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The amount of high molecular weight impurity present in a polyether polyol produced by alkoxylation of an active hydrogen—containing
initiator using an epoxide such as propylene oxide and a substantially amorphous highly active double metal cyanide complex catalyst may
be advantageously lowered by having a non-protic Lewis acid present during the epoxide polymerization. The use of halides such as zinc
chloride and aluminum chloride is especially effective for such purposes. In a preferred embodiment, minor amounts of water are also
present during polymerization. The higher purity polyether polyols thereby produced are particularly useful in the preparation of slab and
molded polyurethane foams, which tend to collapse or become excessively tight when elevated levels of high molecular tail are present in




resulting foamslab, often 6 to 8 feet (2 to 2.6 m w de and high, may be

25 sliced into thinner sections for use as seat cushions, carg
under| ay, aW@99/64493 ot her applications. Ml ded foam may be BEEEPIHI3NI
contoured foam parts, for exanpl e, cushions for autonotive seating.’

In the-past, the pol yoxypropyl ene pol yether polyols useful for slab and
nol ded foam applicati.ons have been prepared by the base-catal yzed 30
propoxyl ation of suitable hydric initiators such as propyl ene glycol,

gl yceri ne, WO 99/ 64493

PCT/ EP95/ 03911 IMPROVED EPOXIDE POLYMERIZATION PROCESS? -
sorbitol, etc., producing the respective pol'yoxypropyl ene diols, triols,
and hexols. As is now wel| docunmented, a rearrangenent of propyl ene
oxide to al 'yl al cohol -catal yzed

propoxyl ati on. The ‘ N4t rat ed allyl al cohol

bears a hydroxyl IEas and
its continued generat on aﬁ@bsn&;r‘péta'?%poxy ‘?Bon pro ﬁgggblsﬁﬁ}égiaﬁsﬁgl y

| arge arpunt eﬁoxdesztusmg e highly actwposubmmlaﬂwlamerplrnnsl doublei metal br oad
nol ecul ar wei I stributi
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mol ecul ar foam. \idprehpantiou ﬂn.amleenvesmlonmelatgs to the usesef nuwrmuemo Da

Dal t t. 2000 | ent t) diol h

& measur ed  acids Grptetell i Bobimedprwithvaigt diftedond g RohrbRRzatbtlo ol
per centqgunsaiy gakirably feduoe ﬂ’fé‘ higH YRGIEEMA LG dOPlent oTRRE 'ré§ult|ﬁ§ ‘i:o‘hﬁaﬁtldélt I ng
actual functionality will be 15 only 1.7 rather than the "nom nal

functi onal i t ypolol2 expect ed for a

G
Polyurethane polymers are pre_pared by reacting a di- or
15 polyisocyanate with a polyfunctional, isocyanate-reactive compound, in

particular, hYdroxyl-functional polyeiher polyols. Numerous art-recognized
classes of polyurethane polymers exist, for eXample cast elastomers,
' 'polyurethane RIM, microcellular 'eiastomers, and molded and slab
polyurethane foam. Each of these varieties of polyurethanes present

20 unique problems in formulation and processing.

Two of the highest volume cétegories of polyUrethane polymers are
polyurethane molded and slab foam. In slab foam, the reactive ingredients
are supplied onto a movmg conveyor and allowed to rise freely. The
resulting foam slab, often 6 to 8 feet (2t0 2.6 m) wide and hlgh may. be

25 sliced into thinner sections for use as seat cushions, carpet underlay, and
other applications. Molded foam may be used for contoured foam parts, for
example, cushions for automotlve seating.

In the past, the polyoxypropylene polyether polyols useful for slab and
molded foam applications have been prepared by the base-catalyzed

30 propoxylation of suitable hydric initiators such as propylene glycol, glycerine,

'CONFIRMATION COPY



pol yoxypropyl ene diol. As ‘this problem becones even nore severe as

nol ecul ar | I hcreases, preparation of pol yoxypropyl ene I t havi hg
equivalentwﬁégg%vgphigher t han about 2200-2300 Da is inpracfﬁggﬁggépﬁg
conventional base catal ysi's. 20 Doubl e netal cyanide ("DMC")
conpl ex catal ysts such as zinc hexacyanocobal t at e conpl exes were
found to be catal ysts for propoxylation about 30 years ago. However,

their high cost, coupled wth nodest a?ctivity and the difficulty of
renoving significant quantities of catalyst residues from

th
pol yet her posaitek ,ettha-.nmusmgcmeaﬂiv&aewampmaweoﬁﬁm.&mlsna_n@v; 25

onbver Y ek "R RNSQIEN HoRltEFlbd 4 SEARoSRRM SoDRe KBE Y, ;' O
these conveillyl omdohol occurk)uauﬁngretbisecqat_aiyﬂedcqurrbboyc({ylag%ml yst¥hé#as been .

recogni zed as a probl ?m " by workers in the field. WO
99/ 64493  monofunctional, unsaturated allyl alcohol bears a hydroxyl group capablep§o/ 03911

3 52 hop, Tencton "BAE oy st gt Syt Wherl{ oAl .,
Conpany hapropoxylatiompr prodiegss lhereasingly | largeroaptaurt [HC ursatursted at al yst s
o e S obgabpmaane BEhoS i bived oerilacumarl dbtiBiers A% (70" ©
Lhrugh & GoBtoe SENELIAGnalty of e bR ether BOG HieMoRd ISP e
pol yoxypr osigrifieantly fyarhdhefinermalé paf'theoratical” functionality. Moreover, the
10 monol gene:i'ation'pla__t_:__es a relétively_lcw brac':tical'li_mit on the molecular
weight obtainable. For example, a base catalyzed 4000 Da (Dalton)
molecular weight (2000 Da equivalent weight) diol may have a measured
unsaturation of 0.05 meq/g, and will thus contain 30 mol percent unsaturated
polyoxypropylene monol spec_iess: ‘The resulting actual functionality will be
15 only 1.7 rather than the “nominal® func_tionality of 2 expected for a
polyoxypropylene diol. As thié_ proﬁl_em béCOmes even more severe as
moleculér weight in,crea_S_es, prepa@fion of pdlyoxypropylene polyols. having
equivalent weights higher than about 2200-2300 Da is impractical using
conventionallbase catalysis. - | _
20 Double rﬁetal 'c.y'anid'g ..(_"DMC?’)_ complex .c_:atalysts such as zinc
hexacyanocobaltate complexes were féun_d to be c':atalys’is' for propoxylation
about 30 years ago. HbWevqr, their high cost, coupled with modest activity
and the difficulty of rembving signiﬁcant'quantiiié_s of cafalyét residues from
the polyether product, hindered commercialization. The unsaturation level
25 of polyoxyproylene 'poly'ols produced by these catalysts _was found to be ldw,
however. | o R |
The relativély modest polyrheriiatio_n 'aCtivity_ of these conventional
double metal cyanide-complex catalysts .has been re_coghiied a's a problem
by workers in the field. B |

30



found-to react in a quantitatively different nanner fromprior "l ow

unsat ur at i ogRRje¥gsS i n certain, applications, notably cast p}:? 99)5¥of and
10 m crocel lul'ar foans. However, substitution of such polyols for their
base- catal yzed anal ogs in rml ded and slab foam fornul ations is not -

straightforward. In nol ded foans, for exanple, foamtightness increases to
such an extent that the necessary crushéng of the foans follow ng nolding
is difficult if not irrpossi ble. In both¥nol ded foanms and sl ab foans, foam
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pol yol s to achi eVe &n funct I on sim of
base- cat al yzmﬂdpoé@sbbstantlally amorphous Emcmpleyzatalyﬁis withygxcepiicsak

pol yol s have ept arrow 2 ecul ar lght distr Lon,

can be seen ? h?’!?‘ée‘;" Br 'be cap%ﬂ? mﬁ@?%%‘?‘ﬂ'ﬂ% P&?Yeg% 'S/ol
sanpl esg Thepapb@%\nﬁ \Wsamraﬁd»ﬁqévérytm YRe iréin fo¢r0 002 to 0. ber rfiggfy nar row
t han anal ogous” base-ca st’ yzed polyols, particu in hi gher

equi val ent vievgls pm\ﬂ@ﬂﬁly pbtamblemrﬁy througu tb@yse |0tf |os§a|resrslvent§rsucf6
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pol ydi sper sifaund to react mwasq&uhﬁratﬁelygdiﬁ&énphﬁaﬁﬁéualfmﬁﬁdpﬁai yqow” di d not
prove to be "drop-in" epl acenents for base-catal yzed polyols in

poI yur et haneunsatiratiop| mluelsdnscertam appligationss qtakly sast: asiﬁnws angbder n

I b
abI e %ﬁpygéﬁ&&éaﬁkﬁca%ﬁgzed %\/er'éuqst%%?&%ﬁ%qéénéag @;féfgﬁ% c%égaﬁlobe‘e
used in sl abcatalyzedl davalogs in molded\aritP/ §ld89%oam formulations is not

PCT/ EP99/ 03911 4
straightforward. In molded foams, for example, foam tightness increases to

such an extent that the necessary crushing of the foams following molding
is difficult if not.impossible. In both molded foams and slab foams, foam
16 collapse often occurs, rendering such foams incapable of production. These
effects occur even when the high actual functionality of such. polyols is
purposefully lowered by addition- of lower functionality polyols to achieve an

actual functionality similar to that of base-catalyzed polyols.
DMC-catalyzed polyoxypropylene polyols have exceptionally narrow
20 molecular weight distribution, as can be seen from viewing gel permeation
chromatograms of polyol sampies. The molecular weight distribution is often
far more narrow than analogous base-catalyzed polyols, particularly in the
higher equivalent weight range, for example. Polydispersities less than 1.5
are generally obtained, and polydispersities in the range of 1.05 to 1.15 are
25 common. In view of the low levels of unsaturation and low polydispersity, it
was surprising that DMC-catalyzed polyols did not prove to be “drop-in”
replacements for base-catalyzed polyols in polyurethane foam applications.
Because propoxylation with modern DMC catalysts is highly efficient, it
would be very desirable to be able to produce DMC-catalyzed
30 polyoxypropylene polyols which can be used in slab and molded



pol yur et hane foam applications w thout causing excessive foamtightness
or foam col‘b@@sg SUMVARY OF THE | NVENTI ON °5
It has now BQEH¥R prisingly discovered that polyether polydCI/EHEYEI9LL

contain polynerized propyl ene oxi de and which mmc the behavior of

based~catal yzed anal ogs in slab and nol ded pol yur ét hane foans nay be

obt ai ned using highly active substantially anorphous double netal cyanide

conpl ex catalysts if, during the polynérization of the propylene oxide, 10

effective ampunts of one or nore non-protic Lewis acids are present during

pol ymer i zatpalyluretinme toans@pplications-without causirg exaegssivel foam tightneisght t ai |

I mpurity in ug HP ther pol yol may be further. enhanced by using water in
conbi nat i orPWPR pLEMns aci d. " The beneficial effect of

" having a non- protlc Lewi s -acid present during 15  polymerization was

unexpected in view of the disclosure of Japanese Kokai ' No. 2-265922.
This |ai ddoFtraga:[]apanese pa%MMABM.QEzTﬂEd&M&&H&Nt hat - addi ng a
react i in t he bhds B Dbes sitoBRnYE discrBLed B nobletial pPRRRNRIERY . i

deact i vat e ddiaimepolyiterizedopiopylenet Bxidei and a@tibh NBimitPthe béhheuoh&)fe f ound
t hat 20 non c’orot Ic Lewis acids, if used in relativel m nor anounts,

will not based-gatglyzed analogs incslab and mpldegpalyuricthane foamsameaybe wil |

e ot e YiHBBASR T Ry acty SHBAGHAAN AmBimdL e TERT H iase’ o™
DETAI LED Dicfgfphplex! @h@EtsTiﬂEduNHENﬁbCpbl merization of thel ptowten@ oxidgarch into
the chem cal_ and physi % characteristics_o proB}/'I ene

pol yol& haeffestive é HIPERRR BF (Nore BeN-RIRls I—%WlstﬁF"ﬁ%g é;)ex ent dufing| ecul ar
ek ant) SAHEHEINGCTHe Yol BAReShhu SXgfiBkuR RERI®)

cat al ysts, isypairity inithe queibet aolymhrr@ytbe‘ﬁuather enbanced bysqsmgsWater inn | arge
part combination with the Lewis acid. _

The beneficial effect of having a hon-protic Lewis acid present during

16 polymerization was unexpected in-view of the disclosure of Japanese Kokai

No. 2-265922. This laid-open Japanese patent application teaches that

adding a Lewis acid treating agent to a polyether prepared by a ring-opening

reaction in the presence of a compound metal cyanide complex catalyst will

deactivate the catalyst. Contrary to this teaching, Applicants have found that

20 non-protic Lewis acids, if used in relatively  minor amounts, will not

significantly decrease the polymerization rate yet will effectively suppress the

.- generation of the hlgh molecular weight tail impurities responsible for foam

collapse.

25 ' - DETAIL ESCRIPTION OF 1 NTi
Intensive research into the chemical and physical_,characteristics' of
pblyoxypropylene polyols has led to the discovery that despite the narrow
" molecular weight distribution and low polydispersities of polyols catalyzed by
- substantially amorphous highly active double metal cyanide complex.-
30 catalysts, small high molecular weight fractions are responsible in large part



WO 99£ 64493,

PCT/ EP99/-03 _ for
excessi ve foam ?I g?& ness (stabilization) and foam col | apse. PCT/EP9/03911 A .

conpari son of gel perneation chronmatograns of base-catal yzed and
DMC- cat al yzed pol yols exhibit significant differences. For exanple, a
base-cat al yzed pol yol. exhibits a signi%%cant "l ead" portion of |ow

nol ecular 5 wei ght oligoners and p yoxypropylene nonol s prior to the

mai n nol ecul a eak t he WEI ht percent age of
hi gher’ nol edf%'f axcesswe fo%t'%mge%&itﬁgi' ’lﬁf%%ﬁf-’m@s A st | ar. )
chr omat ogr am of ?P{Bq‘aq *@g' Permeaﬂ@l?bﬁmméﬁ s Ug,ﬂd A | 0 ter eq

peak with very I|it ar wel ght but with
a hi gher er|afmJDMC-!oataJﬂedqmlymlsrexhib@trgmﬁbantﬂnﬁerdr&es Emejampbanl ")

il ufgf%%%éé Easﬁ ?xqtsxﬁ@\%sa&?%ﬁaﬁ’{%ﬁai fRad pofibh.t I anplecuacner al 1 y
less than 2 ghiukt @Eﬁﬂm@ mohB& Mr%'tﬁé%éghtMoIe%dlé}‘N
| nt enS| Ve r sear

However, reveal e he hi gher [ ecul ar
wei ght specuveaght peak. m;iheepeakelthe weigbbpercentage oﬁh;ngenblaongy

i ble f 15 h t.al I
ol dedand” WelgntSesRUBIE Rt iy, AShilar2hnatbrandra BRREBENRL 1 1 hat
these high ;&Jt ﬁg%%atyea ﬂgﬁﬂf@aﬁbs@eﬂ sé§k with  very htﬂ?e foW im&amar Weightef f ect

which alter sol ubi |1 and hence phasé- out of the grow ng

pol yur et hanélead”ypastien,dout; \Mlgh amghebmmla: Welgfﬁlqum&hlgh molecular
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fractions moleculrweighs. Dhe td ltﬁé weénﬁr&mtaﬁ of Hissse $petids, gemerdlfyl uence.

The first fraction, "i nternedi ate nol ecul ar wei ght
tail," consilesssthen %8 IWeiaht; Qercent of the total the polydispersity is low. However,

intensive research has revealed that the higher molecular weight species,
despite their low concentrations, are largély responsible for the abnormal

15 behavior of DMC-catalyzed polyols in molded and slab polyurethane foam
applications. itis surmised that these high molecular weight species exert

a surfactant-like effect which alters the solubility and hence the phase-out

of the growing polyurethane polymers during the isocyanate-polyol reaction.

By fractionation and other techniques, it has been determined that the

20 high molecular weight tail may be divided into two molecular weight fractions
based on the different effects these fractions influence. The first fraction,

termed herem "intermediate molecular weight tail,” consists of polymeric

“ molecules havmg molecular weights ranging from about 20,000 Da to
400,000 Da, and greatly alters the foam tightness in molded foam and high

25 resilience (HR) slab foam. A yet higher molecular weight fraction
(hereinafter, “ultra-high molecular weight tail”) dramatically influences foam
collapse both in molded foam ‘and in slab foam of both conventional and

high resilience (HR) varieties.

- Thus far, no completely effective method of avoiding production of
30 high molecular weight tail during propoxylation employing DMC complex



nol ecul es havi ng nol ecul ar- wei ghts rangi ng from about 20,000 Da to

400, 000 Da, atly alters the foamtightness in nolded o I gh
25 resi |‘V§ﬁg’8&%f|R) slab foam A yet higher nol ecul ar V\eiP&T?épPg/g%llron
(hereinafter, "ultra-high nolecular weight tail") dramatically influences

f oam - col | apse both in nolded foamand in slab foam of both
conventional and , high resilience (HR) varieties. Thus
far, no conpletely effective method of6 avoi di ng production of 30 hi gh

nol ecul ar wei glht tail during propoxylation_ enploying DMC conpl ex
WO 99/ 6449Fatalysts has been known-in the art. Use of processes such as continuous-

PCT/ EP99/ 0%- _ o . .
catal ysts has '%ner? fksrsta)rV\tneﬁr 'fnn"bto Flhe baart?h"aﬂgeo%'?tmﬁ'ro ggé%%lggl_-gﬁe(ﬁ_la rgtsm@'oﬁ?i nuous
addi ti on ofdistlesedin i WO 8729146 andnU.S.o0Rat.rNou $,689,002, havepravenn, as

disclosed in \WQ 97/29146, and U, S. Pat. No, 689, 012, have, proven

partially m\/\gm 9@9?#?@ E\/\E’Wﬁﬂﬁ'gtm ameynAt 01‘5)\}"9%1- gwjfml%n@whtvtaﬂgm tail in
5 ne . , [ - Qh j ' ' ' r than is
opti a1t RLE SapBdt bwelels thepdrh WA rERERie"S, L Righer Ragie’ the
pol yur et haroptimal if the polyether@molyaliis tabé used feppapacation obpelytrethareovi ng or

destroyi ng hi_&h _ .thI ecul ar. vveleg(aé tail have al sq not been devel oped.
Destr_uctio_ﬁoﬁ ‘hegmmercially acegp &4 g3, 1Rr remaving, of fesirayipg ! Rnduced by
per oxi des ifoReRIMAightail hale 88bI NGt bt déVelSpéd.c DEdtrichien W iged

mol ecul ar wei ght specres as well.  Fractionation with supercritical

Ccq err] i s molesular weight: speciesby cleayagelinducast by peroxidesisnsomewhati i s t oo

Expey Ve iahive B RRE A FEhEbIS! mosoqyis weiont spebidh"se i Pec £

a pol yet helFragliordtiorbivith RePertritiosl €03 U effedtive With sotheé pultis but not

others, and is too expensive to be commercially accepfable.
- lthas funexpectedfy been found that the problem of reducing the high
molecular tailin a polyether polyol obtained using a substantially amorphous
15 highly:active double metal cyanide complex catalyst may be readily solved
| by.h'aving an effective amount of a non—prbtic Lewis acid pr_esent'_d_u_rin'g the
| alkoxylation reaction. A Lewis acid is any_:m,ollecule or ion (often referred to
| és an electrophile) capable of .corhbining with, another molecule or ion by
forming a covalent bond with two electrons from the second molecule or ion.
20 A Lewis acid thus is én electron acceptor. . The term “non-protic” as used
herein refers to Lewis acids other than substances capable of functioning as

a source of a proton (H+).. _ .

- In one embodiment of the invention, the Lewis acid selected is
soluble in the polyether polyol produced. = However, insoluble non-protic
25 Lewis acids, - including Lewis acids which are supported or otherwise
immobilized on an .insoluble matrix, could also be utilized if so desired.
‘Particularly preferred Lewis acids for purposes of this invention include
halides (i.e., fluorides, chlorides, bromides, iodides) of elements selected
-from the group consisting of aluminum, manganese, iron, cobalt and zinc
30 and the like. Halides of other elements including, for example, boron, iron,



15 ~highly active double netal cyanide conplex catalyst may be readily

sol ved wo 9944g3aVvi Ng an effective amount of a non-proticy E@ AipSo/g:0h £
pr esent dur| ng the al koxyl ation reaction. A Lewis acid is any

mol ecul e or ion (often referred to ' as an el.ectrophile) capable of
conbi nt ng with another nolecule or ion by form ng a coval ent bond
wth two electrons fromthe second nolegule or ion. 20 A Lewi s acid thus
is an el ectron acceptor. The term"” nonegrotlc as used her ei n

refers to Lew s aC|ds ot her than substances,. ca e of functlonl as
a source of Eiﬁa R ¢lipmium, magnesium, vanagiuim «3‘% 4sp Fihe

i nvention, tliké Ah%ﬁso@fé aseit! i ﬁewisSac.d may c&&hmbétﬂ)dti'méﬁ@ dtRepPiaher

pol yol produce wever, 1nsoluble non-protic Lew s acids, 1 ncluding
Lewi s acids haindergrqups ﬁmﬂqwmplespheumme Lewns acids incluge, butareomotan

| ubl t Par t | ar |
'p?Z? erred LAMISA s e ghlofie; Bk Broie; cine TeRe, AR trichioRS, 1) el
5 Uoraldﬁﬁnurﬁ hribroriRfe ahmmmmﬁ&ruﬂueﬂaéeseambugl SiIBAde, seirmmiRd
fromthe group consi sti n%_do al um num nanganese, iron, cobalt and zinc 30

and the |i kéromidedfarrierchierde, farrusnchlaride, haran, trifluprideamagnesiamon,

:32:(1).? EP99/ 0 3ézﬂonde ml'%yngﬂé%ﬁlonde, cobaltous chloride, and the like and n;nxtures

titanium tithergdfy om um magnesi um vanadi um hafnium zirconium and the

i ke may al so be used. The Lewis acid may contain substituents other than
hal i de groups B&ﬁm%ﬁgﬁﬁpe@rettc &GM’L'%QF'Q shayld bgsufficiepttataduceut are
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chlori de, stextertudtthe same timerhaleeverethei use:bf excadsivel amoants ohlLewisde,
boron trifl uaocruli ggnera gshoulg rge avoided in order to maintain relatively high catalytic
activity. Typically, the quantity of Lewis acid present during polymerization
is adjusted such that the activity of the double metal cyanide complex
15 catalyst as measured by the weight of epoxide reacted per unit of time at a
given temperature does not decrease more than 20% as compared to the
catalyst activity under the same conditions in the absence of Lewis acid.
Generally speaking, it will be desirable to employ an amount of Lewis acid
effective to render the performance of the polyether polyol product in a
20 Supercritical Foam Test or Tightness Foam Test more similar (preferably,
substantially similar) to that of an analogous polyether polyol made by
conventional KOH-catalyzed polymerization than would have been the case
in the absence of the Lewis acid. The optimum quantity will, of course, vary
depending upon the Lewis acid selected, the polymerization conditions and
25 the composition, amount and activity of the double metal cyanide complex
catalyst, among other factors, but may be readily determined by routine
experimentation. Typically, the Lewis acid is utilized in an amount which is
from 0.1 to 200 paris per million by weight based on the weight of the
polyether polyol to be prepared (which typically is equal to the combined
30 weight of epoxide(s) and initiator). Lewis acid concentrations in the range



chl ori de, manganous chl oride, cobaltous chloride, and the Iike and m xtures
t her eof . The anmount of non-protic Lewis acid should Be )
sufficient YOPE#Re 10 t he amount of hi gh nol ecul ar wei ngT{%H!’P'"?%lt he
pol yet her polyol to the desired extent. At the sane tinme, however,:
the use of excessive anmobunts of Lew s acid generally shoul d be
avoided in order to maintain relatively high catalytic activity.
Typically, the quantity of Lewis acid ®resent during polynerization

i s adjusted such that the activity of the double nmetal cyanide conplex 15
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PCT/ EP99/ 038werstood, seems to greatly increase the efficiency of the Lewis acid and
also to improve the reproducibility of the results obtained. That is, the .
amount of high molecular tail impurity produced and the batch-to-batch -
15 variation in the amount of this impurity are genera!ly much lower when water
is present together with Lewis acid than when water is rigorously excluded.
The amount of water is not believed to be critical, but is sufficiently high that -
the  desired reduction ‘in high molecular weight tail or improvement in
reproducibility is achieved. As water can act as an initiator -for
20 polymerization, thereby generating difunctional polyoxyalkylene glycol
species, the uSe of excessive amounts of water should generally be avoided
where a polyether polyol having a functionality different from two (e.g., a
‘triol) is the desired product. If a difunctional polyether polyol is desired, the
amount of water utilized should be taken into account when calculating the
25 quantity of difunctional initiator needed to achieve a given molecular weight
during polymerization. Relatively high levels of water can also deactivate the
catalyst or interfere with facile catalyst activation. The optimum amount of
water may be readily determi_ned by routine experimentation, but will typically
be in the range of from about 1 to 500 parts per million by weight based on
30 the weight of polyether polyol. When zinc chioride is used as the Lewis acid
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in the rangepr@fertabw@%pﬂeﬁ@oﬁae ﬁé?rrﬁlﬁuté%emﬁd pfh cutalyst Wakselasied on 30
t he wei ght of pol yether po When zinc chloride I's used as the Lew s
aci d the combined welgh of initiator and propylene oxide) at 105°C. Double
metal cyanide complex catalysts meeting these requirements and methods
for their preparation are described in detail in U.S. Pat. Nos. 5,470,813,
20 5,482,908, 5,545,601, and 5,712,216, each of which is incorporated herein
by reference in its entirety. | _
The double metal cyanide most preferably is zinc
hexacyanocobaltate, while the metal salt (used in excess in the reaction to
form the double metal cyanide) is preferably selected from 't_he group
25 consisting of zinc halides (zinc chioride being especially preferred), zinc
sulphate and zinc nitrate. It is believed that the metal salt in the catalyst is
not present as free metal salt, but is in some way closely associated or
complexed with the double metal cyanide matrix of the catalyst. The metal
salt contained in the catalyst may, in certain embodiments of the invention,
30 have the same chemical identity as the non-protic Lewis acid introduéed
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doubl e metal cyanide conplex catalyst is present at a |level of 20 to 40

parts- per mllion by weight of polyether polyol, the anount of water
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t he reacti cdouble metal cyanide complex catalyst is desirably modified with a
polyether, as described in U.S. Pat. Nos. 5,482,908 and 5,545,601.
The catalyst concentration is generally selected such that sufficient
16  catalyst is present to polymerize the epoxide at-a desired rate or within a
desired period of time. It is desirable to minimize the amount of catalyst
employed, both for economic reasons and to avoid having to remove the
catalyst from the polyether polyol produced. The activities of the catalysts
utilized in the present process are extremely high; catalyst concentrations in
20 the range of from 5 to 50 parts per million. based on the combined weight of
active hydrogen-containing initiator and epoxide thus are typically sufﬁcient.'
The process of this invention is particularly useful for polymerizing
propylene oxide alone since propylene oxide homopolymerization is
particularly apt to form undesirably high levels. of high molecular weight tail.
25 - However, the process may also be employed to polymerize other epoxides
such as ethylene oxide, 1-butene oxide and the like either alone or in
combination with other epoxides. For examples, copolymers of ethylene
~ oxide and propylene oxide may be produced.
The active hydrogen-containing initiator may be any of the
30  substances known in the art to be capable of alkoxylation by epoxide using
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present to pedtalyet, izewis i andiiditiattr ate dntsoduced imte acbatchtreactor. The

reactor is then heated to the desired temperature (e.g., 70 to 150°C) and an

initial portion of epoxide introduced. Once the catalyst has been activated,

as indicated by a drop in pressure and consumption of the initial epoxide

15 charge, 'the remainder of the epoxide is added incrementally with good
mixing of the reactor contents and reacted until the desired molecular weight
of the polyether polyol product is achieved. The Lewis acid is then removed
from the polyether polyo! by means of adsorption, ion exchange or the like,
if so desired. Alternatively, the Lewis acid may be left in the polyether polyol

20 since it is not expected to interfere with the performance of the polyether
polyol in many end-use applications, particularly if present at relatively low
levels. The initiators, monomers and polymerization conditions described
in'U.S. Pat. No. 3,829,505 (incorporated herein by reference in its entirety)
may be readily adapted for use in the present process.

25 Although it is highly desirable to have the Lewis acid present during
initiation (catalyst activation), in an alternative embodiment of the. invention
the Lewis acid is added after initiation. Additional portions of Lewis acid may
also be introduced as the polymerization is taking place (e.g., during addition
of the epoxide(s)).

30 Alternatively, a conventional continuous process may be employed
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catalyst concentrations in 20 the range of fromb5 to 50 parts per
mllion based on the conbi ned wei ght of active hydrogen-containing
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process of this invention is particularly useful for polynerizing
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pol yrrer i zdnventionapreferabhn bave danclisinajties,ymelecular weighis, padi hWTOXV'
numbers suitable for use in molded and slab foams. Nominal functionalities
range generally from 2 to 8. ‘In general, the: average functionality of
15 polyether polyol blends ranges from about 2.5 to 4.0. The polyether polyol
equivalent weights generally range from somewhat lower than 1000 Da to
about 5000 Da. Unsaturation is preferably 0.025 meq/g or lower. Hydroxyl
numbers preferably range from 10 to about 80. Blends may, of course,
contain polyols of both lower and higher functionality, equivalent weight, and
20 hydroxyl number. -

The performance of polyether polyols may be assessed by testing
these polyether polyols in the “Tightness Foam Test” (TFT) and “Super
Critical Foam Test” (SCFT). Polyether polyols which pass these tests have
been found to perform well in commercial slab and molded foam
25 applications, without excessive tightness, and without foam collapse. The
SCFT consists of preparing a polyurethane foam using a formulation which

is expressly designed to magnify differences in polyether polyol behavior.
in the SCFT, a foam prepared from a given polyether polyol is
reported as “settied” if the foam surface appears cc;mrex after blow-off and
30 is reported as collapsed if the foam surface is concave after blow-off. The




procedures known in the double netal cyanide conplex catalyst art. For 10
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\ThCT/ EP99/ 039%4%, generally 15% + 3%, whereas polyether polyols prepared-from DMC
ereby a previ ousl y acti vated initiator/catal Lews acid mxture is
catalysts containing unacceptably high levels of high molecular weight tail
cause the foam to collapse by approximately 35-70%.
While the SCFT is used to assess differences in foam stability; the
15 Tightness Foam Test (TFT) magnifies reactivity differences, as reflected by
foam porosity. In the tightness foam test, the resin component consists of
100 parts polyether polyol, 3.2 parts water (reactive blowing agent), 0.165
parts C-183 amine catalyst, 0.275 parts T-9 tin catalyst, and 0.7 parts 1 -620
silicone surfactant. The resin component is reacted with 80/20 toluene
20 diisocyanate at an index of 105. Foam tightness is assessed by measuring
air flow in the conventional manner. Tight foams have reduced air flow.
The analytical procedure useful for measuring the quantity of high
molecular weight tail in a given DMC-catalyzed polyether polyol is a
conventional HPLC technique, which can easily be developed by one skilled
25 in the art. The molecular weight of the high molecular weight fraction may
be estimated by comparing its elution time in the GPC column with that of
a polystyrene standard of appropriate molecular weight. As is well known,
high molecular weight fractions elute from a GPC column more rapidly than
lower molecular weight fractions, and to aid in maintaining a stable baseline,
30 it is appropriate, following the elution of the high molecular weight fraction,



continuously fed into a continuous reactor such as a continuously stirred
tank reactor (CSTR) or tubular reactor. A feed of epoxide is introduced"
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Application Ser. No. 08/597, 781, fi | et February 7, 1996, now U.S.
Pat . No. , and U.S. Pat. : ' 5,689, 012, both of which are
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15 and 10 mg/L polystyréne calibration solutions are sequentially injected into

the GPC column. Duplicates of each polyether polyol sample solution are

- theninjected, following by a reinjection of the various polystyrene standards.

‘The peak areas for the polystyrene standards are electronidally integrated,

and the electronically integrated peaks for the two sets of each candidate

20 polyol are electronically integrated and averaged. Calculation of the high

molecular weight tail in ppm is then performed by standard data

manipulation techniques. . .

Having generally described this invention, a further understandmg can

be obtained by reference to certain specific examples which are .prowded

25 herein for purposes of illustration only and are not intended to be limiting

unless otherwise specified. '

EXAMPLES | .
A series of epoxide polymerizations was performed using a semi-
30 batch reactor having a nominal 1-liter volume. A base charge of 167g of
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DMC- cat al yzed pol ﬁﬁ%gvepgfnégb%éé Blet %m€eglt‘)ﬁﬂb'(2ﬂ€ﬂlﬁz'ﬂﬂd%£@$%r€ue

whi ch can easily be e art
ol ecul ar weltﬁéﬁ added tethe :ghctum leinally tlm was dgacampiisheddhrough the usge

estl mat1%d by aEr'mr;( 'atq?xeghg tso'oP tlon o?%nc chlior:de@gftg%&'mor““o]f the D&lkis®"

acid and water, addition of propylene oxide was started. The first portion of
propylene oxide added was an initiator charge. Propylene oxide was added
until the reactor pressure reached 35 psia. Addition of propylene oxide was
then stopped and the reactor pressure monitored. The catalyst was

20 considered “activated” when sufficient epoxide had reacted to bring the
pressure down to one-half of its peak volume (i.e., ca. 17.5 psia). Once
activated, the propylene oxide feed was restarted at a rate of 6.5 g/min.
Continuous epoxide addition was maintained until propylene oxide had been
added in an amount sufficient to provide a final polyether polyol having a

25 hydroxyl number of 56 mg KOH/g.

The polyether polyo! product was tested by two primary. methods.

Properties were determined analytically by conventional means, including
hydroxyl number, molecutar weight distribution (including a quantitative
measurement of high molecular weight species), unsaturation and viscosity.

30 Foam performance was evaluated using the Super Critical Foam Test



a polystyrene standard of -appropriate nolecular weight. As is well known,
hi gh nol ec ght fractions elute froma GPC col um m)re ra|dI‘ than
| ower ol e@ﬁgf&gée"l ght fractions, and to aid in maintaini ngP@ F%"(ﬂ é‘

basel i ne, it is appropriate following the elution of the hi gh
nmol ecul ar WEI ght fraction, WD 99/ 64493
PCT/ EP99/ 03911 _ 14 to

divert the reminder of the HPLC eludfe to waste, rather than allowing it
to pass through the detector, overloading the latter. Al though_nmany

sui tabl e described@astierdndhedietaled Description of theruvention sectiarst Thei s an

comer 6l ;f%?éﬁ% foagp gettid 8 Eolaples ek UindyFhiD s BUFHREPOVPRRE . nou,

Jordi I produded tkmwmmmlonal KOBPéalaerdﬂkaﬁﬁﬁmn protedupss. part | cle
si ze, | s oyed W t h nobi | e phase whi ch consi sts of

t et r ahydr of ur anl W&Sﬂ&?ﬁﬁsmmﬂlgdw%ﬁ@k%ﬁéﬁﬂﬁ pf tables, eaghapor ati ve

| i ghtg scat R Y. de from
oty yr ensEWiil B; EfeR of YRNAGH 4 YfloBhp iy, BlotesB BaRi el Al i 1y 26
t et r ahy dr @omcentrationsf mergmwmpbmls;:mtmambw We?ght?oasEﬂObriLﬂnmélgmf

pol ystyrene. F n’g are prepared by weighing 0.1 gram of

pol yet her 05@98!‘31 peiyether polyol produich: ¢ bottle, and adding tetrahydrofuran

to the sanpl e tyisi ggwbggtgénfskﬁ% eff?cttve Ef‘&?ﬂé gﬁ@lﬁaﬁ&qaf zinc -

tetrahydrofuran to 1 es o0
pol yst yr erchlaride andawvaten irstddmmngrtbe amowunt gf irelatively yigh malecuidr weight t he

Cher0) ] ecpeaesG2BORPAS i fePaishbE oo PRleh WY BELeTorer 9F one
st andar ds zjpc chloruﬂ‘eisp%ﬂlﬂeér tBearhple (1)e the! polystivare polysl dedils thé ©
electronically integrated, -
Supercritical Foam Test with a settle (collapse) much greater than the
control polyether polyol processed using KOH catalyst. However, when 5-10
‘ppm ZnCl, and 10 ppm added water are present (Examples 2 and 3) the
15 polyether polyol passed the Supercritical Foam Tesft with performance
essentially equivalent to the KOH-catalyzed product, .-A_'-signiﬁcant reduction
in the level of impuritiés- ‘having molecular weight in excess of 200,000,
which are believed to be primarily responsible for causirig foam collapse, is
observed. Although the amount of intermediate molecular weight (40,000-
20 60,000) species present .increases when zinc chloride and water are
introduced, these species do not hinder foam performance. When the zinc
chloride concentration is too great (Examplie 4), the catalyst fails to initiate.
Therefore, at 30 ppm catalyst under this specific set of polymerization
conditions, the useful range of the zinc chioride concentration is
25 approximately 5 to 25 ppm.




and the electronically int egrat ed peaks for the two sets of each candi date
20 pol yo , ctronically integrated and averaged. Cal y&j@ t he
hi gh %?92%4%3; weight tail in ppmis then perforned b r?%g?ggi dat a

mani pul ati on techni ques. Havj-ng general Iy described this
i nvent+on, a further understanding can be obtained by reference to
cert.ain specific exanples which are provided 25 herein for purposes of
illustration onl y—are—are—Rigtdmtepded to be Iimting unl ess
ot herwi se speci f] ed. ' EXAMPLES
A series of epox g_pol yirerijzatli ons was performed using a sem - 30. bat ch
reactor having a i nal 115 terva)I_urr_e. A base charge of 167g of
WO 99/ 64493 Sk ol @lesl -
PCT/EP99/03911 |z EB |~ ||~ 15
trifunctional po Qﬁ‘?r pol ol Jhav) ngl a hydroxyl nunber of 240 ng KOH g
was added to thejreactorlinjeagh run fo serve as the initiator (starter). A
doubl e netal C/qpi de ¢onygled chtalyst conprised of zinc
hexacyanocobal t a ?;;_ ert4butjyl Jal cpho], zinc chloride, and a polyether 5
prepared in accof e witﬂ lJ;'gé."Fat,ent No. 5,482,908 was then charged
to the reactor. [ utFdf—daa ysf used was nornmally 30 ppm based on
the final weight 5 pol et qer pol yol product:, although other catal yst
| evel s wek W2=11 L Afrer catalyst addition, the
initiator/catal ypt m ¥t urfe as -normal ly stripped at 130[err]C for
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actual anmount of water present was not perforned). This served to
establish a "water-free" baseline for each batch.

stripping WM et ed, zinc chloride (zZnd[err]) and wat erPcWé‘?Pe”’“”“
then added to the reactor. Normally this was acconplished through the use
15 -of a pre-m xed aqueous solution of zinc chloride. After addition of
the Lew s acid and water, addition of propylene oxide was started.
The first portion of’ propyl ene ®&ide added was an initiator charge.
Propyl ene oxide was added until the reactor pressure reached 35

psi a. Addi t iTablell demgnstiates the effectiveness of usingavater uppmnbmahongutr\rlﬁact or
DTl oot s rng) BB e MR, i rater KOBY (1S(aifpied S AbBlind "

one-hal f of fbarh peafdfmemcerds the polyetliar OPoWolEis Bimitar- to@iﬁﬁof the polyethét'l vat ed,
t he propyl ene oxide feed was restarted at a rate of 6.5

Cont i nuous @olyal deade) avithouh agdedzing chiotide (Examplgr pyMﬁﬂ mmﬁfﬁéd been

A

pr OdUCt was hirtigred ahd thevgowmemaﬁomahMe sucoessfull?rdbm]:ﬂéteaﬁ These
det er m ned anal ticall y conventi gnal neans, _incl uding hydr oxyl

nunber, nol &esultgshau that updet hesracsic re&?lmaﬂaaw aommﬁw exalupted, a

measur enent d?,h}] nd viscosity.
30 Foam pg{r'(?%‘?%ﬁgelf\/\/as eval uated usi ng xnéiﬁél&ufg‘-&‘??@n? Foam Test
WO 99/ 64493

PCT/ EP99/ 03911 16

described earlier in the Detailed Description of the Invention section. The
extent of foamsettling (or collapse) was conpared to a control polyether



pol yol. pfoduced usi ng conventional KOH catal yzed al koxyl ati on procedures.
The key res summari zed in the foll ow ng series of talﬂtﬁ.& f?ﬁli' 5
show ng thewe(*?g’??ﬁof varying a di ffere% key process par amater.'P,&F !

I

concentrations are given in parts per m'flion by weight based on the wei ght

of the-final polyether polyol product. Tabl e | denonstrates
the -ef fecti veness of .using a conbination of zinc chl oride and water
in reduci ng the amount of relatively high nolecul ar. weight 10 speci es
(>200,000) in the polyether polyol product. Wen neither water or
zinc chloride is O —the pot er polyol fails the.
Supercritical Foam Test W setftl e (CP|_| ps¢) much _greater than the
control polyet herg)o-l yol sed us) ngl KOH cat al yst® However, when 5-10
ppm ZnC [err] andglé-apm =q Sk agg @ seft (Exafples 2 and 3) the 15
pol yet her pol yol wagﬁd evqr | e am|Test wgt h perfornmance
essentially equij b t (OH-[cat bl yked|pr ¢duct. & significant
reducti on dtse f ijnpufit|esihaying m)gecul ar weight in
excess of 200, 006; are—btTeve ) be pr=marily responsible
for causing foan col | aps i} s bbserveéd. |Al t hough the anmount of
i nternedi ate nol | ar wei ght (140,000 20 @, 000) §peci es present
i ncreases when 7} g cal ofife @ Bl 24 &2 i ntoduced, these species
do not hinder foamg egfo co. er | el 2 ic _ | ori de concentration
is too great (BExqagRens) e datgl ysf fqilg tg initigt,e. Ther ef or e,
at 30 ppm cat al ylst& ®r8er |t hils gpeci fip set ¢f pol ymergzat I on
condi tions, the Seful, rt]nge' off the z| nc|chlforijde consentration is 25
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[err] WD 99/ 64493

PCT/ EP99/ 03911 .

Il denonst M4PEY¥6RY effectiveness of using water in conbi natP(BYFP\?/?’P??“
zinc chloride. When the anobunt of water is |ow (Exanples 5 and 6), the
f oam performance of the polyether polyol is simlar to that of the

pol yet her pol yol made w t hout added zinc chloride (Exanple 1). When
the water 5 concentration is relaOvely high (Exanple 9), the activation
of the catalyst is hi ndered and t he pol yneri zati on cannot be

successful ly c ohable it shows theeeffect of valwingl the catalyst chncentration nelativepeci fic

D e 2R A b S0 43 ol g pater prabih € o FEUAS et o
that an optimal ZnCl,/catalyst ratio exists at each catalyst concentration
which yields the greatest reduction in high molecular weight species. ' When

5 the catalyst concenti'ation is increased from 30 to 45 ppm, a corresponding

increase in the amount of zinc chloride and water is suffi cient to effectively
suppress the formatlon of high molecular welght species (Examples 3, 10
and 11). Under these polymerization oondltlons the preferred ZnCIzlcatalyst
weight ratio is in the range of 0.2-0.5.



WO 99/ 64493,

PCT/ EP99/ 03 19 [err] WO 49011
PCT/ EPoo) 038 PPeses3 21 ¥
Table Il shows the effect of varying the catal yst concentration relative

to the-anount of added zinc chloride and water present The results indicate
that an optimal ZnC [err]/catalyst ratio exists at each catal yst

concentration whi ch yields the greatest reduction in high nol ecul ar
wei ght species. Wen 5 the cat aI yst concentration is increased from 30
to 45 ppm a cor [espohdi-iy xs+pase in the anmobunt of zinc chloride
and water is sufficient tjo gff ct| vel,/ suppress the formation of high
nmol ecul ar wei ght %gpies (EXqdanmpl es| 3,1 10 and 11). Under these
pol ymeri zati on -cprigli®d i onq,otjhe jpecef sy ed ZnCl [err]/ cat al yst wei ght
ratio is in the '@?gof -2 B2 @
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WD 99/ 64493

T/ EP9o/ 0380 dorsuss 2 lerr] R T

Anot her series of epoxide polynerizations was perforned using the

sane type of double nmetal cyanide conplex catal yst described in the prior
exanpl es, wherein the proportion of 240 ng KOH g hydroxyl nunber
trifunctional polyether polyol initiat82 relative to propyl ene oxi de was
varied 5 in order to obtain a final product having a nol ecul ar wei ght
of approxi mat el y Another serigsoof epaxide peglymesizations wasl performedcusingithie or  zi nc

hlorid : C 616 . whiGh. i
Coat o1 ve g e of ddUbiE S R RARAF e kb, o
were strippexanipsles, wherein theaptopriiori of0248 g AKOPHG StydrbxyinRumbép, Whi ch
was stripped at 130[err] C) before 10 the inrtital charge of propyl ene

oxi de was adefnctional polyethernplyolduitieter selative to propylene p¥ide wakvasiedie was
Seet 18 e 9 B o3 Pty 3Pl yelot oy
3000. Varying amounts of aluminum chloride. or zinc chioride were
introduced (except in Exafnple 16, whi(:h is a cdmpamtive run).
In Examples 14-17, the reaction mb(turés_:. were stripped under
vacuum (at 105°C, except Example 15, which was ét__ﬁpped at 130°C) before
10 the initial charge of propylene oxide was added. THe time required to add
the propylene oxide was generally about 120 mirjdtes, although in some
cases a longer addition time was needed due to a decreased catalyst
activity. . .
The polyether polyol products thereby obtained were characterized
15 in the same manner as described previously with the key results being
summarized in Table 4. Both zinc chloride and Aiuminum chloride were
found to be effective in suppressing the formation of high molecular weight
impurities and in improving the foaming properties of the polyether polyol in
the Supercritical Foam Test. Other Lewis acids (zinc bromide, zinc acetate,
20 zinc sulfate, ferric chloride, ferrous chloride) were"léés effective under these
conditions. :



activity. _ The pol yet her pol yol products thereby obtained were
char acteri._z%;,‘%“”i n the same nmanner described previousl g,d.y',él;gg,;, 1 key
n

results being sumari zed in Tabl® 4. Both zinc chlori al um num
chl oride were ouRq—t-g—be—eHeetive—+—sHppressi ng the formation of
hi gh nmol ecul ar we ghtl _ inﬂuri [ i ep amd iln ijnprovi ng the foam ng
properties of the}poliyat hdr (ol ypok|n tdd Supercritical Foam Test.
Qher Lewi s acids (,girfééro@i-dg ﬂﬁg'iﬁétag_e,ﬁo ~ . zinc sulfate, ferric
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W claim 1. An epoxi de pol ynmeri zati on process conprising
reacting an epoxi de and an active hydrogen-containing initi n.the
presence oWO9M64493 substantially anorphous highly active o'?fﬁ&gyrgf?é I
cyani de conpl ex cat al yst conpr.i sed of a double netal cyanide, an organic
conpl exi ng agent, and a netal salt and (b) an effective anount of a
non-protic Lewis acid for a tine and_at a tenperature effective to forma
pol yet her pol yol, wherein said pol ye?‘ﬂler pol yol contains a reduced |evel
of high nol ecul ar weight tail as conpar ed to.an anal ogous pol yet her

pol yol prepMeclaim:t he absence of the non-protic Lewi s acid. 2

{he hol yether polfor A EPokidebomiRafof réeeds'bomiisig foacthf aff = ' "
non-protic Igpeidecdridian active hydrogér-containing initiator irilthe presenes of{a)ca ai m 3

wherein the non-protic Lews acid is a hal i de of a,t& el enent selected from
t he group c@ubsmla@'%momhoumhlgf#ﬁ?cwdow?m"pﬁa.lcvanl e conpiex ¢ rocess

f claiml ' | LA~y Siai | 0.1t
200 par t 5 puPTifHigad ofa UBHEIS bl chanide et Siadril BdmpidiRy sbeit, anddn 0. 7, ©
process of ghatamsdlt ahe (i) an éffectiveldrheuntafa nany-protite Lewis acidrfor a time
h bal  at e. 7.. The f claiml wherein the netal
Salt 15 sol @ndsat & lmPerahiEe STERFIVEJALTorm APalyether, palval Whereit said 't ot e,
zinc sul fat gy dhd Bbl?%%f:&é@t?wgtﬁ%&t?éed level of highfmolecliigt WeRAEESi 88 cl aim 1

wherein the'organic’c agen I's a water -sol ubl e al'i phatic

al cohol . compared to an Emalqgousgoilyetfierpelyoh prepatadcintherabsenceoftbe pol yol
has a functional. tlé of ZiPto 8 and an equi val ent wei ght of 1000 to 5000.
10. The pr SOBcRIOYE LEWS APl \herein the doubl e metal cyanide  conpl ex

catalyst is additg onaltpe priteissTbidim & vilsdreii Y non-protic Lewis acid is
soluble in the polyether polyol. | _
3. The process of claim 1 wherein the non-prot_ic Lewis acid is a
halide. | | |
4. The process of claim 3 wherein the non-protic Lewis acid is a
halide of an element selected from the group consisting of Al, Mn, Fe, Co

and Zn. _ |

5. The process of claim 1 whérein the Lewis acid is present in an
amount of from 0.1 to 200 parts per million by weight of the polyether polyol.

6. The process of claim 1 wherein the double metal cyanide is
zinc hexacyanocobaltate.

7. The process of claim 1 wherein the _fnetal salt is selected from
the group consisting of zinc fhalides, zinc nitrate, zinc sulfates, and mixtures
thereof. .

8. The process of claim 1 wherein'the organic complexing agent

is a water soluble aliphatic alcohol. ,

9. The process of claim 1 wherein the polyether polyol has a
functionality of 2 to 8 and an equivalent weight of 1000 to 5000.

10. The process of claim 1 wherein the double metal cyanide
complex catalyst is additionally comprised of a polyether.



WO 99/ 64493,
25

PCT/ EP99/ 03%{]019 PCT y The
process of ¢ a|9r’r614193V\herei n water is additionally present. C ,EP”/%}] A

process to produce a pol yether polyol conprising reacting an epoxi de and
an actt+ve hydrogen-containing initiator in the presence of (a) a
substantial | y anor phous zi nc hexacyanoc | tat e conpl ex catal yst

conpri sed of zinc hexacyanocobaltate, a Water soluble aliphatic al cohol and

Ceaidazi _ G i b
ot "pol yrer i i ng.pr 43y eALeUPEE Lot daph ofndfeiE el S iinglhidiPec 5. G
per mnute per 2501@pm A proces¥ a6 producEa poljeth60pdlysikcomprsingireabigd ~ on

t he conbi ned wei ght of active hydrogen-containing initiator and ropyl ene
oxi de, at 105@Bepoxideand amaelivehydrogenrreontaining initiatoninthetpresence @fp(aki d

cobal . and_ aPusiBCEntR HibHHe, finel BekeERibeobaliite, ARNARY - Catalish: ot
water for a tcompeised of zincthesneyarocbbaltiteea water éslublerdliphbtic BRlonel &ed
pol yol , wherei n fgéj&spaﬂ%et her pol yol contains a reduced |evel of high

mol ecul ar  wRiMpekd BSM%PEWQQF%@_“&F%F@_@BW FRinlyst heingrapable
' = t c "
P he procSERONFREEATPRIpYIgHe 8fe R o fafle hf Skl s Bllitobiche-oxide

sel ected fronpehminste per 250pprhizing héxawyanocobaltatd conplexicatalysthbasedle and
m xtures thereof process of claim12 whereln the water

. 14. . .Th : [ €l
sol ubl e al i ph@P; the corpbinsd ™ weight, ?’f bactive Qiydrpggn-containing injtiator Tapd

it of £ ofiYERSORE & 0BT oA vt et oo SGadd, 1,
of the pol yet selectas from the group consistingoé balidass ef zincc Imangaresehdmoa, n t he
metal salt 1 Scghllf and"Qiiddlfi and mixtures thereof, and (c) an effective amount of
water for a time and at a temperature effective to form the polyether polyol,
wherein said_ polyether polyol contains a reduced level of high molecular
weight tail as'compared'to an analogous pblyether polyol prepared in the
absence of the non-protic Lewis acid and water.
13. The process of claim 12 wherein the non-protic Lewis acid is
selected from the group consisting of zinc chloride, aluminum chloride and
mixtures thereof.

14.  The process of claim 12 wherein the water soluble aliphatic
alcohol is tert-butyl alcohol. . _

15.  The process of claim 12 wherein the non-protic Lewis acid is
present in an amount of from 0.1 to 200 parts per million by weight based on
the weight of the polyether polyol.

16. The process of claim 12 wherein the metal salt is zinc
chiloride. _

17. The pro'cess of claim 12 wherein from 5 to 100 parts per miliion
water is present.



17. The process of claim 12 wherein from5 to 100 parts per mllion

wat er is present. WO 99/ 64493 i
PCT/ EP99/ 03¥0199/64493 26pCT/ERSD/0391ThE
process of claim 12 wherein the epoxi Is selected fromthe group :

consi sting of propylene oxide and m Xtures of propyl ene oxide and ethyl en
oxide. 19. The process of claim 12 wherein the pol yether polyol has a
functionality of 2'to 8 and an equival ent wei ght of 1000 to 5000. 20.

The progess i ' . el t Uke 1Se he range .of 70ferr]C
{0 150 &) g;‘.ﬂf f@f%%éffﬁ?ﬁ%@g rl%‘#"?aeﬁﬁﬁﬁ&? %%Zeg}e{ﬁo%e B o%::slstsns ?*f
exacyanocobal t at e conplex catalyst. is, present. at a .concentration of from
5to 5@%&@@%@6%1#%3&@5’ £ P& 107 Yene,gxides her  pol yol . 22.

An epoxi de pol ynerisati on process which conpri ses: reacting an
epoxi-dé9.andThe peacess.af diaiur 12gwhercinrthepolyether polyokhasra functidnalityr eftoc®ant ( a)

an equivalent weight of 1000 to 5000.
20.  The process of claim 12 wherein the temperature is in the range of 70°C to 150°C.
21.  The process of claim 12 yw}herein the zmc hexacyanocobaltate complex catalyst is
present at a concentration of f,roni 5 to 50 parts per million based on the weight of polyether
polyol.
22.  An epoxide polymerisation process whicl_i comprises:

reacting an epoxide and an active hydrogen-containing initiator in the presence of (a)
a substantiélly amorphous double metal cyanide complex'.c:ataiyst preparable from a double
metal cyanide, an organic complexing age_nt, ahd a metal salt, whe;ein the polyﬁlerisation
reaction mixture further comprises (b) added non—protic Lewis ‘acid; and

recévering a polyether polyol which contains a reduced pioportion of high molecular
weight tail component when compared with a polyether polyol prepa;'ed analogously but in
the absence of the added non-protic Lewis acid (b).
23.  Use of an added non-protic Lewis aéi_d in a substantially_ amorphous double metal
cyanide cbmplex catalysed epoxide polymeﬁsaﬁon reaction mixture to reduce the proportion
of high molecular weight tail component when compared with a polyether polyol prepared
analogously but in the absgnce of the added non-protic ngis acid.
24. A process according to cléim 22 or a. use accérding to clairﬁ 23 wherein the catalysts,

non-protic Lewis acid, reactants, or reaction conditions are defined in any of claims 1 to 21.



'{;ubst antial ly anorphous doubl e metal cyanide conpl ex catal yst REPPACEAMENT SHEET
froma double netal cyanide, an organi c conpl exing agent, and a netal

salt, wher'ein the polynerisation reaction m xture further conprises (b)

added non-protic Lew s acid; and recovering a polyether polyol

whi ch contains a reduced proportion of high nolecular weight tail

conponent when conpared with a pol yet her pol yol prepared anal ogously but in

the absence of the added non-protic Le¥®s acid (b). 23. Use of an added
non-protic Lewis acid in a substantially anmorphous double netal cyanide

conpl ex catwingieby eppxevdouplyl antivatedt inifiatercatalystiLawia wmaid t mixtytide t he
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non- proti c thAkiréadter gt:sr?& or tdb@é%@&ﬁ;rﬁ%féédidv@ppﬂid@ iBliffrédudsd mtyse
according to claim23 wherein the catalysts, non-protic Lewms acid,
react ants, tbe reagtan and dbadirodueiscentinupsisineamovedinyl he poocasssofithis 21. -
5 invention may also be readily adapted for use in continuous addition of
starter (initiator) processes, either batch or continuous operation, such as
those described in detail in U.S. Application Ser. No. 08/597,781, filed
February 7, 1996, now U.S. Pat. No. 2.277,177  -and U.S. Pat. No.
5,689,012, both of which are incorporated herein by reference in their
10 entirety.

The polyether polyols produced by operation of the process of the
invention preferably have functionalities, molecular weights and hydroxyl
numbers suitable for use in molded and slab foams. Nominal functionalities
range generally from 2 to 8. In general, the average functionality of

15 polyether polyol blends ranges from about 2.5 to 4.0. The polyether polyol
equivalent weights generally range from somewhat lower than 1000 Da to
about 5000 Da. Unsaturation is preferably 0.025 meg/g or lower. Hydroxyl
numbers preferably range from 10 to about 80. Blends may, of course,
contain polyols of both lower and higher functionality, equivalent weight, and

20 hydroxyl number. ) -

N The performance of polyether polyols may be assessed by testing
- these polyether polyols in the “Tightness Foam Test” (TFT) and “Super
Critical Foam Test" (SCFT). Polyether polyols which pass these tests have

been found to perform well in commercial slab and molded foam

25 applications, without excessive tightness, and without foam collapse. The
SCFT consists of preparing a polyurethane foam using a formulation which
is expressly designed to magnify differences in polyether polyol behavior.

In the SCFT, a foam prepared from a given .polyether polyol is
reported as “settled” if the foam surface appears cc;nvex after blow-off and

30 is reported as collapsed if the foam surface is concave after blow-off. The



