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(57) Abstract

(54) Title: SILYLATED DOUBLE METAL CYANIDE COMPLEX CATALYSTS

The amount of high molecular weight impurity present in a polyether polyol produced by alkoxylation of an active hydrogen—containing
initiator using a double metal cyanide complex catalyst may be advantageously lowered by treating the catalyst prior to use in polymerization |
with a silylating agent. Suitable silylating agents include trialkyl halosilanes and trialkyl alkyoxysilanes. The higher purity polyether polyols
thereby produced are particularly useful in the preparation of slab and molded polyurethane foams, which tend to collapse or become
excessively tight when elevated levels of high molecular tail are present in the polyether polyol.
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gl ycerine, sorbitol, etc., producing the respective pol yoxypropyl ene diols,
triols, and hexols. As i's now wel | docdnented, a rearrangenent of

propyl eéne oxide to allyl alcohol occurs durlng base-cat al yzed -

pr opoxyl ati on. - The nonofunctional; unsaturated allyl alcohol bears a

hydr oxyl group 5 capabl e of reaction with propylene oxide, and its

continued generation and propoxylati-on produces increasingly |arge

anounts of unsaturated SHOYWVAKED DOWBLE MBTRL CTYANIDE a broad

mol ecul ar wei ght distribution. As  COMPLEX EATALYST® actual functionality

of t he poI yet her pol yols produced is | owered ~significantly fromthe
"normal " or "theoretical"” functionalit I\/br eover, the .10 nmonol
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functional ity w Ireldies ctolcpruadtlngasm at ¢catalysh svitmarsilytating agent wlnereby thé 2
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severe as ol eculS¥ y%ad"fﬂ%‘y {:lﬁ'%‘és&t ‘b&‘?}ﬂgﬁﬂlw&?éﬂ@'yo's
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I npractical using cm%dgﬁaﬁbﬁfggg mgegn @E@@aﬁi&iv Sﬁ@ﬂ?y ﬂ%ﬁﬁg@lsng?\!ﬁ
cyani de ("BEOC') eninaneedcpradessing {atittdesinzthe: preparatidre ofcyoidex and =lab
conpl exes were found to be catalysts for propoxylation about 30
years ago. Howev@OWYr ﬁ&' f OfN-cost, coupled with nodest activity

and the difficulty of renoving significant quantities of catal yst residues
from t he pol yet her product hi nder ed conmer ci aI i zation. The
unsaturation |evel 25 (i.e. BAGKGROUNE Tl opyI ene polyols
produced by these cat S found to w,__howe

The rel atively nodest ﬂ%?é’%é’??'}%t PBWa"é?,rﬁl ey EKFP?%@ b)foﬁﬁﬁﬁ'tm%nél di- or
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" by workers in the fiel Recent |y, asmdlcated
5, 470, 813, partlcular hydroxyl—functlonal polyether polyols Numerous art-recogmzed

classes of polyurethane polymers exist,- for example cast elastomers,
polyurethane RIM, microcellular elastomers, and molded and slab
polyurethane foam. Each of these varieties of polyurethanes present
20  unique problems in formulation and processing.
- Two of the highest voiume categories of polyurethane polymers are
polyurethane molded and slab foam. In slab foam, the reactive ingredients
- are supplied onto a moving conveyor and allowed to rise freely. The
resulting foam slab, often 6 to 8 feet (2 to 2.6 m) wide and high, may be
25 sliced into thinner sections for use as seat cushions, carpet underiay, and
other applications. Molded foam may be used for contoured foam parts, for
example, cushions for automotive seating.
In the past, the polyoxypropylene polyether polyols useful for slab
and molded foam applications have been prepared by the base-catalyzed
30 propoxylation of suitable hydric initiators such as propylene ‘glycol.
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Conmpany have produced substantially anmorphous DMC conpl ex catal ysts

wi th exceptional activity, which have al so been found to be capabl e of-
produci ng pol yet her -pol yol s havi ng unsaturdtion levels in the range of

0. 002 to 0.007 nmeq/g (levels previously obtainable only through the
use of certai n glgcering,sarbitols eta.cpragticing thensespective, pplyorypropylene diols, '
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m crocel lular foa wever, Substitution of Such polyols for their
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col | apse often’occurs, rendering such foans incapable of production. These
effects occur ¢oiyoxgpropylene monols having a bread moleculagweight distripotionl As s 15
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DMC- cat al yzed RadnificamhPRymene “Aermal orthedretisaPiuriivhblity) aWbRYbver, the

nol ecul ar -wei ght™ di stri‘bution, as can be seen fromview ng gel perneation
chromat ogiCars  shopall generatiop| placesTadelativelyulow practigal limit oni thet moleduar20

often far nore naryow,than, anal.ogous base-catal yz 0l | articul arl

"n' the. hi gher - SRIPDEIREIRINARIEG (o HRRMPRL;S Bk, Fateiihd 400p. PRl [D8tor. .
than 1.5 are gepsleellar wagﬁt;mbqaacb atdhtswerqm; HRY mdy hade BaR8asared!- 05
to - 1. 15 are conmon. n view of the |owlevels of unsaturation and

| ow ~ polunsiatyrationt of 0.05wmeqlgy andiwif thus ntaia:3Q ymel pescent s

did not prove 25 e -in" pl.acene] for - e yol s
I n pol yuret hané’"saturta?eé)c%?ﬁ%&r{)égff‘gnb.?&ﬁg‘égééggp'r ogfﬁ(%l ';e[%ﬁ"@hﬁ/ %‘8 dem
DMC cat alqgst s ifgnctionality Wil 'tey oaly 1.1 rather thamate dnbminal? Yuristioriatity ef 2o be -
abl e to produce DMC- catalyzed pol yoxy_{)r,opyl ene po‘l;g/ol s which can be
used in sl ab axpectedder a polyoxypropylene diol. As this problem becomes even more :

severe as molecular weight 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 cata lysts for propoxylation
about 30 years ago.. However, their high cost, coupled with modest activity
énd 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 cyahide—oomplex catalysts has been recognized as a problem

. by workers in the field. Recently, as indicated by U.S. Pat. Nos. 5,470,813,

30 5,482,908, 5,545,601, and 5,712,216, researchers at ARCO Chemical
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which mm c the behavi or of base- cat’al yzed anal ogs in slab and

nol ded pol yur et hane foans ma e obtai ned., usi n ubl e net al

cyani depc o%lrpl ex SHF‘RPWWP ﬁ‘ﬂ'&%ﬁi@é‘?nt@?x ampmli'aﬁég@ complexgatajysts
silylating agent,g : i : P=an T

T G O¢ " with excepfional activity, whichhaVe Bt Beef B0htNlo b Eapanle of
characteri stics prodliSing palysthierpalyols haeing urwahuriatioh isvels ih the &loF0.002" Y

that despite the narrow nol ecul ar wei ght distribution and | ow
I

E_ol. Kldl spersiti SstO&OQZ) mesva (levels pyevdeusly obtair%at;lescarﬂx through the mﬁ)?@?m?:n
t
ol ecul ar i ghe Sy ERfE Bich HERMERSRIEY. | The, politipopyiens Bhiypls' this

excessi ve foam tpreparetbwelesfoahd!to readtdn)a quantitativelydifiédrt marner from pridh
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mai n nol ecul ar . base-catalyzgitt apaiigs RReholded BAdKsiabhfoatRi WirnuUPRGHR 8 d5otof
hi gher nol ecul ar 20 rxvvg}aght species falls off rapidly. A simlar

chr omat ogréh of siraightfo in paidedfoams ptarexample cioam tightngss! increasesrted

peak with very IJ 1Ll L Laht . , Lon, but with
a hi-gher nol eculgé}ré‘ V\ag} %ﬁy"m‘%%\if it ondd “%'l“g‘ﬁo‘?fébg?&?"(%gf’ﬂﬂv'"q g]qtldo?g
whi ch shows t he igidifficaltdf nbt impossible) dnsisthimeided foam$andasiab thés, foam
nol ecul ar weights. Due to the | ow concentration of these 25 specl es,

general |y |ess tqolapse gitan ogryrspeandernng suchfeams ingapable:of production. These
pol ydi spersity igsd ¥ oddtiPeieh whBhqhe' Nigh' SSGaM ﬁjhé%ﬁafiﬁ/\_%? sGéh idtors i
16 purposefully lowered by addition of lower functionality polyols to achieve an
actual functionality similar to that of base-catalyzed polyols.
DMC-catalyzed polyoxypropylene polyols have exceptionally narrow
molecular weight distribution, as can be seen from viewing gel permeation
chromatograms of polyol samples. The molecular weight distribution is
20 often far more narrow than analogous base-catalyzed polyois, 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 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 polyoils which can be used in slab and molded
polyurethane foam applications without causing excessive foam tightness
30 or foam collapse. '
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30 hi gh ol ecul ar wei ght species exert a surfactant-1like effect which
alters the WO 99/ 64152 -
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solubility and hence the phase-out. of the rOWI ng pol yur et hane pol yners
during the isocyanat e- pol yol SUMMARY OF 1 NIIOMN fractlonatlon and
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(hereinafter, w“hté‘gﬂ ViaGikg BBRCU! ar weight tail") dramatically infl uences
f oam col | apse both Tnh nol ded foam and in slab foam of both
conventional and : hi gh resilience (HR) varieti es. Thus

far, no conpletely effe | 8 hi gh
nol ecul ar weight tail mPrU 5;@2&@ ' hggﬁ\];y m&m ex 15

catal ysts has been |gnéive Pesddrchlifto tHé%H&nu@é%bﬁ?s:&dF&u&%c@l&b@‘&?us
addition of starter in both batch and continuous pol yol preparation, as

di scl ose#0i n Vyolyokpsropgienecpalyds has ledNo. the discowery th pitedhernarrow

tiall ff t I t b
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optimal if thebycéubsiémraup%meépﬁoastmghw active Heubly Aietalatydtidé fcomplex
pol yur et hane foam ™ Conmercial |y acceptabl e net hods for renoving or
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CJerr] is effective with sone P yol s but
and DMC-catalyzed poly ols

base-catalyzed polyol exhibits a sugmf icant “lead” portion of low molecular

not
exhibit sugmﬁcant differences. For example, a

- weight oligomers and polyoxypropylene monols prior to the main molecular
weight peak. Past the peak, the weight percentage of higher molecular

20 weight species falls off rapidly. A similar chromatogram of a DMC-
' catalyzed polyol reveals a tightly centered peak with very little low molecular
weight “lead” portion, but with a h_igher molecular weight portion (high
molecular weight “tail") which shows the presence of measurable species

at very high molecular We_ights.' Due to the IQw concentration of these

25 species, generally less than 2-3 weight percent of the total, the
polydispersity is low.. However, intensive reseakch has revealed that the

higher molecular weight species, despite their low concentrations, are

largely responsible 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 surfactantélike effect which alters the



others, and=is too expensive to be comercially acceptable.

It has beewm#gestszed that the doubl e netal cyani de conpl ex ROEEB9103904
that contain higher levels of free (unbonded) zinc hydroxyl groups '
("Zn-OH") tend to be the catalysts which produce polyether polyols

havi ng-hi gher 30 anounts of high nol eculgr tail inpurity. Wthout -

w shing to be bound by V\D 99/ 64152
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theory, it is t /schdhilityiand henee iﬁ'ﬁPhWGMﬁ“@@@anﬂ eowretbnaem:rmers

I nvol ved urities. It has
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5 conpl ex cat al yst é@be readi | y sol ved by contacting the catalyst with
a si | yI &he high gaalecuiar weigh 'bﬁuiyabe Sividaddnte twa raelesularweight

i1 yrat 1 ngagen{ractions beRROTG UftelalR icls ilen fractigns,nflugos. The first;

source of silyl fections termed hepeirctinidrinediste ambRicdulad waightatdil™d cahsistpsf 10
one substituent capabl e of bei n?mrepl aced by a reactive corrponent of the

doubl e netal cy@elymeeremalesuleshaving molegulasweights sangipgdromrabout 26,000

the {nor oversn: DA 19 453000 B BB ot ety e hoh fifinkiss b cadiog foamand
pr esent Invent | piglrasiliente {HR) slabdoantlUA tyet higheérempldUla®velidift fraction

S|Iylat|ng agent with the zinc hydroxyl groups or other deleterious
sites iniflPall y(herelnaﬂer.pulé@ehlghmo eedlag m‘wstﬁ" mfémat@a“b'tinﬂwent&sefmam

observed that V"anab% bofh ?A Ided foam ar‘ug nr‘ gﬁﬁtf%grﬁ“orf %ﬁl{f%@@'\/lex Shdi"Sha

agent, the infrare sorption an S assi

(unassoci at ed) BigHtésiiende(HR) variéties. nat ed, possibly due to the
conversion of such groups to Zn-O Si - err] groups %vvhere the silyl atl ng
20  agent has the Jthuscial,Ro gomple sse eclivemeathed pf avoiding production of

ST ot ORI S ) g e S0P G somse

si | yl ati ng5agentataiysts haas beeh kaowhdhitheaptl Use of prodessesssidhas éohﬁnﬁuus
hydrocar byl substituents, such as, for exanple, trinethyl chlorosilane,
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 aiso 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 complex catalysts
that contain higher levels of free (unbonded) zinc hydroxyl 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
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et hoxytri met hyl silane, nethoxytrinethylsilane, chlorotriphenylsilane,
chlorotripropyl silane, chlorotrihexylsilang, and the like. Very suitable
sil.ylating agents of. the class conprise théstetrasubstltuted si |l anes

wherein 30 at Ieast one substituent is halogen (e.g., F, O, Br, 1) or
al koxy (e.g., otheory,i WQggMthhe zinc hydroxyl groups are in some way involved

PCT/ EP99/ 03904 . 7
where R preferat&";}"e§°'§‘°a°é‘r‘?fs“8[‘é‘r“ﬂ“"ﬁeér'ocar byl grdup) and at |east one

substituent is a hydrrmmwwwmmnuauhefpwmbhvofrmingméh@hr bon
atoms. Parti cul arIy preferred sr % ating aﬁents of this type correspond to

t he f or Melgcyirr tail in a golyetherpolyol pRiained using adeudlemetal syanidede

(e.9., Oleg]- %gﬁraé%ﬁgggayet m%%e r@éﬂﬁ]éﬁl%d’kl?%uﬁgfmidgqetrgqa@ayst 4 gr ent

(e.g., phenyl), sﬂylaliri(?/égéﬁt)fbr &dinge ahdlatla temperaturessfradtive to |hﬁ'o&uce silyl
or 2 bis 2 or 3 a+b i s4. Anot her suitable class of

si | yI ating agen@OW%lmﬁ@%mr | azanes, . particularly the

or ganodi SI | azanes. Tlﬁﬁe '%ﬁé%mwg ah%Sﬁm#}%A% Fﬂ%&? &%“é' rglrjnslsa

ar e the same or agid $aurceof silyl groupscarghisigengrallyocharacterizeddby havingdstieast
Preferably, the organosilazane contains R groups which are

i ndependeﬁpl y Hope sybslituent sapable of being r&Blﬁ?ﬁdEPYCQF eactive epmponeat of the
organosi | i zane Wo?lfb?!% Heed) %ﬁgbnéorﬁpﬁxl Satal s?lslﬁl)éh %ééqlé? a‘?%?lg het {51@ ng .

froml to 4 carbon a drog ns as t

organosil i zanes rgdrmgypd;doups.r Wmlshmgl tobecbound by Itheom litdld believed that
nosi |l j zanes

production, but nay al so'be as i cal Sui t abl e or
‘include, for exé'ﬂ%l'@P"?_V%nﬁmét MF&SF ngﬁé'"a@cﬁ rgaﬁqgsyaﬁﬂﬂlmpoﬂl% tF"Sane
1.1, 1,2, 2, 2- hex gt inderitidrard 8t 168M i pair{libé 1818 Ybaktish 'df4A€ Silylating
16 agent with the zinc hydroxyl groups or other deleterious sites initially
present in the catalyst. That is, it has been observed that when the catalyst
~ is treated with the silylating agent, the infrared absorption bands assigned
to free (unassociated) Zn-OH are largely eliminated, possibly due to the
conversion of such groups to Zr__\-O—Si'-(R);r groups (where the silylating
20 agent has the structure X-Si-(R),, for example).
Suitable silylating agents includes the organosilanes,
organosilylamines and organosilazanes. One generally preferred class of
silylating agenfs are the tetrasubstituted silanes having from 1 to 3
hydrocarbyl substituents, such as, for example, trimethyl chlorosilane,
25 dichiorodimethylsilane, chlorobromodimethyisilane, nitrotrimethyleilane,
chlorotriethyisilane, iododimethylbutylsilane, chiorodimethylphenylsilane,
ethoxytrimethyisilane, methoxytrimethyisilane,  chlorotriphenyisilane,
chlorotripropy! silane, chlorotrihexy!silahe,- and the like. Very suitable
silylating agents of the class comprise the tetrasubstituted silanes wherein
30 at least one substituent is haiogen (e.g., F, Cl, Br, I) or alkoxy (e.g., OR
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i ndependent|ly sel ected from hydrogen, alkyl, aryl or alkaryl and X is
selected from .[err] 30 or an

I m dazolyl group, where Y is an al kyl or hal o7qena_t ed al kyl group such -
WD 99/ 64152 . -; C

PCT/ EP99/ 03904 ' . : 8 as
methyl or trifluoWi®EeniR Pesfarally is] an&s-Gy byseararhyagrouplaand ah least anee

silylating agent gf ' . ' | | et A ]

To effect the i nprg%t\)/%%é%tlt'¥%%¥&i %%@L@%J%?@@é@ﬁ@%ﬁ'@?ﬁ HptPe& carbon
cat al yst i s cont aatoms.WPaHicalaryigreferredssilyldtiniagentsonhisitypectorresponid tetheat
a b5 tenmperature effective to accaonplish reaction of the silylating

agent with the — formuia (SRl Wisfeckis adiejogener alpxise,(® Goct o svam).
inder go chenboal MR groups SRFHE G of dffeflti Bl are deieiBh 08, AigyTels C™

t enper at ures wher gi, mlkyig drgr (eof.TpheAylf or alkyi aryl {é.@?tﬁl?ﬁ, dernzl) (droaps a8 isf1or -
exanple, activity) is adversely affected to an 0 unaccept abl e extent.

Al t hough the opti QU bdsgearad, .and atbisdary dependi ng on the

silylating agent selec . ' 1 ti0 . . i quid
vs. vapor phase), and }‘ﬁgﬂ&ﬁg@%ﬁ g%tsg;&tsﬁgﬁgigbaqﬁ]tg%%m? 8(9?""8"3239'35'
speaki ng t enper at pasicularly the oyapodisilakzanes 2alhese]Roleeuletbiy B répresehfed
satisfactory. 15 The desired contacting nay be acconplished in
a variety olOmannBy$heformula  For exanple, the catal yst (which will
generally be in particulate for may be adm xed with the
silylating agent in a liquid phase. The liquid phase may contain a
sui tabl e non-reactive sol ve such as_an ether, hydrocarbon or the

like, in addition to the si%):!'aél'T 'gs'%( t. After the desired contacting
time has 20 elgﬁsed, any liquid phase remaining nay be renoved fromthe
silylated 15 erein the six R groups are the same or different and are organic groups -

or hydrogen. Preferably, the organosilazane cohtains R groups which are
independently H or alkyl groups of 'up to aboﬁt 8 carbon atoms. The
drganosiliza_ne préfefably contains 4-6 loWer alkyl groups, each containing
from 1 to 4 carbon atoms, and :o.tqz hydrogens as the R groups. The
20 organosilizanes gen_éraily are symméiridal due to their method of
ﬁroducﬁon, but may: also be asyhjmetrical. Suitable organosilizanes
include, for example, 1,2-diethyidisilazane, 1,1,2,2-tetramethy! disilzane,
1,,1,2,2,2-hexamethyi disilazane, and 1,2-diisopropyl disilazane.
Other classes of suitable silylating agents .c::brrespor'\d. to the formula
25 X-Si-(R), _wherein. the R groups are the same or different and are
independently selected from hydrogen, alkyi, aryl or alkaryl and X is
selected from |
o .
_ TR
30 , Y-C-N-Si-(R'),

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



catal yst by conventional nethods such as filtration, decantation, and/or-
evapor at i Wwo-99kiser nati vely, the catal yst particles may be pOITEPS#03904wi t h a
streamof silylating agent in the vapor phase. The silylation may be
carried out as a batch, sem -continuous or continuous process. 25
The length of time required for the silylating agent to react wth the-
doubl e netal cyani de conplex catal yst depenls in part on the tenperature
and agent enployed. Lower tenperatures, for exanple, generally require

| onger reacti on ds methyl bmirlhurmmnYliam R! has thie sgmegneaning as RyeAsuithble not
require reaction tines as | ong'aias_ .ess reactive silylating agents.

Typical Iy 30 silytating-agent of thistype isdaistrimetiayhsilyl) acetaidesurs wil |

E,g; :EESQ/ 0390 4V\D 99/ 6(d 8ffect the improving silylation, the double metal cyagide complex

The amount of sidathigsi iBcoraacted With @ sailablersilyiating\agentias Hersim defined ata  Of
silylating agent of fromO. 1% bi/ wei ght to 100% by . wei qht ,. based on the
wei ght of the ddemperaturegfiadive tq aceamplishreast tthe silylalingaagant yith the

preferred. Any - u i ' .  abe .
separated from ﬁ%@gﬁg&a%@%&t@ﬁ hkséﬂ 3% rgplg‘é%ggér% r ecy%%as?%%%sﬁ P?/Pg{e?ng
agent can be appdecalisecfithe posisibilityithal theccatalystimay uadergothemicah amdier i es
of treatnents. Generally, a single treatnment is preferred for
reasons of physiggkiransfagmatiensat such temperatures whergin e perfermannenef of

silylating agent,Ln et catal et 10 il Ing
upon a nunber o}théa‘%{é&g %%‘Eécﬁ %1 ﬁ%rt gf%’ﬁaqehsﬁkgé? |st ﬁg%}ge'y%(?%%ggés]%q on

and ot her qghar agiridceptableObxtent StAltHough dhebbptimunal temyperatire will vary
conpl ex catalyst. Sufricient silyl groups should be introduced so as to

resul t idepgnding,onthecsilylatingagentineiectod thescontpstipg cprditionsi(8:9.- of
hi gh | I - i_gbt ' - . ¢
2 bol yot her  pol IS 15, EE8F prste) 4T I EimbdsiBhTor i LRIy BRRbral ©

Typically, Si | ing temperaturdsy 3 thet eange of fronsi2@Cattoon282Mgwilf bem

0.1 weight- %to 20 weight % in sone cases, however, even | owner
| evel s may suf f iS@&istast@s ect an i nprovenent in catal yst

PETIOI TS | gony T cosRRRCaHRAEN B Bb ceLaPplondcird vatdy ot el
For example, the catalyst (which wiI_I. generally be in particulate form) may
be admixed with.thé Silylatjng ageht in a liquid phase. The liquid phase may
contain & suitable non-reactive é_olverit such as an ether, hydrocarbon or the
Ii_ke, in addition to th'e' silylating aigen_t. Afte_f the dééired contacting time has

20 élapséd, any |iqui'd phase rem'airii'ng may.be remdv'ed from the silylated

| catalyst by oonvenfional m_e'thc_od_s such éé ﬁltfafion, decantation, and/or
evaporation. Alte}native'ly, the cata:i_yst' parti_cle_s-rnay be contacted with a
stréam of éilylating agent in the 'vépof phasé. The silylation may be carried
outasa batch, semi-continuous or cont_i'nuo:s.ls'brocess.

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.



20 -are pteferably substantially. anprphous (in this context, meaning that
no woWedis2nt ense peaks are visible in an x-ray diff rrgayEmoeossit ern)
and are conprised of a double netal cyani de, an organic conpl exi ng
agent and a metal salt. Such catal ysts generally have very high

pol ymeri zation activity; . i.e., they are typically capabl e of -
pol yneri zing propyl ene oxide at a rate in 259 excess of 3 g (nore
preferably, 5 g) propyl ene oxi de per mnute per 250 ppm cat al yst

(based on the conbi nedTheagiountbf sitylating ageaneémployed earevary widely. OAnUNts !
105[err] C. Double netal cyanide conplex catalysts neeting these

requi renents and ofsiiviating mgent etfrem 0.4 M by weightioc 0% dy weightbasadion the

which s’ i neor pordsihitidh the Geutia metal cvafidy; cBHibie KefaREL afé ertarally
geCtT ?:EPQQI 033\60499/6ré¥§r’4‘ed. Any excess unreacted silylating agent caln(j of course, be

cyani de comfl ex &epargtedsfronbthe catalyst aftercsiliation and: reqygled. s Theesilylating

3'011%: 2t e?reit gl acgféq%ﬂ ggnwgté]ppthgﬁ éz? g}eez%ly's? \éﬁﬂéé ﬁ\gbne treatment orin a ggﬁes of
hexacyanocobal t attpeattierits. t Gen@Pally, & adihglel fredtrhént s Préferred H6r T

ﬁé&&r%& £ 0
5 formthe double netal cyanide) is preferably selected fromthe groS’p
consi sting of zi raperatingecopemyc chl ori de being especially preferred), zinc

el beted fromthe or oul s oRUPGrArHBa of IR 8BRS oaraef ol i dateivt
wi th water 190! ublwillajarg 'admgﬁab@rha AurAberof fitorsb inolliditge | insbiicyy) thé

particularly preferred. The double netal cyanide conplex catalyst Is
desirably nodifi cempasition podthereharasteristicsiaf dhe starting doable metal cyanide

Catalyst uhen usJAMHISKRatalyst; Sucient sivh el ERA Be! Afadrad So B b résS

general ly sel ect 46 # $ilyldtéd icatalyst whiht yi%@d@b%ﬁveirfprééoﬂiorpcbiﬁﬁéﬁ mdlecular

pol ynerize the epoxide at a desired rate or within a desire peri od

of time. It is deveightiril whemusedita eatahzetnsupnodurtion o aypalyether pplyhl than
s oo et T g BARRIANG Sy YRt Yrlduibe SISl o 8 Bl Y,
: silylation range from 0.1 weight % to 20 weight %. 'In some cases, however,
even lower levels may suffice to effect an improvement in catalyst
performance.
. 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 compilexing agent and a
metal sait. Such catalysts generally have very high polymerization activity;
i.e., they are typically capable of polymerizing propyiene oxide at a rate in
25 excess of 3 g (more preferably, S5 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
requiremenis 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 metal



practice of this invention are extrenely high; catalyst concentratikons in
the 20 wowgai®af from5 to 50 parts per mllion based onptCivEPS9203BI4NEd

wei ght of active hydrogen-containing initiator and epoxide thus are
typically sufficient. The catal ysts obtained by practice of
this rnvention are particularly - useful for polynerizing propyl ene
oxi.de al one since pr.opyl ene oxide- M@ropol yneri zation is
particularly apt to formundesirably high | evels of 25 hi gh nol ecul ar

wei ght tail . Hoepaaide tompiso catalystaykridvav ihecthenppoyiddtion art may also be

pol yneri ze ot her _epoxjdes such as e | ene oxi de, 1-butene oxide and the

li ke, either al §iyatad !"rﬁ%ﬁ@?%’%ﬁ%?ﬁeﬁ'néﬁ‘v%m-des. For exanpl e

copol ynmers of ethyle OXi d Ieapa ) deprjiy b ed; ; :
The active hydr ogen-?g'r?t ai%%ai nﬁé}gor may Ee any of Bl{ﬂépﬁ§ |")sub;e:'{ugmces

known in the ar hekacyamocolpsitdte, whilethemetaltsalt(useddp @xcdss irsthegreaction to -
11 a double nmetal cyanide conpl ex cat a%a/st and is_sel ected based
on the 5  fe toe dowkle; Hetali¢xa o PERTBTARYY \R&lgFtedofromm dhe, @rowp her

ot orred Lo as Feraieting.af 4 flldes teifc cRidndd Buing! i pRBASRY g,

a nunber aver agsulpHate drid zing pitfaten The organic camplexihgf agentlid0desiralsig0
and a functionality (nunber of active h drt)ﬂens _ per. npl ecul(he% OE
from2 to 8. A &elestes fromdhe gm@amrtsl%qﬂvq)ef gehelsnethers apd mixtures dgreqt,

more hydroxy gr gups), 5E sBitiié Céi{pzi ks Bich6ils ea?ﬁ Gs ttgﬁ@;«yq 3 ddid Being

The pol yneri zation nmay be conduct using any o atron
pr ocedur egpknowparticulédy reterrediet The cjoubie anetaipdyanide t complexacatalysdris 10

e e el obhScsSolyathane a8 Bheisod. 1o, L 8. BAE Nosrne
ST ot on oIl g saseRL o Emer e (20, [0 15,1200 and an
~activated, - - as Thediongenttatign af theosilylatedreatalystwhed usedsiorgrn epoxide t he
- : 2 Lﬁ ;%nte gﬁ"ydﬁ,pé@n;ﬁgggﬂé‘& g?dcetsgeis' rg%rrnae}ar]ﬁlleéelgéteﬁihs%c% hat g&fﬁclsen%%%?aqyst is
15 = present to polymerizé 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 polyoi produced. The activities of the catalysts obtained by
practice of this invention are extre_me_ly 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 epoxide thus are typically sufficient.
: The catalysts obtained by pradice of this invention are particularly
useful for polymerizing propylene oxide abne since propylene oxide
_ homopolymerization is particularly apt to form undesirably high leveis 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 propylene oxide may be produced.
The  active hydrogen-containing initi'ator may be any of the
30 - substances known in the art to be capable of a'lkoxylation by epoxide using



m xi ng of the reactor contents and_..__r__e.a_ct,ed_ until the desired nol ecul ar
wei ght wo s9i12he pol yet her pol yol product is achieved. HGI/EROBMEOrS,

nononers and pol ynmeri zation conditions described in U S. Pat. No.

3, 829, 505 (incorporated herein by reference in its entirety) nmay be
readi | y adapted for 20 use in the present grocess. -
Al ternatively, a conventional continuous pro?c ss may be enpl oyed

wher eby a previousl ctivated injitiator/catal yst i'xture i s continuously
g o i )

fed ~ into a3 Igpetal yanide complex satalysiand, is selectedibased oarthe

reactor (CSTR ; | LS. | uce
into the( r eac% or %ﬁ%l’?‘ﬁfeu’{ﬂ%ﬂ?r%@@w%%%ﬁ ngfﬂg Ig{f/ tﬁ%%%@'é%@%( g@é@?gof
this invention maYypicatlypthe initiator (whithl magdiss be referred 2oids ‘Staker) Wik be
additi_on of starter (initjator %gc&'s’ses _ ei ther batch or continuous
operation, such ae"ﬁw$ E&@'%‘B nchhaye ainumber average wwlegulay waight in the
correspondi t : PP\ _ : | .

I(:ebr uar 5 7, 511896?"4#8\% %/ﬁ%% I!’gtatbnorboﬁ%y%}[}&%ﬁ&yégﬁiﬂbg Bﬁgﬁlvmygr&gens
5, 689, 012, bot h opervholecule)of froav2 to BatAldoholsHi.e., rganictsmpeunds EbAtdining

WO 99/ 64152 , o
PCT/ EP99/ 03904 ©ne or more hydroxy groups) are particularly preferred forause as initiators.

rocess of the The P iReiiot el e/ orkRtod s e Ay B bRy Btioha,
wei ghts and hydr qpaticedures knownrthehe douibie hictal cyanidé-dommék%ﬁblgéldam FHor
foanms. Nom nal functionalities 5 ange generally from2 to 3. In

:
general, tht averiB§tangshc icOmentigna)s batch process| May ke emplpyedhvbersin the

f bout q; . . : I val ent
wot gnts Generar | yibisteCedalst S RYASE RS iHpbHAaed intg.a betBH ek, Tne
5000 Da. Unsat ur aeactor isthendiested tothe. diésiredeamperatute(ey., 70b 190%C) and an

preferably in the rapge of Q.002 tq about 0.008 neq/g. Hydroxyl nunbers 10
preferabl'y range 'PitighParop QBSE'FGSGt.m&-‘@fng?&?,tthCQSGW%B?S a@diivated,

Do oy s 4¥ HeicHabBtmb 58078t S5 NBUSRor 15 Wl Sy,
assessed byl& est ichprge, the remmairderpofl thet bpoxide! igcddded) indremeritaily Wigs gbeam
Test” ( TFT) and "rrsnl){ﬁlegrof 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. 3,829,505
(incorporated herein by reference in its entirety) may be readily adapted for

20 . use inthe 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 aiso be
readily adapted for use in continuous addition of starter (initiator) processes,
either batch or continuous operation, such as those described in detail in
WO 97/29146 (corresponding to U.S. Application Ser. No. 08/597,781, filed
February 7, 1996, now U.S. Pat. No. ), and U.S. Pat. No.

30 - 5,689,012, both of which are incorporated herein by reference in their
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15 Critical Foam Test" (SCFT). Polyether polyols which pass these tests
have woogkdma found to performwell in comercial slabrenipsmdsded foam
applications, wthout excessive tightness, and w thout foam collapse. The
SCFT consists of preparing a pol yurethane foamusing a fornul ati on which

i s expressly designed to magnify differences in polyether polyol behavtor.
20 . - In the SCFT, a foam prepared frdd a gi ven pol yether polyol is
reported as "settled if the foam surface appears convex after blowoff and
is reported as cemtirghsed if the foam surface is:concave after blowoff. The

cal oul ati ng ¢ he. per colP8 ROVERARLESH FrorfioBb bl onerBh or 1B piRedFL B ey s

the foam The fqagehticmpréferably havefuhéliorities a%aeéduefwa@melandl Ry S
water, 6.5 parts; thtgllpgne chYorlde 15 artslo Ni-ax[err] A-1 amﬁgdt 9

catal yst, 0.10 ;mmberswmrf%u&eawwded am siab foams.. Nemisal ﬁunshenamaes

24 and 2% 1 o/"0RE QeREFY 1phCa GO In GBREREr thel SiaBe hitcliofninl bt

be conveni ently gsheéther polyol biéhds rang%tsamﬁraboht LBt 41000Thé pleRyeesr plyoR
standard 1 gallon 1ce cream WD 99/ 64
PCT/ EP99/ 03904 equivalent weights generally range from somewhat lower tharg1000 Da to

caralyzod | ScousSPOIER GhiarsaPu i oriEraely B EhRA br fanelodfe e

the foamto set tﬁr@ferably in the 38ig® of 0E00Z t6 dFo1/008 PReéd/a! | HydreXgilirmbers’

wher eas pol yet her P prepared from DMC catal ysts cont ai ni ng
unaccept ablQy hi qerefes )srmge]f@m 10sto -abawt 86ul Ehﬂﬂél@ﬁy phicourse; seontain

oo {0 aoseas’ BANRBOREBOMTIORRY aFEl Afer, ynctippaiity. eaunMibh el SR
Test (TFT) magniHydeoxylewmiberi ty differences, as:reflected by foam
porosity. In the tightness foamtest, the resin conponent consists. of

100 parts pol yet her p'UP?/BP rfogmangg of polyatiaer p?'yalﬁmtzﬁmwegg%mqstm 165
10 “hart e C 138eggithdiAbebufbls B H4P-Tihitest PobiTTER D) artl s lod

parts L-620 cone S e resin conponent |s reac

w th 80/ 208 ol ueCritical Foam Tebt" (S@Wlé)naoeyaheapolyn&ewhm ﬂﬂfs trﬁsertestlsg’saveess

i's assessed by neasur. ow in the nventi o nner.. - Ti ght
f oans the re)d/um%fpugﬁow perform wel‘ in ‘commercial siab ar mo ded foam °

appllcatlons without excessive tightness, and without foam collapse. The

SCFT consists of preparing a polyurethane_foar_n using a formulation which

is expressly designed to magnify differences in polyether polyol behavior.

20 In the SCFT, a foam prepared from é given polyether polyol is
reported as “settled” if the foam surface appears convex after blow-off and

is reported as collapsed if the foam smface'is'concave after blow-off. The
amount of collapse can be reported in a relatively quantitative manner by
calculating the percentage change in a cross-sectional area taken across

25 . the foam. The foam formulation is as followsf polyether polyol, 100 parts;
water, 6.5 parts; methylene chloride, 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



The anal ytie€al procedure useful for neasuring the quantity of high 15

mol ecul ar wosbgs1s2ai | in a gi ven DMC-cat al yzed pol yet her pol BCi/EP99/03904
conventional HPLC techni que, which can easily be devel oped by one skilled
in the art. The nol ecul ar wei ght of the high nol ecul ar weight fraction may
be estimated by conparing its elution tine in the GPC colum wth that of
a pol ystyrene standard of appropriate nol ecull@r wei ght. As is well known,
20 hi gh nol ecul ar wei ght“fractions elute froma GPC col utm nore rapidly
t han | oneromsines.y inthisdargmiation, conyestionaily prepared, ie.rbase catalyzeda

i o ot ecul ar - wePWEter pabydlf naVig ighYeponalhl BYARy] CHlisé i fear fo,seiler
eluate to waste, gappfetimately w0-2ow fq}ariérally 15% % 3%,Rﬁﬁ§refa|§fﬁé'l9§tﬁé}e?%lygls

detector, overloading the latter. Al hough many suitable 25 etec
may be utilized, arepafedfram{DMG:catalysts containing umacceptably bigh levels of high

scattering dgtectgr . . SE.CO rcially,avail abl e.
In the pref esr ed &?Q@ﬁ %@ﬁﬁgﬁaﬁggﬁﬁfoﬁ%ﬁeﬁaﬁ by ApPraxiSatsly 35-70%.
col um, 1x250mMm 5 m cygmil ' i ' ideld i |
whi ch consists of tet rahyd?g'ﬁ?gﬁ ?h%ﬁc?ettozgﬁ)grgs%ggréiﬁgg I@aﬂrggﬁll kgggﬁﬁlstﬁi

30 evapor at i veTightnessdream Jestf Fddraagnifies reacdtivity differesiceskas otfledted by

d WD : . ,
gg% Eggg /03904 foUr? é&?gslty. In the tightness foam test, the resin compgnent consistsof,

Fol‘ ystyrenes of dim?éﬂtpdryétﬁéﬂbaryon@.zrﬁaﬁswa@gféaa‘ti\/étlbgoﬁir}qfé'ggﬁt)%%s

etrahydrofuran, to form standards containing 2, 5, and ngy

pol yst yr enel0 Sanpparts Grt8damine catalyst, 2 &fhpants T-Sitiny catalyst, pnd\0:7 Iparts L-620
| yol int 1 t ddi t et rahydy of to th le t

5 Y i ngt he b IPENE SpkeEtariC STAP 2eBRLERimPPRROL R Festind yth SO§2G Rabene

Sanpl es of the .2,dirsocysnbté%tm/ihdéwbﬂ1lnszrFaanpwgﬁthéeé i§§s§é§§£d-o ;neﬁsgnrring

sequentially injected into the GPC colum. Duplicates of each p
pol yol sanpl e sol @f flow initbecepventippalkrmannes | Tight feamns havededueediaimflow. t he

Standards are ol ectronl DT B BCRrE e B heSelad Bag Aiiantibee hiska
5 s TS T v, el OHC ot AR o i
tail in ppmis tHe&nventional HPLC technique, which can easily be developed by one skilled
inthe 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,
20 high molecular weight fractions elute from a GPC column more rapidly than
lower molecular weight fractions, and to aid in maintaining a stable baseline.
it is appropriate, following the elution of the high molecular weight fraction,
to divert the remainder of the HPLC eluate to waste, rather than allowing it
to pass through the detector, overloading the latter.  Although many suitable
25 detectors may be utilized, a convenient detector is an evaporative light
scattering detector (ELSD) such as those commercially available.

In the preferred analysis method, a Jordi Gel DVB 10° Angstrom
column, 10x250mm, 5 micron particle size, is erﬁp!Oyed-with a mobile phase
which consists of tetrahydrofuran. The detector used is a Varex Model 1A

30 evaporative light scattering detector. Polystyrene stock solutions are made



perfornmed by standard data mani pul ati on techni ques. +~Havi ng
gener al | yweasghiseed this invention, a further understandi npci/Er99ne3sen be
obtained by reference to certain specific exanples which are

provi ded herein for purposes of illustration only and are not intended to
be . limting unl ess otherw se specified. _ -
EXAMPLES 20 . A highly active sub¥anti al | y noncrystalline double
nmet al cyani de : conpl ex catal yst conprised of zinc

hexacyanocobal t- 08 polystyranasdsfidifferentamelecular weights by appopgata diutionwith
ol yet her pol yol r redq.i c £ W t.h. &b o re
Gesori bed | n . tet@iydifiRn” o' fheB” SRrdlEE Shiinld 2.5 age PO RAL G
silylating agen rapieh ey Y i ; t | dfapety 25
o sao0l ved i 0P e e e B D B B e
of thepolyalinto ack aunes bﬂélﬁe andrasiding tetrahydrofutan tadhe samplettae

9 . : ' .
s subsaqlent | prind The'" 1Sl BhiE s, SeTipled AL PelERvarbiliah I JBEG o o °)
hours prior to &xnples of the 2, SPANKHTTD ARY/LBOIySigieri) caliBration solutions Hré

catal ytic performances of three silylated catal ysts Frepar ed using WO
99/ 64152 - sequentially-injected into the GPC column. Duplicates ofreachpolyetheyo4

to that of the Powol'sEmgle R 8 lhen FIRPE EnBMd Bl FhistEhR fape™
nol ecul ar wei ghy,apieLisepbktyrene standidrdel S. THe ek Argas fosOthep poiystyrenal -

product), active hydrogen-containing . initiator (propoxylated
gl yceri n H8vi ngstandardsafe eieﬁmnce&mtemted,oam@ the lectromically integrated

at 105 err] CunPraRe Ré Bio Stsief 2hFh RalibBEoaf et ek fnicapy integf B8,y
a drop in pressgngavéffyed "Baltdfition ofithe Higlw moletlapweight/ail in bpm e

increnmental ly while nmaintaining a reaction tenperature at 105[err]C
Gel pernmeation ©erformeddy-=standargdatagnanipulation teshpiquesy triol 10

products obtained degpngts UpdrdiRAlesdrlbdcP i vehtibAC a TaHALY Bhaldi&dinge! V-
| 15 = can be obtained by reference to certain .specific examples which are
provided herein for purposes of illustration only and are not intended to be
limiting unless otherwise specified.

20 - A highly active substantially. noncrystalline double metal cyanide
complex catalyst comprised of zinc hexacya‘nocdbaltate, zinc chloride, tert-
butyl alcohol and a polyéther polyol was pre‘pa_i'ed in accordance with the
procedures described in U.S. Patent No. 5,482;908. The desired quantity

. of silylating agent (trimethyl chiorosilane or trimethyl ethoxysilane) was

25 dissolved in 30 mL methyi tert-butyl ether. After mixing for 15 minutes, 6 g

of the double metal cyanide compléx 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.

30 The catalytic performances of three silylated catalysts prepared using



reduced the.anount of undesired hi gh nmol ecul ar wei ght tail formed during

pol yneri zawio®9/6418abl e 1) PCT/EP99/83%984 E 1
Silylating Agent/ Hi gh l\/bI ecul ar Exanpl e

Cat al yst Ratio, wt/w Mw Mn Wei ght Tail ppm 1*

0 1.098 ' : 800- 1200 2 -
3/1- 1.-16 206 16 : 3

0.533/1 1.15 120 20 w4 0. 266/ 1
1.139 %ng ratios of tﬁmethyCohhwsﬂanetcatalyst werd emmbared to tHit .o tive
nmol ecul ar wei ght e catal erformance of two silylated
catal ysts prepar é{!‘slilyﬁ*ﬁd catalyst 'n\ﬁBF)HrﬁBa)r/aé 0Q malgsylar weight polyether

catal yst 11 the o Shar JPeARPRCHEERDAY ol Sh ey oy ffpeniediiing
triols. Epoxide paitiater (propoxyiatedegiycerin haeud.cmhydm:@bnomméqml tch24o mg

previous exanple, except that. the reaction tenperature was 120C.

As shown i n5Tabl &OH/g) ang:an initial charge; : ﬂpyleeﬁm% Wﬂﬁ@&ﬁ‘?@d’ﬂ @,@tpryed
| owered the quantré%él‘tgggt 168°C R eatngdt é&%{:&%n haBPHELA beRidVeds &8inkidaldlf by

final WO 99/
PCT/ EP99/ 03904  a drop in pressure. The remainder of the propyITeAﬁ%xildle was then J8d68"

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

polymerization (Table 1.)

JABLE 1
Example Catalyst Ratio, wtiwt Mw/Mn Weight Tait ".ppm
1* 0 1.098 800-1200
3N 1.16 206
- 3 0.533/1 1.15 120
20 4 0.266/1 1.139 225

* Comparative
1 > 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 polyéther
triols. Epoxide polymerizations were carried out as described in the
previous example, except that the reaction tempefature was 120°C.

30 As shown in Table II, treatment with trimethyl ethoxysilane effectively
lowered the quantity of high molecular weight impurities present in the final



5 Exanpl e Mn Mn ‘Hydr oxyl Unsat . H gh Ml ecul ar Wi ght-

No. g  warm/ed1s2 | npurities PCT/EP99/03904

>100K. ppm >400K, ppm 5 1. 10 56 0. 004 155
15- 20 6 1.12 55.8 0. 015 105 nd

7 - 1.13 56. 2 0.017 95 nd 10 * -
Conpar ati ve nd = None detected 16D 99/ 64152

PCT/ EP99/ 03904 17 CLAI M5

17 1. A si | ypolyether palyobpradugt. cyani dé conpl ex- cat-al yst- 2. A

silylated double netal cyanide conplex catal yst according to claim1 which
Is preparable by reacting a double netal cyanide conplex catalyst with an
organosi | ane, an organosilylam ne, an OI%B.EES.U azane, or a mxture
t her eof . 3. A silylated doubl e netal cyani de conpl ex catal yst
according to claim1 or 2 wherei.n the organosil ane has the formnul a:

err — -
errd Example | Mw/Mn |Hydroxyl | Unsat. High Molecular Weight
| ) ko | >100K.ppm | 2400K.ppm
5 | 110 | 56 | 0.004 158 | 1520
112 | 558 | 0015 | 105 | nd
7 1.13 562 | 0.017 95 nd

10 - Comparative
nd = None detected



wher ei-n: - X represents a hal ogen atom for exanple a chlorine atom

or an al kowoow/egrsaup, for exanpl e an et hoxi de group; PCI/EP99/05%04
represents an unsubstituted or substituted al kyl, for exarrpl e met hyl, aryl
or al karyl group; ais 1 od72; b i s—2—e+—3;—and

a and b is 4, with the proviso that t he R groups anp
greater 1CLAAMSX groups may be t he sane or di ffere I ﬂu“m““ll”“‘
silyl ated doubl e netal cyanide conpl ex catal yst according l'arm &

where the or gAngiBildted double metal ¢yaaidecomplex catalyst.
[err] WD 99/ 64152 -
PCT/ EP99/ 03904 18

2. A silylated double metal cyanide complex catalyst according to claim 1 which is
preparable by reacting a double metal cyanide complex catalyst with an organosilane, an

organosilylamine, an organosilazane, or a mixture thereof.

3. A silylated double metal cyanide complex catalyst according to claim 1 or 2 wherein
the organosilane has the formula:
(X):-Si-(R)y

wherein:

X represents a halogen atom, for example a chlorine atom, or an alkoxide group, for

example an ethoxide group;

R represents an unsubstituted or substituted alkyl, for example methyl, aryl or alkaryl

group,

aislor2;

b is 2 or 3; and

aand b is 4,

w1th the proviso that the R groups and (where ais greater 1) the X groups may be

the same or different.

4. A silylated double metal cyanide complex catalyst according to claim 1 or 2 where

the organosilylamine has the formula:

X'-Si-(R")



X err] represents an im dazolyl group or a group of the fornula: 4
[err] WO 99/64161 wWhi ch Y represents an unsubstituted or mli;yhggoutut ed
al kyl group and R err] can assune any of the values—of R ; and

represents a hydrogen atomor a substiti8ed or unsu ed al k
for exanple nethyl, aryl or alkaryl group with the provi so Z H!Lw, i/,”"l
R groups mayWhereike same or different. 5. A silyl at eds

cyani de catal yst according to claim1l or 2 wherein the organosil azane has

the formul a: X'[reprepents an imidabelykgroup or a groupRof tepformani:s a hydrogen atom:

or a substituted or unsubstituted nonoval ent organic or gani se group,
for exanple methyl, with the provisg that the R' groups may be the
sanme or different. 6. A silyl a"t Eid doubl e nmetal cyani de conpl ex

catal yst according to any precedl
conpl ex catal yst conprises zinc hexacyan

~ in which Y represents an unsubstituted or halo-substituted alkyl group and R' can

gk wwherein the double netal cyanide
al tate.

assume any of the values of R'; and R’ represents'a hydrogen atom or a substituted
or unsubstituted alkyl, for example methyl, aryl or alkaryl group with the proviso that

the R’ groups may be the same or different. .

5. A silylated double metal cyanide catalyst according to claim 1 or 2 wherein the

organosilazane has the formula:

H

l
_ (R")s-Si-N-Si-(R");
‘wherein:

R" repi'esents a hydrogen atom or a substituted or unsubstituted monovalent organic
organise group, for example methyl, with the proviso that the R" groups may be the

same or different.

6. A silylated double metal cyanide complex catalyst according to any preceding claim

wherein the double metal cyanide complex catalyst comprises zinc hexacyanocobaltate.

7. A silylated double metal cyanide complex catalyst according to any preceding claim
wherein the double metal cyanide complex catalyst comprises a metal salt selected from the
group consisting of zinc halides, for example zinc chloride, zinc sulfates,' zinc nitrates and

mixtures thereof.



7. A silylated double netal cyani de conpl ex catal yst according to any

pr ecedi ng woaordissherei n t he doubl e netal cyani de conpl ex c®CIVEPID/03904
conprises a netal salt selected fromthe group consisting of zinc halides,
for exanple zinc chloride, zinc sulfatesl9zinc nitrates and m xtures

t her eof . WO 99/ 64152 -
PCT/-EP99/8)3904A silylated double metal cyanide complex catalyst according to any preceding ¢laim
silylated doubl e nmetal cyani de conpl ex catal yst according to any preceding
claim Whekdbi &Eﬂdﬁﬂl&hﬁtzﬁ%?ﬁﬁd@!@ﬂbm cacalyst dus @otintelsy, sharp peaki intiengaay
sharp peak in its x-ray diffraction pattern. 9. A silylated double
metal cyapk -Sgwﬁ.catal yst according to any preceding claim wherein
said silylate ubl"e netal cyani de conpl ex catalyst conprises fromO0.1 to
20 weight percent Si. 10. A silylated double netal cyani de conpl ex
catal yst according to any preceding claim wherein the double netal cyanide

conpl ex catal yst conprises a water soluble aliphatic _al cohol, for_exanple
tert-butyd al cArsdlylated double metal cyanide complex catalyst according to any preceding claim

wherein said silylated double metal cyanide complex catalyst comprises from 0.1 to 20

weight percent Si. |

10. A silylated double metal cyanide complex catalyst according to any preceding claim
wherein the double metal cyanide complex catalyst comprises a water soluble aliphatic

alcohol, for example tert-butyl alcohol.

11. A silylated double metal cyanide complex catalyst according to any preceding claim

wherein the double metal cyanide complex catalyst comprises a polyether.

12. A silylated double metal cyanide complex catalyst according to any preceding claim

preparable from a double metal cyanide complex catalyst comprising Zp-OH groups.

13. A process for the preparation of a silylated double metal cyanide catalyst, which
process comprises contacting said double metal cyanide complex catalyst with a silylating

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

14. A process according to claim 13 wherein at least 0.1 parts, suitably from 0.1 to 100

parts, by weight of the silylating agent per 100 parts by weight of the double metal cyanide

Ay



~silylating agen

11. A silylated double netal cyani de conplex catalyst according to any.
pr ecedi ng wao s9/ew1s2vher ei n t he doubl e netal cyani de conpl ex eeiraPssH3o04

conpri ses a pol yet her. 12. A silylated double netal cyani de conpl ex
catal yst according to any preceding cla?@n preparablé Troma dotble—metal

cyani-de conpl ex catal yst . conprising Zn-OH groups. r
t he- pr epeemples ga@lyshisutilzed: ed doubl e metal cyani de Ciﬂmmmﬂlmmmﬂmf
process conprises contacting said double netal cyani de*cofplex tatsal s
wth a silylating agent to introduce silyl groups into said double netal
cyani de conpl ex catal yst. 14. A process according to claim 13 wherein

at leasti4. 1 Aa{)fo‘éesssaﬂcbﬂﬁﬁg’ t6 cRifnd 13 dro14! GBereds iieS reabtionVeérfipkiratife i 'from
per 100 parts by weight of the double netal” cyanide

WO 99/ 6 °
hoT/ EPoct ol 125°C. - 20 15, A
process according to clains 13 or 14 wherein the reaction tenperature is

"from 20[err]Cto 125[err]C.

16. ~ A process according to any of claims 13, 14 or 15 wherein said contacting is

pefformed with the silylating agent being present in a liquid phase or in a vapor phase.

17. A process according to any of claims 13 to 16 wherein the reactants, or their

amounts,. are defined in any of claims 1 to 12.

18.  Anepoxide polymerization process which comprises reacting an epoxide and an active
hydrogen-containing initiator in the presence of a silylated double metal cyanide complex
catalyst according to ﬁny of claims 1 to 12 or prepared by the process of any of claims 13

to 17.

19.  An epoxide polymerization process according to claim 18 wherein the epoxide is

selected from the group consisting of propylene oxide, ethylene oxide and mixtures thereof.
20. An epoxide polymerization process according to claim 18 or 19 wherein the silylated
double metal cyanide complex catalyst is present at a concentration from 5 to 50 parts per

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

21.  An epoxide polymerization process according to claims 18, 19 or 20 wherein the



16. JA process according to any of clains 13, 14 or 15 wherein said

cont act i nowodyesef ormed with the silylating agent being pr®eFrEP99/03984
diquid phase or in a vapor phase. 17. A process according to any of
claims 13 to 16 wherein the reactants, @ their anounts, are defined in

any of clains 1 to 12. 18. An epoxi de polynerizati on process Leh -
conpri seinitiator comprises ap@lgohel and) the regetion, is eﬁé’ﬂ?‘bg‘éﬁ-‘@@?ﬁ’ﬁ% Arpm %t éépor

in the presence of a silylated double netal cyanide conplex catalyst
accor di nq50%C a4 Yok agpolyetherlpalyoll?2 or prepared by the process of any of

clains 13 to 17. -19. An epoxi de pol ynerization process according to
claim 18 wherein the epoxide is selected fromthe group consisting of
propyl ene oxi de, ethylene oxide and m xtures thereof. 20. An epoxi de

oA 0L BRSPS o R Sy 01 O o Lo
b b 9 355568 SRS e 0B o

23. A polyether polyol according to claim 22 and having:
. an equivalent weight from 500 to 5000;
L] a functionality from 2 to 8; and

o an unsatuation no more than 0.015 meq/g.

24.  Use of a polyether polyol prepared with a silylatéd double metal cyanide complex

catalyst in the production of polyurethane slab foam.

R



AN = :
21. . An epoxide poI ymerl zatlon process accord| ng to clains 18,

19

wherein the REPLACEMENT SHEET
PCT/ EP99/ 0390 REE:',A i ni
conpri ses..an zand the rleqction is effected at a terrperat uheff'fdﬂnzm
40[err] C to -1 0 er1r4m\ldﬂﬂ(b a pol yet her pol yol . 22. A pol yet her
pol yol preparabl g by the procegks| of any of clains 19 to 21 and contai ni ng
no nore than 5 O_pp“". ef—poryol m)l ecul ar £E| ght greater than 100, 000 Da.

2

23. A pol yet
equi val ent wei f,rom 2

8; and ' ~a dO%‘;lneJ%gkﬁHmm& FEMAleX CFF?AYFtoa"@fiunCt lﬁgg 4 'bas 84 on thg
of a polyether Pgeyiplg ﬂEﬁ&i%rngﬂg’%ﬁ&‘n@édd@G bt SR YR BofyRilr oY &Sduct.

conpl.ex catalys e produ on o yur ane s
Typically, the initiator (which' may also be referred to as “starter”) will be

er polyol ac ' to clain and havi ng: * an

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
U procedures known in t_he 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 isi added incrementally with good
mixing of the readtor 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. 3,829,505
(incorporated herein by reference in its entirety) may be readily adapted for
N\ 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 intd 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 in
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 therr




