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MOLDED POLYURETHANE FOAM W TH ENHANCED PHYSI CAL PROPERTI ES
Technical Field The present invention pertains to

nol ded, S wo d7hee9k bl e pol yur et hane foam prepared by the B&ﬁBﬂ%M&Eg
process. More particularly, the present invention pertains to
nol ded pol yuret hane fl exi bl e foans prepared from

i socyanate-term nated prepol yners derived fromthe reaction of an
excess of di- or polyisocyanate with a 10 pol yol or polyol conponent
havi ng an unsaturation of | ess than 0.03 mlliequival ents of

unsat uration/ per gram of polyol (neqg/g). The nol ded foans display

epgggcedn ot thZSi 'Cl'ﬁle ngmmﬁﬁ POLaﬁﬂiRi«:?ﬁgﬂwimAMiﬁq ; g\%' ent
p ssi ng i tude. - :
Background Art %Nﬁfﬂ%ﬁbf%ﬁg’éﬁ WP&#@&E& hane sl ab
foamis now a hi gh volune commercial product. HR slab foamis

generally all-water bl own and may be made by either 20 prepol yner or
one-shot technol ogy. However, siab foadechiical Figld | e eninently suitable

for applications such as carpet underl ay and fl at cushi oni ng
material for furniture, is unsui tabl e for applications which require
cont our ed parts, for eXBRpEesgrbnotiveetient iPRELHSS stehmedged. 25

cations, noldeds pol Viireatibdpe pbognréshganetan yorrtded By the prefRi9adr
foam the f ,oa&nhif g;}m%%aggg;]gg't o2 HEMAIDY the preBbRE' WveRt9od
pertains to molded polyurethane flexible foams prepared

from isocyanate-terminated prepolymers derived from the

reaction of an excess of di- or polyisocyanate with a

10 polyol or polyol component having an unsaturation of

iess than 0.03 milliequivalents of unsaturation/per gram

of polyol (meg/g). The molded foams display enhanced

physical properties in addition to displaying excellent

processing latitude. The foams are preferably all-water

15 blown.

Background Art

High resiliency (HR) polyurethane slab foam is
now & high volume commercia’ product. HR slab foam is
generally all-water blown and may be made by either

20 prepolymer or one-shot technology. However, slab foam,
while eminently suitable for applications such as carpet
underlay and flat cushioning material for furniture, is
unsuitable for applications which reguire contoured
parts, for example automotive seating. For such appli-

25 cations, molded polyurethane foam is generally used. In
molded foam, the foam forming ingredients are mixed and
injected into a closed mold, which may be heated to 15C-
300°C (hot molding) or 30-70°C (cold molding). The



300[err]C (hot nmolding) or 30-70[err]C (cold nolding) . The
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- 2- adm xture of nmultiple streans into the mx head is

termed a "one-shot" process. Because nol ded f oam cannot
ri se unrestWaPHE?S as is the case with slab foamP¢HESHE bt ve
fornmul a- 5 tions are quite different. Even with different fornul a-
tions, processing of nolded foamis considerably nore difficult

t han processing of slab foam and often gives rise to a high scrap
rate. A further difference between bl ded foam and slab foamis
that the fornmer nust be crushed nechanically prior to conplete

cure, either by a]dmlxtnggdoq:'r,,rp\hélﬁﬁceusgtféaxﬁé)l LGES WheSTAE AhefViices.

Alternatively, the ] In situ throug e use of
timed pressure rel eﬁé’@e@TF’R)O%%“ﬂi%tcl é’§€&e?ﬁ U. S. Patent No.
4,579,700; by timed partial pressure rel ease (TPPR); or by a

conbi nati on of TPR and reducg c'sal%se mo_}dgac g&hcggnn%rtugggggu&segrsﬂ g_,%ed in

U S. Patent No. 4,71 oregoi n atents are
li censed wes| d@ @be case with slab foam, P?‘é’pé??ﬂ%*t%%rﬁﬂ“b’g@‘has
certai n advantages tiod@ ar@\/cﬁflt@dlsfléfeﬁte.chm:@bﬁgw&th Bodfer ph o ditnech Jay

prepol ymer tl%%@no g%;éeégfnguet %1&&%' £58n p{&C@éﬁgfwexra%lg;m re

variation due to thé use eactive as
opposed to one-shotdifdariit thake RoIGAsSing of Sla%t‘f%é‘t uPBYj QL B & iHFSe
controllable in preﬂ&leyﬁerafmmscraﬁ&até\/breoﬁert;hémehtﬁﬁereﬁc@rkﬁ)Me;eImr

techni ques al | ows %Qﬁﬁfﬁ foam a%%”%l n%%%%tqrekhaﬁo'ﬂ n%ﬁﬂ%% ymus%w%k
corrponents. much ear Yy V\DI‘ In po ur et hane oam
t echnol ogy 10 crushea mechanlcally prior to complete cure, either by

hand or by the use of rollers or similar devices.
Alternatively, the foam may be "crushed® in situ through
the use of timed pressure release (TPR) as disclosed in
U.S. Patent No. 4,579,700; by timed partial pressure
15 release (TPPR); or by a combination of TPR and reduced
mechanical crushing as disclosed in U.S. Patent No.
4,717,518, The foregoing TPR patents are licensed

worldwide.

Prepolymer technology has certain advantages

20 over one-shot technology. Foams produced by prepolymer
technology are subject to less processing related
variation due to the use of fewer reactive chemical
streams as opposed to one-shot foams. The po lymer
structure is also more controllable in prepolymer foams.

25 Moreover, the use of prepolymer techniqgues allows the
foam manufacturer to inventory fewer components.
Although much early work in polyurethane foam technology
centered on prepolymer techniques, today most flexible

foam is produced by one-shot techrology. With respect

30 to molded foams, virtually all systems are one-shot.
The reagsons why prepolymer technology is not in wide-



centered on prepol yner techni ques, today nost flexible foamis

produced by one-shot technology. Wth respect 30 to nol ded foans,
virtually all systens are one-shot. The reasons why prepol yner
technol ogy i N W de- WO 97/ 20875

bor Usoer ety dalsid! _3.  PCTUSH/BAE ad use
in nol ded foam have to do with the nature of t he nol di ng process as
opposed to the slab process. For exanple, in the well
known treatise on pol yur et hanes: " POLYURETHANES: CHEM STRY AND
TECHNCOLO- 5 GY", J.H Sanders and K C. Frisch, Interscience Publish-
ers, NY., p.99, the authors indicate that even one-shot t echnol ogy

was difficult with sprestl fszarin aotldéfafcam have eonpbetadly tsrt hatagsd osy
prepol yner systens Ve : full j d,, 1 Y..is the scrap
‘%né;ﬁ%l?{hprocess ét':lf cygf;?cf:s@de}é% the'\&?@’}!_o Ssgé

rate cited as 10 ein , partrcularl”y wth regard 10 surfa
def ect s, but cure cycles are inordinately long in nolded foans

prtepa_r efj from gr epol yners. Fognea:&aalﬁ@tle,t gehngleogye NaSknown tfé@éjiléfeecbnt
mat eri al usage due .SCF . r r_costs,
Q%;ﬂgx%t%%% : %@L&‘t@%@ﬁr‘éxggs. cHEf FOHEE Y ?E&nﬁ?@—

and elimnated Ieyq curlng 1 .

Knox, in "Ml dPng ofY Prdpdl-yherdpessagd K.C. Frssh| | Entetgaitcnare PRohigh-
RUBBER WORLD, Felbruarg/, MF9, Ppe9, the auﬁ%rﬁ%di&&%ed@l%m%d %ﬁoﬁ@ﬂﬁlcﬁ; the
defects, particularg \ r . £cl a I at W t repol yner
nol ded 20 f oam te%lr%oélggé)s “ééssgi é??ﬁlg el mwil% [ ?)%?% gs%ro]a%e &f e@f%"y

is the use of brushfRPIGTedYr HRESIEFRETY hBY ABPHYTRRK f aveLems werayjnéver
surface active agenfislly adiowsieer., NdY Sonl3f GGEStShe scrap | P ViESed as

addi tional stegs whigh,d %ﬁ&ﬁ?sﬁéfgyggfﬁ%ﬁ§r&{%h regard L8%¥¥face defects,
but cure cycles are inordinately long in molded fcams
prepared from prepolymers. One-shot technology has
reduced material usage due to decreased scrap rates,
reduced labor costs, and eliminated lengthy curing
15 cycles.

R.E. Knox, in "Molding of Prepolymer Based

Resilient Urethane Foam", RusBeErR WorLD, February 1959, pp.

685-692, has documented some of the defects, particular-

ly surface defects, associated with prepolymer molded

20 foam. Cited as assisting elimination of surface defects

s the use of brushing or spray-coating the mold surface

with surface active agents. However, this process

involves additional steps which increase manufacturing
costs.

25 Attempts Lo overcome the problems associated
with molded polyurethane foams via prepelymers have
generally focused on adjusting such variables as type of
catalyst, catalyst levels, catalyst combinations, type
and amount of cross-linker, isomer content of the

30 isocyanate component, polyether polyol blends, and the
like. However, while isolated, successful systems have



25 Attenpts to overcone the probl ens associ ated W th

nol ded pol yurethane foams via prepolyners have general ly focused on
adj usting such variabl es as type of catal yst, catal yst |evels,

catal yst conbi nations, type and anount of cross-Ilinker, isomner
content of WQA&72087% i socyanat e conmponent, pol yether polRfI/UBVEYes, and

t he | i ke. However, while isolated, successful systens have
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-4- been sonetines prepared, these systens still suffer in

terms of processing latitude as well as |acking the flexibility to
readily acconnndate desired changes in such physical properties

such as density, %%@hSQE&Q@§§esﬁpﬁ%?aredath% Ien¥g@%535539gnggkagrcanges

in the nature of t I'n e not been proposed.
An exanpl e of the ﬁ?5@§<ﬁffEﬁ9ﬁﬂ%ﬁﬁﬂﬁ1%ﬁﬁ £ as we ﬂ@ﬁtsaFEFﬁgreg*to
above is discl osed filexioBlifat eat rhladily accomimd@t@, Bbé:iredhehenges in

wat er - bl own, ol dedl ghpgﬁ%y{@glhg%perwes chglagE AFREP2EE] ddfMess,

i socyanat e-term nate erive

net hyl enedi phény| esadi t§@c§¢b}ﬁ%ﬁ e Fupdapental C“a‘lﬂeé;nd§ ebRtRA TR an fhkal |y
2 wei ght percent ofprépdlyiWet ingredient3Oonays. ndbweer progosetided foans are
exenplified, only free rise foans having been produced. 15

In "Production of Soft Block Foanms and TDI - Based_ Col d Cure- Ml ded
Foams Wth No Use of CFCs", &pNpample of thqNOYRRS PO POREFHHANETEGHNSEAL
MARKETI NG CONFEREN@enteckeberrdd 40 above is l@ﬁ&lc@eﬁ ikunag dga edntalNo,.

hyper soft nol ded f aggoa&@4 wh rEl GR?ESQ e Oto gg@gddéhﬁgﬁﬁ%p%hg ~based

prepol yners and a“sSpecla )l havi ng ylene
oXxi de 10 foams are prepared rom 1socyanate terminated nrepo

mers derived from methylenediphenylenediisocyanate (MDI)
blends containing minimally 2 weight percent of 2,4'-MDI
isomers. However, no molded foams are exemplified, only
free rise foams having been produced.

15 In "Production of Soft Block Foams and TDI-
Based Cold Cure-Molded Foams With No Use of CFCs", 32nD
ANNULAR POLYJRETHANE TECHNICAL MARKETING CONFERENCE, October 1-4,
1989, G.F. Lunardon et al., hypersoft molded Zocams are
prepared from toluene diisocyanate-based prepolymers ard

20 a special polyether polyol having a high ethylene oxide
content, supplied as a separate stream. Poiyether
polycls with high terminal oxyethylene content arxe
commonly utilized in one-shot molded foams due to the
higher reactivity associated with high primary hydroxyl

25 content, generally above 70 mcl percent. However,
appreciable amounts of such high ethylene oxide content
polyols may undesirably affect numerous physical proper-
ties in humid environments. The resulting foams had
relatively low resiliency and high compressiorn set.

30 Polyoxyalkylene polyether polyols utilized in
polyurethane foam production are conventionally manufac-



content, supplied as a separate stream Pol yet her o polyols with
hi gh term nal oxyethyl ene content are comonly utilized in one-shot
nol ded foans due to the hi gher reactivity associ?ted wi th high
rimary hydr 25 cont ent eneral ly above 70 no

Ebmeve¥ Y Q%M$&%gpre0|able annuntg of such high ethylene‘%yﬁﬂﬁﬂ%ﬁﬁtent

pol yol s may undesirably affect numerous physical proper- . ties in
hum d envi ronnents. The resulting foans had relatively | ow
resiliency and high conpression set. 30 . Pol yoxyal kyl ene
pol yet her polyols utilized in pol yur eThane foam production are
conventional |l y manuf ac- WO 97/ 20875

PCT/ US96/ 18456 tured by tthw edsbychbgl pase- &@;aalkmael@xyakkxl 2lbORoOf @

n
;?gp;ﬁene omdeelo?ht gﬁﬁfgggg %%%ﬂthg%gr%ggéggéﬁgbuge eggn8¥ﬁyf%nésé§9de
as the al kyl ene oxi GEOPY1FBe Gﬁ@ﬁ§h0@r mgxtunes ded porgnvlenieanexidanendher e
hi gh primary hdeOX)élthylene o&@ﬂéel&'fs ltﬂué eélyk f.é?ne 'o,@lde hi gbgl than A3 nol
e g sol oy heFBLEHE BeASE-SEIRRE Pt A e el
oxyal kyl ation. Use C@Flt§néh1§o¥wlsreﬁ ténel. eahsgher ditan  ér ohllepericenbyum d

envi ronments where apeoppliole Qi‘ré/\@ta@bed with ﬁﬂl@%&&%hﬁ?ﬁeﬂé‘%oﬂ%ﬁw e%ga“e
catal ys: s a compe %fgeggygxyggﬂgl Wnfegl be?ep?%§§ﬁgr o FGaQPFyI

catalysis, a conpetin
al cohol introduces ©f5 oxya&hgh@mm-ed Bonods sugit polvieds péaehi dradsxtar e

whi ch tigensebyrep16@s vin aammar&mraﬁﬁﬂea@gl whabd bBEQFpADELTH Riter
The result is a gra EQ% 9F£Qé§QH‘ OE neLig nallty and conti nued
production of pol yoxya ﬁ she nohof o FS

During preparation of polyoxypropylene poly-
ether polyols by base catalysis, a competing rearrange-
ment of propylene oxide to allyl alcohol introduces

15 unsaturated moncls into the reaction mixture which
themselves serve as mono-functional initiator molecules.
The result is a gradual dilution of functionality and
continued production of polvoxyalkylene monol of lower
moiecular weight. As a result, base-catalyzed polyol
20 equivalent weight is limited to about 2000 Daltons (Da).
Even at this modest eguivalent weight, the functionality
of a polyoxypropylene diol may be reduced from its
nominal, or theoretical, functionality of 2 to the range
of 1.5 - 1.7 or less. The product may contain as much

25 as 40-45 or more mol percent monol, the monol fraction
having a broad molecular weight dis:zribution as well.

In the decade of the 60's, double metal
cyanide complex catalysts (DMC catalysts) were developed
for alkylene oxide polymerization. However, due to

30 their greatly increased cost as compared to simple basic
catalysts, and limited polymerization rate, such cata-
lysts had not been widely used, despite their ability to



nol ecul ar weight. As a result, base-catal yzed polyol 20 equi val ent

weight is limted to about 2000 Daltons (Da). Even at this nodest
equi val ent weight, the functionality of a pol yoxypropyl ene diol may
be reduced fron1|ts nom nal, or theoretical, functignali f 2to
t he range 972083% 1.5 _ 1.7 or less. The product may coﬁ&i’gﬁ% g“s ch 25
as 40-45 or nore nol percent nonol, the nonol fraction havi ng a
broad nol ecul ar wei ght distribution as well. In the
decade of the 60's, double netal cyanide conpl ex catal ysts (DMC
catal ysts) were devel oped for alkylen@ oxi de pol yneri zation.
However, due to 30 their greatly increased cost as conpared to sinple
basi c cat al Mu%nth ysﬂkypéy@%ézyslsomm{ €} 0w UG £81A ¢ i on

| ysts had not been mndﬁ use despite their ab|I|t WO

97/ 20875 mono cont nt. Non— {Egﬁ%§5§&5§ebal cyanide

- 6- pr oducenmpdlexoxpibkybsene psl9@$slmw¢d1IEHMlﬂxaMQhaﬂlum1b

and | ow nonol cont gifrephon@{c0i Chi Bt bg, ”Etlah'/@)’%@ de S lse, 9zczonplaf;fs
catal ysts, as disclose

A B Ve 25 Srsclngh, o0 e Bl fa' ) orcapert ponduoh bt S
i ncreased polyneriZEalanmpamEésto the fasstogpaeedtimntmwcfaaﬁalxymmemaﬂion

DMC catal ysts and have 1ohayeal evened nsat eaam@ryam be pagps Ofo Q@15 -
0.018 meqg/ g I1n polyols_in the c.a. 2000 ui val ent_ wei

e
range. However, t“P?él/gnﬁ nPOQJYO{:%ltHFy%rte redui rzé)é? a eqplvagny %"’elght
relatively highi|1nanga of Havewgrst chst amolbst of catalyecentekgpirhdwewser,

the assignee pf thesa%qsq@laltwswﬁﬁgh in vidSofevel nRed higgh!y &fddici ent
doubl e nmetal cyanid | ‘ex Cﬁ%a sts mhlgh not on%%Fna be used in

much smal | erreé—'r?ﬂt}tlré’s }F‘P\‘g"e&r' SABEESPHI e BEES MRt iopg
provide pol yoxyal kylaenedged yagesi whidhbxcepfionaht ydbobnlie metalunsetrudst ion,

i.e., in the range<§&mﬂié§o%ak9195997wh1ch not only may be used in much
smaller amounts than previously possible, but moreover
15 provide polyoxyalkylene polyols with exceptionally low
unsaturation, i.e., in the range of 0.002 to 0.007
meq/g. The measured functionaZity of such polyols
closely approaches the nominal initiator functionality.
Moreover, the polyols display a very narrow molecular
20 weight distribution, as reflected by polydispersities
(M,/M,) generally less than c.a. 1.2. Suitable methods
of preparation are disclosed in copending U.S. applica-
tions Serial Nos. 08/156,534 and 08/302,296. The
foregoing patents and patent applications are herein

25 incorporated by reference.

Double metal cyanide catalysis has certain
drawbacks with respect to polyoxyethylene capped poly-
ols, however. It has been discovered that terminating
DMC-catalyzed alkylene oxide polymerization with ethyl-

30 ene oxide, rather than resulting in nigh primary hydrox-
v1l, oxyethylene capped polyols, results in complex
products believed to contair considerable quantities of
homopolyoxyethylene. Thus, preparation of ethylene



meq/ g. The neasured functionality of such polyols cl osely
approaches the nomnal initiator functionality. Mor eover, the

pol yol s display a very narrow nol ecul ar 20 weight distribution, as
refl ected byy@pelgisspersities (Merr]/Merr]) genaighlsgsigass t han
c.a. 1.2. Suitable nethods of preparation are disclosed in
copending U. S. applica- tions Serial Nos. 08/156,534 and

08/ 302, 296. The foregoi ng patents and patent applications are
her ei n 25 i ncor porated by reference. -7~ Doubl e neta
cyani de catal ysis has certain drawbacks with respect to

pol yoxyet hyl ene capped poly- ols, however. It has been discovered
that termnating oxide QEmDaﬁa@@ﬂyféheaﬁk?MEwR¥4BG doupdkyREERZatVanioR t h

ethyl- 30 ene Oé,(aﬂﬁlyé’tﬁi hﬁasthaéwlmlta@ﬂamslmgght@élr&mﬂéydm@xaw
yl, oxyethyl ene cap pol yol n.co

bel i eved to containg%ﬁﬁﬂﬁ?j ﬁ?ﬁgsgugﬁ%ﬁtkggeongen as POH%SE6§8|8B§V%¥h§?ene.
Thus, preparation aud eohyirerdag additionpog7e2bgysne oxide in a tradi-

PCT/ US96/ 184564 tlonal base catalyzed oxyalky1at10n'7 This adds sQéhgﬁh—
capped pol yethers e

ts
required denaturingm? &Sgb IﬁttﬁPmpféXlg§ banﬁﬁﬁfc%?Ewigtp%ﬁPﬁf%§S%ﬂsuch

as pot assi um hydr oxpdecess. and continuing addition of ethylene oxide in
a tradi- 5 tional base-catalyzed oxyal kyl ation. This adds signifi-

At hough nuer ous benef | t 5 hagebBaEl BubrfBehefics nave BeBBodFsr ibed
DMC- cat al yzed pol yokyakkyl aise pdl yiNG,cateQyzedspeivpavgbkslene nolvdiop-in
replacenents fior Comy&M-polyols s.tz@r}edd ydfcgiqwz%@ﬁeéﬁ(@%@s EoF EgaseRS not
conpl etely Upder St R0%a By -8 LERPL1d N £ QL RALL due Lo Lhe .:,
understood, but at least in major part due to the
differences in monol content, actuwal functionality. and
molecular weight distribution which lead to different

i5 polymer microstructure.

For example, as shown by R.E. Bolin et al.,

“Properties of Urethane Foams Related to Molecular
Structure", J. CHEM. AND EnNG. Data, v.4, No. 3, July 1959,

pp. 261-265, use of higher molecular weight polyols

20 increases the molecular welght between branch points in
the cross~-linked polyurethane structure, and as a
result, increases tensile elongation while decreasing
tensile strength. At the same time, compression
strength decreases as well, resulting in softer, more

25 extensible foams. Thus, use of higher eguivalent weight
polyols, made possible through DMC-catalyzed oxyalkyla-

tion, should result in a softer, more extensible foam.
However, R.L. Mascioli, "Urethane Applications for Novel

High Molecular Weight Polyols”, 328D ANNUAL POLYURETHANE

30 TECHNICAL/MARKETING CONFERENCE, Oct. 1-4, 1989, pp. 139-142,
indicates that substitution of a double metal cyanide
complex~catalyzed, low unsaturation 10,000 Da triol in



differences in nmonol content, actual functionality, and nmol ecul ar
wei ght distribution which lead to different 15 pol ymer m crostructure.

For exanple, as showmn by R E. Bolin et al. "Properties of Urethane
Foans Rel ated to Mol ecul ar Structure" J. CHEM AND ENG.  DATA, V.4,
No. 3, Jul YWaYyLes?s pp. 261-265, use of higher nol &l RéFght
polyols 20 i ncreases the nol ecul ar wei ght between branch points in

the cross-|inked pol yurethane structure, and as a result, increases
tensil e elongation whil e decreasing tensile strength. At the
sanme tinme, conpression strength decreases as well, resulting in
softer, nore 25 extensi bl e foans. Thus, use of higher equival ent

wei ght pol ygl sypirde spesshpé e ddir @agmu%&at abyzed @%@fﬁbkxa&e

tion, should result in.a softer, nore e§B nsibl e f

Masciol i, "Urethan8 EGHEREat "BRE FEFERD foam, Pfqacﬁﬁ1é%uFﬁrm€e? ﬂt
Pol yol s", 32ND ANNohdrd®O ¥UREIHANE J36. RETEGHNECAEA MARKET! MWEEWCE

Cct. 1-4, 1939, ppSeéi%QnééZand cast Iﬁﬂé%nee%st hﬁic§u§agé£yé¢0@hg§l@aﬂouble
met al cyani de conp) ex- cagg XZ Iom1unsaturat|on triol in

WO 97/ 20875 5 Preoper i1es", pOLYURFﬁ;‘WEUS@‘%(;HT%(S MARKETING

- 8- a t yponFakenckexbépte. fhm f@rvul Bt i @90 .r achergehdh8pr oddce

a softer, nore extea§é9|@1£@%%seaedag&q @f o 'lfotﬂ apgaturatm ?9@5,@&%5 t
eal_an S

product . J.W Reisch ft in "Pol % hb
El astoners Wth SuBBtY% ﬁﬁﬁsf%aFonve tloﬂﬂ' pe???%sgata%¥?ﬁ5
POLYURETHANE TECHNhGAheVARKETUNGEion led tEONFERENGE hSeﬂneSQOJ}eCBBto3

1990, on pagg (368, ﬁfg'prepared fr%ﬁ\t 8acih A 1,3Rst i fHE 1O B releqd o
unsat uration polyet faqr a convent.i onal % se- catalgg
st o-

pol yol of Pﬁrﬁé?esiﬁ%atfﬁgg? %‘%1 GV nichedDEHCRS? §’Heﬁse
10 mers prepar edthe onlsucingrel poksgatdthidom imstt dseecf esbdlppolyols in

polyurethane foams, where decreased hardness is general-
ly the goal. Moreover, as the inventors of the presenc

15 invention disclose below, in a one-shot molded polyure-
thane foam formulation, substitution for a conventional-
ly catalyzed triol having a measured functionality of
2.2 by a DMC-catalyzed diol/triol blend having similar
{2.3) functionality led to total foam collapse.

20 It would be desirable to provide to the
polyurethane foam industry, a prepolymer composition
suitable for preparing molded polyurethane foams with
acceptable processing time and latitude. It would be
further desirable to provide foamr formulations which

25 result in enhanced physical properties of the molded
foam product. It would be yet further desirab.e to
offer prepolymer foam formulations which allow for
taking advantages of the unique properties of double
metal cyanide catalyzed polyoxyalkylere polyols, without

30 requiring high primary hydroxyl content.



the present field of endeavor, the increased hardness of t he

el astoners mtigates agai nst use of such polyols in pol yur et hane

f oans, where decreased hardness is general - |y the goal. Moreover
as the I NVeni,of s % st he preseno 15 i nvention discl ose Eg}ug 185&2 a

one- shot nDIded pol yur e- t hane foam fornul ati on, stl utron for a
conventi onal - |y catalyzed triol having a neasured functionality of
2.2 by a DMC-catal yzed diol/triol blend having simlar (2.3)
functionality led to total foam coll apse. _920 It would be
desirable to provide to the polyurethane foamindustry, a

pr epol ynmer conposition suitabl e for preparing nol ded pol yurethane

foans with accept abl e procsapmary O THhRéaGyse. |t would be
further desirable to provide foam fornulaiions whi ch 25 result in

enhanced physical properties of the nol ded f oam product. It woul d

be yet further desirable to 1+ has QE)L%EQ{ e&gl@ﬂg&ngogna{%m?gd

whi ch al |l ow for aki ng. advant age 2 uni que properties o
doubl e met a|Pfc%Pé>ﬁValsfc ?aF é&‘%ﬁ%‘{j)oﬂ? YRy FER@R 0l SRS \Kﬁatyho@e
30 requi ring hi ghhymparedyf hydrisxylyasané erdrminated praid 19%e2@88B8sed on

PCT/ US96/ 18456 5 low-unsaturation polyoxyalk 1e e pof@ol Moreover, it
Summary OF The | nve rfl'l as now béen surprl Si ngly

tion
di scovered t hat has S GFEPof YRS h SR 51 BE ﬁ%’l%ﬁ?r"@ﬁ'ﬁgne rdametmanlye
prepared fromi socyaitatté}etsermeemladnqmsepélfymsdéaax@@teea1ng51at1tude and

:cowt Ensat uration p?'é&g?ﬁtakﬁi’éeg%l%% YBu§ mona'i;%QV%e 'mgldeﬁ pol é%| &R
urt her surprising y i sc )[/l gﬁ#paétre g?qlﬂil'i 18§CPE}§31 prepo y\r/rg:s

of fer wide processi ngI%ti
t he nol ded pol}Qret Hare in virteaddyt hakl ycptegarbek exinbiltdstpeniasitly

physi cal proper- improved 50% wet compression set (we: set). Seldom is
it possible to increase nearly all foam physical proper-
ties without a trade-off in terms of other properties.

Description of the Preferred Embodiments

15 The prepolymer foams of the subject invenrtion
are prepared by introducing the prepolymer formulations
of the subject invention together with water and option-
ally auxiliary blowing agents and additives into a
closed mold, allowing the reactive ingredients to foam,

20 and recovering a molded, foamed polyurethane product.
The isocyanate index of the reactive ingredients is
advantageously between 70 and 130, preferably between 90
and 110, and most preferably c.a. 100. By the :zerm
"closed mold" is meant a mold which prevents unrestrain-

25 ed rise of foam. Such molds may be clamped in a closed
condition following which the polyurethane reactive
ingredients are injected into the mold cavity, or may be
open molds into which the reactive ingredients are
poured or metered, the mold being subsequently closed.

30 Most such molds contain one or more vents which may be

monitored to ascertain progress of the reaction. Such



10 ties invirtually all <categories, including vastly

i nproved 50% wet conpression set (wet set). Seldomis it possible to
i ncrease nearly all foam physical proper- ties without a trade-off
in terms of other properties. Description of the
Preferred EXB8UI%Ent s 15 The prepol yner fIEAME %% e

subj ect invention are prepared by introducing the prepol yner

formul ati ons of the subject invention together with water and

opti on- ally auxiliary bl ow ng agentﬁ and additives into a

closed nold, allowi ng the reactive ingredie fs to foam 20 and
recovering a nol ded, foaned pol yuret hane product. The i socyanate
index of the reactiu@akngt&dteMded iolds as vadwaatsgequslak:hatueen ¢Qeand
130, preferably between 90 and 110, and nost preferably c.a. 100.

By the term artlosed nol d" is meant a nold which prevents unrestrain-
25 ed rise of foam Such nolds may be clanped in a cl osed

condi tion fol l owi ng which thg,polydpAtheRe beachVeubject invkedhepts are
injected into the nold cavu%yboo i nto ich the

r nai be, open nRIds
reactive ingredi enPEeRpESd DBBRFEP DT PREPRIEEET CREMRUEHERGOY NS
subsequent |y & osedn e80essMStdstctr e dsi soeybadhe ore rorxtoree themesfwhi ch

may be noni e riai rQQLess eactd S -
o o 0875 1k @mwc_)%&ge &1 P RANRI kcein%&é_@r%% % Pﬁ%l Wehpo
-10- mol #&N4r BAYEBSed MEPIYTES VRIAHFAY O8n@iskEFFedhrR Pnl3
art. meq/g, fiefqradyiyl Yresstiohn OheZsudj/kct andverdt predee-
prepared by Conven%h99?|lQEEpQEQH“%.Gf“HHH/%U%% ﬁ@BE&W&dﬂby ASTM D-2849-

10 69, "Testing of Urethane Foam Polyol Raw Materials®.

The polyol component used to prepare the prepolymers may
comprise polyoxyalkylene polyether polyocls in their
entirety, mixtures of polyoxyalkylene polyether polyols
with polymer-modified polyoxyalkylene polyether polyols

15 as hereinafter described, or minor quantities of other,
hydroxyl-functional polyols such as polyester diols,
amino-terminated polyoxyalkylene polyether polyols, and
cother isocyanate-reactive polyols.

By polyoxyalkylene polyether polyol is meant

20 a polyol derived from the additional polymerization of

a vicinal alkylene oxide. Polyols prepared entirely

from non-vicinal c¢yclic oxides such as oxetane and

tetrahydrofuran are not polyoxyalkylene polyether

polyols as that term is defined herein, although such

25 polyols may be included in the polyocl compenent. The

"measured unsaturation® of the polyol component is the

measured value, or weight average of measured values of

the polyoxyalkylene polyether polyol portion oI the
polyol component only.

30 The polyoxyalkylene polvether polyocls of the
prepolymer polyol component are preferably prepared by



5 an excess of di- or polyisocyanate or m xture thereof, but

enpl oyi ng as the polyol conponent, a polyol conpo- nent having a
nmeasured unsaturation of |less than 0.03 meq/ g, preferably |ess than
0.02 neq/g, \%gwﬂﬁ%t prefer- ably, less than 0.01 gpagisde pSsdreasur ed
by ASTM D- 2849- 69, "Testing of Urethane Foam Pol yol Raw

Mat eri al s". The pol yol conponent used to prepare the prepol yners
may conpri se pol yoxyal kyl ene pol yether polyols in their

entirety, mxtures of polyoxyal kyl ene pol yether polyols W th

pol ymer - nodi fi ed pol yoxyal kyl ene pol yet her pol yols 15 as hereinafter
descri bed, or mnor quantities of other, hydr oxyl - functi ona

pol yol s such as pol yéstésultlicohmstal cyanidearomul-coecai-piyeed podvpdkyakbkybene

pol yet her polyols, agrdg su;tabl%th?ﬁxh§98¥aH@ﬁ@cﬁ?@cbkvﬁlP ¥Q|§hereaf
By pol yoxyal kyl ene ﬁgly t her derived from

g IS neant
the additional pol yRePT 2z oif'dfe*amples %F\ﬁ‘bﬁtr?gﬁl |W|~éﬁ OBxFéecules
Pol yol s prepared entireeldi- to octad-+fomchdonzl cinatizyets coudti des sHEbras

oxetane and g ek 8L 8y dgefugan pf%ﬁy Oudﬁgkmoxxa'§§yfgﬁe 99%¥Siher

polyols as that term,i's defi hed herejn, uch
i ncl uded in the pol $4PEEBYbHHenEL YCqhe' Ydroculnﬂ%%suF%apbﬂg% uﬁatlbﬁo“of

t he pol yol conponenpensylékycol, cychelhskarediivdl, uecyolohwisglatiineenagel of
nmeasur ed val ues of 2,2,4- trde%hP?'¥°§%%§§%EEE?099kM%EE?;RQOHXQEeEBQFQP“ of

t he pol yol conponent on élene
pol yet her pol yol s oPTPRane. pentaﬁﬁﬁﬁ&ﬁﬁ?ﬁér PoPSRF 2P HERL - aﬂemﬁFéY Tably
prepared by 1¢C gWic89i@08 Eprbitol, mannitol, sucrose, methylol group-

PCT/ US96/ 18456 . containing phenol/formaldehyde . o&&ensates, dthe?
doubl e net al cyanldgﬁconplex catalyzed oxyal kyl ati on Gbl e

initiator nol ecul e ﬁTxture t her eof .

Preferred nominal initiator functionality is
from 2-6, preferably 2-4, and most preferably 2-3.
15 Particularly when metal naphthenates or other low-
unsaturation producing catalysts are used, amino-group
containing initiators such as the various toluence
diamine isomers, ethylene diamine, propylene diamine,
tetrakis [2-hydroxyethyl- and 2-hydroxypropyljethylene
20 diamine, alkanol amines such as triethanol amine,
diethanol amine, and monoethanol amine, aniline, methyl-
enedianiline, diethylene triamine, and the like may be
used as well. Thus, while it is preferred to employ
DMC-catalysis to produce the polyoxyalkylene polyether
25 polyols, other catalysts capable of producing low-
unsaturation polyols may be used as well. Blendés of
initiator molecules may also be used, as well as blends
cf polyoxyalkylene polyether polyols individually
prepared from single or multiple initiators. The
30 preferred overall functionality of the polyol component
used to form the isocyanate-terminated prepolymers of
the subject invention ranges from about 2.3 to about &,

more preferably about 2.5 to 3.5.



Non-limting exanples of suitable initiator nolecul es are di- to

octa-functional initiators such as water, 5 et hyl ene gl ycol, propyl ene
gl ycol, diethylene glycol, dlpropylene gl ycol , hydrqu|none

bi sphenol A, neo- pentyl gl ycol , cyclohexanedlol

cycl ohexand¥? % %nol | 2.2, 4-trinethyl -1, 5-pent and& 81 §fcer i ne,
trinmethyl ol - propane, pentaerythritol, dlpentaerythrlto

[err]-methyl - 10 gl ucosi de, sorbitol, nannitol sucr ose, nethylol

gr oup- cont ai ni ng phenol/fornaldehyde condensates and the

i ke. Preferred nomi nal "tATti at or functlonallty IS

from2-6, preferably 2-4, and nost preferably 2-3. 15 Particularly when

metal naphthenates or ot Rfcauls@W 1ow molE@@fﬁﬁ”fﬁéfﬁﬁtproggc'ngrs
catal ysts are used, am no jnitiators such as the

vari ous tol uence partlcﬂ}%%ﬁﬂmﬁ?%%%eVﬁtheYh?? %g YIRPRE, PrYRT entay
di am ne, t etaake s uh@ehixhloy etdnd -irghd td-ohy geoxpds opydl] et hjbear 20

di amine, al kanol .apLpess §§<‘§§‘lkﬁ%tﬂoh' %Bﬁneicyaﬁ@mmn is caflkeyhagol

am ne, and nonoet hanol__am ne,” ani’l | ne, yy enedi ani |'i ne;
di et hyl ene trPani nBY éﬂﬁjt¢@F4¥ﬂﬁ§swa¢xH§°X alkylgaeqoidogaeys PTRBSTSGhi | e
it is preferred toteaplidye foregoifmpfomw athbysirs ttiatpredume advantageous-

pol yoxyal kyl ene poweﬂgeémpl?o@ed RALKEL Senard e/ moﬁa&\@wét ovﬁﬁpéek% Pf
produci ng | ow unsat drati on S may be use fen
of |n|t|atoWehﬁh%dHPé§aﬁ8§saﬁé%?%ﬁ%vﬁ§ed’”%ﬁsm@i%g%ﬂ?QﬁquB%YOXY“ of

pol yoxyal kyl ene pokyk{hene podlywells inhtiatcsalHawing equiyalepar edightonof

single or myltinpl rofnn'lto'oatéyslooo e, 3Pese sl frfcﬁﬂe%enﬁallare pre-
functionality of t he polyol conponent ormt

i socyanat e- t er ni naf 88 Bfepoiyfters igpmeric p°%ﬂ%§Y§&%¥E e BRMAt oR1FiRges
fromabout 2.3 to abost méy be prepaorel ppef ecabkyptadrmit Baset ca8abyzead

WO 97/ 20875 oxyalkylation of the respective ﬂ%ﬁEﬁH§9§{ﬂﬁﬁ5ﬁolecular
-12- weight initiator, foillowing which the basic catalys:
15 residues are removed or inactivated by neutralization,

treatment with an adsorbent such as magnesium silicate

followed by filtration, removal using ion exchange, etc.

Other methods of preparing the oligomeric polyoxyalkyl-

ene polyol initiators are suitable as weli.

20 The oxyalkylation of the initiator molecules
is conducted with one or more higher alkylene oxides,
optionally in admixture with ethylene oxide. By "higher
alkylene oxide" is meant an alkylene oxide having 3 or
more carbon atoms, for example, propylene oxide, 1,2-

25 and 2,3-butylene oxide, C,-C,; #-olefin oxides, epi-
chlorochydrin, and the 1like. Preferred are propylene
oxide and butylene oxide, the fcrmer Lbeing most pre-
ferred. Use of mixtures of ethylene oxide and one or
more higher alkylene oxides leads to essentially random

30 copolymers. The ratio of higher alkylene oxide tc
ethylene oxide may be changed during oxyalkylation to
produce multiple block polyols containing blocks of all
higher alkylene oxide-derived moieties and/or one or



Because | ow nol ecul ar weight initiators, particularly those with
vi ci nal hydroxyl groups, may cause undesirably | ong induction

peri ods and/ or | ower rates of oxyal kyl ati on when oxyal kylation is
catalyzed 5 4000 DMC catal ysts,  pol yoxyal kyl ene ol i gonpegudesiss ed
tromthe foregoing or other initiators may advantageous- ly be
enpl oyed rather than the nononeric, |ow nolecul ar weight initiators
t hensel ves. Thus, oligoneric polyoxy- al kyl ene polyol initiators
havi ng equi val ent wei ghts of 10 from 1QQsto 1000 Da, preferably

100- 600 Da are pre- ferred. Such oligoneric pol yoxyal kyl ene pol yol
initia- tors nmay be prepared by conventional base catalyzed

oxyal kyl ation of th&ndr&spbbdsdkﬁe obndrighiec, alldwlrmleeomtiaie/ethylenemei@kib
initiator, follow ng.iiglastne Aaghfe.99b25¥A! so1ldy wikfSIdugs-ALe dampved

or inactivated by neut ratl zati sorbent such
as magnesi um si | i catgould be aY%’r‘F?ﬂNé‘H‘eHyeF‘PF?Yh’%ﬁ’ dec rcé‘n—ﬁé‘éiﬁlﬁa ng ion

exchange, etc. O her methods of preparing the oligoneric
pol yoxyal kyl - ene pol R bLat lg{ee Sy b I
The oxyal kyl ati on of the ini t?(g%gro ko?t? %3? P & @g&e’ﬁég@}é&omaﬁaone

or more higher 2l kylfm@ dkitrRes2> weight BE’E‘F%%\I 9T nPRAREIGRIYE Wi ER 2
et hyl ene oxi de. By 'Wdigfer percent, adnd/|most opirdééralslyrednttanzal k\,)ellghe

oxi de having 3 or 3 a0l e_ax
Lo 25 and 2036%%@”2%%%%%%% iy “ngé B, Craloty, B2Ca0XhC

epi - chl or offifdri n.RangAY Pﬁlée‘?lf‘lkjéene “Prl é??edaar%"ﬁﬁﬁ‘ﬁﬁ&ﬂ rﬁ’ée"l‘
oxi de and butyl ene axidds, tray flor nErcdgiorgtedstsippéy by addinberetéglenblse

of m xtures of,gt hy'&&%e%mg%ﬁgad%p@sg%r alkyl?néTQ)rﬁd@' a@ﬁ{n@'&wﬁﬂgl_

oxi des | eads to essent| al g
hi gher al kyl ene oxi &1 £h ‘the PIEERYFRNBE 0% H% et D Sth Qg OF PEr LAY~
oxyal kyl ation to unsatupretioseprodtcinie ddtedyspol ydis mmapaaieniped yokgeks

of all hi ghet iahkykene pxisdesdigiiwed i fé' 8 8¢ dhduct
VO 97/ 20875 oxyethylation with other than DMC cat%%%it%gwxgreferably;

i5 but not limited to, basic catalys:ts such as sodium or
potassium hydroxides or alkoxides.

When oxyethylene-capped polyoxyalkylene
polyols are desired, and the propylene oxide or mixed
propylene oxide/ethylene oxide polymerization has been

20 effected with DMC-catalysts, the DMC catalysts or
catalyst residues may be removed prior to introduction
of conventional oxyalkylation catalysts if desired, but
preferably, a basic catalyst is simply added without
resort to DMC catalyst removal. The basic catalyst

25 deactivates the DMC catalyst, permitting capping with
oxyethylene moieties to prepare polyoxyalkylene poly-
ether polyols having primary hydroxyl content ranging up
to 100 mol percent. Preferably, however, the primary
hydroxyl content is from 0 mol percent to about 70 mol

30 percent, more preferably 0 mol perceant to 50 mol per-
cent, and most preferably 0 to 30 mol percent. It is
most surprising that polyoxyvalkylene polyether polvols



- 13- nore bl ocks of higher al kyl ene oxi de/ et hyl ene oxi de

noi eties. Polynerization solely with ethyl ene oxide shoul d be

avoi ded when enpl oyi ng DMC cat al ysi s. The

pol yoxyal kyl ene_pol yol s preferably contain 5 fromO to 25 wei ght

per cent rmr"«!oﬁ?’@g'ésr ably 5 to 25 wei ght percent, arf ' H5¥Y1845%f er abl y
5 to 20 wei ght percent oxyethyl ene noieties, present randonmly or as
a cap. Random oxyet hyl ene noi eties, as expl ai ned previ -

ously, may be incorporated sinply by addi ng_ﬁt_hyl ene 10 oxi de al ong

wi t h hi gher al kyl ene oxi de during oxyal kyl - ation in the presence
of a DMC-catal yst or other |ow unsat uration produci ng catal yst.

To prepare pol yoxyprepared b@tiid-228at@pe&dpdDmed i%achibni §f NEGAISAIY o0
conduct oxyet hyl atjalégﬁn wi th other %‘%@n Eﬁ/[: cat a%%/sqt‘s, pr ef erably,

15 but not limt il Y €R5t A%/EEs heBRY 8 uRf 1S "@Vingof8ssi um
hydroxi des or al koXicégs. and having primary hy@heryl owystdty|lese- capped?

pol yoxyal kylene  no1 Relwaks aafadesddsith1,ANGdN& RHORY Glo8 e dener
m xed propyl ene "oxj delglet hyl ene oxi de j{)ol erErl zogtl (C)]n hais been 20
effected witfP DMBXEatIyARYe 1% PBRPATRHtY yEts Myred polyurgthpps

resi dues may be rerfvesd prlilowing ipellyoducttieparation wafhgonventsepaakte

oxyal kyl ation cat algystsni i eHESELHANP Y ep. preferably, a basic catalyst
is sinmply added wi t houL resort to DMC catal yst renoval . The basic

cat al yst 25 deactivates the DMC catal yst, permtting capping with
oxyet hyl ene noieties to prepegpblesexyilihdienmapoéy-of preparativer, pbeyol s

having primary hydeoXyl, 690k eidnd apgi o i pol3(ol§,0 WO percent

Preferably, however, fhe er mar hydr ox content 1s fromQO no
percent to abdut 7&%%kpl PAVeR W%@PE& ?rﬁ%r @efmg‘é’F% APEG BT AbIOp &iceffSt o 50
nmol per- cerdhanafd Odoseqapgebetabl yad hea 30 ard|byp FIWNtD- 2846t-6Ps
most surprising thabcpek¥exyahkyl epgaRobyes heiq RP! Y% preferably less

than 0.01 meq/g. If the weight average unsaturation of

the polvoxvalkylerne polyether polyol portion of the

15 polyvol component, as herein defined, is not less than
0.03 meqg/g, foams having the desired properties will not
be obtained.

Polymer-modified polyols, when employed in the

polvol component, are preferably prepared from the low-

20 unsaturation polyoxyalkylene polyols previously de-
scribed. Preferred polymer-modified polyols are pre-
pared by the in situ polymerization of one or more vinyl
monomers in the polyoxyalkylene polyol, variously termed

the "base" or '"carrier" polyol. Preferred vinyl mono-

25 mers are acrylonitrile and styrene, although other
moncmers such as the various acrylates, methacrylates,

anda other vinyl monomers may be used as well. Methods

for the in situ polymerization are well known o those
gkilled in the art, for example as evidenced by U.S.

30 . Patent Nos. 3,383,351, 3,953,393, and 4,119,588, which
are herein incorporated by reference. The polyoxyalkyl-

ene polyether base or carrier polyol is included when
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- 14- prepared by DMC-catal yzed pol yneri zati on of m xtures of
hi gher al kyl ene oxi de and et hyl ene oxi de, havi ng no "cap" and

having pri rra%%%gg.,gxyl content |ess than 50 nol pFH;/F,ggﬁ,msﬁ
advant ageously less than 30 nol percent, 5 are suitable for

preparation of nol ded pol yurethane foam all ow ng pol yol
preparation without a separate oxyet hyl ene cappi ng step.

Regardl ess of their manner of preparation, tha _ pol yoxyal kyl ene

pol yet her pol yols, whether capped or 10 not, have a wei ght average
nmeasur ed unsaturation of |ess than 0.03 neq/ g pol yol as neasured by
ASTM D- 2849- 69, measyyiebesahtayl ddes inbathd .R2ragq/ thsamira tpoafl ef alhey

| t han 0. h ' i
tﬁzspol yoxyal ky?gne %%]1‘}}3‘@/ }{yl%%?%/o o%‘%%%%rn%;‘éof%&*{%%ng?ig&Hr%%:% Folyol

&
component, as herei ICYEINEEF- i s not |ess than 0.03 neg/g, foans
having the desired properties will not be obt ai ned.

Pol ymer - modi fi ed pol yol s, mhe? egﬁh9¥?gnigotQ%e afore eRQL%%i'&% gpt,
are preferably gr epared from He. oW 2 unsatur §rTon pocf X alj1<9’l ene
pol yol s previ odis| y Pfgmmer-containing p@plymerehed i b oPpdEpl fpdidqlemer

pol yols are pre- polyolpammag BYsbhBei prepdted My bkl dadi olowfoONE e ynor e
vi nyl NMONOE ' y n | yal , variously termned

the "base" or "carri%ﬁqulnprao%;ggﬁg%{rg?%?%é%%ioﬁry&%ﬁ%ﬁg- _51%555_12%91?%@(7?8”
acrylonitrile and @k yPEaET PTG RFhtoofpiar stable dispareders - sUtispes -t he
various acryl ates, neidmicryptepaessd by the andaetih®er wEnyisor@aaaees REyhbe

used as wel | . t ho : 1 ' iHU p j Zat wel | _known
to those % skiqﬁrel,uisn t%@%?t%doe}?gfé@I gﬂl%‘gs%é!\yﬁdtékgga%%a . S. of 30
Patent Nos. 3,383, 3570703 ng53amono /Iyl oyt §usgEiong} drpnomers to ghormhdhei n

i ncorporated by ref esenealedheupolprodeyaldeydispersion! epeypokyebtimr(dease or
carrier polyol is irEéA&?QEuWQ€Q dispersion) polyols, PIPA (reaction product
of isocyanates with alkanoclamines), PHD polvols, and the
i5 like, may also be used. All these polyols are well
described in the literature. PHD and PIPA polyols are
recognized commercial products.

The polyol component should have an average

equivalent weight of from 1600 Da to 5000 Da, preferably

20 1500 Da to 5000 Da, and most preferably about 150C Da to

3000 Da. Equivalent weights and molecular weights

expressed herein in Daltons (Da) refer to number average

weilghts unless otherwise specified. The average hydrox-

vl number of the polyol component may range from 10 to

25 80, more preferably 10 to 56, and most preferably 25 to
35.

The polyol component may comprise but a single
polyoxyalkylene polyol, a blend of polyoxyalkylene
polyols, a single polyoxyalkylene polymer-modified

30 polyol, or a blend of polyoxyalkylene polyols and
polymer-modified polyoxyalkylene polyols. The polvol
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- 15- nmeasuring or cal culating the average unsaturation of the
pol yoxyal kyl ene pol yet her pol yol portion of the polyol conmponent .

In additio af orenent i oned pol yvi nyl 5 pol ymer - LNL Ng
pol ymer - nodi ¥ %olyols, pol ymer pol yol s may angﬁggﬁ%ggpared by
the addition of finely ground polyner particles or the in situ

si ze-reduction of larger particles to form stabl e di spersions.

Di sper - sions prepared by the reacyhgg of isocyanates with 10
vari ous am no-functional , hydr oxyl - functi onal , or conbi ned

am no/ hydroxyl functional nononers to formthe so-cal l ed PUD

(pf)l ylur ea di Sp(er Si @npeakyel swayP! Pupdky- comprise i ﬁgayaﬁy%at%rdjti{@emi ong
pol yol s, PIPA (reacti,on_product . of IS t wi th al kanpl ani.nes),
DD pot yol 5. and + R VpsBe28} Eninos suncr nd SEEYPRRY AL BOKARE: SR0CD)
wel | descr ithed Yike-he The epatumealiyipnangopbyphs pefydhe aodyol

rﬁcolggi rz1ed commrcic@mp@h@ﬁuptﬁhetherlconvent_mﬁaz f(nlgﬁhep@g%%%l—[)n?amqgéggg o

shou ave arn. average _ i.val e i ght of..from to :

preferably 23’ fs'oﬁobﬁm?% “}:f%g%lﬁg,pgjlr%ovf%s?rﬁrae]fJePﬁsFﬁrﬁ]B%tprﬁJ@@eﬁa to

3000 Da. Equival entthwetafitlysand switecthat wesghusation is exprigsged.

herein in Daltons @aakveef erpdigoRyabRy1&VEr 388yols or n%@l}ﬁﬁér&xwdi%%%d

ot herw se specified. .The aggrggg SXQ{Q§§ epar y% n;ﬁ er of he,golxol

conponent may rang@ PSRV IOY G QF O YHE RISPETSPerY A5FF 6 R6YEES Snd

nost preferably 15aqther metho@®gof catalysis which resufiife ipohiatte dmyedent

rraly cormlrlk sle it acH ﬁﬂis@lturlation p@ﬂla@xwi’:@m(ﬁﬂ%l Qlﬁélyy(lf(ﬂel s dd, et Rfi ged

pol yoxyal kyl ene pol yol.s, .a  Si .pal yoxyal kyl e .-

pol yrer-rodi fied 302° &6 ycg'loztalorunsaa?%rgﬁdggofo%ol%%/fce)xy%ﬁr’]%?}@'ﬁef‘y&SPﬁol s

and pol yner Deddetney proivpexparkiremE bEyRpyol cPppopenyois less
than the previously defined limits, i.e., less than (.03
meq/g, most preferably less than 0.01 meqg/g.

15 The isocyanate components useful in preparing
the isocyanate-terminated prepolymers of the subject
invention include the known aromatic and aliphatic di-
and polyisocyanates, for example 2,4- and 2,6-toluene-
diisocyanates and mixtures thereof (TDIs), 2,2'-, 2,4'-

20 and 4,4'-methylene diphenylene diisocyanates and mix-
tures thereof {MDIs), polymethylene polyphenylene poly-
isocyanates {PMDIs), 1,6-hexanediisocyanate, isophorone-
diisocyanate, and mixtures of such Lsocyanates. Other
isocyanates may be used as well. Also suitable are the

25 so-called modified isocyanates prepared by reacting a
di~ or polyisocyvanate with ar isocyanate-reactive
monomer or oligomer or with themselves. Examples are
urethane-modified isocyanates prepared by reacting a di-
or polyisocyanate or mixture thereof with one or more

30 glycols, triols, oligomeric polyoxyalkylene diols or
polyols or mixtures thereof; urea modified isocyanates
prepared by reacting the isocyanate with a diamine or
amino-terminated polyvoxyvalkylation polyvelher oligomer;
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- 16- conponent may further conprise hydroxyl functiona

pol yesters, am no-functional polyoxyal kyl ene pol yols and the like.
The pol yoxyamkyémegspol yol s of the polyol conponenfpcTs 18656
conventional (non-polyner-nodified) 5 or polymer-nodified polyols, are
all preferably prepared with catal ysts such that unsaturation is

m nim zed. However, pol yoxyal kyl ene polyols or pol yner-nodified
pol yoxyal kyl ene pol yol s prepared by base catajysis or ot her net hods
of catalysis which result in higher levels 10 of unsaturation than 0.03
meqg/ g may be used, provided L that the total unsaturation of the

pol yoxyal kyl ene and garhediaridsel polypspeyarunita.hairgsbpdhizomohbnt is
| ess than t hehpreve Qs Vrdedi oed fddiifisd boByisd88BatBaNcPePddred

meq/ g, nost prefera ih 0. Q1 neq/ 15 .. .. . e .
i socyanat e corrponen?%yu%§$€t[nfgfﬁg’reeﬁ§rofx ndte or m?%ﬁegoéﬁgﬁ%?%@ﬁ%r%%t ed
prepol yners of the siubjekf in the prasents ovf i ackuieakle datovhysar onetua: and
gl i6pha|ti cdi- 5 isedeamales S&Ed/azﬂgcﬂﬁﬁe& Ois@wﬁah |t@]§2,a%l a,ygilz eéstab_

, 6-t ol uene- cyanat es and m xtures_thereo s =
2.4'- 20 and 4, 419#1%%% %ﬁ“gs é);%pﬁé)rWFgﬁ%_' di ?%%%%Féﬁéf& 'aﬁﬁ‘z-"fﬁ%éed di-
tures thereof (MDIs)anpetyneehylrwyarsitgshdmpllude FBIlp. MDIs, PMDISCymmht es
(PMDI's), 1]; 6- hEEaDE%iﬁﬂw%ﬁ,thé@@,hob&)ﬂ_eicqlarly middth%@QY%Eat’I@Isg%d
m xtures of such is at r ocyanat es_nm used a
well. Also suitableq%¥ggihgﬁezégkpggopggffgﬁb%%df ?%%”F%%bj%n%ﬁéﬁF?ﬂ%ﬁé;euj
by reacting a 10 mapprityl ofotPpsbe§anki®asi-t h an i socyanate-reactive
nmonomer or oligonmer or with thensel ves. Exanpl es are
ur et hane-nodi fi ed isocyanates  prepar reacting a_di.- : . or
pol yi socyanate or mi xture theF@SfB%fgﬁl rﬁf%onnﬁﬁ% bdgéECt HrYEb R are
triols, oligomeric PotRAHSFal kY| EhAe qingestipnal mannep| Pyl Feactingt hes

thereof; urea nodifigslysocapahest with tié e SAndYer 88abddkhd RBth or
I socyanate with a diﬁ%@ﬂgﬁﬁjhrethane promoting catalysts, as described, for
15 example, in the POLYURETHANE HANDBOOK, Gunter Oertel, Hanser

Publishers, Munich © 1985, POLYURETHANES: CHEMISTRY AND

TECHNOLOGY, J.H. Saunders and K.C. Frisch, INTERSCIENCE

PUBLISHERS, New York, 1963, and in U.S. Patent No.

5,070,114, herein incorporated by reference. Continuous

20 and batch processes for the preparation of isocyanate-
terminated prepolymers are disclosed in "Continuous
Processing of Urethane Foam Prepolymers", J.R. Wall,
CHEMICAL ENGR. PROGRESS, V. 57, No. 10, pp. 48-51; Sanders,
op.cit., Part II, pp. 38-43; U.S. Patent Nc. 5,278,274;

25 European published application EP 0 480 588 A2; and
Canadian Patent No. 2,088,521.

The prepolymers of the subject invention have

a free isocyanate (NCO) group content of from 5 weight

percent to 35 weight percent, preferably 6 weight

30 percent to 25 weight percent, and advantageously 8 to 2C
weight percent.



am no-term nat ed pol yoxyal kyl ati on pol yether ol i goner; WO 97/ 20875

PCT/ US96/ 18456 -17- and
carbodi i m de, polyisocyanurate, uretonimne, allo- phanat e and

ur et di one ifi pol yi socyanat es prepared by re i h

i socyanat emgg %@?ﬁi ed isocyanate with itself in 't??c?téusg?’éés‘gice of a
sui tabl e catal yst. Such 5 i socyanates and nodified i socyanates are
wel | est ab- lished itenms of comrerce. Particularly, preferred d
and/ or polyisocyanates include TD s, NDIs,uggpls and m xt ures of

t hese, particularly mxtures of TDIs and MDIs, the latter
preferably containing a substanti al 10 majority of the 4,4'-isoner.

The prepolymers of the subj egie i BYEPAMSIL-ABminated gHRRAVAErE PR ise
conventi onal manner_ by

reagti t he olyol .c ent th the
i socyanat e conponeﬁP%MAFﬁlgg ¥so SIRFt nahie © ?e¥%gﬁ%9g$§ﬁﬁP¥ﬁ§58§t§P9§ts,
as described, for system.exdhplB;side tineskol sURETHANELRHANDBOGKE Gonesr
Certel, Hanser tion RYPEESNNISurMiRbal J838% s!EQmYHRngNé;/EA\IEé:oc EMLSTRY
AND T CHNCLOGYt.J.H. aunder s angK.C. E%lscng | EN
PUBLI SHERS, w YEPRTVE9B8TPORRECS j nPHPERY pAY Rt (S iNp, Surtactant (s),
5,070, 114, herein iamdoopoerat eddbives ensheaxilCaniépuoler @@mpleagtabat ch
processes for the pieparatson RbskSPENRERE - catalystd €F ByB3t eGhighkarsl ymers
are disclosed in ;.Continugus Processi ng gf EPQL ane Foam
Prepol ymers”, J.RIMWAFFS: StC-  CREMPEAMERGRE §d9€y PFPORETLE . o,
pp. 48-51; Sandersmay, in te cilternpgivel | bepincdgdagd; wiks. that énsife.
5,278,274, 2§ BémpBaantpubl i shed application EP 0 480 588 A2; and

Canadi an Patent No. 2,088, 521. The prepol ymers of the
subj ect invention have a free isocyanate (NCO group content of from
5 wei ght Catalysts are generally necessary. The

catalysts may be selected from conventional urethane-
promoting catalysts, for example, tin catalysts such as
dibutyltin diacetate, dibutyltin dilaurate, stannous

15 octoate, and the like; amine catalysts such as NIAX®A-1,
diethylene triamine, 1,4-diazabicyclo[2.2.2]joctane, and
the like. Mixtures of metal catalysts and amine cata-
lysts may be used as well. Preferred are amine cata-
lysts. Amounts of catalysts may be readily determined

20 by one skilled in the art, and may range, for example,
from 0.1 o 5 weight percent based on the weight of the
foam.

Suitable chain extenders include the wvarious

alkylene glycols and oligomeric polyoxyalkylene glycols

25 with molecular weights up to about 300 Da, for example
ethylene glycol, propylene glycol, 1,4-butanediol, 1,6-
hexanediol, diethylene glycol, dipropylere glycol,
tripropylene glycol, and the like. The amount of chain
extender may be adjusted to provide the necessary

30 processing or physical parameters of the foam. Prefera-
bly, only most minor amounts of chain extenders are

used, for example less than 10% by weight and preferably



percent to 35 weight percent, preferably 6 weight 30 percent to 25

wei ght percent, and advantageously 8 to 2C wei ght percent.
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-18 - WO 97/20875 The i socyanate-term nated prepol yERASesaQ4ERr | Se
the A-side (iso side) of the nolded polyurethane foam system The
B-side (resin side) of the subject inven- . tion nol ded pol yurethane
f oam syst em enpl oys i socyanate 5 reactive conponents, blow ng
agent(s), surfactant(s), and other agdgitives and auxiliaries, for
exanpl e chain extenders, cross-linkers, catal ysts, dyes, pignents,
fillers, etc. One or nore of the B-side conponents may, in the

alternative, be incl 888 Wiah Fhévavsiget rel@tiveohpofean sweight. Amino-
Catal ysts are genefahtyiom€iCesSRliYt extenddP€ such asCab@bXStS:gRYehe

I f
sel ected from conven{i&glgﬂl u;gkgangmder %u?ﬁ‘f‘?ﬂ&é. ng\égg%g St;é%ﬁg[ﬁhe

exanple, tin catal ysts sucC
di | aurate, stannous Suibableoctoate, and the |ike; anine catal ysts such as

NIAX[err] A-1 di ethyl ene triam ne, 1,4-diazabicyclo[2.2.2]octane,
and thedl ike. Mxture tal catalysts an
| ysts may be uséd as wel | | u%ftS[ﬁSd “APE"a Ir]#ﬂ]ée’f:%t éncﬂge poa:}’}%@%"xyl

Anmobunt s of catal yst sf%-ytwar—ea?ﬁrloy\eere?elcnmpednda 28uch bys opkysdrideed but t he
art, and may range, bosf &Rl €.alkanolamihd®M ch t ¢ %hQQEhQESﬁﬁﬁ'{n@ased

on the wei ght of thedle‘_‘mﬂmmmge tabl e chain

ext enders include thé va (DEOR) k?PgnéréF%%rll%laé‘Hd‘ ol {TGoRri ¢ As
pol yoxyal kyl ene gl yc¥i&h thPS Cha\?\ﬁltﬁcht&nﬂ arreeéghimkans .t ohabouse@0tda,

for exanple 10 preferably used in most minor amounts, for example less
than 10 weight percent and most preferably less thar S
weight percent relative to total foam weight. Both
chain extenders and cross-linkers, when used, are
preferably dissclved in water which serves as the
15 blowing agent.

A cell-gtabilizing surfactant is generally
reqguired. Suitable cell-stabilizing surfactants include
the various organopolysiloxanes and polyoxvalkylene
organopolysiloxanes as are well known to those skilled

20 in the art. Suitable surfactants inc.ude DC5C43 avail-
able from Air Products, and Y-10,515 available from OSi,
Inc. Additional surfactants are available from Wacker
Silicones, Adrian, MI, and Goldschmidt A.G., Germany .
Combinations of surfactants may also be used, for

25 example, a blend of Tergitol 15-5-9 available from the
Union Carbide Corporation and DC5043. The amount of
surfactant should be an amount effective to avoid foan
collapse, and is readily ascertained by ore skilled@ in
the art. Amounts of from 0.1 to about 5 weight percent,

30 preferably 0.5 to 2 weight percent based on the weight
of the foam may be suitable.



et hyl ene gl ycol, propylene glycol, 1,4-butanediol, 1,6- hexanedi ol ,

di et hyl ene gl ycol, dipropyl ene glycol, tripropylene glycol, and the
| i ke. The anount of chain extender may be adjusted to provide the
necessary ocessi ng or physical paraneters of the Prefera-
bly, only rr‘owg’?”ﬁ?s‘r?\%r anounts of chain extenders are Pép’gg%’a?“?or
exanpl e | ess than 10% by wei ght and preferably WO 97/ 20875

PCT/ US96/ 18456 -19- | ess t han
5% by wei ght relative to foam weight. Am no-,,_ functional chain
extenders such as MOCA, toluene di amne, and hindered aromatic

am nes nmay al so be sui tabl e. 5 Sui t abl e

cross-linkers include pol yhys ®ide may furtHBetdnalinnBoOy®EYL1GQeUNdS
such as gl yceri ne,

but referably al kanol am nes ch as
nonoet hanol anmi ne, pf)liyo}s FHar? meﬁé%ff)t%@é’r??yto??%?ﬁ%g%rf%rﬁor}go(leOA).
As wi t h t hehelgiin- eRe epeibrels dross Molekulsr vwhtshtusad, care 3000
pr_efﬁrabl y used igm&& Hi@]?ér,abl‘ﬂllé”ﬂe&l abﬂ?Le@XﬁF@]'é}lt' @&ﬁgh;shof £AdRAR 030
wei ght per cent,. and .no refera ess .t . t percen
relative to total ftc?a?nto\%gi’ ghit>® ® oé%ra%ly al%oﬁchgi %O%Qt\gﬁ?)‘grtso &’U% 50
cross-|inkers, wheweighl, pareent of totpiepelvd! y rfieferbbéy Wi wmt2S? wihi ch

serves as the  15tothlopbNgoRUGE be contained in the BRI lasStadidskal ng
surfactant is genert%l the o oigﬁg{,r e%.s S tablo gﬁl | -stahili,zin ]
surfactants include CRBOVAT T ous 6t ganopdt §¥| p)_(%%?*gﬁé L the
pol yoxyal kyl ene  prepodygenoirss sidtokanest asresrat wekling nolweady tingse -
skilled 20 10in theadel. indd takbe prepbaghant s i Besude DESLAS R aihe
able from Air Products ,and Y-10.515 available from(6i . . 11o¢c .
Addi tional surfact&nts are avaitable frontvacker®: 7°° pPOLYyoL.
and in particular virtually all polyol. For the same
reason, high primary hydroxyl conternt is not necessary
for any B-side polyol. However, B-side poclyols may
15 advantageously contain greater than 50 mol percent, and
more preferably greater than 70 mol percent primary
hydroxyl groups. Preferably, no additional polvoxy-

alkylene polyol is contained in the B-side formulation.

The B-side contains one or more plowing agents

20 0of the chemical and/or physical type. The preferred
blowing agent is water, which reacts with isocyanate to
generate urea linkages with concomitant release of
carbon dioxide gas. Physical blowing agents may also be

used, either alone or in conjunction with water. Non-

25 limiting examples of additional blowing agents include
the lower alkanes, e.g., butane, iscobutane, pentane,
cyclopentane, hexane, anrd the like; the chiorofluoro-
carbons (CFCs), e.g. chlorotrifluoromethane, dichloro-
difluoromethane, and the like; the +aydrochlcrofluoro-

30 carbons (HCFCs) such as fluorodichloromethane and
chlorodifluoromethane; the perfluorinated C,-C, aliphatic

and cycloaliphatic hydrocarbons (PFCs) and substantially

fluorinated analogous (HPFCs); chlorinated hydrccarbons



Silicones, Adrian, M, and Goldschmdt A G, GCernmany Combi nati ons
of surfactants my also be wused, for 25 exanpl e, a bl end of

Tergitol 15-S-9 available fromthe Uni on Car bi de Corporation and
DC5043. TReo smat  of surfactant shoul d be an ampghrlysedfsgskti ve to
avoi d foam coll apse, and is readily ascertained by one skilled in
the art. Amounts of fromO.1 to about 5 weight percent, 30 preferably
0.5 to 2 weight percent based on the wei ght of the foam nay be

sui tabl e. WD 97/ 20875 -21-
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The B-side nmay further contain pol yoxyal kyl ene pol yol s and/ or

pol yner - nodi fi ed polsyokyabkypeemelgoddighdoride, Llidrei@i @Ot hengokpel $ikave

ol ecul ar wei ghts ofpg- §- éQQ referaE@ Or g igheer dQEefﬁﬁfﬂHdle%Hh¥ﬁL§ﬂt
wei ghts of from 500 000 rmre preferably 1000 to 30

0b g)
about 50 vei ﬁﬁPCﬁE‘i‘%entA%fS‘iaﬁeﬁ BEEVY RS L o ISf SF5 S0 289609
total polyol may beagentaibedatnrt hehBeki de assopposdrably usdd adethe

prepol ymer, as g he pgh¥ol, caNtHal Ngdedd). theprothing pggegkyrr%rucﬂoeés nej, have
to react, being already incor-"_1Q porated into ol ymer *Most

preferably, the nltm%‘?‘épcﬂrﬁr@ﬁ cﬁ‘ﬁ%’a]i’?ls”itﬁqg&?@?s agf gbﬁ}o of total
pol yol , and in particular virtually all polyol. For the sane

reason, high primary hydr OXY'TrFé)%En%Bht'éf rk?ltovﬁ%%eéééw is select%& 88as
B- si de pol yol . However , B—SI %Dgglzo S, advant eouslg cont ai
n

greater than 50 ol “BePEBKESE aRd engidre ‘bﬁ'ef?’é?“hbar L(}r(-j‘at“er*b[t"? 90 ol
percent primry lesshyardoXylbgf oups. mordr eberabtyferaidyadditlmhal’ to

pol yoxy- 10 al kyl gne, pal: yoéna %%@%@émdw E.B@u@ ﬁlzﬂqbf/%nuloaab&ﬁlt

The B-side contains one or _npre m ca

. c
and/ or physical typé.8 lRhEL] prefz‘éﬁoi‘lﬁas Jof% at%’f OW rﬁ;me?géﬁfml d- gﬂP@Ft Wi ch

reacts with isocyandté tomrts per 100 parts of total polvol component,
preferably 2.0 parts to about 6.0 parts are especially

=]

preferred.

15 The A-side and B-silde are combined in conven-
tional fashion employing a low pressure or high pressure
mix head and introduced into the mold which is optional-
ly and preferably maintained above ambient temperature.
The mold temperature may be maintained at a temperature

20 suitable for either hot or cold molding. The mold may
be closed, with foam forming ingredients introduced into
a suitable charging port, or may be an open mold which
is cloged following introduction of the foam formula-
tion. The foam is cured, demolded, TPRed and/or

25 crushed, and cured in the conventional manner. It has
been surprisingly discovered that not only do the foam
formulations of the subject invention process well, but
moreover, the foams are of superior quality as compared
to conventicnal foams from similar systems. Mcreover,

30 these results are achievable from polyols independent of
primary hvdroxyl content normally reguired to produce
molded foanm.



generate urea |linkages with concomtant rel ease of car bon di oxi de
gas. Physical blow ng agents may al so be used, either alone or in
conjunction with water. Non- 25 limting exanples of additional blow ng

agents incl ude the | ower al kanes, e.g., butane, _J| U ,
pentane, WO97208%3| opent ane, hexane, and the like: the Eﬁs’g%(g%l%ggr o-

carbons (CFCs) , e.g. chlorotrifluoronethane, dichloro-

di fl uoronet hane, and the |ike; the hydrochl orofluoro- 30 car bons
(HCFCs) such as fluorodichloromethane and

chl orodi fl uoromet hane; the perfluorinated CRérr]-Clerr] aliphatic

and cycl oal i phatic hydrocarbons (PFCs) and substantial y

fluori nated anal ogous (HPF X i h s 97/ 20875
PCT/ US96/ 18456 CBQafoH‘?%A%@%??y Xgégfﬁ%gfgigs 1nventyg£suéh as
met hyl enedi chl or i déurEhgai aneereta)dinghFarhedd jghtained by refersgngg eto

pref erab: y avcﬁi dedcdueam SfedilfoRmeRbBbles which GOBCEF&SIdD h%'fréiﬁd‘ov
previously, the pre Wi n s _wate e
preferably used as ﬁ%éggs BAfO lllgftr%?lon O@ﬁ}e'a‘—!\gréclit 2r&h L V\{: r#g;e agen
such as CQefr], limitingmnlesfepthandias I’S?ﬁf'y*fﬂ@dl nt roduced as wel | .

The anpbunt of blow ng agent is selected so as to provide a foam
density of fromabgut 1.0 IB/ftIzerH {ZE less to 4.0 Ib/ft[err] or
nore, nore prefera L 10 3.0 Ib/ft[err], and nost
preferably about 1.2 Ib/ft[err] t o about 2.8 Ib/ft[err]. Anounts
of water ranging from1.0 pafurro ne-~shot. " zfonQQE,{-_{SorPger 4—09etpaf$1st}?f rt10t al
pol yol conponent, preferably 2,0 parts to about 6.0 parts are
especial Iy TEP&ferr e@ne conigining a low mopgph W%ﬁcd]e Jd"ndUE? sfde are

conmbi ned in convenside, the tieonadl tashaomirend oyemgere ilbbowl pESssappedr hi gh
pressure 10 Mk¥ubeada Anthd BI1QAUCEM chnhlck hes Jil.d whi-ehLs: gRt Lopal -

similar polyol functionality. As can be seen, low
unsaturation polyols of low primary hydroxyl content do

not produce foam in typical ER fashion.

TABLE 1
15 Fo Composition:
Low Unsaturation Base Polyol 74
Conventional Polyol 74
Pclymer Polyol 26 26
Waterxr 4. 4.
20 DEOA 1.2 1.
Niax A-107 C.20 C.20
Niax A-33 0.40 0.40
0si v-10,515 1.00 1.00
TDI 100 index 100 index
25 Polyol Properties
Hydroxyl Number (mgKOH/g) 28 28
Polyol Functionality 2.3 2.2
Ethylene Oxide Content {(wt.%) 15 15
Primary Hydroxyl Content (mol%) 22 75
30 Polyol Unsaturation {meg/g) €.003 ¢.070

GUBSTITUTE SHEET (RULE 26)



|y and preferably maintained above anbient tenperature. The nol d
tenperature may be nmaintained at a tenperature 20 suitable for either
hot or cold nolding. The nold may be cl osed, with foam form ng

i ngredients {fFHeekeed into a sui tabl e chargi ng popdrusdk $8y be an
open nol d which is closed follow ng introduction of the foam

f or mul a- tion. The foam is cured, denolded, TPRed and/or
25 crushed, and cured in the conventional manner. It has been
surprisingly discovered that not only do the,foam formul ati ons of
t he subject invention process well, but noreover, the foans are of
superior quality as conpared to conventional foanms fromsimlar
systens. Moreover, roa®) propbhebesy esults are achi evable from pol yol s

i ndependent of pri mary hydroxyl content norbrgglul y.r equired to

pr oduce nol ded foam WD 97/ 20875 =e—8sat. © fonventional
PCT/ US96/ 18456 -22-

Havi ng general |y desmrlideadrtiht spérssiant (aB/fe’) further ungerstanding
can be obtained by refenenge, ta, certain specific exanples, which are
provi ded herein for urposes of illustration only and are€ not
intended to be® 5 23% {FPti A unl ess ot herw se speci ok 24

Conpar ati ve Exanpl e$0% and 2lbs) Two C¢orepshkot " 44

fornul ations as set fqrthyi Mps) Tabl e 1, one containing a | Qw nonol
polyol in the B- __side, the second containing a conventi onal

EO capped, 10 KEaEat 8l FLERP P yi®Sini t h nuch hi gher unsatur &2 on but

simlar polyol funetlbepaktity.at BAmakanpbe) seen, | ow ups@t uration
pol yol s of | owgri magy hydroxyly, carf,eny do 1.55

75% Dry Compression Set (%) 7

50% Humid-Aged Compression Set (%) 18

50% Wet Compression Set (%) 32

Comparative Examples 1 and 2 illustrate that

15 substitution of low monol, exclusively DMC-catalyzed
polyol having low unsaturation for a conventional
polyurethane molding polyol (high primary hydroxyl),
despite having the same overall oxyethylene content,
results in a foam system in which the foam totally

2C collapses in one-sho:t molded foam.

le 1 and Comparative Example 3

Molded foams were produced utilizing a pre-

polymer process with low unsaturation and conventional

(high unsaturation, high monol content) polvether

25 polyols of similar overall functionality. Two low
monol, low unsaturation polycls, a triol and a diol,

were blended to produce a base polyol composition which

has an actual functionality similar to the control.

Note that actual, or measured functionality is a measure

30 of the actual polyol functionality and is not the

SUBSTITUTE SHEET (RULE 26)



not produce foamin typical ER fashion.

TABLE 1 15 Foam Conposi ti on: Low Unsat uration Base Pol yol

74 Conventi onal Pol yol 74

Pol ynmer Pol yol 26 26 Wat er

4.1 WO 91120875 DEQA PCT/USI6{18456

1.2 Ni ax A-107 0. 20 0. 20

Ni ax A-33 0. 40 0. 40 OSi

Y- 10, 515 1.00 1.00 TDI

100 i ndex 100 i ndex 25 Pol yol ProperkBhes Hydr oxyl

Number (nmgKOH g) 28 28 Pol yol Functi onality

2.3 2.2 . Ethyl ene - ideCotent 15

Primary Hydroxyl Cont'E rfal TOIR Cyty' or ur}%t ér}fol @y of th?—’o‘?(ﬂ&fm

Unsat uration (neq/gjarter, ag 003 normaﬂ)lﬁ)?oreported V\@@T»/ezoef?@np'es

ECT/ USt9_6/ 18456 compare foams which are either entiredd low n%onol doam
roperties: : . ow Unsat .

Conventional  SOMveNGRRRY Phrt DR JREPLPI TR AP BolURer polyol

1.80 Resi | aencgiytir low unsaturation or conventional). 6Fhe 5 25%

| FD (| bs) Tot al 24 50% | FD (I bs)

Col | apse 44 65% | FD (| bs) 68

SUBSTITUTE SHEET (RULE 26)



Tensile Strength (psi) 22 El ongati on at

Break (psi) 186 10 Tear Strength (Ib/i n)

1.55 75% Dry Conpression Set (% 50%
Hum d- Aged on Set (% 18 S0%Mét essi on
Set (99 C&%%&% Compar at| ve @%mrrél es 1
and 2 illustrate that 15 substi tution of I ow nono], exclusively

DMC- cat al yzed pol yol having | ow unsaturation for a conventional

pol yur et hane nol di ng polyol (high primary hydpoxyl), despi te having

t he sane overall oxyethyl ene content, results in a foamsystemin
which the foamtotally 2C col | apses in one-shot nol ded foam

Exanpl e 1 and Conparaatd veitheanplew3 unsaturation or convedilidedlfoansThere
produced utilizing Dfifer selid f&y{g%r RIEOGESR hLR W 1415 ajaw Lt eReand

conventi onal uRsat Ut at 1 on | conte
polyols of siml ardlé\f@FSPFe iy re@ 1 IR | 9913’01 T\%ntﬁ%\w ‘the” reﬂﬂblrfol of I ow
unsaturation pol yal sicrdatiizatiendos ditlds 1evel>V\ﬂ|tBeb|L6Wd&ﬂ1§aﬁluWB®dUﬁe a

base pol yol CO@Osigﬁgg’Tﬂ%{ayol was bﬁ%egg,aa6¢gﬁé?5@essaﬁga'ergac%k%har to

the control. act ua uncti onal
neasure 30 of tHENAACPRRYMSHOIRRIVOL: uABL VRS (RETCERE SPLidslot  t he

WD 97/ 20875 PCT/ US96/ 18456
- 23A nom nal * fungid onal |ty “B%E&S?”kachltéfat%f stlg%ll%ci ¥8£
starter, as is normally reporzf ed. ‘F exa

foams which are eitf&@ erRYrPER L 1OwW hﬁﬁﬂ?"%ﬁ*ants ln firmness, tenSﬂe
strength, elongation, tear strength, dry compression

10 sets, humid-aged compression sets, wet sets, and the
durability parameters: creep, load loss, and height
loss, when prepolymers prepared from low unsaturation
polyols are emploved. Testing of dynamic properties is
discussed in several articles, including "“New Dynamic

15 Flex Durability Test. 1", X. D. Cavender, 33rRDp ANNUAL
POLYURETHANE TECHNICAL/MARKETING CONFERENCE, Sept.30-Oct.3, 19390,
pp. 282-288; "Real Time Foam Performance Testing", K. D.
Cavendeyr, 34TH ANNUAL POLYURETHANE TECHNICAL/MARXETING CONFERENCE,
Oct. 21-24, 1982, pp. 260-265; and "Real Time Tes:t for

20 Auto Seating Foam", SAE INTL. CONGRESS & EXprosITION, Paper No.
930634, 1993.



conventional (i.e., both base polyol and pol yner polyol 5 are either

| ow unsaturation or conventional). The
PCT/ US96/ 18456

either |low unsaturation or conventional). The

content of SEH*PHAm was identical , the

WO 97/ 20875
-24- are

PRl il

di fference in po

pol yol content the result of normal i zation of solids levels (the
| ow unsat urati on 5 pol ymer polyol was 43 wei ght percent solids, the
conven- tional polynmer polyol, 38 meught percent solids).

The results shown bel ow i ndicate significant2>- and surprising

i nprovenents in firmess, tensile

strength, elongation, tear
strength, dry conpression 10 sets, Lugigd-

aged conpression sets, wet

sets, and the durability paraneters: cr

creep, load | oss, and hei ght

| oss, when prepol yners prepared from|ow unsaturation pol yol s are
enpl oyed. Testing gﬁ*@?ﬁ%§$¥m§Pﬁperties iSQW%m”&”L”Hiscussed int@éW@Wﬂl
articles, including "New Dynam c 15 Flex Durability Test. 1", K D.

Cavender, 33RD ANNUAL POLYURETHANE TEOHANI CAL/ MARKETI NG Pelyol
CONFERENCE, Sept . 3076 04satdnalich 390, pp. 282-288; "Real Tinme Foam
Per f ormance Testing", K.,.P \ Cavender, 34TH ANNUAL POLYURETHANE
TECHNI CAL/ MARKETI NG P@&lﬁ%ﬁﬁﬂl@, Cct . 212d24, 1992, pp. 260-265; and
"Real Time Test f orConvpgional BaysuRobyo’g8a8) ng Foanm!', SAE | NTL. CONGRESS &
EXPOSI TI ON, Paper Ngeoi 2580¢ 930634, 1993. 1 A
low Unsaturalion Polymer Polyol® 23
Conventiona: Poiymer Polyol® 2%
10 TDI/MDI (80,720) 42 42
Polymer Solids Conient ~10% -107
Base Polyol Functionalily ~2.5 =22
Buse Polyol Unsaturalion (ineq/g) 0.003 007
Foam Composilion
is Low Unsaluration Prepolymer (above) 100
Cerventional Prepolymer (above) - 100
Waler 2.5 25
0Si Niax A 1 Calalyst 0.25 2
Surfactani Blenc
20 (Tergilol 15-S-9/DC5043) ] 11
Fo operties
Molded Part Density (Ib/it%) R 23
Resiliency (%) 61 62
25% 1D (lbs) 34 13
25 50% IFD {ibs) 62 59
65% 'FD (lbs) 4 &3
Tensile Strength {psi) 20.2 147
Elongation at Yreak (psi) 8 123
Tear Strength (ib/in) 2.20 191
3¢ 50% Dry Compression Set (%) 45 b4

SUBSTITUTE SHEET (RULE 26)



WD 97/ 20875
PCT/ US96/ 18456

- 25- TABLE 2
Prepol ymer Compgasi;ti-on Low Unsat ur at i OBcr/ysss/isess
Convent i onal Low Unsaturati on Base 5

Pol yol[err] (OH 28) 73

Conventi onal Base Pol yol [err] (0H=28)

70 Arcol 2580[err] —25A- 1
4 Low Unsaturation Pol ynmer Pol yof‘[ err| 23
Conventi ona Pol yner Pol yol [err]

22 10 TDI / M3t l)(;&@pﬁi‘@)lordaet C(') 31 6.8 42

4 S

[err] 10% R C°T°é"}’s|)")| rlf)[qer r] 50 Base Pol yd!'
Functionality 50% Wet Compression Set (% [err]2.8%0 24.1
[err] 2.2 Base Pol yol Unsaturation(meq/Qg)

0. 003 0. 07 Foam
Conposition 15 Low Unsaturation Prepol yner (above)

100 Colyvantict fabigua Pro@erizpol yner (above) -
100 Wat er

2.5 . 2.5 i Niax A 1 Catal yst
0.25 > Creep. & 0.25 8"‘%BSurfact ant Blend’* 20
(Tergl ol 15-S- 9/ DC5043)loss. & 156 1 218

11 Feam Broperties Mol ded Part Densi ty,
(Ib/ft[err]) " 2.3 2.3
Resiliency (% 61

62 25% | FD (I bs) 38
33 25 50% | FD (I bs) 62
59 65% | FD (I bs) 84
83 Tensile Strength (psi) 20. 2
14.7 El ongation at Break (psi) 78
135 Tear Strength (Ib/in)

2. 20 1.91

SUBSTITUTE SHEET (RULE 23)



30 50% Dry Conpression Set (% 4.5
8.1 WD 97/ 20875

PCT/ US96/ 18456
- 25A- 75% Dry Conpression Set (%
3.1 WO 97120875 6. 8 509% HURRTAUSAEESS
Comwr ession Set (% 8.0 11.1
50% Wet Conpression Set (% 9.0
24.1 Dynam ¢ Fatigue Properties 5 Cr eep.
8.0 92 -26- Load Loss. %
15.6 21.8 Hei ght Loss. %
1.4 ! 37 olyoxvpropvlenc/p()?\'bélethvlenc polvol containing 15 weght pereen
2. 4 WO 97/ 20875 YOX¥Prop) YOXYELn) ) mag 15 weght pereent
PCT/ US96/ 18456 oxyelhylene moicties prepured by the DMC-cztalyzed oxvalkvlatoR ®F o mixed
diol/triol starter. having an unsaturalion of ca. 0005 meq g a primary
hydroxy! content of c.a. 30%. and a funcliorality of 23
5 ¢ A basc (KOH) catalyzed polyoxyoropylene/poiyoxyelhylene polyol having an
unsaturation of C.07 meq/g. a measured functionahty of 22, and containirg 15%
by weigh! oxyethylere moieties as a cap.
1 A polymer-modified polyo: containing 4t weight percent of 37/635 acryloni-
trile/styrene solids polymerized = situ in a 6000 Da mw  poivoxvpro-
10 pylenc/ polyoxyethylene, DMC calalyzed low umsaturation polyoi centaining 157
random nxycthviene moieties.
! A cell-opening polyol. convenlionally catalvzed, having 75% oxyethvlene and 257%
oxypropylene moieties co fed (random). anc a bydroxyl number of 40
A Polymer modifiec poiyel similar to Lhe low - unsaturabon polviner modified
15 polyol, bul containing 38% solids. ihe base polye. unsalnralicn being ca. 0.6:
meq/g.

Example 1 and Comparative Example 3 illustrate
the unexpected and surprising increases in foam physical
properties achieved when employing prepolymers based on

20 low unsaturation polyols as compared to conventionally
base-catalyzed polyol-derived prepolymers. Both foam
formulations had the same solids content, contributed by
the polymer-modified polyol used in prepolymer prepara-
tion. Noteworthy is the increase in 25% IFD, and the

25 considerable improvements in both tensile strength (37%
increase) and elongation at break (32% Iincrease). The
prior art suggests that improvement in one of the latter
two properties would be expected to result in a decrease
in the other of the two properties. The tear strength

30 is increased also, but perhaps the mos:t notable improve-

ments are in both the dry and humid aged compression

sets, and particularly the wet set performance, the

SUBSTITUTE SHEET (RULE 26)
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A pol yoxypr opyl ene/ pol yoxyet hyl ene pol yol containing 15 wei ght percent
oxyet hyl ene noi eties prepared by the DMC- catal yzed oxyal kyl ati on of a m xed
diol/triol starter, having an unsaturation of c.a. 0.005 neq/g a primary
hydr oxyl cong, c.a. 30% and a functionality of 23 A
base (KOH) (r}gttsgmdz%fé%l pol yoxypr opyl ene/ pol yoxyet hyl ene poIPyC?(USﬁgﬁ‘#g an
unsaturation of C 07 nmeq/g a neasured functionality of 2.2, and containing
15% by wei ght oxyethyl ene noieties as a cap.

A pol yner-nodi fi ed pol yol containing 43 wei percent of 37/63 acrylon
trile/styrene solids polynmerized in situ in 26000 Da m w. pol yoxypr o- 10
pyl ene/ pol yoxyet hyl ene, DMC catal yzed | ow unsaturation polyol contai ning
15% l=ard@oghowyey hyl éne pevteht €Smprovement ! 4wet st is

cel | - openi ng pol yol n i | al yzed ayi ng .75% oxyet hyl ene and
25% Iﬁ%&ﬁ%ﬁgé%%ﬂZUAcF%%%ésxgom?%ge%r%ndﬁﬁf'aﬁ%ga %VEP%%y|
nunmber of 40 tive seatinmg| yherenperdsed pel or. shunidaenveé rohwehbwy
unsat uration pol ymersuehdaéi®t folhd in the Soubkyfl unbitda gentaknhhg 88%
solids, the ba pokxgkiggsang tgéggdbeing c a. 0.0: meq/ g.
Example 1 and nmparative Exanple I'Tlustrate t he unexpected and
surprising increases in foam physi cal properties achi eved when
enpl oyi ng prepol yners based on 20 | ow unsat uration polyols as conpared
to conventionally base-cat al yzed pol yol -deri ved prepol yners.

Bot h foam fornul ati ons had the same solids content, contributed
by t he pol yner-nodi fied polyol used in prepol yner prepara-

tion. Noteworthy is the increase in 25% I|IFD, and the 25

consi derable inprovenments in both tensile strength (37%

i ncrease) and el ongation at break (32% i ncrease). The prior art
suggests that inprovenent in one of the latter two properties
woul d be expected to result in a decrease in the other of the two
properties. The tear strength 30 is increased also, but perhaps
the nost notable inprove- ments are in both the dry and humd
aged conpression sets, and particularly the wet set perfornmance,

t he WD 97/ 20875

PCT/ US96/ 18456
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- 26A- | atter show ng a 67 percent i nprovenent! Wt set is
particularly inportant in nolded seating, e.g. autono- tive
seating, where exposure to hot, hum d environnents such as are
found in the Southern United States and the 5 tropics i s expected.

WD 97/ 20875 WO 97/20875 PCT/ US96/ F§A8{596/18456

-27- In addition to the static properties discussed
above, the subject foans al so displayed noticeably i nproved dynam c
fatigue properties, such as resistance to creep, load | oss, and

hei ght | oss, and denonstrated 5 super|67 conposite durablllty as

wel | . Exanple 2 A nol ded foam was prepared

from an isocyanat e texrnnaaaiegovprt%oehwgecrat&r ep@éﬁ&@eg 8%9&&5'&95 3

parts of cerln initiated oxypr opyl.ene po avin
10 unsaturatlon ﬁFOO P iH%HiaE %@ 5 SRei gheP it FOtlceably
random oxyet hyl ene impedves dymdmacpfaibgye mmbpexyhes, such agopeehstadics0

percent; 23 parts of aig %grrelr o0 &ws, apd hei @Y TL13 Eha Jenpusgrated,

acrylonltrlle/styrene 63)'s S as I sperse ase In
convent i onal | yScat afyRek asompesite 6¥§QHLH%V@ﬁgW81%ydroxyl number of 35

and 19% oxyet hyl - ene content; 4 parts ARCOL 2580 pol yether polyol,
a conventloggpk% gatal yzed 40 hydroxyl number 75% oxy-
et hyl ene/ 25% oxypr o random pol yol; with 42 parts

A molded foam was prepared from an isocyanate
terminated prepolymer prepared by reacting 73 parts cf
a glycerine-initiated polyoxypropylene polyol having an
10 unsaturation of 0.003 meqg/g containing 15 weight percent
random oxyethylene moieties and a primary hydroxyl
content of 30 percent; 23 parts of a polymer polyol
having 43% acrylonitrile/styrene (27/63)solids as the
dispersed phase in a conventicnally catalyzed base
15 polyol having a hydroxyl number of 35 and 19% oxyethyl-
ene content; 4 parts ARCOL® 2580 polyether polyel, a
conventionally catalyzed 40 hydroxyl number 75% oxy-
ethylene/25% oxypropylene random polyol; with 42 parts
of an 80/20 blend of TDI/MDI. The prepolymer was
2C reacted with watexr, 3.5 parts; diethanolamine, 1.C part;
NIAX® A-1 amine catalyst €.25 part; and Air Products
DC5043 silicone surfactant, 1.( part. Foam test results

are presented below.

Foam Results:

25 Molded Part Density (1b/ft?) 2.3
Resiliency (%) 66
25% IFD (lbs) 31
50% IFD (lbs) 53
65% IFD (lbs) 77

30 Tensile Strength {psi) 16.9



of an 80/20 blend of TDI/ M . The prepol ynmer was 20 reacted with

water, 3.5 parts; diethanolamne, 1.0 part; Nl AX A-1 am ne cat al yst
C. 25 part; and Air Products DC5043 silicone surfactant, 1.0 part.
Foam t est reglobSesrs are presented bel ow. Faeydsessist S:

25 Mol ded Part Density (lb/ft[err]) 2.3 Resiliency (%

66 25% | FD (I bs) 31 50% | FD

(1 bs) 53 65% | FD (I bs)

77 30 Tensile Strength (psi) _28- 16.9 WD 97/ 20875
PCT/ US96118456 - 28-

El ongation at Break (psi) 125 Tear
Strength (Ib/in) Elongation at Break ({(psi) 1.52 125 50% Dry
Conmpression Set ( 5.8 5%
Conpression Set Jear screngen (1b/in) 5.3 5 L 5%096 Hunld Aged
Conpr essi on  Set (‘{%% Dry Compression Sgtg(%) 50% X8 Conpr essi on

Set (99 75% Dry CompressidnOsSet (%) Exanpl g, # and

Conpar ative Ex rrpl € @% Huma.a Aged Com%XessTon Set ! Qs) a r simlar

to that di scl osed furt her prepol yner
formul ati ons enpl o?Pﬁgwe‘F dpmeregsion S%‘hs%ﬁ[ uration  pol ¥oi& ~ and

base-cat al yzed pol yol s of simlar functionality were

enpl oyed to produge.  nol deg . fo The formul ati ons and foam
physi cal properti es? le 4 and Co ative Ex %T}f

In a manner similar to that digsclosed in

Example 1, further prepolymer formulations employing low

i0 unsaturation polyols and base-catalyzed polyols of
similar functionality were employed to produce mclded

foam. Trhe formulations and foam physical properties are

given below in Table 4.

TABLE 4
15
Low Unsaturation Conventiona
Polyo] Polyel
Prepolymer Composition
Low Unsaturalicn, 28 OH tricl! 565
20 Low Ursaluration. 28 OH diof? 365
Convenl:oral Poiyol, 28 OH triol® (&
Arcol 2380 (40 OH poiyol) i 4
Polymer Polyol* 23 2
80/20 TOI/MLI Isocyanale Blend 42 42
25 Base Polyct Functionality -25 =23
Foam Formulation
Low Unsatura:icn Poiyo! 100
Corventioral Pelyol Prepolymer 100
Water 25 25
30 0Si Miax A-1 Catalysl 018 018

SUBSTITUTE SHEET (RULE 26)



gi ven bel ow in Table 4. TABLE

4 15 Low Unsat uration
Conventi ona Pol yol

Pol yol Prepol ymer Conposition Low Un i 28 OH
triol [err] WO972087535 5 "2 ¢ Low Unsaturation, 28 OH diol {‘ﬁ’irs]%

36.5 Conventional Polyol 28 OH triol[err]

73 Arcol 2580 (40 OH polyol)

4 Pol ymer Pol yol [err] 23

23 80/ 20 TDI/MDI |socyanal e Bl end 84~ 42

42 2 5 Base Pol yol Functionality -2.5

-2.5 F Formul atdion, . Low Unsaturation Pol yol

100 Convglﬁul"gﬁgFM§g{lcy}g'?l Pr epol ymer N .

100 Vat er 15§ 97305043) 0.35 2.5 8

2.5 30 CSi Niax A-1 Catalysl 0.18

3.18 WO 97/ 2087

PCT/ US96/ 18456 , . ).

- 28A- WoldegdersiidPARt Bl end (UCC Ter it ol “3 15 S
0/ DC5043) 0. 35 3.38
Foam Properties Mol ded Density (lb/ft[err])

2.3 2.3

SUBSTITUTE SHEET (RULE 26)



WD 97/ 20875

PCT/ US96/ 18456 - 29-
25% I FD (I bs.) 37

37 £D (I bs.)

82 ‘%{?g# e Strength (psi) ?gTIgS%“MSG
180 El ongation (% 178

161 5 Tear Strength (Ib/in) 20

1.89 50% Conor essi on Set (% —20- 4.5
7.6 75% Conpression Set (% 3.1

6.3 50% Hum d Corrpressi on Set (% 8.0

11.2 50% Metro el (9 % 9.0 17
30.3 10

A pol yoxypropyl ene/ pol yoxyet hyl ene, .
oxypropyl ated gl ycer{i” i.wé}f”i gorrer initiated, rand %‘ln 8
copol ymer prepared bignsDMDecgit @éilysi s cont ai ni ng 1898 by wei ght oxyet higllene
noieties, a pri mary hydr oxyl crgnt ent of 30 nol pggcen

t,

i )
and an unsaturation olﬂgaton /5 A
pol yoxypr opyl end/ poITﬁﬁWé’thﬂ"gﬁe oxypr opyl at ed pf‘bpyl ene glycol ol joner
initiated 50% Comoression RaArfZ)om copol yner pr épared by DMC cat al ¥si s
contai ning 15% by wej:glf, Qxygthytene 15 9 noi eties, a primry
hydroxyl content of 30 nol percent d an unsaturation of 0.005
meq/ g. o3% Humi O %ﬁ%@"’&é‘ttza yzed (KOH) &Fycerine initiated!?
pol voxypr opvl ene/ pol pvXaettiyl ene tri ol having 9. ano.3
unsaturation of 0.07 ntq/g, a functionality of 2.2, and containing 15
wei ght percent oxyet hyl ene noieties as a cap. 20
4 Pol ymer - nodi fi ed pol yol containing 43% sohds, the base pol yol

unsaturation be&tng c.ia A polyoxypropylenc/polyoxyethylefd. Qfpropgifagivcerine oligomer mitiated, random
As can be seen, consi st er&{)pol%c‘i‘ lare:me'd §§ Wﬁxcgtmysw containing 157 by \Pl ﬂimthQ@mmmeues a

properties are considerablly rove foamis
prepared from prepol yrrer Jrigar pde! fisah of 3ol pereepiygpd i $35HRER 0 HIB BrY 81 S

utilized. & polyoxypropylene/polyoxyethylene, oxypropylated propylene giycol olizomer initiated
ranccm copolymer prepare¢ by DMC calaiysis conlaiming 157 by weight cxyelhvlene
15 meietics. a primary hydroxyl conlent of 3¢ mol percenl. and an unsaturaticn of 0.005

meq/s.

3 A base-catalyzed (KOH) glycerine initiatea polyoxypropviene/polyoxvetkvlene lriol having
an unsaturation of 0.07 meq/g, a functionality of 22, and conlaining 15 weight percent
oxyelhylcne moieties as a cap.

20 4 Polymer-modified polyoi conlaining 43% schds. the Sase polvol unsefuration beng ca

C.04 meq/g.

As can be seen, consistent with prior exam-
ples, foam properties are considerably improved when
molded foam is prepared from prepclymers derived from

25 low unsaturation polyols are utilized,.

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 theretc
without departing from the spirit or scope of the

30 invention as set forth herein.

SUBSTITUTE SHEET (RULE 26)
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Havi ng gped the invention, it wi |l be apparent to
one of aim gl l @mm the art t hat many changes and
2]

nodi fic carn made thereto wi t hout departing fromthe
spirit or scope of the 30 invention as set forth herein.

97/ 20875 WO 9720875 PCT/ US96/ 184586T/US96/18456

- 30- What Is Cained Is: 1. A process for

t he preparation of nol ded pol yur et hane foam conprising reacting, in
a cl osed nold, a foamformng reactive m xture conpri sing: 5

a) an isocyanate conponent conprising imY" maj or part an

i socyanate-term nated prepol ynmer having an NCO group content of from
about 5 to about 35“»/@ gﬁtClai ed [DEr cent based on the wei ght of said

i socyanate-term nat‘-“—L‘——aﬁg‘pr‘egbl ymer, said isocyanate-term nated

prepol yner 10 prepared by the reaction of a stoichionetric excess of

one or nore di- or polyi socyanat eg '(g(pe F}leyq;lhecor Q:ration of NEN e
cont ai ni ng a pol yoxyal kyl ene poILyet er pol yo P l'opor ['oh havi gléi gn

unsaturation of |eRClRmetbaps fegm, comprigisgt ureadtdmoperimr amolosed

pol yoxlyal kyl enehpolx?tﬂtdlera bemeoﬁﬁ)ir}gﬂré&Ittikr@nm@ﬂdJﬁe mu@@hﬁsaﬁgsage

equi val ent weight o out_1 t out, 5000; wt s .

b) one or notre isocyanate F aqt%?/eéggﬁﬁ%{lgge_ compoHQ%(gﬁnpﬁ%s%g ta

i socyanat e i ndex ofmdiEarngant 7R afdcyIdnate-terminaggdi prridlymien bdelnpy @vence
of an effe](c:ti ;/e ?‘”ﬁmﬁ @fou@Necod@nt oF THE Lalel >5fs]gt5> bt msommi%;fhtche
reaction of a) wt cell- i zi pg. ef.f ective_ anpunt. of one
or nore sur fac Caeﬁ;[tsl;ogéﬁ%aoann%g%oﬁ%?ﬁol{‘ Oél %gv,\%&;lgl Sé)ﬁ APA s TR

to provide a foam dhsPr§ropEiifien BROHt 1ECCYRBAFETeeMingtgd prepolyner

I b/ftlerr]. 10 prepared by the reaction of a stoichiometric excess of
one or more di- or polyisocyanates with a polyol compo-
nent containing a polyoxyvalkylene polyether polyol
portion having an unsaturation of less than 0.03 meqg
unsaturation per gram of polyoxyalkylene polyether

15 polvol portion and a number average eguivalent weight of
about 1500 to about 5000; with
b) one or more isccyanate reactive compo-
nent{s), at an isocyanate index of between 70 and 130;
optionally in the presence of an effective amount of one
20 or more catalysts which promote the reaction of a) with
b), a cell-stabilizing effective amount of one or more
surfactants; and an amount cf blowing agent sufficient
to provide a foam density between about 1.0 lb/ft’ and
4.0 lb/ftl.

25 2. The process of claim 1 wherein said
polyoxyalkylene polyether portion of said polyol compo-
nent has a unsaturation of 0.02 meqg unsaturation per
gram of polyoxvalkvlene polyether polyol portion.

3. The process of claim 1 wherein said
30 polyoxyalkylene polyether polyol portion of said polyol



poI yoxylajll{“lmluglnwmawuﬁ p[)g(r:'?lszn 81]: s;: gi an iorhgcr)ﬁ:og- sald nent has a

gram of pol yoxyal kyl ene

unsat ur ati on of

2 meq unsat uration per

pol yet her po‘h,yﬂ)g &9 g tion. 3. The procesSsyseehsssec! aim 1
wherein ai 6 pol yoxyal kyl ene pol yet her polyol portion of said

pol yol WO 97/ 20875

PCT/ US96/ 18456 - 31- conmponent
has a unsaturation of 0.01 nmeq unsaturation_3;. per gram of

pol yoxyal kyl ene pol yet her pol yol portion. 4. The
process of claim1 wherein a majority of said pol yol conponent

conpri ses one or norenpogket hasba upshyoxgedmyl@meaﬁﬁlymxyenhyk@metion

pol yether POl yol & N Gran o pon@mple RE! ONplcBobebvSEREaNd 0

and an aver age
based on the weights of said hlgher pol yoxyal kyl -

ene/ pol yoxyet hyl ene poIyether4polyﬁksproces3&ﬁ claim 1 wherBin a Tiadopiogess
of claiml wherein a#TjQ6 % ol com;)gfleﬁé' QorM:)‘ééls %@p%@e%§ecwiahb§es

e p°'%8mymlypemems T ttbiend Rl ecBbatvale raend . °

comoarinadf fhessidimn tSEsmbletpeeseltand b andbaseadvenathe

one or
havi ng
primary

wei ghts of said pol

hydr oxyl

pol yol s.

10

20

30

primry Xyl conten

*ﬁ&%&&9p$&%?8§29|¥9§ggggsoafigsgtgﬁé negPRbYetRekent

al erelrn rit
based on the weights of sai h¢g%er pol yoxyanﬁLE y

ene/polyoxyethylene polyether polyols.

-

5. The process of claim 1 wherein a majority
of said polvol components comprises one or mere polyoxy-
alkylene/polyoxyethylene pclyether polyols having
nominal functionalities between 2 and 8 and an average
primary hydroxyl content of less than 50 mol percent
based on the weights of said polyoxypropylene/polyoxy-

ethylene polyether polyols.

6. The process of claim 1 wherein a majority
of said polyol component comprises one or more polyoxy-
propylene/polyoxyethylene polyether polyols, each having
an unsaturation less that about C.015 meq/g, each having
at least one terminal block comprising random oxy-
ethylene and oxypropylene moieties, and each having a
primary hydroxyl content of less than about 50 mol

percent.

7. The process of claim 1 wherein a minor
amount of said polvol component comprises a polvoxy-
propylene/polyoxyethylene polyether polyol having a
polyoxyethylene cap such that said polyoxypro-
pylene/polyoxyethylene polyether polyol has a primary
hydroxyl content greater than 50 mol percent.



of said mm‘a& l\corrpri ses one or nore pol yoxy-
propylengﬂ ‘“ uﬁ pol yet her polyols, each having 20 an

unsat ur at ison ¢l ess fhat about C.015 nmeq/ g, each havi ng at | east one

term nal bl ri sing random oxy- et hyl ene an xypropyl ene
noi eti es, aﬁ@ggéﬁﬁghaving a primary hydroxyl contgﬁﬁ%qg%qsgés t han

about 50 nol percent. 25 7. The process of claim
1 wherein a mnor anount of said polyol conponent conprises a

pol yoxy- pr opyl ene/ pol yoxyet hyl ene pgiyether pol yol having a

pol yoxyet hyl ene cap such that said polyoxypro-

pyl ene/ pol yoxyet hyl ene pol yet her polyol has a primary 30 hydr oxyl
content greater than 50 nmol percephe process VW 9U12408751 wherein said
PCT/ US96/ 18456 X 1 -32- e

8. The process of POtYRt ifO"PRREFFRAPELIT & POLYPRETYRL Lisith HRaPL -

conprises a pol yner-nodified polyol. 9. The process of
claim 1 wherein said 9.1 soeyangidRact b¥e CRIRONENt, 1eRRRLI SEs; Hne
or nore 5 pol yoxyal k . _The process

| ene Polgojs. . 10
of claim9 wherein é%?%ly ate  Teachvest CYRRCHT hof RSk y 8P Ry PEne" PR yol s
t oget her have 5 po hyexweikgengnsatyvels i on of | ess than 0.03 neq/g.
11. The process of claim 10 wherein a portion 10 of said one or nore

pol yoxyal kyl ene polyols has ., .a ri mary. hydroxyl content of. greater
t han about 70 mol peré@nt.The prgcess Xf Xgalm é wherein saléJat

least one or more polyoxyalkylene polyols together have
an average unsaturation of less than 0.03 meqg/g.

11. The process of claim 10 wherein a portion
10 of said one or more peolyoxyvalkylene polyols has a
primary hydroxyl content of greater than about 70 mol
percent.
12. The process of claim I whereir said
isocyanate reactive component comprises water which
i5 further serves as a reactive blowing agent.

13. The process of claim 12 wherein water is
the sole blowing agent.

14. The process of claim 1 wherein said
isocyanate reactive component comprises a chain extender
20 and/or cross-linker.

15. The process of claim 14 wherein said
cross-linker is selected from the group consisting of
the alkanol amines.

16. The process of claim 15 wherein a cross-
25 linker is diethanolamine or triethanclamine.



12. The pr uﬂ |' ereln sald | socyanate reactive
conponent !mmmﬁ“ﬂ lw] i ch further serves as a reactive bl ow ng

agent . *13. The process of claim 12 wherein water is
the sol e bl owderagaNt . 14. The processpetusdeasissl
wherein said | socyanate reactive conponent conprises a chain

ext ender 20 and/ or cross-Iinker. 15. The process of
claim 14 wherein said cross-linker is selected fromthe group
consi sting of t he al kanol am nes. -33- 16. The
process of claim 15 wherein a cross- 25 | i nker is diethanol am ne or
tri et hanol am ne. WO 97/ 20875

PCT/ US96/ 18456 17. The process of claig3l wherein said di-

17. The process of C&lalﬁalyl\é/aeyshatéam sdilected frcn@rthléoblfbﬁﬁcd’@{ﬁ[sﬁ:ﬂr@
selected fromthe gr ures thereof;

sai d pol yol corrponenoPpﬂDCIonﬁDhas gﬁ““aiﬁfé%&eghﬁs%%r ﬁlgnp8$1y?ie SEORRAAIFTS. 02
meqg/ g and 5 conprs ses aversabsurgttivatpant obnessy tnenel po? yoayjsr e -

ene/ pol yoxyet hykene Mﬁ&qts@%r iR e n@Rdl Ofa ROLYEES more uolmﬂﬁl-

pol yoxypr opyl ene/ pol yoxyet.hyl en olyet:E)é ch haV|ng an
unsaturation |ess tH e &l%oxyeghyl T 0RO MERTRE ™ r%O]e?PQng

content of |ess thamodified abmlywmpyﬁénsémlyww@h!ﬁesal d p@o@témn e
reactive polyols, each having an unsaturation less than about

0.01 meq/g and a primary hydroxyl content of less than

10 about 50 mol percent; wherein said isocyanate reactive
component comprises water as a socle blowing agent and
further contains less than about 5 weight percent based
on the weight of the foam of an alkanolamine cross-
linker.

15 18. A polyurethane molded foam, prepared by
the process comprising reacting:
a) an isocyanate compcnent comprising in
major part an isocyanate-terminated prepolymer having an
NCC group content of from about 5 to about 35 weight
20 percent based on the weight of said isocyanate-terminat-
ed prepolymer, said isocyanate-terminated prepolymer
prepared by the reaction of a stoichiometric excess of
one or more di- or polyisocyanates with a polyol compo-
nent containing a polyoxyalkvlene polyether polyol
25 portion having an unsaturation of less than 0.03 meg
unsaturation per gram of polyoxyvalkylene polyether
polyol portion and a number average eguivalent weight of
about 1500 to about 5000; with
b) one or more lisocyanate reactive compo-
30 nent{s), at an isocyvanate index of between 70 and 130;
optionally in the presence of an effective amount of one
or more catalysts which promote the reaction of a) with
b), a cell-stabilizing effective amount of one or more



conpone i r as a sole blow ng agent and further
cont ai ngutﬂggﬂmgﬁﬂaw 5 wei ght percent based on the wei ght of the
f oam of i Cr oss- i nker. 15 )

18. A
pol yur et hane nnlde%zfoanl prepared by the process conprisin
reacting:  WOY/2087S a) an isocyanate conponent c%ﬁﬁ?ggli‘?‘fag in
maj or part an isocyanate-term nated prepol yner having an NCC gr oup

content of fromabout 5 to about 35 weight 20 percent based on the

wei ght of said isocyanate-term nat - eg prepol yner, said

i socyanate-term nated prepol yner prep fed by the reaction of a
stoichionetric excess of one or nore di- or polyisocyanates with a

pol yol conpo- sub AL LY AIDINGA RRLYEX ¥R KYLENS; R Refrpek ¥l 25
portion having an unsaturatéon o] Iesg t han %503 nmeq unsat uration
per gram of pol yoxyiPkEFEREIDOT yERaRedensity BEWeER aB0ts oh Gt/ SudBer
aver age equi val ent ¥weDghib/Df’. about 1500 to about 5000; with

b) one or nore isocyanate reactive conpo- 30 nent(s), at an

i socyanate i ndex of between 70 and optionally in the presence

| d_130Q;
of an effective anount of one>- <Ihe %Paﬁ‘DPE ELRHD yLE SRR SrdAoPRlY he
reacti on of a) 5wit hoxyalkyldre mlgelthest gbirkionngtf efd vt tpolgrcdmavhbonénione

gET?Bg86/18456 V[hggl%98G®erage unsaturation of %%ﬁi than about &.02
surfactants; and an™8®6%nt of bl owi ng agent sufficient to provide a
foam density between about 1.0 Ib/ft[err] and 4.0 I b/ft3.

19. The foam of claim 18 whergj n §@d rRRhYof cPaim XY aldot8Re 2PRLYELDEY
portion of said pol ygl conponent , _
of said polyocl component comprises one or more higher

10 polyoxyalkylene/polyvoxyethylene polyether polyols and/or
polymer-modified higher polyoxyalkylene/polvoxyethylene
polyether polyols each having an unsaturation of less
than about 0.0l nmeg/g, a nominal functionality of from
2 to 8, a number of average equivalent welight between

15 about 800 Da to 5000 Da, and a primary hydroxyl content
of less than about 50 mol percent.

21. The foam of claim 20 wherein the number
average equivalent weight of at least one of said one or
more higher polyvoxyvalkylene/polyoxyethylene polyetherxr

20 polyols and/or polymer-modified higher polyoxyalkyl-
ene/polyoxyethylene polyether polyocls is between about
1500 Da and 3000 Da.

22. The foam of claim 18 wherein said iso-
cyanate reactive component comprises water which further
25 serves as a reactive blowing agent.

23. The foam of claim 22 wherein water is the
sole blowing agent.



285 ‘?’Rea:‘/ﬁﬂmmmmﬁwﬁmmerel lnezsmtajhgpl ?Sout > 02of said gﬁ%& conponent

conpri ses 6ne‘or" ndre*hi gher 10 pol yoxyal kyl ene/ pol yoxyet hyl ene

pol yet her polyglys, ‘{gggj/ or pol yrer - nodi fi ed hi gher PCTUS96/18456
polyoxyalkylenefpo yoxyet hyl ene pol yet her pol yols each having an
unsaturation of |ess t han about 0.01 nmeq/g, a nomnal functionality
of from 2 to 8, a nunber of average equival ent weight between 15
about 800 Da to 5000 Da, and a prinmary hydr oxyér cont ent of less than
about 50 nol percent. he foam of claim 20 wherein
t he nunber aver age equi val ent wei ght of at |east one of said one or

nore hi gher pol yoxyal kyl ene/ pd4ayoxyath¥bemeopokielher2 2Bereinol yoid iand/ or
polymer -modi fied hi gggéné’é’é &%HH% 'comgaonené f@%ﬁ(&ﬁ'&éﬂﬁ%@é’ | e oRAhYEL her

pol yols is between
22. The foam of cl ai ARE1B %‘?épe?ﬁt%%ﬁ% PXocross-linkerangd i (gdyy ggtender
conponent conpri ses wat efroski-tihniert hempr26ing Sesyeshas abbeacts veebdiow ng

agent. U j 2 in water is the
sol e bl owi ng agent percent Q%e pgoggg%é’{gﬂ YeMe22VbeL el
PCT/ US96/ 18456 - 35.

24. The foam of claim22 whereisn sahd ifsam of claimCy8nahéréBaciaM® iso-
conponent further Cogg%%égitlgér‘]ag:gg%”%ﬁponent coffiri@e&N3hE §Xt KOLET 91y -

cross-linker, said c i i
oxyalkylene polyols having a primary hydroxyl content of

70 mol percent or more.

10 26. The foam of claim 25 wherein said poly-
oxyvalkylene polyol having a primary hydroxyl content of
70 mol percent oar more comprises a polyoxypropyl-
ene/polyoxyethylene polyether polyel containing at least
one polyoxyethylene terminal block.

15 27. The foam of claim 18 wherein the wet set
is less than about 15%.

28. The foam of claim 27 wherein the wet set
is less than about 10%.
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(57) Abstract

Isocyanate-terminated-prepolymers prepared from polyoxyalkylene polyether polyols having low unsaturation are suitable for
producing polyurethane molded foam having exceptional physical properties. Preferably, the foams are all water blown, and process
well, The foams are noted for concomitant increases in both tensile strength and elongation as well as displaying excelleat wet set and
other properties.




