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POLYMERI ZATI ON PROCESS FI ELDZ‘MHMWWHI ON The present invention !
pertains to an i nproved nmethod o ol ymeri zi ng epoxides using a highly
active subeDa%e4493 | y anor phous do’ﬁ'B\mé met al cyani de conpl ex REIVERIHBI1]

wher eby the pol yet her pol yol obtained has enhanced processing latitude in
preparing nol ded and sl ab pol yuret hane foam More particularly, the
invention relates to the use of non-protic- Lewis acids (preferably in
conbination with water) during epoxide polynerization to desirably reduce

t he high nol ecular tail content of the resulting polyether polyol.
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conmpound, in particular, hydroxyl-functional polyether polyols. Numerous
art-recogni zed cl asses of pol yurethane pol yners exi st, for exanple cast
el astonmers, pol yuret hane Rl MEIBLE OFeTHE INVENIEDbers, and nol ded and stab
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2 sorbitol PSS produci ng the respective pol yoxypropyl ene diols, triols,

and hexols.” As is now well| docunmented, a rearrangenent of propyl ene oxide
to allyl alcohol occurs during base-catal yzed propoxylation. The

nmonof uncti onal , unsaturatBeAJCg ﬁ"&) I'I'I-P:e @Eq\,-ﬁmoxyl group capabl e of
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In the past, the polyoxypropylene polyether polyols useful for stab and
molded foam applications have been prepared by the base-catalyzed
30 propoxylation of suitable hydric initiators such as propylene glycol, glycerine,
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2 80 CT 2002 WD 99/64493 PCT/1:P99/ 03911 3 Recently, as indicat eng[Y TUIU@
‘Pat.” Nos. 5,470,813, 5,482,908, 5,545,601, and 5,712,216, researcher Cat
ARCO Chewmicgd/é4@dhpany have produced substantially anor phou®dDiMPog/osgil ex
catal ysts with exceptional activity, which have al so been found to be
capabl e of producing pol yether 5 polyols having unsaturation levels in the
range of 0.002 to 0.007 neqlg (levels previously obtainable only through
the use of certain solvents such as betrahydrofuran). The pol yoxypropyl ene
pol yol s thus prepared were found to react in a quantitatively different
manner f oL " 1 rat.l.on: j b8 Lcat.lyons,
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wei ght distrjbutjon is often tar npre narrgw t han anal pgous base-catal yzed
pol yol s, S@M?B&ﬂya{f??ﬂ fhe mémﬁ?gq{ggh%ﬂ'@%ﬁiéﬁ ﬁwé{m@m %f@@}’e’f'dheexanpl e. |
Poj ydi sp {41 t 5 ot e j.spersities
inJ' he rg’iloa{edlo 1%%?6?0&?%%aarregég\{séigcmr&tll%vlﬁtgv 0 ﬂ?%gn@%\wgével s of
unsat ur aiietghtanbitdinablpol ydirseeamspte;, ai basm<atalyped 40R0 tDat(MMonYat al yzed
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non- pr ot canventionahbade catalypisesent during pol ynerization. The reduction in
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Ap%)i cants have found that 20 non-erotic Lewis acids, if used jn relatively
mafr an®RAKIXWArPYIeAg Pl Qin Pradieed By thespeadalysirevapfopnsitons iovh rate yet
w | | effﬁ&k'é\ygtl y suppress the generation of the high nolecular weight tail
inmpurities responsible for foamcoll apse. 25 DETAI LED DESCRI PTI ON OF THE

| NVENTI ON | nt €hsiretativedye aradest molymbezetiemactlitvaod thdses coalentiamalct eri sti cs

of pol yoxypropyl ene polyols has | to . the d iscover hat despite the
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30 catalysts, small high nolecular weight fractions are responsible %'gl 2002
| arge part WO 99/ (4493 - 5 for excessive foamtightness (stabilizati c%}
and foam S 2 8 0 CT 2002 PCT/EP99/0391 1 A conparisaon of qgel
per neat i oﬁ&ikﬁ%ﬁg% ogranms of base-catal yzed and DMC- cat al yze&"%@?"ﬁ?fﬁ%"”
exhibit significant differences. For exanple, a base-catal yzed polyol
exhibits a significant "l ead" portion of |ow nolecular 5 weight oligoners
and pol yoxypropyl ene nonols prior to the main nol ecul ar wei ght peak. Past

t he peak, the wei ght percentage of higher nol ecul ar weight species falls
off rapidly. A simlar chromatogram of a DMC-catal yzed polyol reveals a
tightly centerefRgoenklywashindicatedi by 11&. 9. dRatrdiles.ub70:813h6,482808, portion)

but with a_higher nol ecul ar wei ght portion éhi h nol ecul ar 10 wei ght
"Lai ") whb S SN S /3Pl esanrc hetsa ABLS Ghegnicsl Gempany

B v el

| ess t han Wel' g perce I'spersity’rs

However, ia¢tensi whiclebeae alsdibeen duend ¢l behatpabie ohpgtducimg patydther wei ght
species, despite their |ow concentrations, are |ar ge@% resgonsi ble for the

I
abnofmal  Wwelyekabrvpgotnaterationlayelsdinotis mnge /T PRk do £h80¢1mBalg

pol yur et h 1 i J LLSe S i ecul ar
el ot - spals sl 2RABELY e BBblc bhy GoUTLRrbee BEkeltRErulbiE Sfhl Tty
and hence dadeephhgdrobutandf The molposkypgopyibyearmilhalsethus! prapaseduversg t he
i socyanat e- pol yol reactjon. By fracti on&t' on and ot her techniques, it has
been det erf@UREd tehEgaqihin 2 ylantiativaly edifferentweigmner £50m nRyobe W vi ded

into two nplesulAloBbeRls frl é‘éﬁ%fﬁ“é @gcn%qféneﬂnbﬁgicfa%%ﬁ&o&r&gg@these

fractions 1 nfluence. The first frac terne rein "itnterned ate
mol ddul ar mirgbelldlar fgams.otdvee werosupsiitytieniod suochgmlyals foatheigbaséecul ar

wei ght's rangi from about. 20,0 tq 400,000 Da, an reatly alters the
foarn ti gfﬁ‘?ﬁ@g’gepn _ q%% %a’iﬂog&ﬁﬁﬁﬂ_ﬁ fga%r e&%meﬁe@ﬁﬁg&"a étffv) p8hm A yet
hi gher nol @clibitforWRirdhin MAgéd AiarkE SforERAMRS foatH GigRnBidhciBhSEMAr wei ght
tail") dramatically influences foam coll apse both in nolded foamand in

sl ab f oamssfchban B Veaitthermecessdnhertshings pi thenteanisR)lovdang erolding Thus
far, o comlakelot b HibhtolE® ROGoR! RIS AnEaaaLL OB Rl 30H1 9N

nmol ecul ar in I"on enpl oyi ng

T 2062 WO Hbhdd 98eRGTLIF) Peiidinl suctafoahysingapalsiesf@nodunctiun. i Thédee art.
Use of processes such as continuous addjtiqn of startoir in both batch and

cont i nuouTRAty QCCHF @d&PaWT‘SH,t"‘&s“lﬁi%@PB@ééWﬁ'W'@Wl Sﬁ-‘&@ BAWOIS & pat .
o S 089 i Bos YalE | U ER byPAdditich bY IGdrTEhEShdfly bBRIS n.-gawn%v@ nt of

hi gh nol e r welrght tail sonme cases. Howev ortion ich
remai ns i sacdval funbiighaity simaitar to thpt oibbsefcatdigzed ippdtdier pol yol is to be

used for preparation of pol yyrethane foam myerci al | yv.acceptabl e net hods
For renovi ng orDMSSEPBHR AR REPeYSHa PTG TEVE S TchIOaaY 8 Ret "been
devehoped mEleslifdiGidight aktritiiivn, Bal @riibalsewni fbth \eRtiEgeyehemimoe
i nduced by peroxides is sonmewhat : ] o
chromatograms of polyol samples. 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



10 effective, but also cleaves the desired nol ecul ar wei ght species gm 2002
wel | . Fractionation with supercritical C02 is effective with sone pol yols
but not oW{ePH644dhd is too expensive to be commercially accepdmbre/03911 has
unexpectedly been found that the problem of reducing the high nol ecul ar
tail_ in a polyether polyol obtained using a substantially anorphous 15

hi ghly active doubl e netal cyanide conplex catalyst may be readily sol ved
by having an effective anount of a nop-erotic Lewis acid present during the
al koxyl ati on reaction. A Lewis acid is any nolecule or ion (often referred

to as an aéﬁjlﬁ : [} or ion by
formng a ?}(q/j ent éb Jﬁwt*?@%ﬁ@g@%%g%'&é&%g%’gﬁ@ﬁgﬁ ;Hgi':u e or ion.
20 A Lew grdcamh ¢dilepsies an el ectron acceptor. The term "non-erotic" as used
herein refers to Lewis acids other than substances capabl e of functioning
as a source of a proton (H+). In one enbodi nent of the invention, the Lew s
acid selected is soluble syMMARPOETRE INOEXEOR oduced. However,

i nsol ubl e non-erotic 25 Le %m aci ds which are
suppbrted or ottheasinses beemmuﬂpnw@lyodlse@vemesiwhubbelymhen;Xolyoﬁu\lrvehoﬁl so be

utilized if sq desired, Partic IarchJoreferr Lew s acids for oses of
this i nveRENEHN] m’vmfémﬁ thpylene oxide piy ) TRIRNIGY igeHeN BN@r*h es,

i odi des) p%ﬁﬂﬁ I m
manganeseggl rggﬁég%ﬁ dﬁ‘ézj{ﬁrl%@g]oé anggj;lﬁe I"i 'ke. bﬁiﬁr’%g‘;m M?kgté el enent s

i ncl udi ngpbfainedxaimg blghlycrsrcmme subetanﬂall? adnOrpGolis2NHIFEN St G dARide

PCTI EP99/ 0391 7 tit hro esi vana i um ‘haf ni um

zi r coni unfaHP ?’ﬁepataﬁ’FL%[PnéiV”QSs ”Znéﬁ?aﬁ é\L/tH]? ain
subgpi tueeﬁécﬁkﬁ@émddﬂ@@ohéhé gen&sre%»pr%%qéwlg a%wa#eearégerﬁladrﬁg' e Lewis

acids include, but are not limted to, zinc chloride, zinc bromd zZi nc
fluoride, palymeniaatar. i Ehededu@lorsmthmamum of lbmgimme;calanmmlm tail

chl or i ae. iy B TERE v et PRyGR VIR Rumhe i enceil B St Rae e, =

cobal t ouscehibsatiten mnc{htgh_@w,glgemand m xtures thereof. The amount of
non-protic Lewis acid should be sufficient to reduce 10 the anount of high

m)l ecul ar wei gihetkgneficinleffechel haxing e ns-portia lewkecié presentahirioat . At the
t d [
' e pofEneRion sk UG otEd PGS ¢ ﬁgqﬂgaﬁs@ &rexgcp;%rg{gy gkgrgeral Iy

dbepa I'n order to maintarn relative tic activity.
Typl cal | yNot 22265822 t Thisflaidempesn a!apdnpsesmtEndlarpiphganm@rh yefacmeamatin is
adj ust ed sggh t hat | he ggtl}/lty of the doubl e net aleequganl e conpl ex 15
cat al yst 4S9 PWIF 35/d RENDG RGRDT 1ora BRYERRS RTERBIRELY & FINGPPERNTt i ne at a
gi ven temeerc@wmwé)%g&kedﬁ%rs&%sonﬁa Fndia By 2RAe D riPRRRSyEOwline
catal yst activity under the sanme conditions |n t he absence of Levm s acid.
Gener al | ydepetivaitethe catalyist.| Cbetraa'stprtbblteacbm@nﬁp@ycansmﬂy@rfpuod thatwi s aci d

Suped o PP BIE T e ds PlBREE R sLPvER, ¥RbE ey PP aory” %7 )
S ubst ant i sighificantly Hetledse thé polypherdatidhaheg pstwill elffieetiDely suppyeds thade by
generation of the high molecular weight tail impurities responsible for foam

collapse.

25 DETAILED DESCRIPTION OF THE INVENTION
Intensive research into the chemical and physical characteristics of
polyoxypropyiene 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




conventional KOH catal yzed pol yneri zation than woul d have been the case in

t he absence of the Lewis acid. The optimumquantity will, of course, vgé]é
dependi ng §§g GE%ﬁ Lewi s acid selected, the polynerization conditions LEhBCT 2002
25 t he cor?g PSf5R) anount and activity of the double netal BGEEPA¥OVLhpI ex
catal yst, anong other factors, but may be readily determ ned by routine
experinentation. Typically, the Lewis acid is utilized in an anount which

is fromO. ~to 200 parts per mllion by weight based on the weight of the

pol yet her pol yol to be prepared (whict typically is equal to the conbined

30 weight of epoxide(s) and initiator). Lewis acid concentrations in the
range  WiphPek6ddsi8e 208 0ightie 20GRabiliTa ity HraBbm 8otibpse.om 0.5 to 50 parts

per mllion are_generall eferred, partjcularly when the catalyst
concentration if qq{”??lrés%bﬁ%%e'd?e@@%ﬂ%Cé@W&PQ}ZWISIOf&%S@nC%@lﬁﬁant ageous

to utiliz bR ek Wnei e i D5 I BEVASy t 0.1to
1.0. The %eﬂ S aciC?t%gggdnggtﬂi%ﬁ%g%e%lyéﬁﬂdgﬁgfégi al'l at @%Bﬂ%g‘yto t he

pol yner i zatdsencatahdenr pélpgiettidbitsvatdignifieannileadit portiandofdowhinelemilat cyani de
conpl ex catal yst gPrior to, i ntroducti on of the epoxi %Eeand,initiation of the

pol yRer i zargight cligoragrsand pRYOXXRIePYIsReIMaeEPis RIIRY tPHBS dRRiR HOleGHsT be

rem xed oQr..: .S€ N char ol t
Parti oul Ty Eht BRAkC CREQTPNSEA LMY Grofdlf shrbanidd BF R fbieddla?
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I i zati . Th water, f whi t, [
D oAl et Bels S FRRAY BoRlertd o i oy SRS Y B80S BirigPEL ¢ ana
ahso to i rRoeYdien BN WANG Righer ¥nBleclitd wEiZHt b reth %igﬁ%oﬂéﬁﬂ ¢S, the

anount of high nolecular tail r"mpurity producéd and the batch-to-batch 15
var lat i onweaightidaibhwhith sifowsihe presence pf arersysableaspgciasiah veonbighahen
water is present togethep With Lewi s acid than en water is rigofously
exc) uded. TR T Rubdp e Tl EoBEpMsold phPERe i dias 2ehstay s~
suf fi ci entdsy thaalp-8haightsereesi sraferteth Clhieqblydishe @ity IR UHdwavairght  tai |
or inprovenent in reproducibility is achieved. As wafer can act as an

i ni tiator irftepside fesEprAty haatevnnled Kbatthe Bleher molaguldr waight spegies,
pol yoxyal i . e i t er
Choul d gentrEltF ek I8 sHhEEhfRtohR oS fordbyy PESpBRLie PRI SuRbHal 0y 1 ¢y
di f fisr ent behawiorwd MCecatalyzedipalyolsSn trheldédsacdighr polyatethafie foam

di functi onai . pal yet her poivoi .is desired,, the ampunt of water wutiljzed
Shoul'd boapRKSTaNG: Of InSgmiseqiRa Baediah Mo ePHET e ighLarseos ger
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f b ily.d i.ned b i i i il ]
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used as the Lewi s aci. 0 CT 2002 WO 991 64493 PCT/ EP99/ 03911 9 at a
| evel of Based 2m herdiferrnt affaqts dhess fiastigRs ivfiuepes.etliferfirgbirgstioand t he

doubl e ne ' " . Gat i £ » Lev .10 40
parts. pertand BRrelf RERREAEE Aplyarweidti g ToRtnk i pdhrigti
present ‘i ;madeeiles aiphving rroolctuiat weigltsl Gdnging t isoperabout | 200000 Thasto ski | | ed
inthe art will 5 recognize that th? catal ysts, . initi atzrs, sol vents and

Lewi s aci 420,000 P3.<anq graatly altess e 1o iEnGHS in BiQldad fepma )i/%éﬁhsr as an

[ ity %r' r | uded), .4 g,q%u I GJ teo, | ove the
e%ti ve'(r'i%éqls 0 t(hgeLgv‘%%s%ggﬁg aggd%esfc:hl' e ﬁt’razaerérgzla %\%@Bb\%tfgarét% al so,
of cour sethebeinafier, dditeehighaaphcatal welghd haid) dramadidatly influemcebdeant eact i on
conponents. 10 The doubl tal cyanide catalys 0 be used in

conbi nat | e1aRse bpftem Bidediramaata dses paa) by DaHD FORGERIQIREIhg no

i ntense, ghar 8 (B i-sifl.e in an x-ray diffraction pattern of the
cat al yst)ﬁtgﬁﬁgﬁgﬁéor@ms%g@é gé doubl e netal cyanide, an organic

conpl exi ng agethuarfdr,anoredalpletaly effEictive anathedt ohayoiding phodiction of

pol yneri zatjon activity;, i.e,, it is 15 c bl e of . pal rizin ropyl ene
oxi e at Rig am@??wl%rx\éé@téﬁﬂ?ﬂ'?%@pﬁ?‘@ggﬁ:’%tﬁ'wﬂ 'ﬁgr@wgp??’g\i’ge’éxi de per
m nut e per 250 ppm catal yst (based on the conbi ned weight of initiator and
propyl ene oxi de) at 105C. Double nmetal cyanide conplex catal ysts neeting
these requirenents and nethods for their preparation are described in
detail in U S Pat. Nos. 5,470,813, 20 5,482,908, 5,545,fi01, and
5,712,216, each of which is incorporated herein by reference inits
entirety.



The doubl e metal cyanide nost preferably is zinc hexacyanocobal t ate) 2\H10Tel002
"the netal salt %used in excess in the reaction to formthe doubl e netal
cyani'de) WR9Up¥P2Erabl y sel ected fromthe group 25 consi sti i GEPL0AU!
hal i des (zinc chloride being especially preferred), zinc sulphate and zinc
nitrate. It is believed that the netal salt in the catalyst is not present
as free netal salt, but is in sone way cl osely associated or conplexed with
t he double nmetal cyanide matrix of tle catal yst. The netal salt contained
in the catalyst may, in certain enbodinents of the invention, 30 have the
same chegbealysts des begn ksowhédn tlenans dlsecolpricesaes duchtasoshtgdious? 8 0 C T
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of the polyether polyol product is achieved. The Lewis acid is then r??ﬂ]ﬁo&
fromthe pol yether polyol by neans of adsorption, ion exchange or the“Fi )002
if so desired. Alternatively, the Lewis acid may be left in the polyether
pol yol 20WQA¥e44P3 is not expected to interfere with the pePCAMRMHOIbF t he
pol yet her polyol in many end-use applications, particularly if present at
relatively iow levels. The initiators, nononmers and pol ynerization
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 i nit}téﬁﬂnﬁ{ﬂirﬁ%}&h%‘ﬁ?, Jﬁ?%ﬁ%ﬁghﬁ%naﬁiﬁnﬂ%ﬁhihﬁ{%bﬁ@éﬁﬁﬁgﬁﬂg@em of

the invention the Lewms ac ed after 1nitiation. A portions
of Lew s dikednapyisd be usedi diheddwie ccas mayecontaip reeibistitité e otlsert thleinng pl ace

.g., d g _addi ti f..th i 30 Al t tjively, ti I
Cont nuoud e EESUPhayPREE AERGPED Of bl HENBECES HrLI BT USH 8 ousl y
activat ed (infitdd a6 Oihe Hidrid, /AifVbFordfde] zﬁrﬁdngﬁdé,Samﬁmhhﬁvmb‘}ha?é@d into a

continuous reactor such as a continuously stirred tank reactor (CSTR) or
t ububar r edemirumAtritsenhide, alpoxnden trifluartdes digraoustahlofide,r stectnmusand t he

product continuougly. renmoved. .The prqcess of this.5 inyention may al so be
readi |y agléB_mégeff 3?%'838'1'%880ﬁ?ﬁrﬂﬂgﬁﬁ%@'t LBFPrbf ”é‘t’%ﬁ“{eer MaHIgs' 4 or ) _
pr ocesses cridddie im AR ShLRTcHIGd, ReBERo AP BAREHBNANG Wd IIRS ahBGRRiGRSC! | bed in
detail in U'S. Application Ser. 'No. 081597,781, filed February 7, 1996; now

U S. Pat. theredf. ~ ~~~ ~ 1~~ , and U.S. Pat. No. 5,689,012, both of_which
ane incorporat ein.,by reference i.n thei entitety.. The pol yet her
pol yol s pr pducg&%éﬁﬁ%@}téﬁ inc9ﬁ"%ﬁ‘°?lf:ﬁee‘%’§oaccé§§ﬁ8¢l%t tﬁ% sP?f\'Fé%'?ti o reterabl y
haveof uncth®aeddurites hightheieLiRir wegIstthE irathe Josthalbolyunteahe desifeabl e for
use in nolded and sl ab foans. Nom nal functionalities range generally from

2 to 8. | &xieAdithe sprmetieeageveverc the Haeiaf gXeesaise @ngentsef krwisol bl ends

Goner al 1 y 2B raly SnbAd b vl B KE AR e BB P R ©
prof cr abl y range rom a0 Lo aboct B0, B ende may. of SourSe. contain

Bol yol s o?ls @a%tPGMC%ﬁ@thﬁr@néFt'Yiwng :%;Bﬁacf‘?%t{;‘?i y@ﬁfﬁ'v%)faéﬁ € \RABRIEX and 20
hydjgxyl BH%t-a&m@Q@ur%ﬁrﬁﬂh@Déﬁh?% Bﬁ_tla_)(l@iteh%%cféﬂ pet Bni®y tinge aggeSSed by

testing these polyether pol'yols I I ght ness Foam Test" (TFT) and
"Super Cr givecalenmpenatiesddey soFdgcrepskyvorethaioR0% as wioingpangdste theese tests

hopli cart SRS $EHAT LT E sarbf AR B 1% APsANe PR Aeleiise. he
SCFT consGsnerally spearngniv wall beldesireibiateehqaoy asidargoant of Deal a6id Whi ch is

expressly designed to magnify differences in R?I%ether pofyaol behavior. In
t he SCFT, eHertigntprrepdeeihe memoamangench s PoNEtheb PPHIo! isOdEgbt 8d as

eoh 1o SUbelfRCEIRULRY THAES; T8ARAEE, FORNP ot ESCLUMIEIBSP, o
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 parts 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



2 ~0 Cc ~ 2002 V1' O 99/ 64493 PCT/ 1; P99/ 03911 13 anount of collapse can be
‘reported in a relatively quantitative manner by cal cul ating the percengage 200
change | WQ9%44d8%-secti onal area taken across the foam Th&OTgRA/03911

formul ation ~is as follows: polyether polyol, 100 parts; water, 6.5 parts;
met_hyl ene chloride) 15 parts; N axC- A-1 anine-type catalyst) 0.10 5 parts;
T-9 tin catalyst) 0.34 parts; L-550 silicone surfactant, 0.5 parts. The
foamis reacted with a m xture of 80820 2,4- and 2, 6-tol uene diisocyanate

at an index of 110. The foam may be conveniently poured into a standard 1

CUBI C f Op} frb 04518 50 pake pebmu.oh@reageﬁemry;bwérrea partcttarly Whap- ~ ) 1Ce
cream Container In ~~s ) fornulation, conventionally prepar ed) |.e.) base

cat al yzemq)oaiaiyﬁbﬁomﬂmtﬂt@nm lhetherfgngegﬂ fstxt@ﬁdamm hip avibofterchase t he
foamto settl (o] ely,10 20% %,. 3% ,wher eas pol yet her
ol ol < pRupafeFtiot TRl 4 iy e BRRT T wgioBR sRs it 4R SaREZIAN evel < o
hi gh nol ggyl,80. 183 910, TﬁelLeeﬁsJ%@.dmyfrﬁa@é&mﬁémse%a@@@a%' arately
35-70% While the SCFT is used to asSess differenceés in foamstability) the

15 i ght aBse tBot@ W@Mﬂé{ﬂﬂahpﬂm@@@tdn metmcwitmthy iditiater andedgulzie refl ected

by foam por.o h $S f oam. er n.com onent consi sts

of 100 p'gYettéF X%Qgtehgﬁsmﬁb g‘?{ frﬁjéatf) nﬁ,gtdgp Pe%ﬁ?]e\/spm( agent))

0.165 parntitﬁat@nl&&hérpdmn@az@tldrﬁtlfstézﬁe@ahbs_erau:idﬁaﬁ@wé ?z‘,éf and 0.7

parts L-620 silicone surfactant. The resin congonent is reacted with 80l 20
6

t ol uene 2@ydve %@W er atheawisercnmbiprd tsForeehaiging e s teagonssessed by

' ow The analyeraCubAT el ediMip bR T e MR kiohe en® F5501 hign

mof @cul aprewrghtjuhﬂm tHen douply emetVCopariiaby omhmek-xatdigiedP ot p@kides a
conventional HPLC techni que, which can easily be devel oped by one skilled

25 int hreolmenzmmm é‘@uPEﬁSG\N@Pth water; fier RPaFPfoMateh @rrevmtgme fraction
may be egh4dmR %bf%ﬂ a/' |h§re‘3a|s%ttb8%fh lgﬁc}/ Brthe | Sl SgsngHdW' th that

a polys yrene st ropria ecuf ar 'wei ght.
knovvn) halgb ’rmlirepub\aaf th@lrgprtodﬁJrcanﬂtyccufsthel retsaltisr omaaneid?C Tdwtuisn ther e rap| dly

th | | | I t d nt t abl
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wejght 1 Gaelticin the Bnfolht G T2 A9RuND a?@g%%?éliylﬁwdamé\ﬁ@%%%étéro di vert

the remai nder of the HPLC eluate to waste, rather than allowing it to pass
t hr ough istsesentdopsthervith Fewisi anid then whenewatesis FgegpustaexcBidacbl e
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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 determined 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 chloride is used as the Lewis acid



5 1In the preferred analysis nmethod, a Jordi Gel DVB 103 Angstrom col umm,
10x250mm 5 mcron particle size) is enployed with a nobile phase whi C?BUCT 2001
consi sts of tetrahydrofuran. The detector used is_ a Varex Mddel [1A

evapor at i WO P3/¢#93 scattering detector. Pol ystyrene stock solP@IVER?8/03841¢ nade
-from pol ystyrenes of different nol ecul ar wei ghts by appropriate dilution
with 10 tetrahydrofuran, to form standards containing 2, 5) and 10 ng/L of
pol ystyrene. Sanples are prepared by weighing 0.1 gram of pol yether polyol
intoalQJICe ~.z~vg ~ b.st~(~, tln®u~l~ J'; Q' rd~h~df J~uran t~ 11~~t
Scun(~I't '~~ ~"y ~t2 1'ot Al weight of sanple and tetrahydrofuran to 10.0
granms. Sargl el dfBto?25 phrtd e il ﬂo%ﬁwe@mla«gsdy@merw d‘-rraafdm

sol utions are sequentially Inj ecte Into the col um |1 cates of each
pol yet her qmjtyern@ahtp,raeu@)tmmpm catalyshispresgrict edleviedbf thcmgomara;

reinjection o he vario rene stapdards. Th eak areas for the
po: ylst yrian%e sMhB%rq\g’s | f'giﬁéﬁéﬁi \ﬁPE&NCﬂ'XP' ﬁleeap‘:ﬂ“@‘l O?aﬁa‘e{rﬁf C&8eRL IS oni cal Iy
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el ectronically integrated and averaged. -Calculation of th

mol eéul ar reebghizetthit thencatphists mirtaetorpesbkyenmaw Lemaa@@ndis d’allmd in

mani pul ati.on tech ues ener al descr.i bed., t I hyenti o a
urther U RSE S AECasWE o B inta W 86 rdmpeript letalsoioshl (o
exanpl es Véwumé’d)einpémbuﬁeds@ﬁc.@ﬂ{%f}nb%vdomao@ﬁééwénéésl oAt éwis onl y and
are not intended to be Iimting unless otherw se specified. EXAMPLES A

seri es of agidesdiessobprheremabons. Wistgrentyaital afsongse, keintr@idedt ch

react or havin er . valunme. A of 167g of 280C
T 2002 WOS5F gﬁ‘%@gﬂg@r&éﬁgﬁ%gﬁfﬂoﬁ?ﬁﬁ%ﬁ%ﬁ Oﬁﬁg‘é%ﬁ'ﬁet her polyol having .
a hydr oxyl nunbpiie eloubfdrmaalkiidnide caaslyatddethd asédén cOAMIAAtiOMwARCh run to
serve as the initiator (starterq? A doubl e netal cyani de conpl ex catal yst

conpri sed tBe A wie ?@Qaﬁf?aﬁ&ﬁi@'& allyt amareheus (MAANINE GiointershcSkaPor i de,
d | 908
and a po é:ee?([% %]Ws‘?cﬂ@r | '}_-IJ% CRERALS ow 1 rpo“f’ tpgﬁéségy and’ 42 was

t hen char e reac anoun alys s normal ly 30
ppm based c@mn;brh&d oﬁaldm&l@h’aetaf cydrddppay efrbenicpmdyplexingdgent amad tthough

ot her catalys ﬁ’ﬁt re al so eval u%t eg After catal ygv addi tion, the

i nitiator /& gRi@Rh dasov e Nt PEMERRIEHO™ 85EViItGr - 8096 mi nut es
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any wat er amount of water present “was not
per f or nedprefﬁnalslység\)@mnybambwbblpm rainui@per 260 gym lsatalystribased omach

batch. On Stri inc hI r' ( ) er wer e
t hen addegﬁ? @Rﬁgq@?'gﬁt Oﬁlén&hﬁ fiqcﬁpgomé dg‘gﬁ%)l %Qﬁgg ?hr@ﬂmﬁet he use
15 of a prRetal éﬁhxda@e eﬁ@éuaiyswméetmrme@blrequdemewts elndadétmdm of the
Lewi s acid and water, dition of propylene oxide was started. The first

portl on oﬁObFW&Pé@f@réﬁpﬂléfﬁmrmg ndetail inaber- ERRres. BARBtde oxi de
sofdded Aig) bo{ah§ SR ST 1A, RS ARICASE TcdildrdbaheLipr opy! ene

OXI thers and the''reac pressure nonit e catal yst was
20 consi d@yedfér@mtewalﬁtséhtmn suffi CI ent epoxi de fiad react ed to bring the
pressure down t TO one-hal f of its peak volunme (i ,9 ‘1 si a Once
activated, the Propyfedtleoximetacedyaat E’resf"%a‘?rsﬂed Paetesably; ¢ '6f &! gI m n.
Cont | nuoUgg %E%ér%o%%ﬁ?fé WhilkAhe T deﬂ@(ﬁs‘é'&iﬁh'e%%@%‘?ﬁé r@éeﬁifh fipd been
added in an anount sufficdient to provi a final | yet her pol yol having a
25 hydr oxyormutingedoublestnetgl K@bhigle) is preferably selected from the group

25 consisting of zinc halides (zinc chloride 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 introduced
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yet her polyol product was tested by two primary nethods. P

roperties

nunber, wobseabar wei ght distribution (including a quanti tigtiEeoeaQqur ement
of high nol ecul ar wei ght species), unsaturation and viscosity. 30
performance was eval uated using the Super Critical Foam Test 2
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When the zinc chloride concentration is tog great (Exanple 4),

the cati9upler il t/anide | araplerh&aialyple is AAesiBhpnmEiigd sWithinder thi s
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Exanpl eCat al y$he qaiaiysCencentnativiets ¢gterapy sectaksvih Fhatsuficjierppn200- 400K
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20

25

30

ncentration Is 25 approxi mat m TABLE 1

téaqglyst 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
the range of fram 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.
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
substances known in the art to be capable of alkoxylation by epoxide using

5

3\
!



ppn>400K MN Fraction, ppnFoam Test Results, | SettleKOH Control Foam Test,
% Settl el 300023842744. 213. 9230510129416013. 413330101010512016. 313. 9423030<

30------ " Control (conparative exanple) 10 2 Failed to initiate V O @CMZ{MZ
b OWN rewgodpa®n NOON WD 99/64493 18 2 8 OCT t001 PEUTER®9083911
Table Il denonstrates the effectiveness of using water in conmbination with

zinc chloride. Wien the anount of water is |ow (Exanples 5 and 6), the foam
per f'ormance of the polyether polyol is simlar to that of the pol yether

pol yol made-w t hout added zinc chlorige (Exanple 1). Wen the water 5
concentration is relatively high (Exarrpl e 9), the activation of the

catal yst i | I n
conpl Zt ed as?lgéjsggérrggu an}s]ﬁgewe?hé{%n er haeﬁczggge %e%(%%\?fl zatlon

condi t i ongieav@duametionalityundiicecdai weidht @f wae @tolyﬁblmeremlyat prauuics.
approxi mately 10-45 5 10 TABLE 2 x e talyst,! PPn¥ZnCl =,
Ppmadded Myaigalypdha0bBBIor (R deey Glso BETE0RSGaR a5 Strter’) Wil be

oligomeric in character and have a number average molecular weight in the

5 range of from 100 to 1000 and a functionality (number of active hydrogens
per molecule) of from 2 to 8. Alcohols (i.e., organic compounds containing

one or more hydroxy groups) are particularly preferred for use as initiators.

The polymerization may be conducted using any of the alkoxylation.

) procedures known in the double metal cyanide complex catalyst art. For

10 instance, a conventional batch process may be employed wherein the
catalyst, Lewis acid and initiator are introduced into a batch reactor. 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 polyol 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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from 30 tdankTeRRON ECRBR) € pirAnTgarkqer ddgedioh epr¥idgrsimtfodiced idochl ori de

o0 o o 8 AR AR A ANy SUE RGO " TP o

pol yreer i zahvemtiorontay iatets betreadily eldapted! fainddd draicahliatoueisgiditiémiofo is in

the range of 0.2-0.5. 29 T __ABLE 3 . .

starter (initiator) processes, €ither 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. 5,777,177 | 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

16 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 meqg/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 convex after blow-off and

30 is reported as collapsed if the foam surface is concave after blow-off. The
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5 parts; T-9 tin catalyst, 0.34 parts; L-550 silicone surfactant, 0.5 parts. The
foam is reacted with a mixture of 80/20 2,4- and 2,6-toluene diisocyanate at
an index of 110. The foam may be conveniently poured into a standard 1
cubic foot (0.02fw) cqgke'bu,or a standard 1 30\\0-« (3.781) ice cream container. In thig
) formulation, conventionally prepared, i.e., base catalyzed polyether polyols
10 having high secondary hydroxyl cause the foam to settle approximately 10-
20%, generally 15% * 3%, whereas polyether polyols prepared from DMC
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 L-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,



10 the initial charge of propylene oxide was added. The time requiregger 200
‘add t he propyl ene oxi de was generally about 120 m nutes, although in sone
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15 in the sane manner as described previously with the key results being
summari zed in Table 4. Both zinc chloride and al um num chl ori de were found
to be effective in suppressing the ffgmati on of high nol ecul ar wei ght
impurities and in inproving the foam ng properties of the polyether polyol
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24 W claim 1. An epoxi de pol ynerizati on procéess conprising reacting an
evaporative light scattering detector. Polystyrene stock solutions are made
from polystyrenes of different molecular weights by appropriate dilution with
10 tetrahydrofuran, to form standards containing 2, 5, and 10 mg/L of
polystyrene. '
Samples are prepared by weighing 0.1 gram of polyether polyol into
a 1 ounce ( 23-‘}3) bstile, and addiny teteahydrofuran to the sanple to briny the Tital
weight of sample and tetrahydrofuran to 10.0 grams. Samples of the 2, 5,
15 and 10 mg/L polystyrene calibration solutions are sequentially injected into
the GPC column. Duplicates of each polyether polyol sample solution are
then injected, following by a reinjection of the various polystyrene standards.
The peak areas for the polystyrene standards are electronically 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 understanding can
be obtained by reference to certain specific examples which are provided
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



epoxi de and an active hydrogen-containing initiator in the presence of (a)

a substantialiy anorphous highly active double netal cyani de conpl ex 28.0CT 2007
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and a net &0 s@é449mnd (b) an effective anmount of a non-eroti cedrRP®/0agild and
C~) water- fir o, tsm-, and at a tenperature effective to forma pol yet her

pol yol, wherein said poiyether polyol contains a reduced | evel of high

nol ecul ar weight tail'as conpared to an anal ogous pol yet her pol yol prepared
in the absence of the non-erotic Lew ggacid. 2. The process of claim1l
wherein the non-erotic Lews acid is soluble in the polyether polyol. 3.
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sel e@ ed fpreparde igacoprdamsivitt UgS oPatintNd18,482 808 wae theh lohaeged i nC

sul fates) and m xtures thereof. 8. The process of claiml1l wherein the
organi ¢ cdephexeagtosgdie anmounteficatalysh uradwas inoraally 39 prRd1ased. omhe
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anor phous §| ﬁ@éﬁ%%gc%/%r%@gﬁg{otmﬁ] 2 {}Iorrﬁgﬁggéca a‘}la%/tse'gr q(}:noe?rapsﬂrlgeg g%ﬁ?#énc
hexacyanocadtaht sreount whtwates girebént avaspimati perfidroed). ahbisasemedl tsal t,

sai d zinc hex anqcobal t at,e conpl ex cat al yst, being capabl e of polymerizing
pr opy! ene_ﬁ?@@rh? &'a?%ﬁ'&e?ﬁb@é@&t)éépagﬁdy%%pyl ene oxide per minute per
250 ppm zi nc hegpeyat@ssig WaRl @SB £ %isd thalorRie) (AHeIeamwaher wepbi ned

2
wei ght of active hydrogen-containing initiator and pro%‘l ene oxide) at

105C, (b) than tothe semciat. Npmaafivthie mas acqosplis reughetheedsg r om t he

ana T wt il pRarRied Sulas, gty BERPRERE AP RugiBR Brime BRI N0

at a tenpeidid ahe vedteecddditort of Hrepyidnecoxide yeisstarted. Yohe fivgt @oglion sfi d
pol yet her pol yol contains a reduced |evel of high polecular weight tail as
conpar ed tRIOBWERRAPUHRaddedMAsEEINtRPT Bhaigee fAPRPYIaNE PXEE YREAIRDS t he

non- er ot i G, P ISrihr B4Rl Rachdd asTEAP QKA 8f pRIAIN bxiBEL N the

non-erotic ews acid Is selecte (6] egro_up co S|st|ng (6] Zl nc
chl ori de, theonstompechklodi the aeactor xpressure eperiddredl’ 3Thaheatplystewas of cl ai m
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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 polyol product was tested by two primary methods.
Properties were determined analytically by conventional means, including
hydroxyl number, molecular 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



4. The process of claim'.|l~ wherein the non-erotic Lews acid is pzr@aggmugz
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wherein the netal salt is zinc chloride. 16. The process of claimil
wherein from5 to 100 parts per mllion water is present. 2 8 0 CT 2002
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conprises: reacting an epoxi an activ rogen-containing initiator
i n8 he pheseingetid gfect aofsubstimpnta ajlﬁgrmtrd(qynpucekmlplaeameteil Adani de

conpl ex cat al reparable froma doubl e, net al n nor nc
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) recovering a polyeét pol'yol which contains a reduced proportion
of hi gh nol ecliable lmmmsttaieds thmeﬁectexmema@fﬁue'mgpmcwdrbwatlbnwﬁzmqet her

| yol I t he, added t
Cow o alriP s an33EEg tRntpt g B oh s NET BarCmalatiidfvegont’ ™™ P o' €
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wei ght tzin¢ chippdreris agided cdmmmple Vit ithe rellyethRer pplypl deilpr Epear ed
o0l 00U eqBlich s b3 HSET Y.obhh BB RO e R A " A
A. . AFy. AantrdtBoletter 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 Test with performance
essentially equivalent to the KOH-catalyzed product. A significant reduction
in the level of impurities having molecular weight in excess of 200,000,
which are believed to be primarily responsible for causing 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 (Example 4), the catalyst fails to initiate.
Therefore, at 30 ppm catalyst under this specific set of polymerization
conditions, the useful range of the zinc chloride concentration is

25 approximately 5 to 25 ppm.




‘GIF

y?zupkf a\ W ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] cRa] ca] ca] ch§ O8] 3002
a] ca] ca] c’\a] calca]c:alJcRalcalca]calca]c:a nOw*W H K q

vl

-%] .

calca]ca]c
*M** P

]
./ 40000} xsnid_Z]]]ca]ca]ca
a] ca] ca] cal ca] ca] ca] ca] ca] ca] ca]ca]ca] ca

56U66 7778c88@99Kk: ;

, <DDi E} xsni d_,
ca] ca] ca] ca] cq
GCH, I xI'1 QIJJIKI

- ca]ca] ca] ca] cq gaEca] (oF:
cal " XXX0Y" ZZZC{@

ca] ca] ca] ca] cq

ca] ca] ca! eBeeg#

KNkk4! 1 I m nmm

g] ca] ca] cg
KigLj LLJIMN

L]
]

gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c"ajpgq
cajc™a] calca]ca]ca]ca]ca]ca] cal x## $$$<%g &&

$ a] ca]
TR

f£a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c
} cal ca]ca]ca]l ca! 0' 1011223A333A444! 5

cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca! i EEFQFF;

VWIW W X} xsnid_Z]]]ca] ca] ca] ca] ca] ca] ca]
caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
" : aaabebbbdde} xsni d_Z]]]ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

] Jca] ca] ca] ca] ca] ca] ca] ca] caU] ca] cal] ca]

cal] ca] ca] ca] gaJ caJ ca] daljfca]

sst uvOvvw, wow
a] ca] ca] cal] caq
}}p~~~gCR*ap/ F
a] ca] ca] ca] c"qg
caj ca] caj ca] ca

WX XXy N
] oy ca]
'Esﬁhc”

8530

ca] ca] ca] ca] ca] ca! / nno[ oopppp- psYskssss
h] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ¢
ta] ca] ca] ca] ca] ca] ca] ca]ca! Nyyzz{D{{"]| p|

caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

( j p?Szuoj e [V
] caU] ca U c"a]
St 9} =~ytoje

Ul c"a] ca] ca] c4g

mhc” Xl=cal]
cy ca cal
Y} £
] Rogo] £

alaal d

ca]

] ca] ca] ca] ca] ca] ca] c”a] ca] caU] ca] cal] ca
Jc aUlc aJca]ca]ca

calca]calca]calcalcalcalc aUc ayc

a]jcal c a]ca] ga

Mh(i L6?~zupkf g
c(a]cal ca]ca
] ca] ca] ca] ca]
] ca] ca] ca) ca]

Q"agczgs p

] ca] c4g
w] cgl ce

L A
caj
A] C

ftalt

ca

caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
5] cal ca] ca! ~#_Ko*u*wW3HWpN} xsni d_Z] ] c] ca
h] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca

~*W3HWp
calcalc ajc
10%@&' ()8! 109
109’ ()-! K
ZX99MB10%a&

Lov (- @ (Y

xsni|dSZFI'E] 841

WL

SX10%&! ()-

]ca]cc
' @

@ ¥og 1

9g15oEh&

caj
01¢

()
G

ca] ca] ca] ca] ca]ca]ca] ca]ca
cajcaljca ~_=110% F & ()-
DU { & ()-S-U hpr?! 10%@& () -
@ 10%@ ()-' 10%@& ()- pN(

a] ca] ca] ca]

] ca]
t1 109%@& ()-)
'L S

3 109%@ ()-'Y9 109%@g ()- @ HY9

i -\:15sS)109& ()-!\110%& ()-! 0@

S) 109& () -

Added
ppm

10

o
™
\Y

ZnCl,,
ppm

10
30

Catalyst,
ppm

30

30
30

30

11

Example

42

' Control (comparative example)

2 Failed to initiate

10



10@ 10@ 10@ & =109%@& () -1 =S109%@& ()- i 2y} <~\:!!s3(#10983& ()- 9!

‘1098 () - g#10%&' ()-2Z'i g#10% ) & () - Z9z#10%&' ()-!"' ssS) 10%& ()-?}rg\ =12 BLOI&8)!
()- 10" 1QvOH@iuo0%&: () - MB 109 () - ! &3- &10%&: () - G 3(#10%AAGch)Ep9g/n391s

- WU3g\ =! 3$100& ()-!$10% & ()-!1 &10%:& ()-!I

&10%CC&' () - ! n( 10%H&' () - ! n{ 10%&' () - nh} [ 9g\ =! 3! yU$10%&' () - ! y%$10% : & () - $10%
z& () -1 nz#10%&' ()-! | z#10%& ()- y 10%& ()-O[\:!3!! 6S&L0YEEL ()-9' FLOWE () -
10z 10z 10z, #10%& ()-!s, #109& ()-!, #L09& ()-Owa?{\:!3! 11 xsy#109%& () - 3f
1090VE () - F—~ 109VE ()-"109%VE ()- @ 1096 ()-!KS&LOYK ()- 9**Ws aB{\: 13111 Y+,

O R Rtk s A B sl 1
1S109vE’ ()i L9 ‘b h 3O £ kil b ST R
!iy&lO%&'( '?E %‘%ﬁ%}? 5’][ R%Q’?S 9#8‘3'%3?&'33%"15&%/@% 0 ¥ {%@Ly%$$<%"?4/
Ayl g gt - et AR
| ) ! - <0 ! ! a ! 0 ! - 0 0 ! - ) ! - '
i e o0
oV /&0%%%?%%?{_{/ Mot)s é‘?'( glqéi{%lg% mpRAEHS abf &BiHe catalydt’is

hindered and the polymerization cannot be successfully completed. These

results show that under the specific polymerization conditions evaluated, a

suitable range for water concentration is approximately 10-45 ppm.
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suppress the formation of high molecular weight species (Examples 3, 10
and 11). Under these polymerization conditions, the preferred ZnCl/catalyst B

weight ratio is in the range of 0.2-0.5. .
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epoxide and an active hydrogen-containing initiator in the presence of (a) a
substantially amorphous highly active double metal cyanide complex catalyst
comprised of a double metal cyanide, an organic complexing agent, and a
metal salt and (b) an effective amount of a non-protic Lewis acid and ) water for 4 4ime.
and at a temperature effective to form a polyether polyol, wherein said
polyether polyol contains‘ a reduced level of high molecular weight 'gail as

compared to an analogous polyether polyol prepared in the absence of the
non-protic Lewis acid.

2. The process of claim 1 wherein the non-protic Lewis acid is
soluble in the polyether polyol.

3. The process of claim 1 wherein the non-protic 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 wherein the Lewis acid is present in an
amount of from 0.1 to 200 parts per million by weight of the polyether polyol.

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

7. The process of claim 1 wherein the metal salt is selected from
the group consisting of zinc halides, 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.
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T0ve (- 20RREXJS adEp acive hydRpencsRraITG ibateri g rosenes Shisk: () -
'+ 1+10%& () - 5 substantially amorphous zinc hexacyanocobaltate complex catalyst
comprised of zinc hexacyanocobaltate, a water soluble aliphatic alcohol and
a metal salt, said zinc hexacyanocobaltate complex catalyst being capable
of polymerizing propylene oxide at a rate in excess of 5 g propylene oxide
per minute per 250 ppm zinc hexacyanocobaltate complex catalyst, based
} on the combined weight of active hydrogen-containing initiator aﬁd
propylene oxide, at 105°C, (b) an effective amount of a non-protic Lewis acid
selected from the group consisting of halides of zinc, manganese, iron,
cobalt, and aluminum 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 polyether polyol prepared in the
absence of the non-protic Lewis acid and water. '
12. The process of claim 11 wherein the non-protic Lewis acid is
selected from the group consisting of zinc chioride, aluminum chloride and

mixtures thereof.

) 13. The process of claim 11 wherein the water soluble aliphatic
alcohol is tert-butyl alcohol.

1%  The process of claim 11 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.

15. The process of claim 11 wherein the metal salt is zinc
chloride.

16. The process of claim 11 wherein from 5 to 100 parts per million
water is present.
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The process of claim 11 wherein the temperature is in the range of 70°C to 150°C.

.. .20, _The process of claim 11 wherein the zinc hexacyanocobaltate complex catalyst is

present at a concentration of from 5 to 50 parts per million based on the weight of polyether
polyol.
2l.  An epoxide polymerisation process which comprises:
reacting an epoxide and an active hydrogen-containing initiator in the presence of (a)
a substantially amorphous dpuble metal cyanide complex catalyst preparable from a double
metal cyanide, an organic complexing agent, and a metal salt, wherein the polymerisation
reaction mixture further comprises (b) added non-protic Lewis acid; and (¢) water ; and
recovering a polyether polyol which contains a reduced proportion of high molecular
weight tail component when compared with a polyether polyol prepared analogously but in
the absence of the added non-protic Lewis acid (b).
22. Use of an added non-protic Lewis acid in a substantially amorphous double metal
cyanide complex catalysed epoxide polymerisation reaction mixture to reduce the proportion
of high molecular weight tail component when compared with a polyether polyol prepared

analogously but in the absence of the added non-protic Lewis acid.



