids of both polymer
polyols and polymer-modified polyols may be lowered by

15 dilution with additional base polyocl or by dilution with
a different polyol inciuding the low unsaturation random
polyols of this invention. The methods of preparation
of polymer polyols and polymer-modified polyols are
conventional and well known to those skilled in the art.

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

25 Preparation Of A Solid DMC Catalyst Containing
t:-Butanol and an Isohutylene Oxide-Capped 41: mol

Potassium hexacyanocobaltate {8.0g) is dis-

solved in deionized (DI} water {140 mL) in a beaker

30 (Sclution 1). 2Zinc chloride {25g) is dissolved in DI
water (40 mL) in a second beaker (Solution 2}. A third
beaker contains Solution 3: a mixture of DI water (200
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quantities of other alkylene oxides such as 1,2- and 20 2, 3-butyl ene

oxi de. The ethyl ene oxide content of the conti nued oxyal kyl ati on
feed contains at | east 2 weight percent ethyl ene oxi de, preferably at
| east 5 wei ol 9271236 percent, and nore preferably at | easpcfmpiogdss PeErcent
et hyl ene oxide. Mst preferably, the final stages of 25 the DMC

cat al yzed oxyal kyl ati on are conducted with propyl ene oxi de/ et hyl ene
oxi de m xtures containing from 15 to 80 percent or nore ethyl ene

oxi de. The tot al pol y(oxyet hyl eneY-8cont ent of the final polyol
shoul d be at | east 5% and preferably nore than 10% 30

H gh I evel s of etfiyl eneredadg1i nat | . .0f 0X aLEyI ati.on may
be used to incretn{:lfM tnﬁ- lp:tizmq‘rﬁ"y f%l a(%(lﬁ %ogr%t"i%%%n%f ég“ ol ?Bfi and
provi de Lo P89l . Polyol is ‘made by preparing a 4000

PCT/ EP97/ 00306 mol. wt. polyoxypropylene diol - i%ing doubl®i khakke
reactivity for s heapr oLess) 0 a - Wt.h non- catal ysts,

t he anount et E?Jlaenggmii deﬁz;srr%g' gn&'ﬁﬂe&f ig%(ai‘:a?%le ﬁﬁ‘wa)gh%%%p%duci ng
pol yol s havi*hg S 58 o PepePEERPXYD YouR|ohekeBmeydenki giédepri nary -

5 hydroxyl conuenng thiVsamdVBCaktahigss, the al kyl ene oxi de feed
typically contains at | east 10 wei ght percent propyl ene oxi de or other
hi gher al kyl ene oxi de, other- wise ill-defined cloudy m xtures

beli eved to contain S EHISHSp 3 P8y 8t AR eixed ruagethes welihgba

produced. 10 Boingaeyi pemr oXphedbatelyt 2 80/50 (9 aB0Uhe 2Grib@u3Q 5B
t-butanol and DI water (200 mL total) is added to the

10 zinc hexacyanocobaltate mixture, and the product is
homogenized for 10 min.

Solution 3 (the polyol/water/t-butanol mix-
ture) is added to the aqueous slurry of zinc hexacyano-
cobaltate, and the product is stirred magnetically for

15 2 min. The mixture is filtered under pressure through
a S5-um filter to isolate the solids.

The solid cake is reslurried in t-butanocl (140

ml:) and DI water {60 mL), and the mixture is homogenized

for 10 min. A solution of DI water (200 mL) and addi-

20 tional Polyocl W {2g) is added, and the mixture is

stirred magnetically for 2 min. and filtered as de-
scribed above.

The solid cake is reslurried in t-butanol (200
mL) and is homogenized for 10 min. Polyol W (lg) is
25 added, and the mixture is stirred magnetically for 2
min. and filtered. The resulting solid catalyst is
dried under vacuum at 50°C (30 in. Hg.) to constant
weight. The yield of dry, powdery catalyst is about

10g.
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percent. may be prepared by conducting final oxyal kyl - ation with

preparation of poly(oxypropylR/t@iy- thermo@tdWAnRAS) of, OWnMNRALYT 8bbON

random pol yol s preferabl | oys catal ysi s and an ol.igopgrjc
nitiator 35 moEEatl SRR En Ry RO eGP 1 roTR200 DRt &
500 Da, the initi#tek:ptebetantl ha¥ihgak orppadpykFefeS wt.%; comtent of

fromabout 50 to 2001wgtgh} per cent based on the wei ght of al

oxyal kyl ene noieties present in the initiator. The DMC cat al yzed
oxyal kyl ation of the 30 oligoneric initiator may be conducted in one

stage with

advant ageously copgugiggrsnehtt iRn@ashadss d hsshge . g orSesOnfbiStiRge

al kyl ene oxi de con205|t on_containing a WO 97/ 27236
respec 1v%

PCT/ EP97/ O
necessary,

5

0306

10

15

20

25

a fixed prdpHisidavxprigegiulrgl énorsmed e maite @ddhtionsl

'ﬁher proportion of ethylene oxide. It is

Solution 1 is prepared by dissolving zinc
chloride (75 g) in t-butancl {50 ml) and distilled water
(275 mL). Solution 2 is prepared by dissclving potassi-
um hexacyanocobaltate (7.5 ¢) in distilled water (100
mL} . Solution 3 is prepared by mixing t-butanol (2 mL)
and distilled water (200 mL).

Solution 2 is added to solution 1 over 30
minutes with homogenization. Mixing by homogenization
continues for an additiomal 10 minutes. A stir bar is
added. Solution 3 is added, and the mixture is slowly
stirred magnetically for 3 minutes. The mixture is
filtered under pressure at 40 psig. The filter cake is
reslurried in t-butanol {130 mL)} and distilled water (55
nk}, and the mixture is homogenized for 10 minutes. The
mixture is filtered as described before. The cake is
reslurried in neat t-butanocl (185 mL), and is homoge-
nized for 10 minutes. The mixture if filtered, and the
cake dried under vacuum at 60°C. Yield: 8.6qg.
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‘m xtures containing 40-90% et hyl ene oxi de. I f higher primary hydroxyl
content is desired when enpl oying DMC catal ysts, a traditional basic
catal yst 15 WOoRAR7236e added and oxyal kyl ati on continued wi PEI/ERIF/00306

et hyl ene oxi de. Surprisingly, the poly(oxypropyl- ene/ oxyet hyl ene)
| ow unsat uration random pol yols of the subj ect invention function well
in HR sl abst ock foam fornmulations wit gut pri mary hydroxyl content

hi gher 20 than 50 nol percent, and in fact can be enpl oyed even at
primary hydroxyl contents of as |ow as 19 nol percent. The



;ﬁhen t-wo or nore stages are utilized, that free ethyl ene oxi de be

present in the reactor essentially at all ti mes, al though short
periods of only propyl ene oxide 5 addition such as during initiation, may
be tol er at ewos9/27236 | ong as these oxypropyl ene bl ocks decrErs7asseeced 35%
and preferably | ess than 10-15% of the final polyol weight.

Such polyols are still essentially poly(oxypropyl - ene/ oxyet hyl ene)

| ow unsat uration random pol yols. The 10 equi val ent wei ghts of the

pol yol s may range from| ess than 50%°Da to in excess of 8000 Da, but
are preferably in the range of 500 Da to 5000 Da. Pol yoxyal kyl ati on
of al | pol ¥oxsp SR Hsnasd, considerabl e size using

catal ysts other §f kR DARY PRiaflS, cOompl ex 15 catal ysts is

accept abl e. However , ) catal yzed, al
pol yoxypr opyl ene bl ocks must be avoi ded to elimnate foam shrinkage.

fThe pol ]}/ol hpol yg}er di sper gi an®-gaeich éfirred :.}a%chE@r h@gcﬁé@géﬁfﬂ&pzt ock
oans of the su \ - n r er Yy repare (6] ase
pol yol s whi ch ﬂ’%%’é%ﬁi’%’el%%& §E%§§p#2§)§|’§%g7 o“%?—ei h@‘?"’eﬁn r |.€§)95r a)

unsat urati of and r gABEMISARFERBOGPDHI tais eAtatuste (W 163 cohventTlomal |y

base- cat ﬁ' ézed P@imwlilgyigmeﬂéwlm &eapéaf% aidsbclg,hgﬁla ils st:lcﬂéiiéd“g hi gh
i spor oi o ut1 |1 Fai] Sapd 4 v ed8” ekadls e wafer DBy ol SHOYt ¢ he
total polyol conperrry. Propylape gxidectdXd ¢or 4Bl Bepara the témctyot.yol
pol ymer di sper- initialSivoBnlepresariutmess et iial.| YagpN-dreaehbveesaldds,
Pyzed, highOpri RTSERErt oo e cREiPALESr LR C AT o007 bpiidhie *°
successfully. oxide 9 oot ogddmi until an accelerated pressure drop
PCT/ EP97/ 00306 occurs in the reactor; the pressure drop is evidence
that the catalyst has become activated. When catalyst
activation is verified, the remaining charge of propyl-
15 ene oxide and ethylene oxide is added gradually in one
or two stages over about 2-4 hours while maintaining =a
reactor pressure less than 40 psi. After alkylene oxide
addition is complete, the mixture is held at 105°C until
a constant pressure is observed. Regidual unreacted
20 monomer is then stripped under vacuum from the polyol
product. When catalyst removal is desired, the hot
polyol product is filtered at 100°C through a filter
cartridge {(0.45 to 1.2 microns) attached toe the bottom
of the reactor to remove the catalyst.

25 The product is a polyoxypropylene/polyoxyethy-

lene random triol having a hydroxyl number of 28 and an
unsaturation of less than 0.005 meqg/g.

Polymer Polyol Preparation

A series of polymer polyols were produced in
30 the conventional manner by the in situ polymerization of
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-17- ) The majority of polyol polynmer dispersions

‘utilized are polynmer polyols prepared by the in situ pol yneri zati on of
one or nore vinyl nononers in a base pol yol and having sol i ds content
in the range W96 \ej ght percent to 60 wei ght percent, 97A00306

pol ymer - nodi fi ed pol yol s prepared by reacting an isocyanate with an

| socyanat e-reactive nononer in situ in a base polyol, such as the now
wel | known so-called PHD and Pl PA polygls. The pol yner-nodified

pol yol s are generally 10 somewhat nore limted in solids content due to
I ncreased viscosity at high solids |oading. Sui tabl e solids
contents general | ya raixeufea onf aboptere tandBleowilghiitrile per eenteactilhe

wei ght percent soly; i hQ | yal s ‘:{R‘y'f l.ed

pol yol s may be | omlliel%g‘dglg; J_%y }a’cﬁ I us ?oﬁasﬁft@%&l ti gggl 9@%%%@%60 yo lc(l?r by
dilution with of £he PPIYBRF RRAAXRNS AKXl B8 FRY Y1 1 ow unsat urati on
random polyols of this invention. The nethods of preparation of

pol yner pol yol s and pol ymr%@g&ﬂg@ r : ent i and
wel | known to those skilled Tn € art. . 20#::12%'?% dlsgg%ﬁ%gfrg;?ﬁé’raal |y
described thi% inventi gfregacrylonityilgein mkaasitdvgi haseapeleolobt fbged by

reference to cer taise Spelydl cwaxampmEavkuebdardiapr savafi@sk-dexenun for
purposes of illustrati }+@Ab¥eaNdad5e:8Qt J t&g&%ﬂ be, ; I gt ing
unl ess ot herw se specifi etd. b 25 1P%ggaré§?i on ek%So |ldd%l\/ﬁn§3a?§ehst
Cont ai ni ng t - But TSV 18RE SFPSoR yRIREHY - de- ERBPEF - 2K tpsiroxy

wt. Pol yoxypropyl ene Dirsimbas Xosmipelynl Hgkrhsaverage nominal functiebassi um
hexacyanocobgptate (8. Q@) tlSofli$; a polyoRPLiiffiddd d6heBhEess (1 aker (140

m.) in a beaker ,
and a primary hydroxyl level of about 75%.

Polvmer Polvol B - A 25% dispersion of sty-
rene-acrylonitrile in a reactive base polyol blend.
The base polyol blend was manufactured via standard
15 KOH catalyzed addition of propylene oxide and then
ethylene oxide to polyfunctional initiators (glyc-
erol and sorbitol). The 31 hydroxyl number base
polyol had an average nominal functionality of 4,
a polyoxyethylene content of 17 wt. %, and a
20 primary hydroxyl level of about 87%.

Polvmer Polvol C - A 43% dispersion of sty-
rene-acrylonitrile in a reactive base polyocl. The
base polyol blend was manufactured via standard KOH
catalyzed addition of propylene oxide and ethylene

25 oxide to glycerol. The 35 hydroxyl number base
polyol had an average nominal functionality of 3,
a polyoxyethylene content of 19 wt. %, and a
primary hydroxyl level of about 89%.

Polymer Polvol AR -~ A 14.0% dispersion of

30 styrene-acrlonitrile in a reactive base polyol.
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30 (Solution 1). Zinc chloride (25g) is dissolved in D wat er (40

‘ML) in a second beaker (Solution 2). Athird beaker contains Sol ution
3: a mxture of DI water (200 WO 97/ 27236

PCT/ EP97/ 009§fs727236 - 18- PCT/EPS 00306
t-butanol (2 nmL, organic conpl exi ng agent), and Pol yol W (8g).

Pol yol Wis nade by preparing a 4000 nol . wt. pol yoxypropyl ene di ol
usi ng doubl e net al cyani de catalysis, and then endcapping it with
fromlto 5 5 equival ents per hydr oxyl"2§r’r‘oup of isobutyl ene oxide

usi ng the sanme DMC catal yst. Solutions 1 and 2 are m xed

toget her using a hlgoggggnbgggol I,;ggeq,{ a)éfgra(g/é% (Y. cf%!r%‘f{)on xture

of t - but anol and DI zi nc
hexacyanocobal t at e m feGREYZegn@ élﬁ?odﬁctP’F%PYlene ?Pé‘rﬁﬁgeﬁ#léedlﬁe@r 10

m n. etBylené orkisig tbeami:ymﬁe/va:tfegaycbﬁcmrm{d Boxbi-
ture) is added to the¢aqueoug, I;gr n ug.@éc al_tate,
and the product is st |tr (rie é %/F l o ? ¥,§gg p°1¥ﬁ1 %ggture i's
filtered under pr essuraé(efﬁg‘é pinal Q?’ﬁtétcla]l?n Fyngtdonpdity thatde &t he

sol i ds. a poliﬁbveystdimléneadamuemtr es| s nited, i And - HWainelry( 140
hydroxyl level of about 70%.

Conventional Polyoxyalkylene Polyol Production

A series of conventional nominally trifunc-
10 tional polyoxyalkylene polyols were prepared by oxy-
alkylation of glycerol in the presence of potassium
hydroxide as the oxyalkylation catalyst. Polyols E and
F have relatively high unsaturation due to their base-
catalyzed oxypropylation. These polyols are identified

15 as follows:

Polvol D - A polyol manufactured via standard

KOH catalyzed addition of ethylene oxide to glycer-

0l. The polyol had a hydroxyl number of 170, an

average nominal functionality of 3, a polyoxy-

20 ethylene content of about 30 wt. %, and a primary
hydroxyl level of about 100%.

Polvol E - A polyol manufactured via standard
KOH catalyzed addition of propylene oxide and then
ethylene oxide to glycerol. The polyol had a
25 hydroxyl number of 35, an average nominal function-
ality of 3, a polyoxyethylene content of about 15
wt. %, and a primary hydroxyl level of about 75%.

Polvol F - A polyol manufactured via standard
KOH catalyzed addition of propylene oxide and then

SUBSTITUTE SHEET (RULE 26)



mL) and. DI
"A sol ution

water (60 nmL), and the m xture is honogeni zed for 10 mn.

of DI water

(200 m.) and addi- 20 tional Polyol W (29) 1is

added, and the m xture is stirred magnetically for 2 mn. and
filtered as O9M27136 scri bed above. ThePCHEPY 10038k e | s
reslurried in t-butanol (200 m.) and i s honogeni zed for 10 mn.

Pol yol W(1g) is 25 added, and the m xture is stirred magnetically for 2
mn. and filtered. The resulting solid g?ggl yst is dri ed under
vacuum at 50[err]C (30 in. Hg.) to constan wei ght. The yield of dry,
powdery catal yst i s about 10g. WO 97/ 27236

PCT/ EP97/ 00306 ethylene oxide to glycerol.- 19The polyol had a

El ement al , thernogravi

soI id catal yst show po

= 9.5 wt.%

zinc =

BrbEph T ofPE (oo ayerhll BBRGEFLALE 1001

tlolmhltmft)/@ a Eplyoxyethylene gonfient] ot Bb@%édure

i s used to nmake additigpakt. %, 288t al YtimakPathy@eBkal N1&deANIE SALbYLL % Of
I\“i:l respec%bgéel y. Preparafion of a Solid DMC Catal yst
Xin

Pol yol
by Inti rrat e

16

15

20

Polvol BB - A polyol manufactured via standard
KOH catalyzed addition of propylene oxide and then
ethylene oxide to sorbitol containing traces of
water. The polyel had a hydroxyl number of 28; an
average nominal functionality of 5.5 (actual
unsaturation = 0.07 meg/g), a poly(ethylene oxide)}
content of about 16 wt.%, and a primary hydroxyl
level of about 87%.

Polvol CC - A polvol manufactured wvia XOCH
catalyzed addition of propylene oxide and then
ethylene oxide to sorbitol containing traces of
water at a reaction temperature of 60°C to minimize
unsaturation. The polyol had a hydroxyl number of
28; an average nominal functionality of 5.5 (actual
unsaturation = 0.010 meg/g), a poly{ethylene oxide)
content of about 16 wt.%, and a primary hydroxyl
level of about 87%.

DMC Catalyzed Polyols

A series of low unsaturation polyols were

25 prepared by the general method of Example 3. In all
cases except polyol X, a two-stage oxyalkylation was

performed with differing ratios of propylene

oxide/ethylene oxide in the two stages. In all cases

except polyol QC, an oligomeric, base-catalyzed, glycer-
30 ine-initiated, all propylene oxide-derived c.a. 700 Da
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Solution 1 is prepared by dissolving zinc 10 chloride (75 g) in

‘t-butanol (50 nl) and distilled water (275 m.). Solution 2 is
prepared by dissol ving pot assi - um hexacyanocobaltate (7.5 g) in
distill ed waper2{2300 m.). Solution 3 is prepared pcwErsI#Bgest - but anol
(2 ) and distilled water (200 n). 15 Solution 2 is
added to solution 1 over 30 m nutes w th honogeni zation. M xing by
honogeni zat i on continues for an additional 10 mnutes. A stir bar is
added. Solution 3 is added, and the nixturfé7is slowy stirred
magnetically for 3 m nutes. The m xture is 20 filtered under pressure
at 40 psig. The f44l s o : I ' i ut ) and
distilled water {Jd%etc%ﬁag%n%d}&aﬁél%e&%s%gg;gg %ohtoh%e%ﬁgg%aé%r?%f

m nutes. The thenfir gk eSTREG PRELbYlakides WhisBdwae! bpeun THec a#ld | s
reslurried in neairdpylenranokidel Bhdnkyitelned it hrDersP5stagaimegyiior 10

?b['gﬁ s IS o Siaclbbhigle B0 Mxeure sRAKELELLRS MY ¥GOUUM

PCT/ EP97/ 00396 1nitg1'ation, the amount of propylene_ogide prior tpysbeal Low
Unsat urati on Randamtch reiaisenltiBgepdbati an wiightDidercaindl Wstopylene
oxide addition. In polyol G, the switch was made after
addition of 4% propyvlene oxide. Comparative example
polyols, all having low unsaturation but where 35% or
10 more of the total oxyalkylation was performed with only
propylene oxide in the absence of ethylene oxide, are
identified by a second letter "C". Polyol QC differed
from the others in that a higher functionality oligomer-
ic initiator, prepared by base catalyzed addition of
15 propylene oxide to predominately sorbitol, was employed.
The polyols are described as follows, with Table 1
summarizing their compositional makeup and preparation:

Polyol G - A DMC produced polyol having a

hydroxyl number of about 28, a nominal functional-

20 ity of 3, a primary hydroxyl level of about 19%, a
total polyoxyethylene content of 15 wt. % in which

5% of the ethylene oxide was fed with propylene

oxide during the initial phase of the reaction and

the remaining 10% was fed with propvlene oxide at

25 a 60/40 propylene oxide/ethylene oxide (PO/EQC)
ratio during the second/final stage of the polymexr-

ization. The polyol unsaturation was 0.010 meq/g.

Polvel HC - A DMC produced polyol having a

hydroxyl number of about 28, a nominal functional-

30 ity of 3, a primary hydroxyl level of about 25%,
and a total polyoxyethylene content of 15 wt.% all

of which was fed with propylene oxide at a 60/40
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A two-gallon stirred reactor is charged with pol yoxypr opyl ene tri ol

(700.nol. wt.) starter (685 g) 5 and zi nc hexacyanocobal tate cat al yst
(1.63 g). The m xture is stirred and heated to 105[err]C, and is
stripped WONEEPSvacuum t o renove traces of water from PEBERSTIDS
starter. Propylene oxide (102 g) is fed to the reactor, initially
under a vacuumof 30 in. (Hg), and the reactor 10 pressure is nonitored
carefully. Additional propyl ene oXi dgsi_s not added until an

accel erated pressure drop occurs in the reactor; the pressure drop is

evi dence that the catal yst has becone activated. When cat al yst

activation is verified, POREOr eatini dgridharge tfeddndP¥inailbstage&nss oxjde and

et hyl ene oxide is addedpgiwgtialdsyibh POE-+ 4 two_st ages over. about 2-4
St oroviens, - Gary Beomdenr, ondne ek o

hours while maintaining_a .__reactor pressure

al kyl ene oxi de adbfe i B P Egﬁpwcfel,alt PB2gExPfirthe sesgitdoat 1TBéerr] C
unti a constant pelgslnmsasuchstonedhs 1RSI @Hah 6N ERGHRMH G20

nmononer i s then stripped under vacuum fromthe pol yol pr oduct . When
catal yst renoyal is desired,_  _the hot ol yol product is filtered at
100[ err] C through a filter mgieaﬁ& rT ddyePYO. REoducead 2ped wrlonsdviatgt ached
to the bottom of hydrodchombén sempeatt be, Catdinitlel fuBBrional-

havi hoa hydr oxyl " nunber B 08 PTG PO i oot 16101 0 “RRSE (18 0. 005
meq/ g. Pol yner 7564){?‘0@5? deq%.a{q:gﬁthylene content of 20Awse$j esllof

pol yner polyols were profiudeith wag0 fed tiehc proppleneabximnng DYgd @ i N

situ polyneripation of po/E0 ratio during the second/final stage of the
polymerization reaction. Only propylene oxide was
fed during the initial phase of the reaction. The
polyol unsaturation was 0.010 meq/g.

Polvol JC - A DMC produced polyol having a
15 hydroxyl number of about 28, a nominal functional-
ity of 3, and a total polyoxyethylene content of 20
wt. %, all of which was fed with propylene oxide at
a 60/40 PO/EO ratio during the second/final stage
of the polymerization reaction. Only propylene
20 oxide was fed during the initial phase of the
reaction. The primary hydroxyl level was not
determined. The polyol unsaturation was 0.009

meq/qg.

Polvol K - A DMC produced polyol having a

25 hydroxyl number of about 35, a nominal functional-
ity of 3, a primary hydroxyl level of about 17%, a

total polyoxyethylene content of 15 wt. %, in which

the ethylene oxide was fed with propylene oxide

throughout the polymerization. The polyol unsatur-
30 ation was 0.004 meq/g.
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WD 97/ 27236 PCT/ EP97/ 00306

-21- a mxture of styrene and acrylonitrile in a reactive hi gh
pri mary hydroxyl base polyol. The characteristics of the polyner

pol yol s ar ewas7ft12b8 ows: Pol ymer Pol yol AcTERry26d3ds%o

di spersion of sty- 5 rene-acrylonitrile in a reactive base polyol.
The base pol yol was nmanufactured via standard KOH

catal yzed addition of propyl ene oxide and then et hyl ene oxide to
gl ycerol . The 35.5 hydroxyl nad§er base pol yol had an average

nom nal function- 10 ality of 3, a polyoxyethylene content of 15 w.

% and a primry vi~l evel about 73% .

Pol ymer Polyol B - A 25@6di§%§%§¢6§cof gtfﬁk PRl ??%H@la PyteRi frile
in a reacti ve base pol Pfrerehgumber of aboutTR8.haseopitsb| fusiasidenads
manuf actured via standacg % 3, a prikh-¢abadyHed addidii @F ahopropykene
oxi de and then t n | de 1.0 polyfunctional Jjnitigto

(gl yc- er ol agﬁd§$€(¥ a‘|elt gﬁf?é”fﬁ%t%’llﬁ{%;% Fnﬁu?‘rbelrgqﬁ’%s a1l

pol yol had arP average R&ni"Rafhfyast fehaVitly ofopylene oxide atga 50/50

p]9I ygxyet hyl ene cont empoaﬁoﬂaw.tol&ﬁrﬁ@ tjéhe?:)second/fiﬁ&k”&%)ﬁg@ygfoﬂ‘x}g I evel
of about 87% . P r_Pol vo - A 43% di spersion of sty-
rene-acrylonitrile in g°%¥%%fﬁ%ﬁ§%§égge?ﬁﬁﬁﬁﬂi %W Y pr°pyfknénﬁiﬁgepyﬁﬁol

bl end was manuf act ur ed fefaderineidbg kaortial phase ofathé ywesttdddi.t | Cheof
propyl ene oxi de and et byhgp®e @saturationOwhdeldss HnaaebObe3 mddgy .35

hydr oxyl nunber base pol yol had an average nom nal functionality
of 3, a pol yoxyet hyl ene content of 19 wt. % and a
10 Polyol M - A DMC produced polyol having a

hydroxyl number of about 28, a nominal functional-
ity of 3, a primary hydroxyl level of about 37%,
and a total polyoxyethylene content of 20 wt.% in
which 5% of the ethylene oxide was fed with propyl-

15 ene oxide during the initial phase of the reaction
and the remaining 15% was fed with propylene oxide
at a 40/60 PO/EQO ratio during the second/final
stage of the polymerization. The polyol unsatur-
ation was 0.004 meq/qg.

20 Polvel N - A DMC produced polyol having a
hydroxyl number ¢of about 28, a nominal functional-~-
ity of 3, a primary hydroxyl level of about 33%, a
total polyoxyethylene content of 15 wt.% in which
5% of the ethylene oxide was fed with propylene

25 oxide during the initial phase of the reaction and
the remaining 10% was fed with propyvlene oxide at
a 40/60 PO/EQ ratio during the second/final stage
of the polymerization. The polyol unsaturation was
0.004 meg/g.

30 Polvol © - A DMC produced polyol having a
hydroxyl number of about 28, a nominal functional-
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primary -hydroxyl |evel of about 89% Pol ymer Pol yol AA -

A 14. 0% di spersion of 30 styrene-acrlonitrile in a reactive base
ggﬁ/ ElPQ?/ oo3o‘é!°9)'/)9"2-’?“7/27236 -22- PCT/EP9T/0030Fhe base
pol yol was manufactured via standard KOH _ catal yzed addition of I
propyl ene oxi de and then ethyl ene oxide to a m xture of glycero
and sorbi - tol. The 33 hydroxyl nunber base pol yol had an 5
average nom nal (theoretical) functionali tf of 4.6, a I I
pol yoxyet hyl ene content of 15 wt.% and a primary hydroxyl |eve
of about 70% C(m_v,eatlgnaé{ ﬁqﬂgyy@&g@el@;}uo £ PLogHe i Ql |11 KyFene

A series of conventi OnQJ tggnbg )\éyt [ I}bsuﬂrr]%; Ic8ﬁt:81f1t g?lgcjesr dft.,%ozgqugmﬁ.césence

pol yol s were prepared b

of potassium hydPdxicfe B tetdivhensl loxdide emscdied watth RadopglienE and
F have relatively high obtﬁlaatMﬁiﬂgorthéugnigj_élh?{asgagf the lreac‘i%.toﬂl vz8d

oxypropyl ati of. These pgl yggﬁafﬁlng Cﬁﬂl} inIalse(:i:e with propylene oxide at
a 50/50 PO/EO ratio during the second/final stage
of the polymerization. The polyol unsaturation was
0.004 meg/g.

Polyol P - A DMC produced polyol having a
1¢ hydroxyl number of aboui: 28, a nominal functional-
ity of 3, a primary hydroxyl level of about 39%, a
total polyoxyethylene content of 20 wt.% in which
5% of the ethylene oxide was fed with pPropylene
oxide during the initial phase of the reaction and
15 the remaining 15% was fed with propylene oxide at
a 20/80 PO/EC ratio during the second/final stage
of the polymerization. The polyol unsaturation was
0.004 meq/g.

Bolvol OC - A DMC and XKOH produced polyol having a

20 hydroxyl number of about 28, a nominal functional-
ity of 5.5, a primary hydroxyl level of about 87%,
a total polyoxyethylene content of 16%, all of
which was post-added as 100% EC after recatalyzing
with KOH. Only propylene oxide was fed during the

25 DMC catalyzed phase of the reaction. The polyol
unsaturation was 0.010 meq/g.
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Polyll D - A polyol manufactured via standard KOH cat al yzed

‘addition of ethylene oxide to glycer- ol . The polyol had a
hydr oxyl nunber of 170, an average nom nal functionality of 3, a
pol yoxy- 20wo9m27236 et hyl ene content of about 90 wt. % aRekncponéoserar y
hydr oxyl | evel of about 100% Pol yol E - A polyol
manuf actured via standard - R@)—'I cat aI yzed additi on of propyl ene
oxi de and then cejon. The ol yol had a 25
hydr oxyl nunber |of || 35 o4 ai] |gn- € ality of 3,
a pol yoxyet hyl efe :o‘@%erg &8} Sis & and & prinmary
hydroxyl | evel §f hbdd PS %I - A pol yol
manuf act ured vi §—spandir vzed dddffti on & propyl ene
oxi de and then z=J\0 g
PCT/ EP97/ 00306 B8 o al ol -l ol ol of of ol o of2de g et hyl ene
oxi de to glycergl. Eghe po| yal had " I 71 Thydr8kyl nufber of 27, an
aver age nom nal fuLKf’g tifomal Ity of 3, p Hol yoxyet gyl ene cont ent
of about o I5TwW. P4 fand @ prrmarly hyqgr oKy | vel_ofg about 5
83% gt =l Pl wblolBR - [A ol vl Jagjufpctjugfed vi aZst andard
KOH cat al yzed al#dg i of| of b'fdtyTpnef 'ﬂkf“de"aﬁd"thm" - 2
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et hyl ene. oxide to sorbitol containing traces of wat er. The

pol yol had a hydroxyl nunber of 28; an 10 average nom nal

functionality of 5.5 (actual unsaturation = 0.07 neq/g), a

pol y( et hyl eneWea7gape content of about 16 wt.% REGEPITNeary

hydr oxyl | evel of about 87% . Pol yol CC - A

pol yol manufactured via KOH 15 catal yzed additi on of propyl ene

oxi de and t hen et hyl ene oxide to_sorbitol containing traces of

water at a reaction tenperature of 60[err]C2?6 mnimze

unsaturation. The polyol had a hydroxyl nunber of 28; an average

nom nal functionality of é@w@%%ﬁ%&%% 010

meq/ g), a poly(ethyl ene oxI de 0 [ .% and a

primary hydroxyl | evel of about 87% DMC Cat al yzed

Pol yol s A geséesedlof AWmiRSALYI 3t Feﬂn&pwol@cwr érée

prepared by the general Hret od of gxarrgl e 3d .1n_al . cases excegt

pol yol K, a two-st &80k al R et B8R RASP3Ted 11 SFBishidonal PAnney; t P¥ri ng

ratios  of pr opyiieang thoroughilnez bl mpnefnsooxanttd nnghediewtsst agdsng | n

all cases 5 exead! DNAlKAINA@e £ Ohi4OHE' beiek25e- Gaknl yoedn! ¥her- 30

ine-initiated, all nﬁgc%8¥|eeri%tgx'adeét%%rd'a\fsd 1(21' a. (00 97/ 27236

PCT/ EP97/ 00306 inch {35.6 cm) x 14 inch
{35.6 cm ) x 6 inch (15.2 cm) cake box and allowing to
rise freely, following which the settle is measured, and

the foam oven-cured at 125°C for 5 minutes. After a

10 minimum of 16 hours at room temperature, shrinkage, if
any, is noted, and a 12 inch (30 cm} x 12 inch {30 cm)
x 4 inch (10 cm) portion is cut for assessing the
quality of the foam. The formulations and processing
characteristics are noted in Table 2. In the table,
15 NIAX® Al is an amine type catalyst and L-5309 is a low
potency polyether silicone surfactant, both available
from OSi Specialties, Inc.; and DEOA is diethanolamine.
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- 24- . nol ecul ar weight triol was enployed as the initiator for

‘the first stage oxyal kyl ati on, which was begun with all pr opyl ene
oxi de and switched to the first stage propyl- ene oxi de/ et hyl ene oxi de
m xture i nmmadiebedsy following 5 initiation, the anmountpEiERY0BYE €NE
oxide prior to the switch representing about 1 weight percent
pr opyl ene oxide addition. In payol G the switch was nade after
addi ti on of 4% propyl ene oxi de. Conpar ati ve exanpl e pol yol s, all
havi ng | ow unsaturati on but where 35% or 10 nore of the total
oxyal kyl ation was perfornmed with only ropyl ene oxide in the absence
of et hyl enfgxt rl ; | | Y T S | yol QC
differed from the {othens jnithat {a |hi ghgr {un onal { ty of| Lgoner -
ic initiatpef py&ia®kd |by| base|l caligz&t 2 tﬁtg)gﬁ% 15 o | pi@blEdne oxide
to predom el _/%eﬁbitol Jas| emBloyed ] ©| S| ~TRd Dpl ot b gre| idscri bed as
fol | ows, tTabIeﬁL su rijzi ng jt hei ri cpnpos) tijonpl jmakeyp and
pr epar at i o Pot-yot 161 erprioclc ed—pottyor—avi ng a
hydr oxyl njimger {off apoyt 58, ngninal flungtifonal -} 2p o of 3, a
primary hyfirdxyl Ifevel of| allout _19% tot all ppl yexpatfhyl ene
content of {4 M B|®jnlwnjch |S 81 R|5% & $n§§1ylﬂa,omd§ was fed
Wi th propy e | g oXi deRdurfimgtjtre i1 8| Phadé bf |Ehe>deact i on
and { he remi}i n1 ng %wes {ed witH pfogyl end oki d& ho 25
a 60/ 40 pr he o%dg/e hyl ehe| dxi gle | (POIEO rafFd during
t he second naf—3trage {oT| t e polyner I zpt ifjon] Inhej pgl yol
unsaturati b (. O}O meq/g.c{) aclé(al HG - A pr oduced
pol yol havjpd a| 8|8 Nk oxyl| SURER | &| BbaUt2 P8 | @& ngiz pal
functional | 40 [S|<| ity 4B, [a vl mers | Midr ORYIE [ eet | B SbBdt 25%
and a totaj ol yoxyet hyl ehe contﬁent of 15 t .[% &l | pf whi ch was
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WD 97/ 27236 PCT/ EP97/ 00306

- 25- PO EO ratio during the second/final stage of the

pol ymeri zation reaction. Only propyl ene oxide was f ring
the initial PHYE™P the reaction. The pol yol WWMon was
| ess than 0.010 neq/g. 5 Pol yol IC - A DMC produced

pol yol having a hydr oxyl nunber of about 28, a nom nal
functional - ity of 3, a pri nary hydroxyl |evel of about 19%
and a total pol yoxyethyl ene content of 20 vv% % all of whi ch
was fed with propyl ene oxide at a 60/40 10 PO EO ratio during the

second/ final stage of the 1In Table 2,paompaiiazati’eOBxamaléi DO. iHnhy HR

propyl ene oxi de Wagam pre ;[»ed #1528 %ﬁ:ﬁr@ﬁt&@ﬁaiw B}&%Jm%ﬁg‘% bdt Nfiigh

reaction. The unsaturation

Pol yol JC - A DIVC“EF’GHHE% ‘ﬁbl Mgl'h@flﬁﬁr& hydroxyl polypdifox JmCAuRbRS of
abf)ut 28, hal nom nzhef basé;p@ﬂ?ol of the polyhéy pzillx&al ang @dﬁﬂt a;ba]illty .
pol yoxyet hy e c n 0 S W t
propyl ene oxf\sge %Q&Q\ wal pggduce&)./ 4&%8‘%@ f‘ AUI‘I Hg °§1i o\ggcon%g?l nal

st age §f refeegipiveder | PAER otkiesst naﬁentlml l,pvp rEPREtarat 2on
oxi de was fed duripagybhe igrdpagedphaisidfingheboth ethylenéeastiden. anaThe

pri mary h.ydroxyl Blrgégh.ewgsogfée durlﬁg oxyaq.?cgrﬁggkggdWJ.thTQeDﬁel ngah
unsat urati on was
lyst, produced good qua ity foams exhibiting no wvisible
10 shrinkage. In Comparative Examples 2C-4C, low unsatura-
cion polyols in which a mixture of ethirlene oxide and
propylene oxide was used only in the last stage of DMC
catalyzed oxyalkylation, resulting in polyols having a
substantial internal DMC-~catalyzed polyoxypropylene
15 block, generated foams which produced no visible gas
blow off, and which exhibited severe shrinkage in the
case of Comparative Examples 2C and 3C, and a tight foam
exhibiting noticeable shrinkage in the case of Compara-
tive Example 4C. Visible gas blow off is generally
20 considered indicative of cell opening and typically
results in good quality foam with minimal shrinkage.

_ A series of low density, nominally 1.8 PCF HR
chemistry foams were prepared as in the previous exam-

25 ples, but using a higher level of water. The processing
of such foams is considered more critical than that of
highexr density foams. The formulations and physical
properties measured on the resultant cured foams are
given in Tables 3A and 3B. The foams of Comparative

30 Examples 5C and 7C shrank too severely and physical
properties were not measured. C-183 is an amine cata-

lyst available from 0Si Specialties, Inc., and B-8707 a
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Pol yol K - A DMC produced pol yol having a 25 hydr oxyl nunber of

about 35, a nom nal functional - ity of 3, a primary hydroxyl

| evel of about 17% a total pol yoxyethyl ene content of 15 wt. %

i n which W097/27236 t he et hyl ene oxi de was fed w th propypefgrenside

t hroughout the pol ynerization. The pol yol unsatur- 30 ation was

0. 004 neq/g. WD 97/ 27236

PCT/ EP97/ 00306 - 26-

Pol yol LC - A DMC produced pol yol having 22~ hydr oxyl nunber of

about 28, a nom nal functional - ity of 3, a primary hydroxyl

Ievel of about 31f4 0 xyet h e ontent of 15
"Gl o Hew potency H S e bR RO e RS o E e sy

PO’ EO ratio duri if¥™Heselofid/ final stage of the poI yneri zation

reaction. Only propyl ene oxi de was fed during the initial phase

of the reaction. The pol yol unsaturation was | ess than 0.003

meq/ g. 10 Pol yol M- A DMC produced pol yol having a

hydr oxyl nunber of about 28, a nomi nal functional- ity of 3, a

primary hydroxyl |evel of about 37% and a total polyoxyethylene

content of 20 wt. % in whi ch 5% of the ethyl ene oxide was fed

with propyl- 15 ene oxide during the initial phase of the reaction

and the remai ning 15% was fed wi th propyl ene oxide at a 40/ 60

PO EO ratio during the second/final
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stage aof the polynerization. The polyol unsatur- ation was 0.004
‘meq/ g. 20 Polyol N - A DMC produced polyol having a

hydr oxyl nunber of about 28, a noninal functional- i 3, a
primary hydr 8186el of about 33% a t ot al pofmm ene
content of 15 wt.% in which 5% of the ethyl ene oxide was fed

w th propyl ene 25 oxi de duringsthe initial phase of the reaction
and the remai ning 10% was fed with propyl ene oxi de at

a 40/60 POEO T ratio during the second/final stage of the

pol yneri zati on. unsaturation was 0. 004 neq/g. 30

Polyol O- A D hi S of
about 28, a nom - WO| 97 27236
PCT/ EP97/ 00306 27 . ity of
3, a primary hyd off apout Bl%h o o = g| 2 8t0t§ o Z| 8
pol yoxyet hyl ene 115 |we ] %|i n) viki s| s} ) g §15% E*}é_%e yl ene
oxide was fed w oxi de dqur{ng the |nijti al®phgase of
the reaction anqg tie Ferfai hi ng 10% wgs fed with propyléne oxi de
at a ‘.ll Lot durtnd._t. onfd/fli nal stgge
of the polynerization| T polfyol ynsat urafi was 0 004mreq/g.
o =l
8 gl gl gl of = gl 5|8 o | E
g S| »| ~f 5| S| «f §] 8 Z 2 a
(<]
2
8 8 lalalal=alsl8 |g 2 g8
S 3 |S535 8 48 | 5398
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Pol yol P - A DMC produced polyol having a 10 hydr oxyl nunber of

‘about 28, a nom nal functional - ity of 3, a primary hydroxyl
| evel of about 39% a total pol yoxyethyl ene content of 20 w. %
i n which w09727236¢ 5% of the ethyl ene oxide was fed w t hrquEReybBee
oxide during the initial phase of the yeaction and 15 the remaini ng
15% was fed with propyl ene oxide at a 20/80 PO EO ratio during
the secondkfinal stage of the polynerization. The polyol
unsat uratien was 0. 004 neq/g. Pol yol OC - A DMC and
KOH produced pol yol having a 20 hydr oxyl nunber of about 28, a
nom nal fufcti onal - _ity of 5.5 a prinmary hydroxyl Ievel of
about 87%% h tlot &1 pollyokydt hyT ehe fcoht gnt lof 16% all of
whi ch was fostadded ay 100%6 af ter jrecatpl Wzi pg wi th KOH
Onl'y propyjenefoxide was {fed duriingfthe 25, catal yzed phase of
the reactign. | Th& pg vl 81 9 8| 2§ Blufatusst BorejwEd 0. 010 neg/ g.
WD 97/ 272 I T T B s Bt R Bt B Bl B B B
PCT/ EP97/ 08306 - 28}
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[err] | WD 97/ 27236

"PCT/ EP97/ 00306 - 29- Foam
Exanples 1 and 2 and Conparative Exanples 1C to 4C A
series of nowomak2pé 3 pound/ft[err] (PCF) free ri se RYUERIHIP06\as
prepared in conventional manner, by - 35 - mxing thoroughly all
non-i socyanate ingredients, adding 5 t he i socyanate and nixing briefly,
and pouring the m xture into a standard 14 inch (35.6 cm x 14 inch
(35.6 cm) x 6 inch (15 2 cm) cake box and allowi ng to rise freely,
foll owi ng which th #57 %aﬁd oam.oven-cured at
125[err]C for 5 Af nifmum of %6 1oqrs at| r dom
tenperature, shiufi I 4 Bpt@dgiagd « g@@_na: (3%05 x 12
inch (30 cm ( r tfi 8 s ~¢ub| fgr chsBleSyi np >he
quality of the or 5 gnd| prijocess| ng g¢hay aqtefi stics
are noted in Ta ne 5 NI AfT3 af éﬁT‘me 1513
catal yst and L-§ Ferfcy | poll yet her isiligoeg sbrflactant,
both avail abl e : i ds, |:c§ ahE mig g 2
di et hanol ani ne. © ¥ =
o o] ool ™ of 8
318823858 |9
8 g a2l =l o el S8 |g e
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g gl gl = lgl gl |g =
3 o cif S| SF i G § > o
8 SRR EREREE
3 nl o S| S o Q _5_’ » -
!} % g
é % g &
5 -;_’ 5 S
gif Bt 2 2 el g 8 gl =
=| 5[ €| £ galsa | &S
R EFEEEEEE EREREES
EEFEEEEEEEEEREEENERE
S I I I I B B B B B I IS B B =T B S

SUBSTITUTE SHEET (RULE 26)



In

PCT/EPYT/00306

-30 -

-31-

A

WD 97/ 27236

"PCT/ EP97/ 00306
PCT/ EP97/ 00%087127236

[err]

WD 97/ 27236

©
. C
S ©
Y
>
— m (7))
e €25
ol =
> Q0
d 55 Pr— r— P —
m Z8d 60°€T wie T 19°61 TE'61 1591 (%) 1S DM %0E
c
o .28 WL VTl Vel Tl 2011 (%) SOV %L
- +— @© -
56 e G ClE 133 19°€ 63°¢ (%) RS au07) %06
Es°., M e 621 BT TR T T,
O w0
w2 WW TvLel 19°66 60° 121 L6°S01 61°811 (%) voneauold
9 W © LLET €01 c8°¢t 88°01 9b°El (1Sd) snsws L
c
= o i = B €T EET 60T 547 $2759 adl
[
m M| 4 eriE Wes ZAT) Y08 6918 (%) TEA WMoY %52
@ o .3 eros ot'sY 19°LS SE'SS 66°6¥ (NI OS 05/S9'D adl %S9
4] T .4
o= dd s woe iLve JIR7 6E2Z (NIOS 05/SH7) QI %5
m z 3 w 60°p L0 0¥ 00y 0y (urx,zix,z1) 7S a4l
o
5 Wu_ 080 7 160 6L0 0.0 Kisoiod
[GX]
SN D9 00°0S 0079 0098 0009 0018 Aduoipsay
Wm S m 101 81 007 181 S6°1 Ansuaq
i MM S $91349do1g WiDO,]
[¢D) C o
> % — aoon aooo HTIYSN LON aoon aooo aoon Aleng) weod
585 ANON HNON TAAATS ANON HNON ANON aFeyuuis
— — L0
@ >0 >
mr| >0 —
m —_ >0
S £ 8¢, Twop ag e1qen)
.. _®BO
N >S50
C X TQ
(OO Ne] n
— > 00
O C T O
C O >0
 oc o0

SUBSTITUTE SHEET (RULE 26)




pol yol s prepared enpl oyi ng both ethyl ene oxi de and propyl ene oxi de
“during oxyal kylation with a DMC cat a- | yst, produced good quality
foanms exhibiting no visible 10 shrinkage. In Conparative Exanples
2C 4C, | ow UWOSTRMAE tion polyols in which a m xtur ECTEPENRA6e

oxi de and propyl ene oxide was used only in the |ast stage of DMC
catal yzed oxyal kyl ation, resulting in polyols havi'ng a subst anti al
internal DMC-catal yzed pol yoxypropyl ene 15-_ bl ock, generated foans which
produced no visible gas bl ow of f, and whi ch exhi bited severe
shrinkage in the case of Conparative Exanples 2C and 3C, and a tight
f oam exhi biting noti qgemilee shAiBkagendirdtee tase obt&ndgmat a-low

ti Ex l e 4C. I bl gﬁﬁmtal : 9k T 6t So OR8N | '
iln\cflith ?\r/ne) gf cel??%%%%ﬁpnﬁan tl%\ie%g{kl?/ésp re?sﬁygs%gfinqa%g%é%gﬁaﬁn?y f oam
with minimal shrivkBgeslight shrinkage,rgagh ekgnpred BRt §OUMARF RS ati ve

Exanpl es 5C t0 8Groduced a good quaAixgr ifeamowithwndeastrinkagwm redtdly 1.8
PCF HR cheni 191?5;55 ared. i p L0 25
pl es, but us?ng gkﬁ%%legf eve}l\ﬁgl%%gr .C%qﬁlﬁgt%%éce Si %ggé Hgt_%g s%'ch
foans is consi derbdgRpPEidary| S¥PreRah €hREeRT Polyolsyi girglufimg tiheg oans.

The formul ati ons Bade phySye€RIof the pplopPer tpEIs/dIRaS Biafiples t hets es w4 ant
cured foans are ' [ : a T o) (par at ive
30 Exanpl es SCt%%dsg%yg;ﬁ? a%l%J%gmdL%zle\%}e?’%oéﬁae%hgg?%a‘?ﬁlgy Cgr operties
were not neasur edwitb 183 visibleftrdokage. ~However,sComparpbbye ¥ragtn OSi
Speci al ti esapl nc. plandsBahd07Caproduced uMixdbile? £33s exhibiting severe

PCT/ EP97/ 00306 shrinkage and no visible gas blow off. Both these

examples employed 1low unsaturation polyols having

substantial all-oxypropylene internal blocks. The foams

of the subject invention were, on average, somewhat

15 better quality foams than foams prepared from the
standard HR polyols, with generally higher tensile
strength and elongation, and in most cases, nearly
identical or increased tear strength, but on average had
slightly 1less resiliency. The but slight loss in

20 resiliency is particularly surprising in view of the low
primary hydroxyl content of the polyols used. HR
slabstock foams generally require a high overall primary
hydroxyl content,

Foam Comparative Examples 9C - 14C

25 A series of low density HR foams were prepared
as in the previous examples the formulations and pro-
cessing characteristics of which are noted in Table 4.
U-2000 silicone is an HR silicone surfactant available
from 0OSi Specialties, Inc., and DBTDL is a tin catalyst

30 composed of dibutyltin dilaurate.
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| ow potency HR silicone surfactant avail able from ol d-
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WD 97/ 27236 PCT/ EP97/ 00306

- 35 - [err] WO

97/ 27236

PCT/ EP97/ 0038 97/27236 _ SREUERII030G o (]
-39~

Polyol BB is a standard KOH catalyzed reactive

HR polyol having a high primary hydroxyl content and

high unsaturation (0.07 meg/g) which yields good foam

with only slight shrinkage (Examples 9C and 10C).

5 Polyol CC is also a KOH catalyzed reactive polyol,

however, a low polymerization temperature (60°C) and

greatly extended processing time was used to yield a low

unsaturation level (0.010 meqg/g) comparable to DMC

catalyzed products. This polyol also yielded gocod foam

10 with only slight shrinkage (Examples 11C and 12C).

Polyol QC is a polyol similar to CC except that oxy-

propylation was conducted in the presence of a DMC

catalyst, followed by a KOH catalyzed stage to provide

a polyoxyethylene cap to yvield a low unsaturation (0.010

15 meqg/g)} polyol with high reactivity. When employed in a

similar HR foam formulation, this polyol vielded vexy

tight foam with severe shrinkage (Examples 13C and 14C).

This demonstrates that high primary hydroxyl level does

not overcome the tightening influence of DMC catalyzed

20 poly (oxypropylene} structures within the polyol. The

example alsc demenstrates that the differences in

processing are not due merely to low monol content and

low unsaturation, but due to fundamental differences in
polyocl structure brought about by DMC catalysis.

25 Having now fully described the invention, it
will be apparent to one of ordinary skill in the art
that many changes and modifications can be made thereto
without departing from the spirit or scope of the

invention as set forth herein.
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are noted | rLlJ&Q'c%néinmg minimally 2 weight percent oxyethylene moieties based on the
weight of the block(s).

2. A polyol as claimed in claim 1 characterised in that said double metal cyanide
complex catalyzed internal polyoxy-propylene block constitutes less than 25 weight
percent of said low unsaturation poly(oxypropylene/oxyethylene) random polyol.

3, A polyol as claimed in claim 1 or claim 2 characterised in that said
polyoxypropylene internal block constitutes 20 percent or less of the weight of said

polyol.

4. A polyol as claimed in any one of claims 1 to 3 characterised in that said one
or more external blocks together comprise 5 weight percent or more oxyethylene

moieties.

5. A polyol as claimed in any one of claims 1 to 4 characterised in that at least
one of said one or more external blocks constitutes about 7 weight percent or more

oxyethylene moieties based on the weight of the block.

6. A polyol as claimed in any one of claims 1 to 5 characterised in that a most
external block constitutes from about 40 to about 100 weight percent oxyethylene

moieties based on the weight of said most external block.
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U- 2000 silicone is an HR silicone surfactant avail able u u l I” l
‘Specialties, Inc., and DBTDL is a tin catalyst 30 conpos
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PCT/ EP97/ 00306 - 3 - -

Polyol BB is a standard KOH catal yzed reagtd ve THERS (SHEES IHASBEEN | 2 hi gh
primary hydroxyl content and hi gh unsaturati o (0. OREPMEAOE®) Whi ¢h

yi el ds good foam
7. A polyol as claimed in claim 6 characterised in that said most external block

constitutes from about 40 to about 90 weight percent oxyethylene moieties derived
from oxyalkylation in the presence of a double metal cyanide complex catalyst.

8. A polyol as claimed in any one of claims 1 to 7 characterised in that said
poiyol is end—capped with an all oxyethylene block such that the primary hydroxyl
content of said polyol is greater than about 50 mol percent.

9. A polyol as claimed in any one of claims 1 to 8 characterised in that said at
Icast 70 mol percent of the oxyalkylene moieties are derived from oxyalkylation in the
presence of a double metal cyanide complex catalyst.

10. A polyol blend suitable for the preparation of shrink-free high resilience
polyurethane foam said blend comprising one or more polyoxyalkylene polyols as
claimed in any one of claims 1 to 8 in an amount of 20 weight percent or more based

on the weight of said polyol blend, and up to 80 weight percent of at least one high
primary hydroxy content polyel.

11. A polyol blend as claimed in claim 10 characterised in that said at least one

high primary hydroxyl content polyoxyalkylene polyol is prepared by oxyalkylation
in the presence of a basic catalyst.

12. A polyol blend as claimed in claim 10 or claim 11 characterised in that said

at least one high primary hydroxyl content polyoxyalkylene polyol has a primary
hydroxyl content in excess of 50 mole %.

13. A polyol blend as claimed in claim 10, claim 11 or claim 12 further
comprising an amount of at least one polyol polymer dispersion effective to provide
a solids content of from about 2 weight percent to about 35 weight percent based on
the weight of said polyol biend.
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spirit or sco I nvention as set forth herein.
- 40 - CLAI MS:

16. A high resilience polyurethane foam prepared by the catalyzed reaction of one
or more di- or polyisocyanates at an index of from 70 to about 130 with a polyol as
claimed in any one of claims 1 to 9 or a polyol blend as claimed in any one of claims
10 to 15.

17. The foam of claim 16 manufactured by a free sise process.

18. A process for the preparation of a water blown, high resilience polyurethanc
foam with little or no shrinkage comprises the catalyzed reaction of an isocyanate
component with a poiyol as claimed in any one of claims 1 to 10 or a polyol biend
as claimed in any one of claims 11 to 15.
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2. A polyol as claimed in claim 1 characterised in that said double metal cyanide
complex catalyzed internal polyoxyzpropylene block constitutes less than 25 weight
percent of said low unsaturatign ‘noly(oxypropylene/oxyethylene) random polyol.

e

3. A polyol as claimed in claim 1 or claim 2 characterised in that said

polyoxypropylene internal block constitutes 20 percent or less of the weight of said
polyol.

4, A polyol as claimed in any one of claims 1 to 3 characterised in that said one
or more external blocks together comprise 5 weight percent or more oxyethylene

moieties.

5. A palyol as claimed in any one of claims 1 to 4 characterised in that at least
one of said one or more external blocks constitutes about 7 weight percent or more

oxyethylene moieties based on the weight of the block.

& nebudag Y o
6. A polyol as claimed in any one of claims 1 to 5 characterised in thay a-smest

B
sxtesmal block constitu@from about 40 to about 100 weight percent oxyethylene

moieties based on the weight of saitkmeebexterml block.
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one of claims 1 to 7 characterised in thatysaid polyol is end-capped with
an all oxyethylene block such that the primary hydroxyl content of said

polyol is greater than about 50 mol percent. : A pol yol as clai ned
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solids content of from about 2 weight percent to about 35 weight percent
based on the wei ght of said polyol blend.
. 9. A polyol as claimed in any one of claims 1 to 8 characterised in that said at

Jeast 70 mol percent of the oxyalkyléne moieties are derived from oxyalkylation in the
presence of a double metal cyanide complex catalyst.

"A polyol blend fsuitab

= === claimed in any one of claims 1 to 8 in an- amount of 29 weight percent or more based-— _
on the weight of said polyol blend, and up to 80 weight percent of at least one lsh -
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11. A polyol blend as clalmed in claim 10 characterised in that sa1d at least ome
. . hau - ombhen s e X '« e 506 wele 2

. or . . bt
12 28 A polyol blend as claimed in claim 10/ claim 11 /pr—claim=id—furtircr
~ compsisind an amount of at least one polyol polymer dispersion effective to provide
a solids content of from about 2 weight percent to about 35 weight percent based on

the weight of said polyol blend. o
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pol yol having greater than 70 nol percent - ~ cpricmary  hydr oxyl grgyps.:
14. A polyol blend as clained in any one 4 f_clainms 10 to 13 charact erised
I n that said at | east one pol yoxal kyl effe polyol constitutes at |east
about 50 wei ght percent of sai d pol yol bl end. 15. A high
resilience pol yurethane foam prepared by the catal yzed reactton of one

or nore di- or polyisocyanates at an index Of? rom70 to about 130 with a
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of a water blown, high resilience polyuret mw t

shri nkage conprimasy hydwxyhgroups.ed reacti on of an i socyanate conponent
with a polyol as clained in any one of clains 1 to 10 or a polyol blend
as-clainmed in any one of clains 11 to 14. 3

th &5. A polyol blend as claimed in any one of claims 10 to/l4 characterised in that
~ said at least one polyoxalkylene polyol constitutes at least about SO weight percent of
said polyol blend.

1~ W& Ahigh resilience polyurethane foam prepared by the catalyzed reaction of one
or more di- or polyisocyanates at an index of from 70 to about 130 with a polyol as
claxme;i in any one of claims 1 to 9 or a polyol blend as claimed in any one of claims
10 to[lé‘.
| 1 .
{6 ¥  The foam of claim 18 manufactured by a free ise. process.,

e e s -

7 48. A process for the preparation of a water blown, high resilience. polyurethane
foam_.with little or no shrinkage comprises the catalyzed reaction of an isocyanate
component with a polyol as claimed in any one of claims 1 to 10 or a polyol blend
as claimed in any one of claims-11 méé;: _
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(57) Abstract

High resilience polyurethane foams exhibiting littde or no shrinkage may be prepared from low unsaturation double metel cyanide
catalyzed polyoxyalkylene polyols in amounts greater than 20 weight percent of the total polyol component, when low unsaturation
poly(oxypropylene/oxyethylene) random potyols having less than 35 weight percent of an all polyoxypropylene block catalyzed by double
metal cyanide catalysts and one or more external random polyoxypropylene/polyoxyethylene blocks each containing 2 weight percent or
more oxyethylene moieties, and an unsaturation of less than 0.02 meq/g are employed,
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