.. e3er6Tn. 09"=, s. , NO_DEB"’RND SLAB POLYURETHANE FOAM PREPARED FROM DOUBLE

METAL, CYANI DE CCNPLEX YCMYALKYLENE POLYCLS AND PCLYCLSQUCIYNH
SUI TABLE 5 FOR THE PRE' RECF Technol ogi cal Fiel. RBlosSgnt
i nventi oWP¥RH&ns to 10~rol ded and sl ab foam preépared from

doubl e nmetal cyanide conplex catalyzed pol yet her pol yol s exhibiting
i ncreased processing |atitude. The present invention further pertains to

po![y?)xyaldkill eneI pol yol M@ﬁ;}w gipgﬁuﬁl@e nmet al rg‘ ani de. conpl ex (DMVO)
catal yzed 1~ polyneriz MgDe i B I RIE ﬁﬂ%rm
pol yoxypr opyl enf@QAYEHRERORED FROM DOURBEF METALL (CYANIDE ' easi ng

Foam 20 Desor pti %b‘% E%{g:ﬁ% E‘?‘ ﬁryﬁmﬁg}%e Fepar ed by
reacting a di- or polyi (ﬁ e’%/ t cyanat e-reactive

comppund, in particul ar, FORITHE PRERARA §BQN SFHEREOFol yol s. Numer ous
art-recogni zed cl asses of pol yuret hane polymers exist, for exanple cast

el astonmers, pol yurethane RIM m crocel | uI ar el astoners, and pol yurethane
nol ded and sl ab foam Each o. els &Ol yur et hanes present

uni que problems in 30 fornulatio Two of the highest volune
categories of polyurethane polyners are pol yuret hane nol ded and sl ab foam
In nol ded foam the reactive ingredients are SUBSTITU T' E SHEET (RULE 26)
WD 99/ 51661 _2  PCT/ EPOdlioR P3Esent gnuventigpppPeslaissatel peevunsetdarnad
foaggd, while ~ad%@taﬁd:aﬂlaa %arne%‘zté;)é?réd"%&% A SHBE Enstipp! LednogLo a

noving conveyor, or optionally into di sconti nuous_ open nol d, and al_l owed

to rise freel FOMFHEX Nl wrEd @aﬂayetaeabp%veéﬁ BxXhaPstipgt 1poreaseds m

wi de and hi ghp-edeisd | gediicnide .t hi nner peelskeons fakeusgods Sedther
cushi ons, car pet under | ay an ot he |ications, Ml ded fo mmayFFle used
1 0

f or contouredW&éﬁllﬁaﬁ't§o fB? 9%%#:]@’ BEhiRMY PP RAGHET Ve Fea

In the past, eyl yoxyptapyl eﬁeaﬁodyet hebm@(lle‘y@l s (et ul foaesllabeand
nol ged f oam a%pl i_cations have lp](nyejtpar ed he basg cat al }h(zed

oxypropyl at i oF°d &t 1 4b1 3 rhya‘?l c T ors Euth a5 propyl ene ng08I ,
gl ycerine, sophltyeixymEtapyleradgsilygthss r popgotlisvehaving processing

latitude - increasing properties suitable for use in

preparing polyurethane molded and slab foam.

20 Description of Related Art

Polyurethane polymers zre prepared by reacting
a di- or polyisocyanate with a polyfunctcional,
isocyanate-reactive compound, 1in particular, nydroxyl—
25 functional polyether polyols. Numerous art-recognized
classes of polyurethane polymers exist, for example cast
elastomers, polyurethane RIM, microcellular elastomers,
and polyurethane molded and slab foam. Each of these
varieties of polyurethanes present unique problems in

30 formulation and processing.
Two of the highest wvolume categeries of
polyurethane polymers are polyurethane molded and slab

foam. In molded foam, the reactive ingredients are

G
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15 pol yoxypropyl ene diols, triols, and hexols. ?~s is now wel | docurrent ed,
“a rearrangenent of propylene oxide to allyl al cohol occurs during L'Imz
base-cat al yzed oxvpropyl ati on. The nonofunctional, unsaturated ailyl
al cohol RrAsSsiad) oxyal kvl at abl e hydroxyl group, and its 20p conion 020301
generation and oxypropyiation produces™~r.creasingiy |arge anmount of
unsat ur at eQ Col yoxypropyl ene nonol s having a broad nol ecul ar wei ght d:.stri
bution. As a result, the actual functionality c. the polyether polyols
produced is lowered significantly from-25 the "nomind " or "t'.”. eoretical
" functionalitv. Mr_over, the nonol generation places a relatively |ow
oract~cal limt on the nol ecul ar wei ght obtainable. For exanple, a base
cat al yzed aO@OD@aiéBalttco)n}t ol eoed amowdi gahtd(Z&@GreBa eqtuiyal ent eight)
diol may have a measyred g turatio 0S neq/ w [ thus
contain 30 rrgf:gpér ceﬁ% unsat %%eg g’ol ;#é"xenptr%py enegﬁgﬁd e?i'eS. %he
resul ti ng actoahnurchiverakit grwhbtibeabhyyidrd aadherothanushe Spgwim nal "
functionalit 1 r S SH ( 6).

99151661 @?EPQQ%%OP&%E%O goxygr%o}yrleenfd %EE ﬁ%sgﬁ)ﬁobqoe%ﬁ‘r S
. _ei ghtBned asabol ecllear SwéicglSt Irer?@r €asée, %)rGepla)r auctm aid pol grox ywEopyl ene
pol yol s havi pg eauswakent neei ghis nmeghersetch%@sbm%oﬁ%z?’ ag Da"r%

i npractical using conventional 5 base catalysis. 2 ~ ~ ?f |
attenpts havEusBefNFade CE¥EL Tt ha'\fedle Yo rFdHlicetHE nﬁﬁﬂlmﬁms 0z

pol yoxypr opy MgneeBol saes . mdds eb 87 uls@Wers drenpsk BbUEES FRAPIASSW esgdesul ts
in sonme inprovenent, as il.lust rat ed by European published 10 application.

EP 0 677 543SKEMPhGweF&sRighitolf o M3 bhI §¢bweFed to the range of
10-15 not percent, and the reaction rate i s decreased to such a degree that
cost Ses sharply due to ncreasg act ion time. Us of alternative

rat

.cat al y'15 s such as cal ci G‘M aphen S 1BCSEPRERACRY 155 % o] LRt Fon with
tertiary am pelyodat aJrsyesﬁts;\ fesuld4lam pntiyottcslaéravrngnt evgp5iedrions

unsat urati ongleCilenCold Lok 04 WY g LOldASANA gey)gf;g% 14 4820 M

per cent unsaturate I'S.  Doub-~a net al cyanr as zinc 20
hexacyanocobalft atlét@®17 BIYEXs cnemd Hlakhed ¢ ¢ Weh oot yeRsléne @Wbpyl aticn

i . the decade @f tihe ' 6Qosn:HaweveLct hei ﬁ,ghgglggst £ hEOUpPL £ Wi 1 e nodest
activity and’the diffi ‘cul ty of renoving significanf quantities o~ catalyst

resi dués froRPtH@PEPEHE" priociiet,, preveht e@nds hedtier-ci di Zat | B
Unsat ur at i on we@fl 1indtQ)fr}ém’r_C&W| emer@@i—y@ﬂtgerlaéﬁdu@efd gdedese: Catade YisdS was

found to be | o] at c.a. Q. rovenents in catalytic
Lot Tvi ty and " Ve iHovar SHes nBHETRad Cos S5 SARTer R w ToRT o of
DMC- cat al yzed ijpol.yol S'hien tideo 80n¢O806hsl , Filoveverjat e eadmdm chcalkeok

mar gi nal at hest.. a t hg, 1, apLoyen s emed:,t he pol
content and %n%atsurg%llon ﬁ not rratgtérl al 1'ze. S%UESTI‘EFQ E RILTEE 26)

WO 991 88661 <RIRGHUERYY| ezzsaareé@ém | gndas PRUPEAPEH2BY-O0, s PPaRERes
S, 470, 813, S,:482::308 @nd, S, 5:415@50 ambgsear elfer ;:8da dies A g CQ Lhepkgal

Conpany have produced % ysts with exceptional activity, which have
al so resul t e®5opYlene monoxs aving a broad molecular weight’distri-

bution. As a result, the actual functionality of the
polyether polyols produced is lowered significantcly from
25 the "nominal" or "theoretical" functionality. Moreover,
the monol generation places a relatively low practical
limit on the molecular weight obtainable. For example,
a base catalyzed 4000 Da (Dalton) molecular weight (2000
Da equivalent weight) diol may have a measured
30 unsaturation of 0.05 meg/g, and will thus contain 30 mol
percent unsaturated polyoxypropylene monol species. The
resulting actual functicnality will be only 1.7 rather

than the "nominal" functionality of 2 expecred for a
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.S lowering the unsaturation to unprecedented |evels in the range of O.OQ%FI?MZ
to 0.007 nmecx/g. The pol yoxvpropyl ene pol yols thus prepared were found to"
react in ar auantitatively different manner fromprior ") qw! ation
pol yol s WO ©&16@i n appl i cati ons, notabky 10 cast elastonerg%gﬁggaahwg
m crocel lul ar foans. Despite their perceived advantages, substitution of
such polyols for their base-catal yzed anal ogs in nolded and sl ab foam
formul ations often led to catastrophic failure. In nolded foans, for
exanpl e, 15 foamtigz~ress increased to-such an extent that the necessary
crushing of the foans follow ng nolding proved difficult if not inpossible.
I n both nol ded foans and sl ab roans, foam cool 1 apse often occurred,
renders n g REH FCERECPHESPELEECSE prodiet§ dprroThesel ef tetgstonedas even
20 when the '{dlgé‘t@%?mwéi@l@%' onadid ¥s of Suﬁié‘b?PQEXBhs be %P@g)g{u"y

| ower ed by aoﬂjl tion of lower funct;onality polyols to achieve an ual
functi onal i t %AW} @Ret BOLHAL Soabase- BaHAMPAER OIS RE S DM ke at jaed

pol yoxypr opyigns; pobyeles hame Ba excephbenaklienar ;0wn 5ol &oul a5 - wel ght

di stribution, as can be seen fromview hg gel perneati on chromatograns of
pol yol $anpl e@seane2kdl¥8dfar wei ght distribution is often rar nore narrow
t han anal ogous base-catal yzed pol yols, particularly in the higher

ecrui val ent wei ght 30 r@nﬁe. Pgl ﬁdi spgrsi ties less than 1.5 are general |y
obt ai ned, and pol ydi spet 8F¥i 85" FRPERe"?8RgREGP 1265 P¥eX. 182a¥R2ESnT®N. In
view of the |mwdtewekseofmSUBSTEFHRENSHERT p&UEXRBYopyierfd fpdlidN2. WO
99151661 ~ ' PCT/ EP9 30 -5 unsaturation_and | ow pol ydi spersit it was
sur pr~. sing tlﬁsa? -é§%§I g%‘é‘gepaﬁéaﬁé %lhg1 ﬁ(ﬁesﬁru&/ee£t%g%%fgﬁrJo‘b-%ﬂne

repl acenent s frprdaseesat al pred Pdluasisied pobyur Eurare droampappl sleed i ons.
Becausg OXyProny} ALLOAOW EB GOEGHNS Call et | pdlEohl oo el ficient, 1t
woul d be very “gesirable to provide - cat al yzed pol yoxvpr opy ene pjb'T’y_oI S
whi ch can di rasety yleeprageteohzentirogal Ofollfolls imelsirer cent noin@dche

pol yuret hane foam appl i-6ald ons. gé-£00paki sen Of-gel peprRat ke cost
chromat cgrans 10 of base-ca:‘fgil'%zed and DMC- cat al yzed pol yol s di scl oses

di fferences W3PS h&HETRY t P oFBEBEEH SFe CURHT 28O a8 1FM8sul tUsfepehdent

in polyol periptepnaeivEor cexaipkes asushowad n Girdurd afhghéeade, a

base-cat al yzed pol o% exhibits _a.significant. “lead’ portion of |ow
nol ecuiaias‘:1 15 W Jg%%(a 1Y gofir scgﬁauﬁg,l“§8>?yplwd'§3ﬂ e?lteewg]r%rl_% ptTdP=t o“Yhe nain
nol ecul ar ~.cmiabhstpeak.r®msitt hempeakpliied avei glatvipgr cehbagésc. &f gher
mol ecul ar wei Reciesyf alel s 0f of b api di Ya Lo RN - 556 .figure 1
,as i ml ar“gl?:I ?%rﬁagogr am- of CéaDI\/E:-'cat aﬁygé 'pg}ey%@{r ecv“e“g‘l %éé?({fb ly 20
centered peakagdiphteeily -Rot fiod Pewceplteculsatwediyhd Morads.portion, but
with a small port_on of :~gher nol ecul ar wei ght species, which nay be
termed "hi gh nol ecul ar wei gh taiI".1 Due to the | ow co”centration of the
hi gh ol ecul ar w-~ght t 8PREp6r t(1UiR - CEHRPARPYy Jas3 VIR E haHCE- B9t YRt
pe=centz©f the=tot@hnotbbapakyd spepsieke d erdddstdond Bothe CtEvEDBy &f €
.idealized fo=_purposes ofwilkustggtion..§unn§r ,thlhg énvention | t_has now
been surprisiﬁ€¥y HYRESErad Fﬁar“Sﬁn%mﬁFE%?aléﬁeﬁ'pol@ xVpr opyY &HET pol yol s
whi ch m m c ttiee behénigtr afsibaseovalaliyzed anabdgsc mytheiabt aimedthé,
SUBSTI TUTE SWEFEE&?u?EE %Q)removing significant quantities of cata-
lyst residues from the polyether product, prevented
25 commercialization. Unsaturation of polyoxypropylene
polyols produced by these catalysts was found to be low,
however, at c.a. 0.018 meg/g. Improvements in catalytic
activity and catalyst removal methods led to brief
commercialization of DMC-catalyzed polyols in the
30 1980's. However, the economics were marginal at best,
and the improvements expected due to the lower monol

content and unsaturacion did not materialicze.
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WD 99/5] 661 ~ PCT/ EP99/ OZZ30 -6 during oxypropylation, small but effective
anounts of ethylene oxide or ether suitable al kyl ene cxide as defi n@ﬂtﬁm
herein, are copol ynerized during the nost substantial cart of
oxypropylation, resulting in a S random copol yner polyol, p a
random po|‘*§%§%‘&6§i enej pol yoxyet hyi ene-=copol yner pol ycl. sﬁﬁjﬁgg 3?350 have
beer. found suitable for userin both nolded and sl ab foam applications, and
di splay processing latitude simlar to their base-catal yzed anal ogs. to
Brief Description O The Drawings FIGJf?E 1 illustrates hvDOQ heti cal

nmol ecul ar weight distribu:.ior. c~.: rves for a conventional, basecatal yzed
pol yol (Curve A) and a DMC-catal yzed polyol (curve B). SUBSTI TUTE SHEET
(RULE 26) ~21; T WO 99!§tg%% lPCT/EP99J02 30 Detail.ed Description of the

I nvention intensive resedrch rrés réveal ¥ thatethe B gherS ol BEGRRESwei ght
speci es unavoidabT§y, dbBai heds8dusOAg aDNICSc a4 yor®d, oxypeapyhatsoar daspite
their low S c t I a rgel esponsi bl e t he_abnor mal,

behavi or of -Cgcgt gﬁ%’égga%o:t%g gnlg’n hér"feet f??irnoe %?%eéﬁénaagf‘gﬁsf—'ﬁa?ﬁlth
applications. dxcépgrsanaisedcthaityhesehhcgh helecukasonweirgbtilspeci es exert

B urfactant - iffeerhsclaailicl AlLA 2ol N SOl dun A0d 1RNGE KRP e

|
phase-out™ of I oW ng pol yur et hane pol yrmers during tThe
i socyanat e- polsgise ea@dt i 0Thas a0 nonednp!l et eTlye ebbégbikye roeiheds of

avoi di ng prodyctieni of Bhah nphecuban Weight canpos _epts 985’%99 in a
pol yoxypropyl ati on_enpl o¥| gg [C catal ysts have 15 been found. The present
i nvent ors havel$3RriSeBIVRAY t K ffiessint | Jrapretes o i tyr&9r cofiemt'i onal

pol yol s and DMzs#talyzeenpelolgled sTeyn r eskdainn ihel deddesences expiib~ ted

by these pol yols with respect _tq their content | ower and hi gher
nol ecul a}rdowei gcf’%srsp%i?ﬁgémgfﬁcéngh@lﬁﬁoﬁﬁﬁl‘lzilrp%ré?én-sout of hard and sort

segnents whi ch occurs during pol yurethane polynerization is known to be

af fected by pol yp! nol ec pei ght, . this phase-out S one_aspect which
was identified as a poss?%?élgguse 8"6rroces§aam‘f‘?1f‘§¥%i ffe?%‘ﬁ%gg.agia?'has
been su-~risirgiypobiduséonerdd st peepatat ifan of hebt ybxyprapykepeepgol yol s

from mixtures £ontgiei 0o AoTkabMUMLThes! i AMPURL, of  £050! XRELLZ3ble
nononer s, preferab(?dy’/ et hyl ene oxi (rﬁl']e, tlhrougcﬁbut‘cg qusu%sglg_%t%ggﬁ‘ﬁajigéi ty of
DMC- cat al yzed Xxyat k§F aFPBR: CpF 84LEES - pofJonaldnrchoams . usefukxanoire 30
same manner aseddwi i ilkpsercal al y2edapely ®0/PEQRY ene eQuBhLer pards kpenol ded
and sl ab foam applicati ons il e nmaintai_ni ng nol ecul ar wei_ght distribution
substantial ly %ﬁ’ﬁﬁc 1Y R E ey oams following molding proved
difficult if not impossible. In both molded foams and
slab foams, foam collapse often occurred, renderaing such
foams incapable of production. These effects occur even
20 when the nigh actual functionality of such polyols is
purposefully lowered by addition of lower funct:onality
polyols to achieve an actual functionality similar to

that of base-catalyzed polyols.

DMC-catalyzed polyoxypropylene polyols have

25 exceptionally narrow molecular weight distributicn, as
can be seen from viewing gel permeation chromatograms of
polyol samples. The molecular weight disctribution is
often far more narrow than analogous base-catalyzed
polyols, particularly in the higher equivalent weight

30 range. Polydispersities less than 1.5 are generally
obtained, and polydispersities in the range of 1.03 to

1.15 are common. In view of the 1low levels of
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- 22D CT ~~i~ WD 99/51661 _g_ PCT/EP99/ 02230 the same as DMC-cat al yz20lT 7002
hcnoap_vneric pol yoxypropyl ene polyols. It ~s hypothesized t:,at the
incorporate on of ethylene oxide alters t:-~e cenpatibi 1,i hi gh
nol ecul ar MRI9HECY r acti ons of the subjeet 5 polyols during B%?l@g%géézﬁgone pol
~~ eri zatic.”., thus changing al so the chase-out cf hard and soft
se~,ents. r It is nost surprising that foam collapse in DMC-catal yzed
pol yol - based sl ab foam formul ati ons (destabilization) is experienced, while
at the same 10 time, tightness (excessive stabilization) is experienced in
nol ded foam The inventors hare surpr'_singly found that the ir~corporation
of the previously discussed randominternal ethylene oxide in EMC-catal yzed
pol yoxypr opy| BRE 3FSIEFH LTt 7 %%VhP%%X€é§Pﬁésﬂ¥§htHé3§“¥5 $WTRDEERAIf oam
as wel | as fogpneoblMapse dalyaleab pbogmlsThal hbesgry¥oeycdi hEergps,prgeessi ng
difficulties can_be cured by the same salutipon. Is st surprising. Even
t hcugh excessﬁé’lﬁff&rﬂeﬂtgsnt%%rséaaasﬁd‘i’atfzfﬁ'lyc?ﬁqo%é’?m?/ e ROV ded-b§ehe
orecarat i OE otowa@bﬁdzﬁthmmfi. poilaeyammeonxw&epmlam@n gw?éhd@gﬁéedb
l:erein,_the unt _of - hi ol ecu weight ta~1 is _not ieved to be
signi i cant | @Hgl t‘é?'éﬁ,lygga tlhsusnrﬁgiﬁn ExXTEt B ’andtrré‘i’?‘tlg?l~ EFF¥ct s
exhi bited by depdlryidrd zexb prrochwdide mIBIC e whiey dead samel phheproayusenel t i s
bel i eved that 25 the hj cu. i eci e nerated. are,al so
copol ymers, a88§%’|%’315 t%rgmprggésagjn?é‘ o I)P'elte% ec%ydjrrgg%?tﬁ%n%}(y%?%wiﬁe
noi eti es) or oh stletecohemekddd abffwremtane  Doathi agpdichtasnisut yl ene
oxi des, etc., in these fractions alters the conpatibilitv of these 30
species with the hard and soft segnents of the grow ng pol yner chains
during pol yurethane pol YheFPRRATH¥ON TRE FEAhPFISWRATdPI I Brehangerassnot
‘known. 4 MRy Jresul & o - SHBSTY TLEE ~SHEETE RAE 26led pod 15 ~a V- 99451661 --
~ PCT/ EP99/ 02230Q 9 for exanple, froma change in the ' i
hydr ophi | e/ I i ﬁéﬁﬁiélré‘rtﬁﬁSar\’ckblC(%'HEB)VeoPth}éeﬁ?E;ﬁf%Peléﬁﬁarr%\EPgﬁPZfﬂfda@sFi ons,
may create theepeilteidafereietyalenbl9blppkydbehbane hardrandasglit K sggnents,
or may alter tple crystajlinity or. 5 stereoregui gi ty, which in ani/ cilse,
may be defineGR2¢™ PhanBEVEn® S fmdHifey® ' off PR SHISHT a0l el BPLvet ght
tail, since thehdlfiect sz aseghefieyed tbebdéd"spbiatcenclofatiesy hdibaslheen
found that the_nininu of. 10 et e oxide or other copol riz~ble
rmnorrerlkgiopol yr?é iztedgivxll‘az‘%rﬁ&{%%%p? énge%)ol)hc\%g ‘rr‘ugtiy e about 15 p\/\lgliog%trrg%er cent
relative to théet onalnnmnedreeufagedye Foht examid.e, &@sunt shef pkeaiei ghbe
percent or |egs;oh et hylens bde exhi QhL ~sybst ially the sad erties
as DMC 15 cat g’lé&%eh& hgﬁbgo%g%pﬁogyﬁegggpol oegc'{ull\?ﬁlo%r]e:l ot hgﬁetgﬁgﬁ
et hyl ene oxi déadisciPhayrdeldddd t ¢ achi®eife & hef nBiEvsEi dus ®f FE8E5aBf t he
subj ect i nventih@datd tdrosepAeNeRERS veRBObY MBh Zabl,eaWist B PLORYL e
oxi de or copolynerlz%£ e “&Fh mxtures o .ﬁrfgylene odee ﬁnd 20 et hyl ene
oxi de urler DNVBIEEEATsPEE suby moNGrer st +hef add P hulCaFEWGE | 'RTERY to,
subst _tuted, faraexanpbechalno- sbibst iiutteds oFmamsulstrd:1ired o€S togheo,
especially C~ ..ol efi.n.oxi such 1,2-butyl.ene _oxide, .., ._;
2, 3-butyl ene 8%?3g%ﬂfﬁ?tﬁgfgn? d%%??%%%'bgﬁﬁéﬁl may’ peTrermed "high
molecular weight tail". Due to the low concentration of

the high molecular weight tail portion, generally less
25 than 2-3 weight percent of the total, the polydispersity
remains low. Both curves are idealized for purposes of

illustration.

Summaryv Of The Invention

It has now been surprisingly discovered that
30 DMC-catalyzed polyoxypropylene polyols which mimic the

behavior of base-catalyzed analogs may be obtained 1if,
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2~ preferred); oxetane, nethyioxetane suc:~ as 3net hyl oxet ane, ~2007T T
caprol actone, nulefic anhydride, phthalic anhydride, hal ogenated propylene
and butyler_e oxides, and a-ol efin oxides. The effective anobunts of such
nononers in preparation of polyols which are suitable 30 f } | ab

f oam may We ¥68ill y ascertained by synthesis of a target ‘pg’lrcyoi glr)f 3¢
evaluation of its performance in the supercritical foamtest, as

herei nafter described. In general, the anounts enployed will be simlar to
t he amounts of ethvlene oxide 3~ enpl oyeg, on a nol e-to-nol e basis.
However, copol ynmerm zabl e nononers whi ch®cause greater alteration of the
pol yol structure of the high SUBSTTTL1TE SHEET ( RULE 26) T2 ~~~~f ~ WO
99/ 51661 ~ PCT/ EP99102230 -10 _nol ecul ar i/ve' ht fractions can be used in

| esser amount SUFHIRE FPRPIGPYIGEH Poncit s a gtal o skl FPEECUI 1y in
conj unction wethyéehyl emeidxi de. Subhrnomobesblar ealkféened triberein as
stabilization,5_nodifying conongners il e_ethylene oxide is used in the
di scussi ons \Aﬂ?éﬁnfagl I hﬁ?egﬁésead?scagélmo@egﬁﬁ%g asWet9  o-Re  most

stabi li zati onsubdihyiciglcopd=oness, anmiesoyhali tat ed oehelwisg. Ide araxi num -
anount of ethyle oXi \gglg% can succ Eu ilized S upon
the end TUse ¢ ﬁpgﬁﬁll at %&p {éﬁe ar%%ﬁ%qdf etﬁ?/%‘éﬁlég)é%ik}ée iarzlcr ergagrgcgc%}gt he
poi yol beconepolgoraasicnylyniydrdphikyeshyasda heopriymay piydcdxy | Swont ent
rises. Vhen aBBl:eE}Eis' RaGECBEEnOkodAaVeL ghEHREN GRRl Rl £N& OXi e AL
contained 15 rn e outernost portion of the polyol, the resulting polyols
are significaandy Fé3b pEeRBs<HRE G Qe s f ChirfPreRY ~i BFeRCe 3§ dHer

level s of primgry chdr @i 1eententhane pasw - ahpreet Axbesgsoxi de (~O
capped polyols are to be subsecruently prepared, or when a high 20 SO PO
ratio is to be used ~n the final stage of polvner~GL.~or., “or exanple to
pur pose;bll ly _: crease priBEef DirdptibnCOR THe Didkinse | n one-shot.

nol ded foam and high resilience sTab foam Tn such cases, |arger anounts of
i nternal oxyethylene noieties, e.g. up to 15 2S 20 wei ght percent of the
total feed, nmay be used.. . ouwever, en_lLow primary, hydroxyl content

pol yoxvpr opyl ene hom)polpy}ﬁe i Tri c%ﬁgﬁgrégﬁtsgn{ﬂ’%?gg,exrﬁg)it or’?%fe%@"é‘? hyl ene
cont ent shoul delgHwesdistranodOiawi ghtrvper cent, anorenpeefecablly |Bsset han 9
wei ght 30 percent, ts eferablya.he han NeJ 7 d nost
preferably i nct%%e lr}éz%'cer%%ﬂé ouzéﬁgpv\éi Skt SclBle&r cenPﬁfwgﬁiﬁgﬁeﬁﬁ}{@ﬂ
percent. When &veoolBineri zabl e nononer ot her than ethyl ene oxide is
SUBSTFTL1TE SHEET ( RULE 26) - 2 OCT 2002 WO 99!5166L ~ ~ PCT/ EP99/ 02230
-1l utilized in conjunction with ethylene oxide, the polyol nmay contain
anounts of ethylene oxide substantially greater than 8-100. Thus, t he

pol yols of the subject =nvention are S substantially pol yoxypropyl ene

pol yol s containing mnimally about 1.5 weight percent oxyet~hylene or other
stabilization-nodi fying conononer noieties, these polyols produced in such
a fashion that not nore than 5 0 of the total oxypropylation is conducted
w th propyl ene
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10 oxi de al one. These polyols may be terned "spread EO ponoIs",
'oxyethylene noi eties, the preferred conononers, are "spread", or rangou¥§”.
di st ~; but ed throughout the portion of the ponoI pr epar ed g@@ﬁﬁ lyzed
oxyal kyi W% !%the pol yol's c~ tie sabject 15 invention furt | n% ude
capped spread EO pol yoi s which have been capped with an aIkerne oxi de or
m xture of al kyl ene oxides in the presence of a capp~:..g-effective
catal yst, or a non-DMC catal yst in ~he_%ase of pol yoxyprooyl ene caps. The
spread EO pol yols and capped 20 spread EO pol yols al so include sucr.
aol yol s prepared, as described here rafter , by addi tional |y oxya 1
cylati:~g, i:: the presigce Pf a. DMC. cat al yst i pr cpyl ene ol i goner
prepared by cxyal kyl ati HO I ERET 3 ML e BVEEIOIbS Syrprisingly, it
is not the total oxyethyl ene content mhlch IS nost |nportant Rat her, ~t is
i nportant that the nost substantial aar~ oz the pol yoxyal kyl ati on taking
pl ace in the presence éﬂtBMEl@&tak¢$Earhé1cdnﬂmctedvéalehe phasencke of

ethylene 30 §ng V%ﬁlé’#y |n§£¥¥ﬁw%egég feegnggoggabgo{ygé $#$¥Iat|on

react or occas onal &t Ayl ené “oxi

present _ ndunongb@MCSUBSFﬁMAEﬁEQﬁﬂﬁﬂmeitELQ&) desimertheir W99/ S1661
~ PCT/ EP991 ec S ?BH By the
term" ﬁ%st sgﬁgggngféglggrtE%Enu?%ﬁgq?ggg% séﬁn%antE(}tslﬁa?‘tl %gﬁéﬁﬁgoX|de
will be absehehavier of IPMGagactal h‘éﬁ@@@l}i@|1§nlnnurhénpoleymwjtdbklyaacﬂ| on
reactor of Os§aweteaa asataeatlgaglngv@Otanﬁﬁntﬁ§@d5eE9é tnss&0§§§lng -

oxyal kyl ati on Eerlo when Eﬁo pyl ene oxide is tfed to the reactor
catal ysis, pretefuaBRy WBLIADr EPERARSIGHEI T I SWekreeanandika pafeceul ar

not nore thapn;idfo afi cleliss cper lst.Lquf'ﬂ.LtLSby adndieagh 2S%:of gskh&s@%az@w@' kyl ene

'10 portion of the resultin §¥ﬁ0| will_conrtain randogt di stri buted
oxyet y? ene FBEITREIVHiRN ﬁ?ﬁnﬁﬁt%W%Fso§9€rH§lé @ Rt ERLE BRI Ng
about 1.5 wepgbtopereentioAny honopol yoxypropyl ene "cap” will thus al so

constitute |l ess than 5% by wei ght of the copolyner, preferably less 15
than 3% and nost preferably, 1% or |ess. The ethyl ene oxi de content of the
feed may be cycled froffhOst dav.gher aehpbstdlyi rg fecal kel et tbods Sath
cycling down QLshELeh Ll te LS VLS ..t hou r |

ri ot defeat ?ﬁ gﬁch ? t he anen%xg “gg'Qﬂég%t b? ﬁgcoggﬁgggg% %%t in

t he reactor dPFP“Ee@&lﬁqﬁWUIQRykﬁﬁkﬂQeﬁmhéoﬁﬁﬁﬁléﬁ@3o&¢%ﬁiY%@@ baveg zero

for a pgief LLER. AJurRSSesshagy tr@%e%@pt%ﬁéptaesclr@u@ sutmiSed henpEinciple
of the inventjon which 2~ should be Eiiesse .e. mnimzation_of_periods

of oxyal kyl aE'8n HigH Y aRfrafpPye lﬁﬁbﬁ?teﬁ@Qﬁﬁ%ﬁ%oq eBLiYRlf s
preferred thabdtbacex;abkyhaﬁ:o& wh&buneyconﬂgi$£51ﬁttheaﬁi:ieme&&eﬁhvlene
oxide at all_times, _30,The, oxyal kyl ation. perigds discussed. abaye reflect
only the por?lozgoFeoxyalghgaflon %er orneg TR the p%esgﬁce Tof© E

catal ysts, and bnwéerabﬁyhtnhtndeotneué@rlwatgon peeiced s(-i n8actieonhperi od)
as Wijy whergnbhexDhacalalyshel fabal faachtyal enabRuelal b o DM 35
catalysts exhibrf an“inrtial induction perio e the rate o?

oxyal kyl at i ofuFéngnaPPlyk r2&heneThies iyaatisia SUBSTI F6r TENSMEETLPRUPE 26)

- Z oCr z00S;¥0-89L316615517oRCHER2910223R +di¥-, this phase-out was

one aspect which was identified as a possible cause of
processability differences. It has been surprisingly

discovered that preparation of polyoxypropylene polyols

({9
wn

from mixtures containing a minimum effective amount of
copolymerizable monomers, preferably ethylene oxide,
throughout the substantial majority of DMC-catalyzed
oxvalkylation, produces polyols which are useful in the
30 same manner as their base-catalyzed polyoxypropylene
counterparts in molded and slab foam applications while

maintaining molecular weight distribution substancially
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evident in batch-type processes, where follow ng addition of catal y§t2 G 1M
the initiator (s) , alkylene oxide is added to pressurize the reactor and
the pressure nonitored. The induction period is considered over when S the
propyl ene. oxi de pressure drops. This pressure drop is ofte@Cf@phﬂﬁzﬁapld
and the éﬁ??Vﬁkgg cat al yst then exhibi+s a high oxyal kyl ation rate.

Et Y~yl ene oxi de or other nodifying copolyner is preferably present during
the induction period as well. powever, the induction 10 period is not taken
into account when determ ning the pOFtIO% of DMC-cat al yzed oxyal kyl ati on
during which the presence of ethylene oxi"de is rewired. It is sonetines
necessary to produce capped pol yoxyal kyl ene polyols Wth base-catal yzed

pol yols, 15 ¢ i ng eneral |y perfornmed SI he feed of propyl ene
oxi de or prop gne o%%% et hyi&ne %‘gecﬁtﬁ 3 c%‘r?ﬂcfo%ﬂﬁ@ewltch

et hyl ene oOXi cteODyld»xyp"fblosflmeCWy&ﬂm oduBtESwpohyﬁbs:bWIstwhe@ R@yOxyeat hyl ene
cap, resulti ng?l n_a ol ogar conteent_whi.ch 20 i ncreases pol yol

I OX
reactivity. F %BPrgrSgsé) c8raf ghg%e%bpo’fw‘r%r st 30iEe £OMEaSRL WYt h al |
pre~yl ene oxide why belgisedolec pladuwelgultycﬂzsacmtdmw g7 seeongdayecdtydr oxyl

cont ent ry:h xylg 28N about_ 3. nol cent.

Wth DIVE cat a?@%\zéi%gl y% %95 &%q‘?fg&n%yg %‘?erre‘dz?tol%r odu&é‘uﬁol yol s
with both | oweramgingl klage mhqh@thaﬁﬂ PRIy dtydraa)wla*t;bmcem sdmteretdhyl ene
oxi de capping may generally not be perforned using DMC catal ysts. Wile the
| atter catalysts may be used to prepare a pol yoxypropyl ene cap, this cap
nust be 30 less than S Wi ght PRFEeRRIPEAELNG p&rf@ffergmw gbséapsahen t he
cap is preparmc:Uéaeglwe?dcatﬁéwéﬁ pabes ma,&%bt hapo8mS RS G sRELGENT

DMC- cat al yzed ypr.opyl en is enpl oy t he poI yol s are unsuitable
in mol ded sussgqﬁ%ﬁ 1 HEE?lmULE—Es)EXPE’”l?nﬁ@w iggy 5ege1Lhe | same

PCT/ EPQ9 0?7230imd 4 @nglnshabsf Oéﬁ&é@éiﬂdéaédﬁlﬁllfeﬁdlﬁcbﬂg foameok bapsa. | f
the primary h dro%i% ent of .DMC- cat al zed gol yols is deSired to be

| ower ed, capp e %p S ene’ O%IH%V%%S/ 2 DerforHEd Mwi St-l‘igévnéﬁuBféC

cat al yst, orckeaoarrpd:bea Sntoadotaonah baSi ¢ teat aiv;esztlcsmly agipetasedum
hydr oxi de, or al ys u as i na nate, r - ner.al
however, an m%rrug%rge ﬁ%%eﬁg%l néa(ri?l’j hy g@ox P%ggtem may’ IMItg:e%(?es'f‘l P’é&d In
such cases, aPPbYysEXYELRYLERE @@p&vmif 1§elr|§ﬁe;b@rt@dewe@weftd tylgatinrgs10 in

the presence of Acgalkdl yalamhishubs:ebkegdae ddn LapPi ngnbut ~doeg pot
generate large crsanti _ies of substantially honopolvneric. pol yoxyethyl ene

pol ymers. At PRRC prRSERt VEFHed! MoPk EVE REACH SRS Mt I erlCigeFaoPet hi s

purpose . DMZgaéal pyedrexyethylsatliondias s-modts fiakprlds heen inpractical,
as oxyal kylation with ethyler.  cxide alone or with aI ky' ~. ene oxide m

xtures con tai :~ ~ng nore than about 70 weigclt percent ethy 1 ene oxide
Q.M erally rSUtS 111 Ehverf Ghchati @xcBssSive foaimm.cGamcress~@'nd fohts C
111def' ned <bel.iev LQ, be .5t l,bst tI |.L h rmeLY H.C O
riecr-hor awc?%/y{r%‘gg i djnf){é [%'d vV g a\/I wae%ﬁl ycgrsgara“‘%rdlmt

DreVl Q4@ y. @@cahEZ?d—tDnywmmgl@M eppitveleatad ysefzt sdné‘ar”"t’ na

catal yst whi c@nsfihsuﬁetbf Rags ﬁ@ee%casélgnzedcmyla 44 ¢ hut preduct i on
of s~gr.i~~cant anmounts_ of ﬁox yet hyl ene 25 gl ycol s and/ or ot her

pol yoxyet hyl b2 tb%ls%%%slcw Yr%%p%c?dt At opH i o HRcPes ted and

‘capp~. . g-ef f@@fit@rw@@tsaleﬁtedc% @&@1 \Milt:‘élal ah/ @W@oqw@ﬂ@ue@i in@odwctls
propyl ene oxi de wi t hout c\generatl on of mol ecul ar vvel t “tail

catal ysts such*3s REOSUE KeP, SBAFi ﬁlrn”§6 %ﬁ‘dls& ront¥ uﬁ?h?& RIV§Es © &ﬁ‘g

oxi des,2mnd avhae ajhal ms&&caﬂefsmé:adﬂ:e agecd:applgtgt@farte&dl ¥ee eafsal ysts,

for exarrpl e. mpst. sur sing that even ~olyols with high _

poI yoxyet hyl eﬁep?:g 5511 | Qﬂ!ﬁl bi- rﬁr oce%sabr Fr tgé §UBSﬁTUTEg‘SHE€Pr(ERULE
26) hydrophilic oxyethylene moieties, or of steresochemically

asi c

dirfferent moieties such as butylene oxides, etc., in
these fractions alters the compatibility of cthese
30 species with the hard and soft segments of the growing
polymer chains during polyurethane polymerization. The

mechanism for this change is not known. It may result,

SUBSTITUTE SHEET (RULE 26)



2 0 CT 2002 WO 99151661 ~ ' PCT/ EP99/02230 _i5_ difficulties unleggctm
base pol yol contains randominternal oxyethylene noieties. To cap a

DMC- Cat al yzed polyoi with either propyl ene oxide or ethylene oxide, the
Dht C cat aypb/smesst 5 first be renoved) .destroyed, or |nact|n@t/a€b9/oﬂ3bs is
nost conveni ently done by addi ng aom®ni a, an organic am ne, or preferably
an al kali netal hydroxide. When the latter, e.g. KOH, is added in excess,
the catalytic activity of the DMC catal yst is destroyed, and the 10 excess

KCH serves @sraesemysn i ahadm bas@h@@é@l yat e W;ﬁ@llé‘\/i@?@@ﬁ@l@m yol *

as that ter ed el I §yin IV -catal yzed_po ols V\/mch are
further oxyg}ak t%ed in thgr ?gseﬁlc %ofrg%fﬁo% %?Zty FP X
"cappi ng- ef méyttvgat@aiéﬁyg@lyemﬁl%”tm‘d@ésnhom @lmradéameadal yzed

t 20 EO ra”dQHHC%N”Bé?méhtﬁih e rﬁwsaqrcl&ntwer %%s;sec%vmml@}' oBr opyl ene
oxide in the gresence 0

a DMC cat aI yst; such pol Lsf%j%geet t he
li%itation GFSEROSESHATL Y HECH He 1Y Cé‘éﬁ n Y s #B?2 fRan S% o~
sol el y ool yexypemgd atn ohsumibstt 20wt ed£r ahiev highc rac¥ecthan. wa¥%ghhi l e t he
spread EO opLiYol $:hBuS dhs 9??&5&96%&{1%%%@@56 £9r ! aQuteg%and for

sonme nol ded oam formul ations, many o e laiter may conveni ent utilize
a hi gher oxy8tRye&he content, i.e. a random 25 internal oxyethyl ene
content in the range daft my\meﬁﬁ PNt hte abeutmidhimeh ghopet cent ,

pi@f erabl y %@h&aﬁleﬁ% weLghk . pergent oFﬁéﬁ' “S&éﬁéo?&mgﬁz&%ﬁepreﬁé{x% py

oxyal kyl ati t ] Oor "anopunt O hyl én
cont ai ni ng t:ﬁ@oﬁw@rmaa‘*dm%b% plr@@nfé@@ey guidesaustedb Qndi cnéh 1.

pol yoxyet hﬁwlémgh%amd:d et fremaﬂlwree&focwemwm lrﬁbr%tﬁéﬁsfgédYO metght

per cent et ene ,aoxi S rerer Ln,.exce

SUBSTTTLITESSRERT (R ?‘E“g‘g)% S B ‘2%3%@1@9%1@%59 Cerggﬁge?gzzw ;
16 per cent OELR @@J&étd@qbﬁt@@ttala;léﬂ/ &he e pIrReTEieshaspPéSence of a
nog- E'VC SynEB@%ﬂlE/ﬁd tﬂw\o‘gmwt ; l%é.Q{éS wﬁv@?ﬁpemﬁéﬂéegdﬁ&??l yolts
nmay De acco L. she cal a STS_an ) (0] n y se
forth in U. Bateedtt1 f%‘“%?éxgﬁ s, 2'1%“2 B8, %§ Cgog% gm,a@%% Eg %2" and
copendi ng appm@@thmvSSeeféﬁcm g8/ 599, R@]MepnwmranQMUQg

ref erence. tﬁo@@m&kom@w %P}%ﬁ@fﬂ@ébi@ W&th%rl&;%ﬁh.ér@l thede or

oxyal kyl at i on cgt al | Jnel udégg t.hose disclosed in the fore

0
patents and® R4t i Bhs amth TSR Ol PR L pat et & 16gd997
52258, 922, an@ﬂm @de‘Ac‘tln@arl SMODf care NG T at al Pucs |@0peme@smed by

addi tion Of ipeopMeene ti d8re not limited to, substituted, for
example halo-substituted, or unsubstituted C; to Cs,
especially C, to Cj,, olefin oxides such as 1,2-butylene
oxide, 2,3-butylene oxide, (with = - olefins being

[
wn

preferred) ; oxetane, methyloxetane such as 3-
methyloxetane, caprolactone, maleic anhydride, phthalic
anhydride, halogenated propylene and butylene oxides,
and a-olefin oxides. The effective amounts of such
monomers in preparation of polyols which are suitable
30 for use in slab foam may be readily ascertained by
synthesis of a target polyol and evaluation of its
performance in the supercritical foam test, as
hereinafter described. In general, the amounts employed
will be similar to the amounts of ethylene oxide
35 emploved, on a mole-to-mole basis. However,
copolymermizable monomers which cause greater alteration
of the polyol structure of the high

SUBSTITUTE SHEET (RULE 26)



15 as disclosed, preferably with m nor anmounts of ethylene oxide or Qt?glﬁff’fi{'
stabil i zati on nodi fyi ng copol yneri zabl e nmononmer. , In conventional bat 11002
processing, D ~IC catalyst 20 is introduced into the reactor together with
the desired auantity or initiator, which is generally an ol gl{omsr havi ng an
ecr ui val &M %6ight in the range of 200-to 700 Da. The oné 6F S 02230
initiators used may have an average functionality of at |east 1.5,

preferably 2 to 8, 25 oxyal kyl at abl ~ hydrogen atons. Significant auan~ities
of nononmeric starters such as propylene glyco:. and glycerine tend to del ay
catal yst activation and may prevent act‘ilgla'ti on al together, or may

deactivate the catalyst as the reaction proceeds. The oligoneric 30 starter
may be prepared by base-catal yzed oxypropyl ation, or by DMC catalysis. In
the latter caBeleghilaput WEh8DEndbERFBROPRr | 68Nsh&El d Wsedcoriductledsar t he

presence of abaytindsS weightyRes cent sgrchnnﬁ@n@efnegghxélzeéﬁea%bd%bseﬁﬁ_,
i nduction period duri n%lvxlm ch 35 catalyst is activated preferably 1 ncludes

et hyl ene oxi de2BS1GELAI LBUBSTFPOTRNSHERT ((RULE 2®)YLlenepopifezopsuab

991 51661 ~ ~ R&E[biEBQQ/ 02230 rdfefhedr east Oh?'réihea}a@d, sft&'bégﬁazrﬂlﬂi%d-o
_.0'C, anti pro ene oxide, or a mxture o ro ene.qgxide co::fain~ng a
ni nor ambunt TB‘ngFH)}Pgnéog‘QPSE‘“EE'adgé‘d‘lteo eptr}gé%%%? Z8%FRE FSadsed 1n
general |y to abeudisBupsignsAviBelapicd ldecr edsesd Ri@sssiens bRy S t hat

t he induction iod i S _QVEl:, : the cat.glyst is_active. A N xed feed of
pr opyl ene oxi‘dgf;nd &t hyﬁ%éiﬁjé‘l&%% s %?é‘?lfl%ldb%d GRTPIOPRE Sdesi SS

nmol ecul ar wei ghiicatebt athedwiFhe PO EO rati o may be changed during the
reaction, if 10 desired. In the conventional continuous process, a
previously activated starter/catalyst m xture is continuously fed into a

continuous reactor suchThs BAa¥bAELR ARy &f igtiad enmioriede tviri¢ICSER) or

tubul ar;d5 reggt ogucdbgssaney catal ysidd nidd il ois cansdy aidls aspdesedd bed in

t he batch process app A coreed of rog%laene oxi de and ethylene oxide is
ct

ly. .
i ntroduced i nF%nFﬁé‘Prlé‘ééPor, antf or HEtnudts| veEBIBFEE. 19KidRe
co:.tinuous agdttieareef, sharpbiyobrpeessss2dnerebsierlhatsdrdpdarat _on or

ti t' s b ticed. 1:~ the bat . tal yst
o0 DV tat a S8 BRE BELTEEY G o, Ghe e Gt + MR AT teped ”

However, a snaktessnolfak0 amougitt gfe langomerhiycl e tdxaitde amed atarves ired he
mol es product s u T ~ Li.gi e starter 1 npl i ed
gr aduaﬁ@, pr g%‘ertz%el ygl?%ﬂgﬁéggplf%édggast eo%’r%%%m g%“weﬁ"g%flséétgp ter
such as propybehgoglsyeal, sdopiépykaneyglgss| prgiopseriole @t frdan niwe
continuous, ceghinugussaddition :of 30 stakters pr@%e%sﬂir&&ev' HddAd 1

=

activation is performed as with the conventjonal batch process, or ‘as in
the SUBSTI TUTECBHEEF (RULEPZBFPLe yhen. ethyfens oxide (z0) capped

polyols ars to be subsequently prepared, or when a high
20 £E0/PO ratio 1is to be used 2in the £final stage of
polymer:zation, £or example to purposefully zincrease
primary hydroxyl content for use in one-shot molded foam
and high resilience slab foam. In such cases, larger
amounts of internal oxyethylene moieties, e.g. up £O 15-
25 20 weight percent of the total feed, may be used.
However, when low primary hydroxyl content,
polyoxypropylene homopolymer mimics are contemplated,
the total oxyethylene content should be less than 10
werght percent, more preferably less than 9 weight
30 percent, vet more preferably less than 8 weight percent,
and most preferably in the range of about 2 weight
percent to about 7 weight percent. Wwhen a

copolymerizable monomer other than ethylene oxide 1is
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WO 99/51 661 ._  PCT/EP99/02230 -18 conventional contl1i1L10uS pr OOe§§
enploying p reactivated starter. However, =cllow ng activation, cen D108
addition o. nononer_c starter acconpanies ?Q EO feed. Product takeof f is
cont i nuows 9oredter abl y, a takeoff S stweam from the react oPCTEPIRBEY o
activate further DMC catalyst. In t:~is manner, followng initial |ine out,
products nmay be obtained which are enti rely conposed of random PO EO, with
EO spread throughout the nol ecule. The starter nol ecul es useful to prepare
spread 10 EO polyols are dener_dent upenit-he nature of the process. In

bat ch processes, oligoneric starters are preferred. These include

honmopol yneri ¢ and het eropol yneri c PO EO pol yol s prepared by base catal ysis,
preTerabl y hawviili zeduivateniuwet ghn swipht behyirge o:ijZ:Dé) [Dehd @G Da, or
15 DMC- cat al yzed P op pol yol i ch hav en ared i ng

cof ed propyl én omg E:ga%ld gﬁ%méﬁe %‘?(Ii Z:rwc:llre@ﬁe%rr%ls?g usosr%s 5% bart of
t he oxyal kyl atreacethehanh@dnl@he ~nduct~on period. It should be ; oted that
nd eCU a?" welghtS anC erlllval ent W' _gnLS 1 Da (LaltO IS~ 20 are
nunber average .;; ol ecul ar and equi val ~n~ wei ghts unl ess i ndi cat ed
ot:~ermse. Ir, the cor.Thasousiadfivors - Wiarawr] peocesses; idotareat ch
and contg nUO%bw@néiguﬁr r@a{l@sxweoﬁwenas t hese,Previ qusl v deser i bed;

may be a | ower 25 nol ecul ar vvelgt ol i goner; a nononeric_initlator | ecul e

such as, =n G'HBHIRLHYtPRgUSehs? PREDYT eRBTGRPECPXYR Probsfiems QEha

glycerine, sogbitoliz8¢ifhxhoaesyhgSUCBONBABHRK C inhid@i&E S, QGhdEy
conprise a mxture of nono %cﬁl c and ol %% ric initiators, 30 optionally in

conj unct =on vW?W%l?eE%@éc i 49 et SBPF ) MO SLHa\RT e

st ream cont ai gif NgheOLt Yok 5 @chylbﬁdsgyalam&eoghis ebnplekar @bl v Qi vl sl ch are
SUBSTI TUTE SHEET é I]\E 26) Q0T WO 99/ 51661 ~ -~ PCT/ P99/ 02230
19 ol i‘doner i 1LF afiVE St 0 t'ﬁlée?%r 8&1}’ SgHP3Y URE kBShBEEH "FPGEE

cont i nuous ad;ﬁbly@hsot star t evxyzcekses, tldatnids atorthfneecbﬁ'eagez_fmﬁ)rl se a
m nor portion st 2 | erce i t.or, | ecul es,
S and prefera ?yo %@ég%‘hang?g rmlgpg%r gg‘nt &% D%/EECI%[ ﬂl gt-‘l‘i‘gorrr?érc:;c
starters whi chhaeeghokbpshgn@ars jsol y@&yph@pwcén@bl pg‘@@ér—'ﬁc ;im’l YRNG-
Fyurther, det éélwear (yx@mwfaacqo%p el 3] %@%rl%tleﬂ e he, had by
reference to the actual exarrp es present ed herein. ﬁ oIs of the
subj ectlS nventPORNRAVE EREERORat e Crﬁfl’%%‘%llsé?r%?gﬁ%n% P FS dFob&H
number s sui ta;bé@efgzeeuse;ap@emolvdmha@ﬂ shal1keamseoxNagi Bl dfivteideonsd i ties
range general IzA/ iom 2to.e Ln eneral t he average function Jt%_.nof

poi yol bl ends®15Y + &RG§eS*FF5m dbolt*S BE S D. OThE gutSRI "Rt v ©

wei ghts generaitylyange bromasomenhaMd owsmcdhyan 1000 Dehd 0 cadout c51f)00 Da
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60, with hydrgngérmgaa%re.pé:&@e rw&%@fcl%éﬂléfio;z@hﬂgynyéeﬁ@reierred
Bl ends may, course, contain polyol's of both | ower and highe

functi onal i tyCh%aLﬁ’%$%1ﬁ<E WéﬂfghtEL €i IR OKST - nu‘?rbel?Ol‘-Q‘BxWﬁP‘bYJeEF]%e shoul d

preferably not1egahairn prene redamy2Qweai ght]1 Pef 68Nk nfl AOHE I eash HMC
pol yol s, for exan‘gl e DMC-cat al yzed honopol yneri c pol yoxypropyl ene pol yol s

or DMC-cat al yz@b2p8F{oxypr opyl ene/ pol yoxyet hyl enecopol yner pol yol s havi ng
nore than a S wei ght percent |nternal 30 al |l -oxypropyl ene block or a 5

el gt per cent DVCcat al gged. ROLygypr ORYLENG ok n SUBSTLTUIE, SHEFI ARV E

content which 1is most important. Rather, 1t 1is
important that the most substantial part of the
polyoxyalkylation taking place in the presance of DMC
catalysts be conducted in the presence of ethylene
30 oxide. While the ethylene oxide feed ¢to the
polyoxyalkylation reactor may be occasionally interrupt-

ed, ethylene oxide will still be present in minor but
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- 2 0 C r 20a2 WD 99/S1661 ~ . PCT/ EP99/02230 -20 The peri o~ance or spread
F; O col yol s and capped spread EO pol yols destined fc= slab foam ~20CT 1m
formul ati ons may be assessed by testing tress polyols in the "Supercritical
=oam Test" (SCF'IQ, a test expressly 5 designed to magnify differences ' _n
pol yol beNPSEIPol yol s whic:-: pass this test have beer: HGEPIHIR30
performwell in conmercial applicationg,-w thoutt foam coll apse. =n
contrast, whey polyols are tested with conventional formulations, bench
tests frecryently fail to indi c%te,lo any difference between polyols,

wher eas ' n COFTRFEFAE FTGHILLS oALT4NEh I e BREES R Gbadi BY d&difarent. In
the SCFT, acépam'pregarsdbstantaalyi wanrtpol yol thd sr epeghed ass "seidd ed” if

t he =oam s e C f.ter o] and is = ted.as 15

col | apsed %ﬁ?ﬁee?glg)?ﬁ%g%rfgggglés%éégc#e %%Q%IFICSI _gv\%e(s)’ff%e%e%gr\fguﬁt of

col | apsel ca?PRECREFBFLEH | hla fha abPePyyadmtliatatan e HRATHET bgfcdl cul ating

tT E& Perceptﬁgﬁ?ﬁhamdema Cdi?)lﬁﬁn@eﬁbitl qm#l eiggantmnoggr&fes ﬂthaE%e fgarn-
e foamforpulatjon,.is _a Oows: _palyo arts;. ter, :
parts ; rretc?&.’@?%?ﬁgagﬁ?’rolrﬁ&%g,ml\éﬁfgzpi p;}fl\ﬁf’a?xéjp}%f%nlr%ef-%@rtpoe t% al yst
0.10 parts;rqacter~dygeagydMC @ lwsis; pretersblicows: swiadttam, 0. ..
parts. The {gabtisnisasdedom tand M dane o1 80/20: Zndreapda 2. Hf Qlsuene
dii socyanat@éat an i ndex g% 1110. ~"he ftoglg]ma%/E 25 be conven ntly poured
into a standdtd BEEaBPce fOBEScaRE BERSTor=d Stahds LYY eam
ctht ai ner. portheos fodr miet reanlcongemalyrd! | wihl epargd in-~randdmdye

catal yzed pg| ¥pl-spaadaeokhechoamhtonsettt 8sanpl oX RE ehyninsn otk Whereas
pol yol s pre(gare m catalysts ' 30 haying hon}tqgolgléoxv ropyl ene bl ocks
c

dfro
in excess o xSeV\EVéﬁPep‘é?EEﬁPto SLBEaRPRYF ybt ° WEF 4B Eeeat. hdé™Moam to
col | apse byhapopoXiokyateby l&ser0%aSlibjvectl i nheist | @hsSUBSTH U tSHEET

(RUE 20) 1250 Giln2002, V08941002 crre ~REHERA0) 02290 21 pologel s vi L

no_honopol yoxypropyl ene b have substanti a ysim

KB4+ cat al yzed2Boryol §RAHEPSg BF&HEFARYY destrihe®Ehi s i nvention, a further
under st andi ng can be obtained by reference to 5 certain specific exanples

whi ch are provided hekein I a - O0f . 11 radi oAl Y+ e note
intended to be_limti Egleur?ftgl sl%g{eh%?%%see cg[g{etcell}?:: _ecgé. @%%T%%%Sq%nd
Conpar at i veCEXARP X - €3 EheReI8RANpIELST | G4FiBFe VRAF SFGHTi¥ant and 10

sur pri si ng gugherencendetineen baseccat afyzedriBMC intervals, even

20 though repeated, will rot defeat the object of the
invention, as the ethylens oxide content in the reactor
will remain finite despite the ethylene oxide feed being
zero for az brief time. In assessing the scope of the
claims, it 1s the principle of the invention which

25 should be stressed, i.e. minimization of periods of
oxyalkylation with substantially all propylere oxide;
indeed, 1t is preferred that the oxyalkylation mixture
comprises at least 1 wt% ethylene oxide at all times.

30 The oxyalkylation periods discussed above
reflect only the portion of oxyalkylation performed in
the presence of DMC catalysts, and preferably include
the activation period (induction period) as well, where
the DMC catalyst is being activated. Generally, DMC

35 catalysts exhibit an initial induction period where the
rate of oxyalkylation is small or zero. This is most
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_catal yzed honopol yoxypropyl ene pol yols, and spread EO pol yols. The ‘ZOCIan
hase-cat al yzed pol yol is ARCOL~ 50' 03, a 56 hydroxyl nunber,
glycerine-initiated honmopol ymeric pol yoxypropyl ene pol yol, whose aration
was 15 cov@ewtiéohal |y catal yzed using KOH The relatively IPGWFé’élﬁi)?\? ¢ ent
wei ght resulted ~n a nonol content o~ c.a. 8.2 nol percent, and an actual
functionality of 2.83. The DMC-catal yzed pol yols were prepared from
initiators containing glycerine and propylene glycol in order to 20 obtain
actual functionalities close to the actdadl- functionality of the
base-catal yzed control, so as to render the conparisons of polyo
processi ng as accurate as possible. Both batch and conti nuous addition of
starter proce§3§@HMEre'éwmhﬁﬂﬂhiqvmmkingoch§SEﬁﬁtZSWhaIalyfemlp@&ngls t he

latter processd %:&?t&d ddta ﬁ]%@cet% @ﬁg_;gﬂ- @t&%%s %%' JBLe

enpl oyed in t T previously descri ared to e -cof
terms of aer @énta@@?tﬂl €L O SPAES sua Z28CHIhe s rg@n:sucw v@ntdo térﬁtn gmassondl t| ons

control foanE \élﬁilEE KA, owggen%rgel%(pl gﬁy*lo-g“%ﬁd%?nlé% rgrg(,&?eg&éq TabI e
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presence of ethylene oxide is required.

It is sometimes necessary to produce capped

polyoxvalkylene polyols. With base-catalyzed polyols,

15 capping 1is generally pgrformed by ceasing the feed of
propylene oxide or propylene oxide/ethylene oxide
mixtures and continuing with ethylene oxide only. This
procedure produces polyols with a polyoxyethylane cap,
resulting in & high primary hydroxyl content which

20 increases polyol reactivity. For some base-catalyzed
copolymer polyols, a "finish" with all prcpylere oxide

may be used to produce polyols with high secondary
hydroxyl content, i.e. a primary hydroxyl content less

than about 3 mol percent. With DMC-catalyzed polyols,

25 capping may be performed to produce polyols with both
lower as well as higher primary hydroxyl content, but
ethylene oxide capping may generally not be performed

using DMC catalysts. While the latter catalysts may be

used to prepare a polyoxypropylene cap, this cap must be

30 less than 5 weight percent, and is preferably absent
when the cap is prepared using DMC catalysts. When more

than a 5 weight percent DMC-catalyzed polyoxypropylene

cap is employed, the polyols are unsuitable in molded
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-23 The foregoi ng Exanpl es and Conparative Exanples illustrate both t‘h?(iET-mz
i nport.ance of preparing polycxyal kyl ene pol yols containing spread EO as
well as the criticality of the m ninumanmount required to S produce a

pol yol suitable for foam production without colt apse In [V,

Exanpl e CYOMd%%0 ~1 - cat al yzed pol yol ~performed wel |l in Wo-z\?&nt h
atsettle of 13% Polyols exhibiting no nore than 15-20% settl e have been
found to run flawessly in full scale trials. Foans 10 exhibiting settle
greater than 35% al nost al ways experience coll apse. Foanms with SCFT settle
greater than 25%are not suitable for | 6wiensity foam but may be suitable
for sonme higher density applications. Conparative Exanples C2 and C3 are
bath and 15 conti nuqu - cat al yzed .pol yol s prepared anal ggously to the
Conpar ati ve ExaRfl & é% %ﬁbl ,Oq“?/”é.atf‘*roé‘salfadf ‘-Felﬁé’aBkiCG’égaPﬁése fldans
exhi bited constHer gbl@asgthyéroded duit e¥i%o SOME tdd egl Vi s@soduahey jthan
the control KO catalyzed polyol. Ln Corrgarative Exanpl es 20 ¢4 and C5,
DVC- cat al yzed B&FERE olcﬁoPg, ‘\Y?é'r'§e§na?"flp HDENYL BoF REIRY ST SGde M8Yso and
1. O%I) by wei g: ~be \qmzer;mpmee:d wiith mopqhelmeﬁoﬁwles)}gg}aer afllcirngej‘(ﬁ(ﬁgpgl o?

copol yners. However., .foars, prepare romthese_-~o s also exhibite
severe settle, tﬁégﬁtﬁrﬁpg,l SESSE%%ﬁ%iXBE/Z%C e&pe tofé\f‘eﬁsy",u”‘tﬁ‘g TR 9211
propyl ene oxi der BMCeakdlgzedupdl ywel sadtiConmparatdihvendxanpl es C2 and C3. In
Exanpl e 1, however, a DMC-catal yzed batch pol yol containing 1.7S wei ght
percent copol vinerized ethyl ene oxide yielded foans with a degree of settle
30 virtually the sane asIfheJdRORreatal poedvesnt r@n Sindiemseexdel | eme

per ~or mance wa reveddabx2l~cbfc bnéd ; ET {, 2 - 2 ~—~C
~ 1~ WD 991 516 E%@Q&gﬁ E 9’0%02230 %4 “%*53% Hf)%lcéﬁg in 'Fhlgletﬁm% Cat 4l yzed
pol yol s of ExafpPedyPxget i&E‘reat‘ia\Pe BYarif RFEBRARE &Y WwIeEhYleEhng i al s

of KOH capal yzed anse Dpebseatal yreda pebyalyseerenmade. i Sher Kk peiyaly in
this case (CorTEarat_ive ) is a 56 h drOé%” nunber,
€ y

=xanpl.e C6 .

pol yoxypr opyl en@PBaFFed®PBol y38RSpr diiA e FERSSI IHF NI EoPot YR Y yol .
The commer ci al spbkyantiis 1jye paseddivuyiad kpcdtiorgy gt fgeshae jeltimea 90 Xt ure
of propylene | Q0 _oxide LNi . syffi¢lent. ethylene oxide to pravide an
oxyet hyl ene co%geﬁb%cfjgg%ﬂwe%ﬁ?'pngrée%&,: ﬁéi’ﬁ%ﬁ%&i a8 h Arasiv %b A yst.
'."he PO EO cofbéd psrrhén -t ePMC-rantbdzaddoxgplacad viiath nes?Q-ovs Eafreed to
cap the pglyol Lwkhh sgRelrexurond eng hligak d 4.5 egues the ALmay hydr oxyl
15 cont e%? to | ass tlhgr%%w. At t enpt s=t<§L p})ér%glduc_e a ' DMCcat alyyze anal og
(Conpar ative ExaRPFe C7)¥Suit abl¥ ese ¥edPn TPofFeer CaRE2EBaREPFGHTCE i on
failed. TABLE 2hd@ Zbouc 70 weignt percent ethylene oxids gesnerally

rasults in the fcrmation of significant amouncs cf 111-
defined polymers believed to be substantially
20 homopolymeric or near-homopolymeric polyoxysthylene
glycols, as indicated previously. By the tzrm "capping-
effecrtive catalysc™ 1s meant a catalyst  wnich

efficiently caps the DMC-catalyzed polyol without
production of significant amounts of polyoxyethylene
25 glycols and/or other polyoxyethylene polvymers. With
respect to propylene oxide, a ‘"capping-sfisctive"
catalyst 1is one which allows oxyalkylation with
propylene oxide without generation of high molecular
welght tail. Basic catalysts such as NaOH, KOE, barium
30 and strontium hydroxides and oxides, and amine cacalysts
are suitable as ‘'capping-effective" catalysts, for
example. It 1s most surprising that even polyols with

high polyoxyethylene caps still exhibit processability
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_Ezanple: ~L.. C6 | C7Pol yol TypeKOH Catal yzed ~DMC Batch,' Random ~20CT 200
EC8. 58. 5PO Cap, , %b.56. ~Hydroxyl No.56 ~~6Unsat urat ~on

(meq/ g) 0. 0370. 005Functional ity2. 79NA SCFT (% Settle)l 119 40% Esttmatcd at
2 80 ~ W@OS/BEOPSTTTI TICE SHEET (RULE26) - 2 0 ¢ t Zoo2PWOE8978i¥s1 ~
PCT/ EP99/ 02230 -25 The results presented in T able 2 i r.di care that while
KO~-cat al yzed, propyl ene oxi de-capped pol yoxvpropyl ene/ pol yoxyet hyl ene
randcm copol ymer polyols performwell in flamng tests, their DMC 5

catal yzed anal ogs exhibit very high degrieges of settle. The preparation or a
6.5 wei ght percent honopol yoxypropyl ene cap recuires oxypropylation

w tthout ethyl ene oxide copoiynerization for an excessive period, i.e. nore
than 5% by welighf iofiltdeal wxhyedkylcdtei onas40 Lohyat ardare: Exasrplesiddw: Cl O
Mol ded =oans . p orpulatiQns containing 75 parts base

pol ycl, 25 palr sgﬁ%gkggégﬁg%é &%TS%%H s di ethanolam ne, O parts
Nl A xo A-1 catalyst, 0.3 parts NIAX A-33 catalyst, and 1.0 part 15 DC5043
silicone surfactant, reagted, w th aﬁk-éétéggz%ﬂde§ol$ﬁih & RarLs wat er
as bl ow ng agent. Vent col | apse was neasure roma simlar fornulation but
with 200 sol irEePYhese pol§dler iy ahs syddicas thre ESeape st must

Corear ats~ve Exanpl e pe8 rdf 2ASe1 00 ¥OVe @0 55 argonvepdd anal | yy;g
base- cat al yzed, 28 hydroxy_ runbe= polyoxyoropylene triol with a 15%

oxyet hyl ene ¢S E 0 SOPFEGETgh $PRemly WMRYXY| 28GR ER. *n Coigsais i ve
Exanpl e C9, tdigiRaseopolp@idrmma 28mydirxyl mewkar Mk ahyzedyhen

ool yoxypr opyl ene Lriol cagped %g%h eth Igng 25 oxide using KOH catal ysis.
The pol yol cdnt@i n&%h5%T ntefna xyéfh%@ R8 B BXFESS THES E8HAY T t he
oneshot nol dettd paptyesi’s ahe pbMsSertaathlyadtowisn dabteoBed SUBRSId TUHe SHEET

(RULE %%) _e£%g§§ %6@9%%§U¥¥ éé-apgghgg%%é%%%¥)sé§2 catalyst for
capping. A "capped polyol" as that term is used herein
is inclusive of DMC-catalyzed polyols which are further
oxyalkylated in the presence of a non-DMC catalyst or a
"capping-efifective" catalyst. This term does not

15 include DMC-catalyzed PO/EQO random copolymers which are
subsequently reacted whth all propylene oxide in the
presence of a DMC catalyst; such polyols must meet the
limitation disclosed earlier that the teotal cap not

include more than 5% of solely polvoxypropylation, most
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While the spread EO polyols thus far described
are suitable for slab foam and for some molded foam
formulations, many of the latter may conveniently
utilize a higher oxyethylene ccntent, i.e. a random,

25 internal oxyethylene content in the range of 12 weight
percent to about 35 weight percent, preferably 15 to 35
weight percent, exclusive of any cap prepared by
oxyalkylating with a major amount of ethylene oxide.
Capped polyols containing the internal blocks previously

30 described and then polyoxyethylene capped with mixtures
containing in excess of 70 weight percent ethylene

oxide, and most preferably in excess of 80-50 weight
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TABLE 3 Exanpl e: CS | C9Pol yol Type | KON Catal yzed | DMC Cat al yzedForce to
Crush' 312/ 92/ 56 , 107143/ 34 ~i Vem Col l apse 119.1 I Total The results abp@ger 2007
illustrate that EO capped polyols exhibit foam ng problens as do their

nan- cappe s. The base-catal yzed pol yol exhibited typj

character iq%??%}éslg&mmver, t he DMC- cat al-yzed pol yol 10 (Coﬁpla&;}%:r{?@?@o
~xarr,ple C9) exhibited total vent collapse. The force to crush for the
DMC- cat al yzed polyol is very | ow, ™ ddual | y a desirable characteristic.
However, thiset@pyaled@yiene! usigs t hg %H@pt'fli?éﬂé/' #9€,Cld Sy th cell
si zes on theﬁ%r er of 4yl6}\]ﬂg%11 far l%;( er thar?t e 15ergjlrat?vg{éyn fqb/)r%e-celled
KOH- Cat al yz P ot St - HeT i ¥YpanieBxhnpl e 6 and Conparative Exanples ClO
and Cll A se=ies oz free-rise foans were breoared usi ng ARCOL~ E785 pol yol,

a 28 hydroxyl, EO capped yol , nt.r.ol aratjve Exanple
C10). Tested agai nst tﬁ?'—ég}geo%% o& \/\t/_'e}?ge %gg%gﬁygéo%gﬁg%gp earnODI%P(?g{%al yzed
ana og cont a#RweRA nBOi RCEYRAF FOYbRE ad&FaAMPar sEed aps { Canparatdare -Exanpl e
Cll), and a Rhsdwdeaxylbynuwher npohy8k eferidies B14pj gt imyerhi on, wcen 25

tai ning 5% random i nter,pal apd g K@ catal yzed_ 15% EO ¢ )l e 6).
The results %ar%erbtrsésé[‘l_tézg’ ?E?Ta I’é@i.’ %am%eiéft?%g’ a?gdzig(f(g%é%g%
pounds/ft' . BUBSTICRNG1NE SBEEETARUCESEE)al N ©8¢ 5P RUIPL WOreds 66t ~ ~

PCT/ EP99/ 02280080 FABLE vy Beranlesi Gl 0CHOBakala Ty ReKOMRIRAlUAGdVC

| yzedDMC_Cat al yzed umber 282S285EQ. Cont ent (i nt enml / cap).Q

t Foam Resi | i‘&?%y‘?isé‘ff% ré\lci"—rl oW 986?’%2%?’%%%&% He "g"h{[}é.s 57 it IeH0%) 8. 7S
(Some shri nkelyegd 0Led ¢l dggredirande fNoegeliviey W -Coapseiortiralafehgidtent
Strengt h21. 86,41 2-97{ 8nS AsdCaih baageen ot om she foregokng, 1v4d" 937,

DMCcat al yzed_capped_pol yol . havi ng no_jinternal EO £spr ead ~O) prod~.": ced a
coar se-cel | e%l']ffggn? th ¥hsitiet bt 2045 col Paps¥atpesr &% fittn C¥cessive
foam ti ght nessalyomsr ési beehoymedntlyl ewdidnisin eoSt pengiieas compared to
thg base- cat al yzed-£0554 T Qe BYrdHC) UH N9 @ WBLOBLABRGE: 13RdAMEO i nto

t he pol yol pri ,Oé to capping, rpam '~ ::eight (s _substantially ndintained
with only m %6t %~9F~Hr€§§é 5632 d HEGEROFc MOt Y HREnEeP Ak Fizsd 16el | s.
Tensi |l e strengtdmand air =l ow were only noderat.ely | ower than the

KOH cat al yzed control. By the terns "inproved processing |atitude" and
"processing |atitude-increasing”" and |like terns is 25 neant that the polyol
i n-cruestion exhibits ﬁ%rcfcﬁ‘r‘{etrgﬁr%b% PF GHE PRGN c MG Samlest

suleri or to ihatntexedbreddrnp ahBMteeataly zede therpaltloxypr degliere anal og,

Wi th a percepla.sett{ecef ;hgssatkhan Ialicwpr eterphla-dess Lhan125%nand nost
preferably has the sane or,_glagssgr deggee,BO qQf” settle a% a conparative
base- cat al yZ8d' ¥ yoP, S8H 1 GuBSFF THFEISHEET (R E-3%ye Oof 200 to 700

Da. The one or more initiators used may have an average
functionality of at least 1.5, preferably 2 to 8,
25 oxyalkylatable hydrogen atoms. Significant quantities
of monomeric starters such as propylene glycol and
glycerine tend to dslay catalyst activation and may
prevent activation altogether, or may deactivate the

catalyst as the reaction proceeds. The oligomeraic
30 starter may be prepared by base-catalyzed
oxypropylation, or by DMC catalysis. In the latter

case, all but the induction period should be conducted
in the presence of about 1.5 weight percent or more of

ethylene oxide. The induction period during which
35 catalyst is activated preferably includes ethylene oxide
as well.
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- 20C12zO12 W 99/51661 -- ' PCT/ EP99/ 02230 -28 exhibits irrprovedZUCTZUUZ
~crushability and/or freedomfromvent collapse, ~r: the case of nolded
foam Most prererably, such polyels also exhibit foam porosit as neasured
by air fwewd/stfélabout the same order as a conparative KOH 9§Téé¢934°§fzi%d f oam
By the term"systent is neant a reactive pol yurethane-produci ng
formulation. By the term"intrinsic unsaturation” is neant t~, e
unsat uration produced during oxyal kyl ati on, exclusive of any unsaturation
added purposeful |y by copol vieri zing unisaturated 10 copol ynerizabl e
nononers or by reacting a polyol with an unsaturated copol yneri zabl e
mononer reactive thereyth, these |latter ternmed "induced unsaturation”.
The polyols of the subjPBct=RChPE. ~5t N6 Tan bETUSEFTIR Hrepak €0 ol yner
pol yol s whi chndo piejpydents i dids 150t0 o oankealapse @ dfy eSSk Vg f 0am
stabilization. _ﬂﬁSuchﬂBoI grrer polyols are_prepared by the in situ .
pol ymeri zat i OA6R1BABS0F MoPRTvERGF hoREnEFSYIAE e 59 Dot §oP SR cHPi s a
pol yol of theresbjettei nhentiearzcihe deneatd Ll yi oyl apoiyrerd zadieon is a wel |
known process, 20 ggdvgag for eéanﬁl e, . enpl QY. re‘%gr med stabillzers or
stabi | iZer pfeRuFsSFsTSPrerebrBaCvrayF MBHOMETS are 3t yraher " AT yihitril e,
met hyl met hacpgkabd, isi mpaxdi nendéhichel datahgsthad iketi®el i d oofedt s as
prepared preferab 0. wej ght L 0:20. wejght 2 rcent
or higher. B e?ﬁeJJgeéﬁgfwln%%ﬁé%%%@%r?ccg%;ﬁfgus%‘{égﬁgr é?n£$§n®§$%)§50a or
nmore and | essnthan BE%dessprdt npépcylay: wesshin id shtednetlher viilse . The
te=ms i1 i pbyBbOrradl malarker ciagdised.iangl n il etehangegpl y; and 30
have the sanme neani ng unl ess otherw se specified. By the terns “a" or "an"
in the®l ai n8eRé¥FeRn is neant one or nore ur.iess the | anguage indicates
the contrary. Any SUBSTI TUTE SHEET ( RULE 26) -20CT~1!"1 W 99/51661
~ ~ PCT/ EP99/ 02230 -29_enbodi ment descri bed or clained herein can be used
to the exc ~ usion of &% y“TFbhSRHERRC RN Lat TPRE RBROHSs cPESEESENd/ Dr
clai ned, proygtdetotibal thecdpadtie€s necASSar ychioalbeci nvaRkiqRear e present.
Necessary features of ﬁhe 5 =nyvention include conductin OXﬁgLopyl ation in
the presence“BPefHYPEFYe "6 dbPo? &t &5 LALPOR ﬁ't?cﬁcf‘if%hgs orofer ¥ or
m ni mal | y 95&oat iBMBucatyal yzedreakyalaK atrear;tca m(GSTRN oxyet hyybener or
stabiljzatio difying n . C Ll s ig ercent relative to
t he 101%\& gh?eg?“?%é poF%l %;‘% ug%g%?géﬁ?l&a%t%eggp%“t‘%g“n%rsesaesnce of a
cappi nc- ef f edeeeeibatal st thrt P2eSpeProCE 0| FoRiet ~. yleneodgns antl a
non- DMC cat al,yshyWehB kgSReCtadd POLYDXNEr eplene; gaps. Nt e than S
wei ght percent o{‘y a pol yoxypropylene cap prepared in the 15 presence of a
DMC cat al yst Fhﬁ/bFééGFaF'\/\éPghP’s‘C&H&teGBP\F&I%’rﬂuW ght%¥°Héfei n are nunber
aver age nol ecul ar and eaui val ent weights,in Daltons (Da) unless indicated
otehrw se. Having :sow fully dQ§c;i1bgd_Lge.:. :vent_ion, it 20 will be
apparent to one of ordiRary=skit =24t hé Frt Rt O ey Thanges ant -
nodi fiz@ti orsscear hetrddede ereton wt ovbrdepardu ngobeemtihe: s@y ibe er

scope o~ the Loyentlgn as ;set.forthy Nef et JESTI TR SHRET J(RULE,26)

catalyst are activated as in the conventional batch
process. However, a smaller molar amount of oligomeric
initiator relative to the moles of product 1s used. The
25 molar deficiency of starter is supplied gradually,
preferably in the PO/EOC feed, as low molecular weight
starter such as propylene glycol, dipropylene glycol,

glycerine, etc.
In the continuous, continuous addition of

30 starter process, the initial activation is performed as

with the conventional batch process, or as in the
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i nternal block preparable as defined in claiml1l, and b) at
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random PO/EO, with EO spread throughout the molecule.

The starter molecules useful to prepare spread
EO polyols are dependent upon the nature of the process.
In batch processes, oligomeric starters are preferred.
These include homopolymeric and heteropolvmeric PO/EO
polyols prepared by base catalysis, preferably having
aquivalent weights :n the range of 200 Da to 700 Da, or
DMC-catalyzed PO/EC copolymer polyols which have been
prepared using cofed propylene oxide and ethylene oxide
for the most substantial part of the oxyalkylaticn other
than the induction perind. It should be rnored that
molecular weights and ecuivalent weights in Da (Daltons)
are number average molecular and eguivalsnt weights

unless indicated otherwise.

In the conzinuous addicion o©f starter
processes, both batch and continuous, the starter may be
the same as those previously described; may be a lower
molecular weight oligomer; a monomeric 1initiator
molecule such as, 1n a non-limiting sense propylene
glycol, dipropylene glycol, glycerine, sorbitol, or
mixtures of such monomeric initiators; or may comprise
a mixture of monomeric and oligomeric initiators,
optionally 1n conjunction with a recycle strzam from the
process itself, this recycle stream containing polyols

of target weight, or preferably polyols which are

SUBSTITUTE SHEET (RULE 26)



.ethylene oxide such that the concentration of the conmononer is mai RREITER);
at a level of at least 0,5 w. % during the oxyal kyl ati on. ., 31 ¢c)
recovering a polyol in which the copolymerized conononer content in the

i nt ernal wh) eBkeédis at least 1.5 wt. % 4.~ A process for the pr@fiatRBA of a
pol yoxyal kyl ene capped pol yol according to claim2, which process
conprises: a) supplying an activated DMC-catal yst/initiator m xture to a
reactor, b) polyoxyal kylating said initiator with an oxyal kyl ati on m xture
cont ai ni ng propyl ene oxi de a conononer -ggpol yneri zable therewith and
conprising less than 10 wt. ethylene oxide such that the concentration of
the conmononer is naintained at a level of at least 0,5 w.%during the

oxyal kyl at i om.1 1@)omeappt nge 3at dvepot y othdyr £ e hewe dxyial. kytatipa watBhan
al kyl ene oxi de selected fromthe ‘?r oup %g)nsi Ssti n? of i I): et hyl ene oxide, ii)
as t PGRA

a mxture of PEORATHE® oxi'de Ahd A 2att“ bne Add €I RyPehEsSBRi de
ot her than eth eneioxeder drdd iMdy pramytese axindeon pbde: psesence.of a
cappi ng-effective catal yst ) Lecaveri | yol . in_which the

copol yneri zed‘@osrmtn%%rle%r ygotﬁl gn eF(sé“\ét% Iogglstt%tga% lelj.'h\s?t%‘ p?‘%é%@él?ﬁr t he
prepar ati on ehda potgdsmstihbne lsssb Ghaml déd fredm perdemtr,eacti obMaf a di -

or polyisocyanale yiia 8iReLkeLher y@érécgm@%ﬂn%;@ ELALEL Tk, e
presence of customary blowng agent(s), catalyst(s), charn exten erfs),
crossl i nker ( PplysufYREPRYE €BE , CAddPPEYVES Brd Yabd | | aRiether, 2det&ilszooz
t="'. V- ~ 04drdP85 3pread EO polyol preparation may be had by

reference to the actual examples presented herein.

10 The polyols of the subject invention have
functionalities, molecular weights and hydroxyl numbers
suitable for use 1in molded and slab foams. Nominal
functionalities range generally from 2 to 8. In
general, the average functionality of polyol blends

15 ranges from about 2.5\to 4.0. The polyol equivalent
weights generally range from somewhat lower than 1000 Da
to about 5000 Da when the unsaturation of the polyol is
below 0.02 meq/g. Unsaturation is preferably 0.015
meqa/a or lower, and more preferably in the range of

20 0.002 to about 0.008 meg/g. Hydroxyl numbers may range
from 10 to about 60, with hydroxyl numbers in the range
of 24 to S6 being more preferred. Blends may, of
course, contain polyocls of both lower and higher
functionality, egquivalent weight, and hydrcoxyl number.

25 Any blend should preferably not contain more than 20
weight percent of non-spread EO polyols, for example
DMC-catalyzed homopolymeric polyoxypropylene polyols or
DMC-catalyzed polyoxypropylene/polyoxyethylene copolymer
polyols having more than a 5 weight percent internal

30 all-oxypropylene block or a 5 weight percent DMC-

catalyzed polyoxypropylene cap.
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.6. A process for the preparation of a polyurethane slab or nol ded fgagp 07
the reaction of a di- or polyisocyanate with a pol yether pol yol accordi ng
to claim2 in the presence of customary blow ng agent(s), catalyst(s),

chain extender(s), crosslinker(s), surfactant(s), additive
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AL S ORI (ool SR BIMELL, vie

10% u&' () - l4rrfl.0%’mm|@-(,‘{cé(<:%e%f&t()-0 0 eparts; T-9 tin catalyst,

0.34 parts; L-550 silicone surfactant, 0. parts. The

o n

foam is reacted with a mixture of 80/20 2,4- and 2,6-
toluene diisocyanate at an index of 110. The foam may
25 be conveniently poured into a standard 1 cubic foot cake
box, or a standard 1 gallon ice cream container. In
this formulation, conventionally prepared, i.e. base
catalyzed polyols cause the foam to settle approximately
15% + 3%, whereas polyols prepared from DMC catalysts
30 naving homopolyoxypropylene blocks in excess of 5 weight
percent of total polyol weight cause <the £foam toO

collapse by approximately 35-70%. Subject invention
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polyols with no homopolyoxypropylene blocks behave

substantially similarly to KOH-catalyzed polyols.

Having generally described this invention, a

further understanding can be obtained by reference to

5 certain specific examples which are provided herein for
purposes of illustration only and are not intended to be

limiting unless otherwise specified.

Examples 1-5 and Comparative Examples CI1-C3

These examples illustrate the significant and
10 surprising differences between base-catalyzed, DMC-
catalyzed homopolyoxypropylene polyols, and spread EO

polyols. The base-catalyzed polyol is ARCOL® 5503, a 56

hydroxyl number, glycerine-initiacted hnomopolymeric
polyoxypropylene polyol whose preparation was
15 conventionally catalyzed using KOH. The relatively low

equivalent weight resulted 1n a monol content o c.a.
8.2 mol percent, and an actual functionality of 2.83.
The DMC-catalyzed polyols were prepared from initiators
containing glycerine and propylene glycol in order to
20 obtain actual functionalities close to the actual
functionality of the base-catalyzed control, so as to
render the comparisons of polyol processing as accurate
as possible. Both batch and continuous addicion of
starter processes were employed in making the DMC-
25 catalyzed polyols, the latter process indicated in Table
1 as "continuous". The polyols were employed in the
SCFT previously described and compared to the control in
terms of percent settle. Since the SCFT is sensitive to
ambient conditions, coantrol foams were run on the same

30 day. The data is summarized in Table 1.
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$10965& ()- @ﬁ@gﬁq} [agcppb‘chh sUitable for foam production w1thout

collapse In Comparative Example Cl, the KOH-catzlyzed
polyol performed well in the SCFT, with a settle of 13%.
Polyols exhibiting no more than 15-20% settle have been

found to run flawlessly in full scale trials. Foams
10 exhibiting settle greater than 35% almost always
experience collapse. Foams with SCFT settle greater

than 25% are not suitable for low density foam, but may

be suitable for some higher density applications.

Comparative Examples C2 and C3 are batch and

15 continuous DMC-catalyzed polyols prepared analogously to
the Comparative Example Cl1 polyol, 1i.e. from all
propylene oxide. These foams exhibited considerable

sectle, 32% and 36%, some three times higher than the
control KOH-catalyzed polyol. In Comparative Examples
20 C4 and C5, DMC-catalyzed batch polyols, very small
amounts of ethylene oxide, 0.5% and 1.0% by weigh:z were
cofed with propylene oxide, generating random
copolymers. However, foams prepared from these polyols
also exhibited severe settle, even more, at 43% and 40%
25 respectively, than the all propylene oxide, DMC-

catalyzed polyols of Comparative Examples C2 and C3.

In Example 1, however, a DMC-catalyzed batch
polyol containing 1.75 weight percent copolymerized
ethylene oxide yielded foams with a degree of settle

30 virctually the same as the KOH-catalyzed control.

Similar excellent performance was achieved at 2.4 to 6.4
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Further foam trials of KOH-catalyzed and DMC-
were made.
Example C6)

catalyzed polyols The KOH! polyol in this

case (Comparative is a 56 hydroxyl number,

polyoxypropylene-capped polyoxypropylene/polyoxyethylene

copolymer polyol. The commercial polyol is prepared by

oxyalkylating glycerine with a mixture of propylene’

oxide containing sufficient ethylene oxide to provide an

oxyethylene contert cf 8.5 weight percent, using KOH as
the basic catalyst. The PO/EO cofeed is then terminated

and replaced with a ?0-only feed to cap the polyol with

a polyoxypropylene blogk to reduce the primary hydroxyl

contenc to less than 3%. Attempts to produce a ‘DMC-

catalyzed analog (Comparative Example C7) suitable for
use 1in polyurethane Zoam production failed.
TABLE 2
—
Example: Cé6 oy
Polvol Type KOH Catalyzed { DMC Batch
% Random EO 8.5 8.5
PO Cap, % 6.5 6.5
Hydroxyl No. 56 56
Unsaturation {meq/g) 0.037 0.005
Functionality 2.79 NA'
FSCFT (% Sentle) 11% 40%

' Estimated at 2 80 = 0.08
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& ()-Aly"10%
& ()-Aly"109%& ()-AB1O%& ()-!&10%s& ()-yzo{{{{{{{{\=02'19!I10%& () -
MO%& ()-3 10 10 10?109 ()-!yf, " 109%& (ps& yf,"109%& ()-&{|}
~~zX6{\=0Z!''SI"10% . & ()-!SI"10% . & ()-!SI"10% ()-!"G 10%& ()-s! G 10% () -
sf, 109%&' () - &BCDETzodY: 0Z!'! 9' 310%& ()-3 10 10
10L?109%& ()-! Sl "10%rY& THe r8isulli-p& et d L0vTa 9 -TsueR e GAHdt
10%& () - while KOH-catalyzed, propylene oxide-capped
polyoxypropylene/polyoxyethylene random copolymer

polyols perform well 1in foaming tests, rtheir DMC-

wm

catalyzed analogs exhibit very high degrees of settle.
The preparation of a 6.5 weight percent homopolvoxypro-
pylene cap requires oxypropylation without ethylene
oxide copolymerization for an excessive period, 1i.e.

more than 5% by weight of total oxyalkylation.

10 Comparative Examples C8-C10

Molded foams were prepared from formulations
containing 75 parts base polyocl, 25 parts ARCOL® EB849
polyol, 1.5 parts diethanolamine, 0.1 parts NIAX® A-1
catalyst, 0.3 parts NIAX A-33 catelyst, and 1.0 part

15 DC5043 silicone surfactant, reacted with TDI at 100
index, with 4.25 parts water as blowing agent. Vent

collapse was measured from a similar formulation but

with 20% solics. Three polyols were employed as the
base polyol. In Comparative Example C8, the bass polyol
20 1s a conventionally base-catalyzed, 28 hydroxyl number

polyoxypropylene triol with a 15% oxyethylene cap to
orovide high primary hydroxyl content. 1In Comparative
Example C9, the base polyol is a 28 hydroxyl number DMC-
catalyzed polyoxypropylene triol capped with ethylene
25 oxide wusing KOH catalysis. The polyocl contains no
internal oxyethylene moieties. The results of the one-

shot molded foam tests are presented below in Table 3.
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( Example: C8 cs
Polyol Type KOH Catalyzed | DMC Catalyzed
Force to Crush! 312/92/56 107/43/34
5 Vent Collapse 19.1 ToEal

The results above illustrate that EO-capped
polyols exhibit foaming problems as do their ncn—capped—
analogs. The base-catalyzed polyol exhibited typical
foam characteristics. However, the DMC-catalyzed polyol

10 (Comparative Example C9) exhibited total vent collapse.
The force to crush for the DMC-catalyzed polyol is very
low, usually a desirable characteristic. However, this
low value is due to the exceptionally large cells, with
cell sizes on the order of 4-6 mm, far larger than the

15 relatively fine-celled KOH-catzlyzed ©polvol-derived

foam.

Example 6 and Comparative Examples Cl0 and Cl1

es of free-rise foams were prepared
using ARCOL® E785 polyol, a 28 hydroxyl, EO-capped
20 polyol, as the control (Comparative Example C10).
Tested against this control were a 25 hydroxyl number
DMC-catalyzed analog containing no internal EO but a
similar EO cap (Comparative Example C11), and a 28
hydroxyl number polyol of the subject invention, con-
25 taining S% random internal EO and a KOH-catalyzed 15% EO
cap (Example 6). The results are presented in Table 4.

Foam densities are 2.90 % 0.04 pounds/ft’.
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TABLE 4
Example: C10 Cl1 6
Polyol Type KOH Catalyzed | DMC Catalyzed | DMC Catalyzed
OH Number 28 25 28
5 EQO Content 0/15 0/15 5/15
(intemal/cap) ¢
Foam Resiliency 71 58 71
Air Flow 295 0.55 1.83
Foam Height 8.75 7.0 (settle) 8.75
. (Some shrinkage)
10 Cell Appearance Nomal Very Coarse Normal
Tensile Strength 21.86 12.97 185

As can be seen from the foregoing, cha DMC-
catalyzed capped polyol having no internal EO (spread
E0) produced a coarse-celled foam with considerable
15 collapse, poor air flow (excessive foam tightness), low
resiliency, and low tensile strength as compared to the
base-catalyzed control. By including 5 weight percent
random EO 1into the polyol prior to capping, foam height
is substantially maintained with only minor shrinkage
20 and identical resilience, with fine cells. Tensile
strength and air £flow were only moderately lower than

the KOH-catalyzed control.

By the terms "improved processing lat:tude"

and "processing latitude-increasing" and like terms 1is

25 meant that the polyol in-question exhibits performance
in the supercritical foam test superior to that exhibit-

ed by a DMC-catalyzed, homopolyoxypropylene analog, with

a percent settle of less than 35%, preferably less than

25%, and most preferably has the same or lesser degree

30 of settle as a comparative base-catalyzed polyol, or
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exhibits improved crushability and/or freedom from vent
collapse, in the case of molded foam. Most preferably,
such polyols also exhibit foam porosity, as measured by
air flow, of about the same order as a comparative KOH-
catalyzed foam. By the term “system" is meant a reac-
tive polyurethane-producing formulation. By the term
"intrinsic wunsaturation" 1is meant the unsaturation
produced during oxyalkylation, exclusive of any unsatur-
ation added purposefully by copolymerizing unsaturated

copolymerizable monomers or by reacting a polyol with an

=2 0CT 7007

unsaturated copolymerizable monomer reactive therewith, -

these latter termed "induced unsaturationt.

The polyols of the subject invention can be
used to prepare polymer polyols which do not contribute
to foam collapse or to excessive foam stabilization.
Such polymer polvols afe prepared by the in situ poly-
merization of ore or wmore vinyl monomers in a base
polvol wnich is a polyol of the subject invention. The
in situ vinyl polymerization is a well known process,
and may, ifor example, employ preformed stabilizers or
stabilizer precursors. Preferred vinyl nonomsrs are
styrene, acrylonitrile, methylmethacrylate, vinylidine
chloride, and the like. Solids contents as D
preferably range from 30 weight percent o 50 weight

percent or higher.

By the terms "major" and "minor" i1f used
herein 1s meant 50% or more and less than 50%, respec-
tively, unless indicated otherwise. The terms "initia-
tor" and “"starter" are used herein interchangeably and
nave the same meaning unless otherwise specified. By
the terms "a" or "an" in the claims herein is meant one

or more unless the language indicates the contrary. Any
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and/or claimed, provided that the features necessary to
the invention are present. Necessary features of the
5 invention include conducting oxypropylation in the
presence of ethylene oxide or stabilization modifying
monomer for minimally 95% of DMC-catalyzed oxyalkyla-
tion; a minimum oxyethylene or stabilization modifying
monomer content of 1.5 weight percent relative to the
10 weight of the polyol exclusive of any cap added in the
presence of a capping-effective catalyst with respect to
polvoxyethylene caps and a non-DMC catalyst with respect
to polyoxypropylene caps; and not more than 5 weight
percent of a polyoxypropylene cap prepared in the
15 presence of a DMC catalyst. Molecular weights and
equivalent welghts herein are number average molecular
and equivalent weights in Daltons (Da) unless indicated

otehrwise.

Having now fully described the iInvention, it

20 will be apparent to one of ordinary skill :=n the art
that many changes and modifications can be made TnRereto
without departing from the spirit or scope c¢i the

invention as set forth herein.
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1. A Double Metal Cyanide (DMC) catalyzed polyol comprising oxypropylene units and
comonomer units randomly copolymerized therewith, which polyol is preparable by
oxyalkylating one or more initiators with an oxyalkylation mixture comprising propylene

oxide and a comonomer copolymerizable therewith such that:

o at least 95 wt.% of the polymerized oxypropylene units are randomly copolymerized

with the comonomer units,
o the copolymerized comonomer content is at least 1,5 wt.%, and

e the copolymerized ethylene oxide content is less than 10 wt.%.

2. A capped DMC-catalyzed polyol according to claim 1 which comprises
a) acopolymeric internal block preparable as defined in claim 1, and
b) at least one external block selected from the group consisting of

1) a polyoxyalkylene block comprising oxyethylene moieties, oxypropylene
moieties or a mixture thereof, optionally including additional copolymerized

comonomer, and

i1) a substantially all polyoxypropylene block comprising no more than 5 wt.% of

the capped DMC-catalyzed polyol.

3. A process for the preparation of a DMC-catalyzed polyol according to claim 1, which

process comprises:
a) supplying an activated DMC-catalyst/initiator mixture to a reactor,

b) polyoxyalkylating said initiator with an oxyalkylation mixture containing propylene
oxide and a comonomer copolymerizable therewith and comprising less than 10 wt.%
ethylene oxide such that the concentration of the comonomer is maintained at a level

of at least 0,5 wt.% during the oxyalkylation.
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i1) a mixture of ethylene oxide and at least one additional alkylene oxide other

than ethylene oxide, and
iii) propylene oxide
in the presence of a capping-effective catalyst.

d) recovering a polyol in which the copolymerized comonomer content is at least 1.5

wt. %

5. A process for the preparation of a polyurethane slab or molded foam by the reaction of a
di- or polyisocyanate with a polyether polyol according to claim 1 in the presence of
customary blowing agent(s), catalyst(s), chain extender(s), crosslinker(s), surfactant(s),

additives and auxiliaries.
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