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.'COVPLEX CATALYSTS FIELD OF THE INVENTION 5 This invention pertains to a
nmet hod of enhancing the performance of a double nmetal cyani de conpl ex

catal yswo9dbnes2 particularly, the invention relates to comrCamposygissdich a
catalyst with a silylating agent whereby the silylated catal yst thus
obt ai ned i s capabl e of producing ponether-ponoIs havi ng reduced | evel s of

hi gh nol ecul ar tail. Such pol yether polyols have 10 enhanced prO ,mm'm”m ,m"”“m

latitude in the preparation of nolded and sl ab pol yuret hane foam
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BACKGROUND OF THE | NVENTI ON Pol yur et hane pol ymers are pr epar ed by re

a di- or 15 polyisocyanate with a pol yfunctional, isocyanate
conpound, in particular, ISIUYOATED OOUBLEAMETALEYANIDD! yol sﬂmwmmmmm
art-recogni zed cl asses of pol yurCOMMIEERTATRLYSTS st, for exa

el astoners, polyurethane RIM mcrocellul ar el astoners, and nol ded ‘®owozs| ab
pol yur et hane foam Each of these varieties of polyuret hanes present 20

uni que problens in formulati onﬂﬁhﬂpﬂﬁdﬁﬂﬁdﬂﬁﬂ@[ﬁ;f t he hi ghest vol une
categorigs of poly t.han rs ar | yur.et hane. noJ ded and sl ab foam
In slab §oam t he rﬁ'g 'PI’%'CF"I@%/ i g%éélgoétﬁgﬁqh@&‘ &ﬁ%‘eao?‘fg‘?f"?@"%ﬂveyor
and al | owed t g ddubste hictsl ezyanTae cbﬂ%lék'c@%l}ﬁafmﬁélﬁad&fuﬂéﬂy Qhé@n\&%ﬁt%‘?\t (2
to 2.6 m wide and high, nay be iced into thinner sections for use as
seat cushi onsrelatagpta an@@tlhgﬁuqma @lalefm withl & sélylating. agentdetiefetantheny be
used for conto red foa r. exanpl e, .cushions for aut tive
seating. In tf |§g§q {QI%S%F}EJPJ? A& )/Fé:ﬁ@aagq E uaig PB?JV@?ED%‘PBIYOISM

sl ab and nol dadvingaddaBBlilEwis of hidKRISaaar @rlepauew pBI/cter ;Paz&s%év%l yzed
30 propoxyl ation of suitable hydric initiators such as propy e glycol .
2 5 OCT1Q002 epoheoted FRcesSingPEIitd9cin theylpreparation ©fribdided artdc slab
produci ng the r& ti L& gol yoxypropyl ene diols, triols, and hexols. As is
now wel | docufEMH ?ra&e 8 m'angerrent of propyl ene oxide to allyl al cohol
occurs during base-catal yzed propoxyl ati on: The nonofuncti onal, unsaturated
al Iyl al cohol bears a hydroxyl roup 5 caabl e of reaction vvrth propyl ene
oxide, and its continued geBadds . = ’ <oduces |ncreaS|neg

| arge anounts of u p | e h a bro

nmol ecul ar wei ght dﬁ@#’%@%&g% 8§§%§¥r§ a:)ﬁét &gﬁ’gp&gt §¥I %%%9 oﬁal‘?aty bf the
pol yet hag pol yRliyispeyshetedwits d @wfedcwm idovyahbie-féadtiven€ompeuna) in or
“"theoretical" functionality. Moreover) the 10 nonol generation places a

rel atively | oRapticdan bydroxykiuncianalrolethes pokyolse Nyteerousartraetegnized

caui val ent. voRBRRSE R SRRy EE Poneny e, I6t sRartis et £68mey  ana

Wi Il thus contgyljurdthdid REVIC eicroosiRiibr agledtamessdX spaopYDIE8E EPko!slab
speC| es. The resulting actual 15 functionality w Il be only 1.7 rather than

the "nom nal ralnetatdane ifegmof Eachqfcthese yasietiespel pelyipelbgprenecpmsent As

this pr r r wei ght 1 ncreases,
prepara on o?‘ﬁgg%@x l?ﬁbs"?n fﬁ’éﬁgﬂﬂ o5& gpdlc%gl 1 val ent wei ghts hi gher
than about 2200- 230pwdef trfe h Wbl@me gsiggoriesvf gilyuratharipelyeirglaysi s.

20 Doubl e nmetal cyanide ( rrgl ex catalysts such as zinc
a

hexacyanocobal Relyéretans rasalsigdmdesl daam: dnidak feamy thesreastive ingedianis i on

2nd the 111 et supple eilie A, Moving ek pr BibEECk AP ReRY- ikt dues
fromthe pol ye:tés@rlnrrg fbarﬁtslaml S 8CoC® eI (2 1 2 B lde HIRI Highameyabé On

| evel 25 (i.e., "monol" level) of pol yoxypropyl ene polyols produce by
these ca&l ystslicasintothitdnensegiansipr hisaaseseat nushiansa camrstyundstiayt and

I I I d I
Cat l yst s has. 968k sbelshuiny < HlGed REYE Biayioys 8 e FartBifee e gegis T
Recently) as iaghmleceuBliddsYor Eﬁiomé{%fe sating. 813, 30 5,482,908, 5,545,601

) and 5,712,216, researchers at ARCO Chem cal
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.



5 0CT 2002
2 5 0Ct 7002 WD 99/ 64152 3 PCT/ EP99/ 03904 Conpany have produced 2
. substantially anorphous DMC conpl ex catalysts with exceptional activity,

whi ch h been found to be capabl e of producing polpygigpss3ee4 YOI s
havi ng %(g%%%d?%t ion levels in the range of 0.002 to 0.007 ne’d?]?g ?I evel s

previ ously obtainable only through the use of pertain 5 solvents such as
t et rrahydr of uran). The pol yoxypropyl ene pol yols thus prepared were found to
react in a quantitatively different manner fromprior "low' unsaturation
polyols in.certain applications, notably cast elastoners and mcrocellul ar

foams. Howeve de%wh%t, isbgitdtnetef, p?ﬁ@@ciﬁ@|tb(@'résﬁ>é&tivb%lgog)?p?grag%§ﬂ | gieRd

anal ogs in nolfded and slab foamfornulations is not 1 orward. In
mol ded f oans, trials, @rdnpexgisf oAm isi phwneel documented, tao seatrangermentmf t hat

t he necessary crushing .qf ,the foanms follow n |ding is difficult. if not
| mposs: ble- | ARG ABARERER s Shitle BRs e sathierd prromatian.
occurs, rendefrihag i o. r i T ccur
even when thefrl‘:l\:%g actﬂé?%%’c?ﬁ%ﬁgﬁtg 9 %lfl)nsﬂlgﬁﬁ%lo eg[ss%?g&ggaiﬁf%éggf ully
| oner ed By addapahbie offeadioarwitffupmipytare oxigepang its cantinaetigereratiormandal
functionality siml ar to that of base-cat

. | d | yol s. - cat al d
pol yoxypr opyl BFRPHIHAY R cﬁic&ﬁrPaﬂQQF‘yyylzﬁgg? gaﬂﬁ?&"@%ugg&ﬁ%@ ted

di stribution, e\ i Forels of
b0 yol sanp| '« EOVGKTEropFIeh@fiotd PHbVing Bibaibinohei Ml eiiiy ldARELG AT
narrow t han apaksgitibe et tunictibyalityl obthieyrigethempeiyols pnoduced is fesveriegher

General Ly obt SEIEAR o e GaRRal or cbRefdAl fineyBnaitys Meraayer, e ar e
comon. 1fhn Vi gyheY| g?]é}f‘er%ﬁ%f\lcpg@éssaq |3{ReR) f&@givaa@wmhpwnﬁggy@g@ggﬁa% ty)

It was surprising that al yzed pol yol s d not prove
"drop-in" rephmigheobsaihablebadorcetarhpleedd pasgokatalyrgub 4p00e Diaa(Raltaam

licati . B ) t] it d t ts i hi gh|
ofTi tent o1 MIgEHasaRaERy AT PEmalivaleBEWaiahy Bl FrAndee BrBar R v
pol yoxypropy| epRaRftayiShs oMb o8B Gly/8e e dwiln tﬁth@bc;&ﬂgir{”téojerﬂop%éffeéﬁtt hane

foam appl i cations w thout causing excessive foamtightness 30 or foam
col l apse. T unshturated palyexyimopyiess]ponpl-spBERY. OFT TeiEresultireNTaae!
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treated with Seyerglas mojecganweight increases, preparation of polyoxypropylene
polyols having equivalent weights higher than about 2200-2300 Da is
impractical using conventional base catalysis.

20 Double metal cyanide (“DMC") complex catalysts such as zinc
hexacyanocobaltate complexes were found to be catalysts for propoxylation
about 30 years ago. However, their high cost, coupled with modest activity
and the difficulty of removing significant quantities of catalyst residues from
the polyether product, hindered commercialization. The unsaturation level

25 (i.e., “monol” level) of polyoxypropylene polyols produced by these catalysts
was found to be low, however.

The relatively modest polymerization activity of these conventional
double metal cyanide-complex catalysts has been recognized as a problem
by workers in the field. Recently, as indicated by U.S. Pat. Nos. §,470,81 3

30 5,482,908, 5,545,601, and 5,712,216, researchers at ARCO Chemical
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DETAI LED DESCRI PTION OF THE | NVENTION . Intensive research into thd 5 0CT 2002
chem cal and physical characteristics of 10 pol yoxypropyl ene pol yols has
led to the discovery that despite the narrow nol ecul ar wei ght distribution

and | ow@obyfisspersities of polyols catal yzed by substanpcaiePysesses phous
hi ghly active double netal cyani de conpl ex catal ysts, small high nol ecul ar

wei ght fractions are responsible in large part for excessive foamtightness
(st-abilization) and foam col | apse. 15 A conparison of gel perneation.
chromat ogr ans of base-catal yzed and DMC-8at al yzed pol yol s exhi bi t
significant differences. For exanple) a base-catal yzed polyol exhibits a

si gni fi cant 'Carapanybave produicedeubsténttallyaamershpius DMGocompteracatalysts

pol yoxypr opyl ene nonol.s Qri (%r Lo the main nol ecul ar wei ght peak. Past the

peakal the weigit exserional RAtyityn MiNeh hayeerlsPbeen fund e QGE@@D@QIG o shorf
k, Lhe verdh P _ : !
ot or 2l pealProieing BoEH RIS hatinbl b adrt RiteRODARL BREEXD. 6001 O 1 1

a hi gher nol ¢60.607 meigith{leveds previoydly gbtaimdtde dnly threughtthé Liel of)ceMdis h
shows the presence of measurable species at very high nol ecul ar weights.

Due to the | GRIveREpuchEstet@hydrefsicans dhecpalyoxyriapylane pobs tthaa 2- 3
g : cres bty
Fosear ch' has Hgfergdiferstofing 1o Readlih b fithaiely dire @it ridiRt dfom pRigHTS ¥

their | ow cortimwst uasatarstiorapelybls inetertaie spplicatides, friotablyecast edastemdpehavi or
of DMC-catal yzed pol yols in nolded and sl ah pol yurethane foam applications.
It is surnmi seaﬂfijv?ﬁ?fc{%ée@rgeamsgh PNEYED %h’%%%‘m Oiﬁéléhé%o'lé?'érfgf dheir
surfactant-1i ) i C 4

PCT/ EP99/ 03906%%%%%%% ofidids # b edpﬁgée-élggt fogff é’\{@a@\%‘%gg%’&

pol yur ethane stedigintéaravacdir invgolded foamsy foraxample yfdam tightriess.inEieases to
fractionation and other techniques, it has been determ ned that the high

mol ecul ar wei $#N @%PN%W%éhﬁiqﬁC@éﬂaWrﬁrHis@ ‘Pfﬁh@(fﬁ?ms fpewing moldiagt i ons
pased on the di GfrRd A nef [MisossibRSfh boRbRI e eheSal iafis! Ham

fraction, terrreof ereln m?errre Iat e nol ecul ar wei ght tal cohsTs

pol ynmeri c nol edidpse dfieni cogurs) rewdéring sushdbamsriacapatde bf prodabtion. 76880 Da
to 400,000 Da,_and greatly alters. the foamtjghtness.in | ded f oam and

hi gh resiliengde ‘ﬁRg‘:%lffa%‘y%a'aae"At%ﬁ'% aﬁ‘é'ra‘ Topckanaity \Rgg&ﬁh RYI¥R!Siisn 10
(hereinpgter, o | Q&g AN ot 'ﬁﬂﬁé' | Wk ces
foam co apsep%’yfﬁéﬁgy%wﬂgg oa@néltzla%btilg{vsel} géﬂ%taggﬁﬁ“|of bIZt6 ﬁ t?g?]évrg%\{#gﬁal and
hi gh resi | i enaetugHR)notianatityi sisilamhuthdtaf base-catalyzeddiolyalsf ect i ve nmet hod of

o Pt Pl B SN eck el iC eBl SRS L
e oo po TSR SIASIN 0 ol SECER G MO oMo,
No. 5,689, 012¢chtemeatqgramsnofppolybhiskinpiéd. edilievenoleculonsveighy distritatioanis of
el no2Ds st PREVHAGMAe Masiow Hbega0RH? BEForGRLa NG Ra SRR JRRYGHATY ¢ o be
used for prepy ghé Phgilr QQivaleRt Qaght range, for example. Polydispersities less
than 1.5 are generally obtained, and polydispersities in the range of 1.05 to
1.15 are common. In view of the low levels of unsaturation and low
polydispersity, it was surprising that DMC-catalyzed polyols did not prove
25 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 polyoxypropylene polyols which can be used in slab and molded
polyurethane foam applications without causing excessive foam tightness

30 or foam collapse.



foam Commercially acceptable nethods for renoving or destroying hiZdh(CT 2002
. nol ecul ar wei ght tail have al so not been devel oped. Destruction of high

" nol ecul wio it speci es by cl eavage i nduced by peroxi deBCT&EPIBoB9Ohat
effective, but also cleaves the desired nol ecul ar wei ght species as well.
25 Fractionation with supercritical C02 is effective with sone polyols but
not ‘others, and is too expensive to be commercially acceptable. It has been
observed that the double netal cyanide c¢onpl ex catal ysts that contain

hi gher | evels of free (unbonded) 2|nc hydroxyl groups ("Zn-OH') tend to be
the catal ysts which produce AAR NVE ,ih;higher 30 amounts of
hi gh nol ecul ar tai,| .inpurit VVthout h|n t 9, be und by 25CCT
2002 WO 991 64152 éhbéf’ IO BFCOYRS 3‘5\‘ F%i‘%etf’ﬁb ols rwdfich orin
hydroxyl gro 0 rRat C .

pur L es. Oz o e i aRe  bEfafor oirbase: g ¢ ne
hi gh nol ecul a:ataiyzed amalagpl slab laad muided poyurethapd faamsgnay teudibtaimes al

i d | h dily solv tacting the catalyst
Wih o &1 y1 AT SGLRE etal Syan e caRPIe CaIRNST PR ARV i Vestes

i ntroduce silyn gré;), Prg%ntthe catalyst. The silytating agent may be an
organi ¢ substance c 8 acting as a source of silyl groups and is

general ly characteri zed by having at |east 10 one substituent capable of

bei ng replaced by a reaga ) al cyani de conpl ex
catal yst such as) for &k A FUBELON t hout wi shi ng

to be bound by thegg sn\Pé ré ah)ai, irﬁ&!iW? Ehéhséél%ddmﬁﬁféﬂ"dﬂa? bt’éri‘é%?'oft

performance realized by application the present 1 nvention are a
i n parti@ue tmnlyhm/preayiemrpabyols inasded yo dve mm&e@gmat daspitetthe rarmsw

hydr oxyl rou s, or  other terjous tes injtial pr.es in the
Ot alyat . SThdnoleduidtweiaat Sisfipuisunlo Relysnatsithe Yyl CHEVERLat e
with the S|Iy free
(unassoci ate @%HH%@??E@ ’anﬁtﬂgf\bﬂ 'ﬂénﬁgat e gg‘é@?bﬁtﬁﬁ% todi€rl:%)(|:ln o%ver si on
?L su ;: h g [ ou p@)&agstznsngHSh;grﬂ)ﬁlagulaln pelghﬂfeatwaws are rdaspcmsizbig |ﬁ0a€wpart has

e structure X-Si- (K or, exanpl e) . .Sui agents ~
i ncl udes the TOF §XRBSY %1}&3!“ @?Qﬁ%sﬁ %’? f&fga@m@*’&%@ h@&%zanes One
general{g preferreg €drﬁ§§n§t‘§n ot gtﬂ' ﬁéh‘&tﬁﬁﬁ&ﬁ@nﬁtégiﬁ]ﬁs b?tbraﬁél-&'iéiyﬁ%ed

silanes having from1l to 3 hydrocarbyl substituentS, such for “exanpl e)
trimethyl chIamd)aM%ﬂetaI%djpolyblﬁemlht&sigmﬁcarain:bﬁerences For example a

hi b di I thyl s |
ododi met ny| DURSA SrIENARY paivet SR ByrenbreR fead o SUBhA ORISR | ane.
net hoxyt ri met méiqw bﬁgtﬁne@f&rﬂf Bél&b%ﬂ Méhbaﬁenol@fbrmbrtherrﬁ@wm§|écam
chlorotrihexylsilane, and th ery suitable silylating agents of the

class conpri sweight paak: aE’aBtsme peeu thel weightvpercentagso obhigheisnotassilar
substi tHS”t I?velgahto ee”cnés fglls Ef raca:;lal)dl A)s& Iar_ clf': %aﬁogr%m ogQa DMC-

catalyzed polyol reveals a tightly centered peak with very little low molecular

weight “lead” portion, but with a higher molecular weight portion (high
molecular weight “tail") which shows the presence of measurable species
at very high molecular weights. Due to the low concentration of these
25 species, generally less than 2-3 weight percent of the total, the
polydispersity is low. However, intensive research has revealed that the
higher molecular weight species, despite their low concentrations, are
largely responsibie for the abnormal behavior of DMC-catalyzed polyols in
molded and slab polyurethane foam applications. It is surmised that these
30 high molecular weight species exert a surfactant-like effect which alters the



~5ccr zoo2 WO 99164152 PCT/ EP99/ 03904 7 where R preferably is az%n@f‘zuuz
~hydt ocarbyl group) and at | east one substituent is a hydrocarbyl group
containing preferably from1l to 4 carbon atons. Particularly preferred

silyl atvkggg,@‘ggpts of this type correspond to the fornul apcXEeEpremoaoR) b where
X is a halogen or alkoxide (e.g., C -C4 alkoxy), 5 the R groups are the
sane or different and are selected fromalkyl {e.g.) C, C, alkyl), aryl
(e.-g., phenyl), or alkyl aryl (e.g. tolyl, benzyl) groups, ais 1 .

or 2, bi s2or 3, anda+bi s4. Anot her suitable&lass of silylating agents are the
organosi | azanes, particularly the organodi sil azanes. These nol ecul es nmay be
repr esent ed ddlubility Badfmene thetpthagepat 6f tHe GrowiRg3pdiyumdirare polyrees X R
groups are the same or different and are organic groups or hydrogen.
Preferably, 9%%?%%#&5&»’?93%@0'&8&% R groups which are independently H

or al kyl groups ofyUpaéttoritiehtarfd BH&IBcRARIES, RMaLbEBA Athéd iRBA that

preferably contain$ 4-6 | ower alkyl groups, each containing fr
car bon at onstheahigro majeculay sveighintailamay Hee Hividedpsto twe msleculgavesight zanes

ener al ar nmet rical e t heir thod aof production, b al so
e asy ot 11 TaRIORS, PrseR onaPg Aifeient stagts tasedrattiohs Mygite o The Tk @ ©
1, 2-di et hyl dishiaza | mEjesd ; 0o :
11,12, 2y2Lr§§gan§t ferm et be (;ﬁa"?,@%@%s‘é}?zmgh%ggﬁ%%' ht tall)’, consists of o
cl asses of spolyatdréc mdlgtules hgvimgembieauban weights ranginberdmrabalug 227000
ndepentient | Do G0 Plo A grrasleiers g oamsighingssan kagrd dnamsend

| ected f ; ' ki PA
2 kvl or hal D IpSNeRpRFR) SaniaaRt, AyeUHGHE Mo b waiiR Fadie
PCT/ EP90/ 039 (Hergiraftene'ulisd-high noletulas meigithtgil” JadrbnRatidally infheerscesefoaeani ng
as R A suitabl,e silylatin t of this I s his(trinmethyl silyl
roetan de. TEOUAPER bAR FhFETrRuand i slabhfodrs o witthicomvertenal i te
conpl ex cat alh‘géﬁ résiliciee BIRFraMbtids.a suitable silylating agent as herein
defined at a 5 tenperature effective to acconplish reaction of the

silylating agent wihus fdrenozoaipletely Efective methoti oftavaidipgrrerodustion obvwever
o be o S R BRRIS S ont 5 4555 O bbbl b RIS B e °
perforagnce htdipdts PrasHeshiknoWtin the, art.OUsGiitbResd6s suth ¥k dontindugs sel y
affected to an 10 unacceptabl e extent. Although the optinmumtenperature
will vary addition of starter in both batch and continuous polyol preparation, as
disclosed in WO 97/29146 and U.S. Pat. No. 5,689,012, have proven
partially effective in lowering the amount of high molecular weight tail in
some cases. However, the portion which remains is still higher than is
20 optimal if the polyether polyol is to be used for preparation of polyurethane
foam. Commercially acceptable methods for removing or destroying high
molecular weight tail have also not been developed. Destruction of high
molecular weight species by cleavage induced by peroxides is somewhat
effective, but also cleaves the desired molecular weight species as well.
25 Fractionation with supercritical CO, is effective with some polyols but not
others, and is too expensive to be commercially acceptable.
It has been observed that the double metal cyanide compiex catalysts
that contain higher levels of free (unbonded) zinc hydroxy! groups (“Zn-OH")
tend to be the catalysts which produce polyether polyols having higher

30 amounts of high molecular tail impurity. Without wishing to be bound by



depending on the silylating agent selected, the contacting conditi onggry 200
. (e.g., liquid vs. vapor phase), and the conposition of the catalyst,
gener al kyo §06akd ng tenperatures in the range of from 20C germgtofgsonsl | be
satisfactory. 15 The desired contacting may be acconplished in a variety of
manners. For exanple, the catalyst (which will generally be in particulate
form may be adm xed with the silylating agent in a |liquid phase. The.

| i qui d phase may contain a suitable non-rdactive solvent such as an et her,
hydrocarbon or the like, in addition to the silylating agent. After the
desi red cont actheagytit isdhh@tﬂbablmiﬁedhydrgxyl grpups griedsesamemiayi ingolvey be
renmoved fromthe S|H/I rﬁtgata yst b?/ conventional nethods such as
filtration, delhitetqr 'OQ FHFNATRHBHER  on. Alternatively, the catal yst
particles may be Coﬂttﬁéé@%%btboﬁ/ Eéérﬁﬁﬁhgfthét'th&'p?étbl@% éﬂﬁ‘é?iuc'irfb Hbehi*éﬁpor
phase. The silylation may be carried out as a batch) sem -contihuous ~or
conti nuous proowdeculastal ma@n@tdﬂ'lerfpalynbotvtemﬁctming(adomtdesmet;dl ayanigleagent

Lhe' ConpePal ur EOTRICL GBI ShBPK Phr e Ao By triia i catalvprwliia "

general |y requig l’lgldtfr?i(;ggféer'it%%'tﬁﬁe st a Hrﬁ&%ﬁétur%aéftf%é{ﬁ/est'ol itlrBHLBG sAgent s

wll generally n re reaction timnes ong as less reactive
silylating agegtwpﬂ'jrﬂoctlaélcatalﬁl however contact times of fromO0.1 to 48
hours will suffice. f C T 2002 WD 99/64152 9 PCT/ EP99/ 03904 The
anount of silylati anﬁg%W aty dn%)éhe\}aéyg,rg\mwbstgﬁﬁ%ﬁ@gagke efagting i ng

agent of from Qsl %&}ﬁe\b?bwﬁtgré&bslé}%/‘i’stb'eﬁ’@b Enaw@ﬁzétpbg wshlbaef the

doubl e nmetal cyani de conpl €x “catal yst) are generally pre Any excess .
unr eact edOsi | ylomei supsiidaent capablebf beungsreeplamdsb)s egaaatnwl cbnmmmlmeocmal yst

catalyat i ¢hedaupie e SyBidn Somiey sBUARE as; Bk Aeeitble. ditRrind v
catal yst eithe € y, a
single treat m%‘r»gf kP ERIDSS! ARithalt WRARRNf BE beBAHD %o?&qpﬁri?(ehev-g&ethat

opt i mum anount si'l ylating agent incorporated with the catalyst 10
vary dependi ng thpammonemnbats o1 catalysirpgriormaEnogi mhzedrby apphcation ohehe

conposition and other. char.acteristics, of the star ubl e tal ani de
conplex cat al yAresSst ivankAR P19 ieastALatd i B s Thactioh ol e, Sivstag
resul't iqgs silagertedithaine ¥iic Wiyl igebdss dr! Gner dm@fe@iwsognéé uh.lt.ah)r1
nol ecul ar weight” tail when used to catal yze the production of er

pol yﬁl t hanI 15 prasentdndne estalystt That isrit has beepiclisesyed thativden ghe @tﬁﬂmel s
0 |
sone cases. hovefertecpuhthd sy hebduen 8 firprdE BSbutnth At Bhlhed et

in catalyst pertborf@@meﬁassocTéu@d?iwbbﬂ maé@érg@waehmﬁwazaaabugé.slyta@éttsdnéﬂth
the silylating agent 20 are preferably substantially am)rphous (in thi

context, meani r@rt\rﬂaslonoofsatarzm gragesde FebkSi-4ARh grauns étheam&srlnlﬁtmg
di ftracti patter ar,e nmetal cyani de, an
organi c ﬁ‘pl eﬁQ?d" Wﬁeﬁa;cjurggge(ggp,tfoﬁgggﬁﬂe;t al ysts generally have
very high polynerizagipablact i siiyiating - €agehfdey- intRidespi cipkel v GrgaablsRanés,
pol ymeri zi ng propyl ene oxide at a rate In 25 excess of 3 g (nore

preferably, 5 grogpnepijylamines aad og@anwla;xa@egero%gepprﬁl%nr@lfqrsed(cmeqf on
Lhe canbl ned wel by, Adbrih B 10 GhERRBLRHFed difkRleshatFCrrdR P! & 37t 2

cyani de conpl ex
hydrocarby! substituents, such as, for example, trimethy! chlorosilane,

25 dichlorodimethylsilane, chiorobromodimethylsilane, nitrotrimethyisilane,
chlorotriethylsilane, iododimethylbutylsilane, chlorodimethylphenylsilane,
ethoxytrimethylsilane, methoxytrimethylsilane, chlorotriphenylsilane,
chiorotripropyl silane, chlorotrihexylsilane, and the like. Very suitable
silylating agents of the class comprise the tetrasubstituted silanes wherein

30 at least one substituent is halogen (e.g., F, Cl, Br, 1) or alkoxy (e.g., OR



requi rements and nethods for their preparation are described in detaigls {200

‘U.S. Pat. Nos. 5,470,813, 5,482,908, 5,545,601 ) and 5,712,216, each of 30

which is incorporated herein by reference in its entirety. O her double

metal wod9841@8¢ T z002 WO 991 64152 10 PCT/ EP99/ 03904 cyanipda/Eronpisex

catal ysts known in the epoxidation art may al so be silylated in accordance

with the present invention. The double netal cyanide nost preferably is

zi nc hexacyanocobaltate, while the netal salt (used in excess in the.

reaction to 5 formthe double netal cyanide) is preferably selected from

t he group tonsisting of zinc halides (zinc chloride being especially ;

preferred), ziwhoersulRhpteferably 46 e @{-O,abgdrothebydr geip) andpbexéast apent is

desirably selected . fromthe gro consi sting of al cgohols, ethers and

Hxt ur 05 hor e RIS e Sy CSATBY STERP AR AIEG BiEHPIE oM Ad0 desdiben: v

al cohol bei ng Brfarpadielidil preteAba'sifRting BBeARUH RisTRbR! cdrdtdify (Ol e
fied wth cribed’in U

catal yst is desirably nodi a  pol yether, as d S.. Pat.

Nos. 5, 482, 908fcamuils (BRSSB(R), witese coiscainalegeroar afkoxide .4y G- ataba) y st

when used.in an oxi de polynerizati rocess i s generagll el ect ed such
that suf 13 ci enfiedkSaPYRs Siedhesapieiiet soR e seletieRranalidde@. Grr
desired rate o N i I j 1 hrahl e to .

m nimze the a%f)\g‘n%(b% rgia@g?yéﬁ Qgﬂ%l %r;éellg?r %Iytl prﬁélgﬁ:%ﬁg%?fg Q?Qlé'é%nés) 'gﬁd to
avoi d having tor 2eoiyv@ or® ared atlysst 4f rom t he pol yet her pol yol produced. The
activities of the catal ysts obt ai ned@?y.g{?a,ctice of this invention are
extrenely high; cat ercHt class i silyigtingagants ane the preanpsigzapeso
parts per mll} clg,@éqag i ; i ; ;

hydr ogen- cont aPﬁ’?‘ng i ni %ﬁ?é@ggﬁggggﬁﬁﬁg rgg)lee%?;épéi/@aﬁyl t;/e geLﬁrF F%Pteer?t The
cat al yst $0obt abyéioe fgrnpulact i ce of this invention are particularly useful '
for polynerizing propyl ene oxi,de al one since propyl ene oxide

honopol yneri zation is particul'arly apt to formundesirably high | evel s of
25 hi gh nol ecul ar weight tail.l However, the process may al so be enployed to
pol yneri ze ot her epoxi deéRiuehNa¥-(8)hyl ene oxi de, 1-butene oxide and the _
li ke, either alone or in conbination with other epoxides. For exanple

copol ymen§ of eiheyeiarthe®ix Regrangs @re tyé saemeoar di¢fenent dred preodrganiic gft\eps
active hydrogen-cont ai ni ngfi nitiator may be any of the 30 substances known

inthe art to Behydgan: Brefarabiy.thearganesilazshe erntaifisfy groups whishcate 2002
11 doubl : i | i
a doubl e TEidde ey FOBP a%l%}ba}:é%f gpdol 8bs SCﬁgphgéﬁ%%Qn p-tﬁo%uct.

desired functio Ity an cul'ar” wel ght of the polye
Typi cal | y, t he organosilizane(prefarablyegordbiss 46 lowke atkyll graups; eachacdrgainingu | |

Che’s Pange of MG 16 CoER0Bom ad ey 2 SRAre9s s ARribe R drolis  vine "
the 5 range of r iv
hydrogenggoer @Rgshdsti ﬁgsf Bferail} O e Al miittigal ik - tcCtABRT etRBROBRIS
cont ai ni ng one OF nore ﬁy roéy gro p§ are particularly pre erreé; ?gr use
as initiators. produetidry,mbut zaay caisaslye basyrometricadd Biitapplergrgahositizanes

~al koxyl ati on procedures known in ih ouhl e netal i de conpl ex .catal yst
art For 10 instiBf¢ee, o&gﬁg@ﬁ{q.oﬁqgﬁﬁﬁfg}y&bﬁ ZHes ol ﬁ%tr%%%éﬁs' in
the silyl ated I é i1t iLalr08L ' : reactor.
The reactor isc‘?ﬁlghﬁ'%%%atﬂc? t'ﬁ“?@!&aszlaa;n%dlaﬁ Eejrrgg;ma%%P g&%)g.dgs.‘%ggto 1500)
and an initial portiOthericlagsesiofisuitabile silviatidg agerss corespond s théforniden
activated, as indicated by a drop_n pressure gnd consunpt, th

f |
initial edoxi deX-Bi-(Flaryberainethee i GiQEPSofre Hhee 58RO g‘fégﬁg'd and” are !
. DTy o ] y

the desired ol BE8PERBERMY Seuiey A6 hidfidtn AN ETES) 35 (akaRA! &y BRE |

The initiators,sdgrecteaeffémand pol yneri zati on conditions described in U S
Pat. No. 3,829,505 (incorporated herein by reference in its entirety) may
be readily adapted for O ‘

[

30 Y-C-N-Si-(R'),

or an imidazolyl group, where Y is an alkyl or halogenated alkyl group such




20 use in the present process. Alternatively, a conventional conti @uo@&] 2002
. process may be enpl oyed whereby a previously activated initiatorlcatalyst
Com xture“ilé g%%l?%i' nuously fed into a continuous reactor suqJ&ﬁﬁ,

: 4
conti nuous?y stirred tank reactor (CSTR) or tubular reactor. Ka’fo%ggd of

epoxide is introduced into the reactor and the 25 product continuously
renoved. The process of this invention nay al so be readily adapted for use
in continuous addition of starter (initiajgor) processes either batch or
cont i nuous -operation, such as those described in detail in WO 97129146

1596, mow U 5. 2pareiiordfiflarGiieliiant R (it yeatid ricghing & R ab iBAeie.;
of which are iengena? At BEIHRS fypeYis bRd(RIrA8LSI bityl) Bebfamidé. S ~Cr ~o0oz WO
99/ 64x52 12 PCT/ EP99/03904 entirety. The pol yether polyols produced by

operation of the prdcegficchthe improvingsilylstiopr Becdauile matat cyanids complexi es,

foams.  Nor nal CPLIER 30Nt e vENE R teed sU g S4ashes heil opfingditen
the average furhperalretefieclivedr acidngilishdienetioh o sk sfl?l@ﬂﬁg dgemivalope 2. 5
to 4.0. The polyether polyol equival ent weights generally range from

somewhat | ower CBlRiMSY odxcpasivelyabight tesoperateresuhiwenas: isbauid ber eveidsnl v

0008 meq o, ryaEasor ifis BRSSHG R ReIca Ba M DRel hei ards
Bl ends may, of phgsicabtrarsdindationzoatyich temperatureswiieraittHel gesrmance of

functionality) equival ent weight, and hydrox¥l nunber. The performance of

pol yet her pol y¥ne Gaiglysk (sushessetprogxaneplei mgliviteksis poveweheaffectatbita am the
"Ti ght F " T " 5,000 tjgal Test" (SCET),

Po: 3et R2rﬁapologgn]é%%%éﬂgaéééﬂﬂesgﬂﬁgﬁgb ﬁ'%'egéﬁﬁ}?”fgfﬁrﬁaf’?eﬁ“ﬂsﬁ f“gﬁmz’a%'i | in
comrer ci al sl aljepeAdingl stetiel DgatmgRadei isetted MHe €BHitaBivg E6hdRionksgBd1ess,

and wi thout foam coll apse. The SCFT consists of preparing a pol yurethane
f oam usi ng a f dAkA M. o@PRAIRNASEY anpribetgmaesitigneef the eatplysty aeineralhences

ol Yot her  pol yPEPrEE 1P et o PRCAOY of PR AR, SRS COINF 51 VO

convex after blsatistdcdtognd is reported as collapsed if the foamsurface is
concave after blowqff. The anmount of coll apse can be reported in a

rel atively? quanti t at | RRedesifaskroniscting may Beiacgompashrd inavadetyafdnaeners. a
Ccross-sectionalg ar e i : ' | S,, as
foll ows: pol yetFk?gré%glt' @(%1 fp‘%ﬁ@ g\éh 'Ea/a .gﬁgéﬁargh%gréﬁ @@J@%ﬂg}eﬁ%ﬂ@m i de,
15 parts; N ax-befadmiedwith thpeailgating wgent if.dliqyd phase T-Thet liquid ahaspahay 0. 34
parts; L-550 silicone surfactant. 0.5 garts. The foamis reacted with a
m xture of 801 ZPM¥ain.a sigble pon-astive saivesbeyehas engthen hydersarBen PLdhe The
foam may be co nj : ave S I : ' X,
or a standard ?@a?f%@é“?%@? F‘ gz%rlwl}’ |5{|R% %ge@t CA@%ggd%F%g%%faggﬁggi%@hQQ
PCT/ EP99/2TB904 elapsed, any liquid phase remaining may be removed from the silylated
catalyst by conventional methods such as filtration, decantation, and/or
evaporation. Alternatively, the catalyst particles may be contacted with a
stream of silylating agent in the vapor phase. The silylation may be carried
out as a batch, semi-continuous or continuous process.

25 The length of time required for the silylating agent to react with the
double metal cyanide complex catalyst depends in part on the temperature
and agent employed. Lower temperatures, for example, generally require
longer reaction times. Highly reactive silylating agents will generally not
require reaction times as long as less reactive silylating agents. Typically.

30 however, contact times of from 0.1 to 48 hours will suffice.



container. In this fornulation, conventionally prepared) i.e. base 250CT 2002
ccatal yzed pol yet her polyols having high secondary hydroxyl cause the foam
to settle approximately 10-20% generally 15%t 3% whereas pol yet her

pol yol syweeeased from DMC cat al ysts cont ai ni ng unaccept abtyER9gds9bevel s of
high 5 nol ecul ar weight tail cause the foamto collapse by approxi mately
35-70% While the SCFT is used to assess differences in foamstability, the
Ti ght ness Foam Test (TFT) magnifies reactivity differences, as reflected by
foam porosity. In the tightness foamtest9 the resin conponent consists of
100 parts polyether polyol, 3.2 parts water {reactive blow ng agent); 0.165

10 parts C 183 ani Whecarhalintsf SilQIairy agertenip@ybdtanatary Witlelyandm@unhtsoar t s
L- &0 silicone surfactant. The resin conmponent is reacted W|th 801 20

tol uene dii so®fahdatingagent of i 001%1@6W9!Qf3r?9t 09 Py yeeight, hasedsenithsy

measuring air [ e e ed air
flow The anal“{/% g@al&pr%'ce ur‘e/eelr}égg' émargreé%uﬂ%tctakaq?%ﬁa%% PR?’%?&?Y I gh 15
nol ecul ar wei giteférred. | Anp @icess Uiveatted silyalingobgenh eanpafyeburse, de
conventional HPLC techni que, which can easily be devel oped by one skilled

in the abt. TiSePaFatediram thei caialyst aftes ﬁinﬂi'%ﬁééLﬂeﬁVdﬁél ghbef sihtatingr may

be estimated ol.u w th.that of a
ol yatyrene. s EoRRER br Bplsd st ARbLETerin i esidh o poustah, 2

hi gh nol ecul arregtinsrits f r @ehepdlly, & Wikgler peamEMCIS PrefafrefDfc FeddHsY of han

| ower nol ecul ar wei ght fractions, and to aid in naintaini ng a stable

basel i ne. it iGPeIHNGEEPAGWY. f ol | owi ng the elution of the high nblecular

ot hor than al T bwi i PPTRun O GRReyRa <hdft Roryld it e Eabfys

latter. 18 t hougill vaxpdepentimy epdo adahmbéonﬁfamarsbmmumhgzm méta?ﬁ:lévﬂﬁé ent
detector is an eva&gratlve | i ght scattering detector (ELSD) such as those

comerci al |y &RMPedtian ang ather ehanesteristicspfithe startipg Koyblexmpsalaryaside DvB

103 Angstrom 'Hﬂg QY h a
nmobi | e phase \?\% ch consi stsgﬁyc&r{&ﬁ#% u%t’a«?\glapﬁ 'ﬁﬁo : oggé’ugégqe‘é‘bl
Varex Model 11A SOsu@/madrc@alyet whitth yietas taelowes ;ﬁl‘@b&ﬁi(ﬂf of Rigty sholeeniar st ock
solutions are made 5 CCT 2002 V\D 99/ 64| 52 14 PCT/ EP99/ 03904 from

pol yst yrenes oveight ﬁ!-'r‘@l'r\?n HBed tacatalyges Hif Brasiuchipp s s pelvetherinalyddhan ¢ h
tpglt ;2?% egg](;ur #Q%é gétg]y%{r %é}?%@%aé analﬁl ﬁa?%go%%gpéﬂa[%r poI yol
into al ouncesltydnttdrﬂ'ange(ﬂ'oadﬂlmgenglat Vaﬂmmwélghh%tmsdsraempbﬁhbweﬁerbrl ng
the total weight of sanp nd tetr drofuran to 10.0 grans s of
the 2. 5, and SYERUPMEROIEyelS) MG SANCH 2 BIACH AT TGYSIENS A, SR y
I nj ect ed into 5@30,9?51‘.‘5@ um. Duplicates of each polyether
The double metal cyanide catalysts treated with the silylating agent
20 are preferably substantially amorphous (in this context, meaning that no
sharp intense peaks are visible in an x-ray diftraction pattern) and are
comprised of a double metal cyanide, an organic complexing agent and a
metal salt. Such catalysts generally have very high polymerization activity;
i.e., they are typically capable of polymerizing propylene oxide at a rate in
25 excess of 3 g (more preferably, 5 g) propylene oxide per minute per 250
ppm catalyst (based on the combined weight 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, 5,482,908, 5,545,601, and 5,712,216, each of
30 which is incorporated herein by reference in its entirety. Other double metai



pol yol sample solution are then injected, following by a reinjectid 8T 108k
vari ous pol ystyrene standards. The peak areas for the polystyrene 10

st andar ¢gg 84/ 8 ectronically integrated) and the el ectroRigalpoy; #'991 egr at ed
peaks for the two sets of each candi date polyol are el ectroni caP y

I ntegrated and averaged. Cal cul ation of the high nolecular weight tail in
ppm-is then performed by standard data mani pul ati on techni ques. Havi ng
general |y described this invention, a fuggher understanding 15 can be
obtained by reference to certain specific exanples which are provided

herein for purcg%@ﬁe ' Wely! n s | e
limting unless ot e?{/%nl‘ éégz%é%&%gdkﬁ%MAﬁh%fle?dgﬁaltw gﬁﬁgr?azjnt%lj% Ib)?
noncryst al | i nesilytated én eecaddanga witthetheprekent ingeatigst conpri sed of zinc
hexacyanocobal tate,_zi nc ch| ori de, t]ertbut,yl al cohol and a Iool yet her pol yol

was prepared in accbr@andauile n mekl pr G¥aAHRes BeScr iMelerahivu, 98 P&t No.
5,482,908. Th ' ' qQfi gi ' ety i
or e et et hyi PR odbaRgle) Whisos helaf bol BB ciddds TR e BAH £ | 2"

ether. Af§er nfoxmntheé aoubfe metat eganidey isfpreferabhuiskerected droraytei geouponpl ex
catal yst was added and {he resulting . mxture heated at 55C for hour s.

! . : 2t
The silyl at ed SRsFHNG ohginchalidesela ¢hiaridePeinaaspesialiynpieienied)a zing ar y
evapor at or for ri; ; e v i.de ' ' .
catalytic perriipAEtd srfr s NEaLER Tk SROANECPARPIEG Sl s Y , ¢ o
E T 2002 WO 9%eiddtba from PETdrbbd eoASRUAg \tiralcatmls aéthess ahd tmixttreb Yereof,
chl orosil ane/ catal yst were conpared to that of the unsilylated catalyst in

the preparati o¥itar WaRsoSolblec aliphatieigieenqls| Jethas tertdiudyl alcohehibaingt (30 .
oEeer' ol o S, BB HRO08LEL ) Mabiid Bk HARGNY 6" o
charge of propyésirablpxmbdifieet avithea olyether,sas rdestribeattior Uss. PASCNwst i |
The ronai nder  SHEORORRERHEER de nas then added | noremental ly while
anal'yel 5 of the pol JoREPRERRERIH S e e KRtaln e WHEh WRB AN Al Eppdaar ©
silylation of polgmeszaligrsproekks it gernenallyatiectdd isuchamatistifficient maesiystdd hi gh
mol ecul af Jwel g o o earias tha Sl Sida S & ALk 204 (Le'of withits a dagired
period of time. 1t 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 obtained by
practice of this invention are extremely high; catalyst concentrations in the
20 range of from 5 to 50 parts per million based on the combined weight of
active hydrogen-containing initiator and epbxide thus are typically sufficient
The catalysts obtained by practice of this invention are particularly
useful for polymerizing propylene oxide alone since propylene oxide
homopolymerization is particularly apt to form undesirably high levels of
25 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 example
copolymers of ethylene oxide and propyiene 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

1



a aSilvlatin9~ Agent/ Catalygt Ratio. wtlw M~/ nH 9fi Mol ecul ar \}j gbt 7007
Tai I'' . panil' 01. 098800- 1200231 11. 1620630. 5331 11. 1512040. 2661 1- 1. 139225
Conparative ' > 100, 000 nol ecul ar wei ght 25 The catal ytic perfornmance of
two silylated catal ysts prepared using varying ratios of trimethyl

et hoxysi | anel catal yst were conpared to that of the unsilylated catalyst in
the preparation of 3000 nol ecul ar wei ght pol yether triols. Epoxide

pol ynmeri zati ons were carried out as described in the previous exanple,
except that the reaction tenperature was 120C. 30 As shown in Table 11
treatnment with trimethyl ethoxysilane efflédctively |owered the quantity of
hi gh nol ecul ar wei ght inpurities present in the final z 5 o0r. T Q02 W
99/ 64157 1fi % dpubiseetetal eydnidé qmrmmlextcatétsls‘t/ amgd 9 Gearted drasiedwbmlithe

CA00K. onne 1 FSIrES.OSaA s aDd frclegaBs WetH 1 106 Reh BT SEIYe) meddshd 10
conpar 2ty | ve Ndryp n%iimey; tggt.gflﬁggdi (WHICH nfaiy ~§us%eqe%+v§d1to 48 Shdridaf Gl goubl e
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
silylated catalyst 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

16 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 initiators, monomers and
polymerization conditions described in U.S. Pat. No. 3,828,505
(incorporated herein by reference in its entirety) may be readily adapted for

20 use in the present process.

Alternatively, a conventional continuous process may be employed
whereby a previously activated initiator/catalyst mixture is continuously fed
into a continuous reactor such as a continuously stirred tank reactor (CSTR)
or tubular reactor. A feed of epoxide is introduced into the reactor and the

25 product continuously removed. The process of this 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 i
WO 97/29146 (corresponding to 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

30 5,689,012, both of which are incorporated herein by reference in their



2. The silylated double nmetal cyanide conplex catalyst of claiml \Zh%PEJ A02
said silylated double netal cyanide conplex catalyst is conprised of zinc

hexacyarRpgs9bgdisaite. 3. The silylated doubl e netal cyani deecoppopssogat al yst
of claim1l wherein said silylated double netal cyanide conplex catalyst is

conprised of a netal salt selected fromthe group consisting of zinc

hal i-des, zinc sulfates, zinc nitrates and m xtures thereof. 4. The

silyl ated doubl e netal cyanide conplex cafldlyst of claim1 wherein said
silylated double netal cyanide conplex catalyst is substantially anorphous.
5. The silyl at eshtilelybl e netal cyani de conpl ex catal yst of claim1l wherein
said silylated doubl_leh net al cyani de conpl ex catalyst is conprised of 0.1 to
20 wei ght percent Silh&polygth i?@ygﬁﬁggﬁﬁ?ﬂ’ OYRRSBlICY of itk PeerARsH the

catal yst of cl g ; i j i .dau i @ﬁm X
catalyst is coqn%%@éwggé?%&\kﬁ Qrgvéc\;ﬁgé e alt'lgghaqs% a%@%ﬁ@fﬁ‘g??\ e &ﬁ

si |yl at ed doublreinizralsuitatsie foleussoinphaided andlsyath foams: | Niomithalvfoectonalitaisd
silylated doubl e netal crﬂnidec I xFataI st iﬁco rised of a .

pol yether 5 5. AGEOR, SRRSEIY FATadL 1061 y I dSsHak dhe cRYATRORCtienally cof
conpl ex cataly i J i j

nator sol ubi e SQFAIE: BOEH tonds RnJRS RN BRERA% LEkD. T Wity Adyoly
The silyl ated sddvaient weightsigenpiallysarige fiam sensdwitatdowee tlhampOod Deptoal yst
of claim8 wherein | at ed additignally anorphous doubl e netal

e
cyani de conpl e@t_to&{tisbglosﬁ'l- RAIEANIGRAT PIETeTRRIY QP B1edk poiguenand more A
oo T oA R 05 £ 0 W

catal yst, said rising con sal

conpl ex cdr al ygreferdbiy range ftord 10 To 2602t BY. sBlettdy may, adesturéer contairie
and at a tenperature effective to intr,oducF si |yl gﬂroups into said double

metal cyani de GRRHPEX O [l yewer 1and tigherefunsdionelity, B9H@eRh ot tand
silylating agerﬁ}gfrg&)&w to the fornula (X)a Si-(R b wherein X is
e

hal i de or al koxi‘de, I's al'kyl, aryl or alkylaryl, ais 1 or 2, bis 2 or 3
and a+b is 4. 12. ThEhewerfmmancel cfi polydtheh @obrols maynbd .akseesddbypastirsg by

ight of th Llylati . 100, ts b i f d I t al
Cyani de.conpl exNESP PYUENEE PRtz dndhe 1 BEResk & asn Tasto T F) E0SWRCPET n_
the tenpefst ur ecfificd Femn?Pesy (S@ﬁ%ﬁg&gﬁ]’fﬁr PEMoIERINEN paks thaddnekls page el n

said contacting 1s perforned wth ati'ng agent being present in a
| i qui d phase. 1Beehfoune: todpetfforhawelilin wemeiarcahi slaboandc maeldedsfoam

f d with the, silylatj t bei ti . 16. Th
et hod of o ai neADIGHiENS: Wtha Shasebe nhiness e oduE e cBlargs: the
characterized by sf‘s'i@BF&eBEriﬁ% l%gpcﬂzgt;éﬁﬁ¥n9 kAR UsiAd a fOrmBidtied wihich

enhanci ng the pertornmance of a dou al cyanide conplex catalyst
characterized bis exprepsiysesignedt tozinagnify diftergnges ippolyether palyoldeehavior.

conpri si contactin i bl e.nmetal cyani conmpl.ex catalyst with .at
| east O. lng%arts by \N&?Sﬁ?q‘sg 'fQBO?!Br"_?@p%{IeQ\&F tacﬁw?rﬁéxfd%%%'ﬁé %’f‘ﬂl 1S
cyani de conpl exp &9 “seftfed? iftHe/foaim 8Arfass Fppears esmandaner biow-6f and
formula (X)a Si-(R)b wherein X is halide or al koxide, Ris alkyl, aryl or

al kyl aryl, a i sislreporigd as ¢allapsed iBthefoamrbutfece is noncaveyafter blosseffati he
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25 the foam. The foam formulation is as follows: polyether polyol, 100 parts;
water, 6.5 parts; methylene chioride, 15 parts; Niax® A-1 amine-type
catalyst, 0.10 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

30 a standard 1 cubic foot cake box, or a standard 1 gallon ice cream

1
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U< 0Y%x&' BbCl & 10%& &1 0% &' $10%&
#tféméw qro%t%f & Eg?fdfoéoﬂbﬂﬂﬁg(:)zloég@ 5 gt of O

9a &t0)a Soliidedddtlle, Zhdﬁ%&ig betrariedRirén to kv @Amplé to Gn
bn% (e#%c?tgff 8\;/e(|)g|_1tl t o/ga%él)e and t/eatfgéhydrofuran to 10.0 grams.
Samples of the 2, 5, 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 p'olysiyrene
standards are electronically integrated, and the electronically integrated
peaks for the two sets of each candidate 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 herein for purposes of illustration only and are not inténded to be
limiting unless otherwise specified.

EXAMPLES

A highly active substantially noncrystalline double metal cyanide
complex catalyst comprised of zinc hexacyanocobaltate, zinc chloride, tert-
butyl alcohol and a polyether polyol was prepared in accordance with the
procedures described in U.S. Patent No. 5,482,908. The desired quantity
of silylating agent (trimethyl chlorosilane or trimethyl ethoxysilane) was
dissolved in 30 mL methyl tert-butyl ether. After mixing for 15 minutes, 6 g
of the double metal cyanide complex catalyst was added and the resulting
mixture heated at 55°C for 2 hours. The silylated catalyst was subsequently
dried under vacuum using a rotary evaporator for 2 hours prior to use in
epoxide polymerization.

The catalytic performances of three silylated catalysts prepared using
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10<' 109&' () - %40%& () - L$LO%&R ()-!if!#10%)& ()-YI0%& ()- 10%& ()-
')(Q)))*d*dEnbC 10<6109%&' () -

4109%&' () - &310%& () - 1#109& ()-*10%& ()-y, ) #109%& ()- d******+++bC

10<10% & ()-10% & ()-9' Y10% & ()- 10 10 4§9#109%&' () -

@L109%& ()-+%r++ ,r,, aBbC 10<S10% & ()- m'10% & ()- !L10%: & ()-

10% & () -10% €ar(y)nd t%ll@g/oo&tr(rhethyl dﬁlorosﬂéi‘@@at were compared

#10% & () - 10%&&)‘ 10% & ( 10% & ()- 10% & ()- 4 10% &tF)thé %%
1P11dEbC 10< unsiylated catalyst |n the preparation of 6000 molecular weight polyether
triols. The catalyst (30 ppm in final product), active hydrogen-containing
initiator (propoxylated glycerin having a hydroxyl number equal to 240 mg
5 KOH/g), and an initial charge of propylene oxide were heated in a stirred
reactor at 105°C until catalyst activation had been achieved, as indicated by
a drop in pressure. The remainder of the propylene oxide was then added

incrementally while maintaining a reaction temperature at 105°C. -
Gel permeation chromatographic analysis of the polyethér triol
10 products obtained demonstrated that silylation of the catalyst effectively
reduced the amount of undesired high molecular weight tail formed during

polymerization (Table I.)

JABLE 1
Example al ti Mw/Mn Weight Tail },ppm
1* 0 1.098 800-1200
2 3N 1.16 206
0.5633/1 1.15 120
20 4 0.266/1 “1.139 225

Comparative

> 100,000 molecular weight

25 The catalytic performance of two silylated catalysts prepared using
varying ratios of trimethyl ethoxysilane/catalyst were compared to that of the
unsilylated catalyst in the preparation of 3000 molecular weight polyether
triols. Epoxide polymerizations were carried out as described in the
previous example, except that the reaction temperature was 120°C.

30 As shown in Table I, treatment with trimethy! ethoxysilane effectively

lowered the quantity of high molecular weight impurities present in the final
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5] Example | Mw/Mn | Hydroxyl Unsat,, High Molecular Weight
No..mg mea/q impurities
KOH/g
>100K.ppm | >400K,ppm
5* 1.10 56 0.004 158 15-20
6 1.12 §5.8 0.015 105 nd .
1.13 56.2 0.017 95 nd

10 * Comparative
nd = None detected
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double metal cyanide complex catalyst is comprised of zinc hexacyanocobaltate.

3. The silylated double metal cyanide complex catalyst of claim 1 wherein said silylated
double metal cyanide complex catalyst is comprised of a metal salt selected from the group

consisting of zinc halides, zinc sulfates, zinc nitrates and mixtures thereof.

4. The silylated double metal cyanide complex catalyst of claim 1 wherein said silylated

double metal cyanide complex catalyst is substantially amorphous.

5. The silylated double metal cyanide complex catalyst of claim 1 wherein said silylated

double metal cyanide complex catalyst is comprised of 0.1 to 20 weight percent Si.

6. The silylated double metal cyanide complex catalyst of claim 1 wherein said silylated

double metal cyanide complex catalyst is comprised of a water soluble aliphatic alcohol.

7. The silylated double metal cyanide complex catalyst of claim 1 wherein said silylated

double metal cyanide complex catalyst is comprised of a polyether.

8. A silylated substantially amorphous double metal cyanide complex catalyst comprised
of zinc hexacyanocobaltate, a zinc halide, a water soluble aliphatic alcohol, and from 0.1 to

20 weight percent Si.

9. The silylated substantially amorphous double metal cyanide complex catalyst of claim
8 wherein said silylated additionally amorphous double metal cyanide complex catalyst is

additionally comprised of a polyether.

10. A method of enhancing the performance of a double metal cyanide complex catalyst,

said method comprising contacting said double metal cyanide complex catalyst with a
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12.  The method of claim 10 wherein from 0.1 to 100 parts by weight of the silylating
agent per 100 parts by weight of the double metal cyanide complex catalyst is utilized.

13.  The method of claim 10 wherein the temperature is from 20° C. to 125° C.

14.  The method of claim 10 wherein said contacting is performed with the silylating agent

being present in a liquid phase.

15.  The method of claim 10 wherein said contacting is performed with the silylating agent

being present in a vapor phase.

16.  The method of claim 10 wherein the double metal cyanide complex catalyst is

characterized by the presence of zinc hydroxy groups.

17. A method of enhancing the performance of a double metal cyanide complex catalyst
characterized by the presence of zinc hydroxy groups, said method comprising contacting
said double metal cyanide complex catalyst with at least 0.1 parts by weight, per 100 parts by
weight of the double metal cyanide complex catalyst, of a silylating agent corresponding to
the formula (X),—Si—(R), wherein X is halide or alkoxide, R is alkyl, aryl or alkylaryl, ais 1
or 2, bis 2 or 3 and a+b is 4 in a liquid phase at a temperature of 20° C. to 125° C. for a time

effective to introduce silyl groups into said double metal cyanide complex catalyst.

18.  The method of claim 17 wherein the double metal cyanide complex catalyst is
substantially amorphous and is comprised of zinc hexacyanocobaltate, a zinc halide, and a

water soluble aliphatic alcohol.
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liquid phase at a temperature of 20° C. to 125° C. for a time effective to introduce silyl groups

into said double metal cyanide complex catalyst.

22,  The epoxide polymerization process of claim 20 wherein the polyether polyol has a
functionality of 2 to 8 and an equivalent weight of 500 to 5000.

23.  The epoxide polymerization process of claim 20 wherein the epoxide is selected from

the group consisting of propylene oxide, ethylene oxide and mixtures thereof.

24.  The epoxide polymerization process of claim 20 wherein the silylated double metal
cyanide complex catalyst is present at a concentration of from 5 to 50 parts per million based

on the combined weight of active hydrogen-containing initiator and epoxide.

25.  An epoxide polymerization process comprising reacting propylene oxide, either alone
or in combination with ethylene oxide, and an alcohol initiator in the presence of a silylated
substantially amorphous double metal cyanide complex catalyst comprised of zinc
hexacyanocobaltate, a zinc halide, a water soluble aliphatic alcohol and from 0.1 to 20 weight
percent Si at a temperature of from 40° C. to 150° C. for a time effective to form a polyether

polyol.
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