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i nvention relates to double netal cyanide (DMC) conplex catal ysts useful

for epoxide polynerization. In particular, the DMC catal ysts of the

i nvention are easy to prepare, have exceptional activity, and are readily
renoved if desired from pol ymer products. Background of the Invention: _
Doubl e nmetal cyanide (DMC) conpl exes are well-known catal ysts for epoxide
pol ymeri zati on. These active catal ysts give pol yether polyols that have | ow
unsaturation conpared with simlar polyols made using basic (KOH)

cat al ysi s.HIGHRL Y 2AGT I/éE SDQURLH MEEAL TANEIE GARALY®IS ner product s,

i ncl udi ng pol yet her, polyester, and pol yetherester polyols. The polyols can

be used i nejprl ¥t veationat | ngs, el astoners, seal ants, foans, and
adhesi ves.” DMC catal ysts are usually made by reacting aqueous sol utions of

metal salts a”\%}'ﬁfrﬂerﬁ%@\n}e‘i‘&é%t dodile rRétal ayBARIY (DVT) eomiplék eatdifsts

conmpound. A lo ecul’ar weil ght conpl exi ng agent, typically an ether or an
heeded 1 ortsefbbftisionde phaneliedh, I PRRiGartne DRMCEERI M RETT cous
i xed { ogelMeNtion e AR RAPERFEr HEVELP ST SGHNEY, 61 AHGe Feadlly fargoved
slurry. After filtration and washing of the catalyst with aqueous glyne, an
active cat #ldesiredsfrom polyerertpredusts t he f or nul a:
Background of the Invention: |
Double metal cyanide {(DMC) complexes are well-known catalysts for :
epoxide polymerization. These active catalysts give polyether polyols that have
low unsaturation compared with similar polyols made using basic (KOH)
catalysis. The catalysts can be used to make many polymer products, including
polye{her, polyester, and polyetherester polyols. The polyol.s can be used in
polyurethane coatings, elastomers, sealants, foams, and adhesives.
DMC cataﬁysts are usually made by reacting aqueous solutions of metal
salts and metal cyanide saits to form a precipitate of the DMC compound. A
low molecular weight complexing agent, typically an ether or an alcohol, is
included in thé catalyst preparatit;n. The complexing agent is needed for
favorable cata!yst activity. | .
| in one common preparation, aqueous solutions of zinc chloride {excess)
and potassium hexacyandcobaltate are mixed together, and dimethoxyethane
(glyme) is added to the resulting slurry. After filtration and washing of the
catalyst with aqueous glyme, an active catalyst is obtained that has the
formula:

Zn,[Co(CN)e], * xZnCl, ¢ yH,0 * zGlyme



[err] ¢« ~ 2 Other known conpl exi ng agents include al cohols, ketones,
esters, am des, ureas, and the like. (See, for exanple, U S. Patent Nos.
3,227,256, 3,427,334, 3,278,459, and Japanese Pat. Appl. Kokai Nos.
4-145123, 3-281529, and 3-149222). The catalyst made with glyne has been
the nost wi dely used. The conpl exi ng agents used are typically

wat er - sol ubl e, RAYRNBIRIEKIAYG dRheihelude scdtbid) éh mpl e,
U. S. Patent No.@tz\,@277,589 F?gl ulng d% U. S.u Pat ent No. 3%329%§t§6%q{r2§|é§hn
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weihglht pol-yet 'lers suc r exanp yme, diglyne, (ri gl yne, _
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suspension in water, i s caonbined wt | arge proportion aof a 300 nol ecul ar
wet gt pr oBGSHF MeBd a5P SRl Wetstazoltele. Aiia s SRfeguet welgh fese e S00.
stripped fromjihis mxture, |eavi ng a sus Sgsion of 3.7 w.%of the DMC
Catal yst | BOBHON SRAMISUSe PapRts of 471AES daelumyia) UhSoBajam Moo @.839,605 ol
suspension is then used to nmake a hi gher nol ecul ar wei ght pol yether polyol.

Doubl e net &Olwaﬁ?ﬂ@%%ygﬁ?f@&%ﬁgﬁayg?%(ﬁ‘@“{jﬁﬁ(ﬁ)-act ivity for epoxide

Although low molé_cular weight polyethers such as, for example, glyme, diglyme,

triglyme, aﬁd ethylene glycol monomethyl ether, have been used as complexing
agents.in DMC catalysts, no one has taught_ solid catalysts that include 5-80 wt.% of a
polyether having a molecular weight greatér than 500. U.S. Patent No. 4,477,589
teaches a catalyst preparation method in which a DMC catalyst suspension in water is
combined with a large proportion of a 300 molecular weight propoxylated glycerol.
Volatile materials (water, glyme) are stripped from this mixture, leaving a suspension
of 3.7 wt.% of the DMC catalyst in the propoxylatéd glycerol. The catalyst/
propoxylated gly_cérol susbension is then used to make a higher molecular weight
polyether polyol.

Double metal cyanide catalysts generally have good activity for epoxide
polymerizations, often much greater than conventional basic catalysts (such as KOH).
However, because the DMC catalysts are rather expensive, catalysts with improvéd

activity are desirable because reduced catalyst levels could be used.



pol ymeri zati ons, often nuch greater than conventional basic catalysts (such
as KOH). However, because the DMC catal ysts are rather expensive, catalysts
wi‘th i-nproved activity are desirabl e because reduced catal yst levels could
be used. 3 Regardl ess of whether KOH or a DMC catal yst is used to nmake a
pol yether polyol, a catalyst renoval step is nornally required. Wien KOH is
used to make polyols, the crude product is typically treated with an

adsor bent such Regardigss of whethidri KG@Heor 2 DMGitcatalystis esed to makei @ polystiernged
to renove potassiumion residues in the polyol. Double netal cyanide

cat al yst s giyol 04 catalystiremoval st 19 MBrmhally’ riguitedS 'WHep KO iSusédtb Ak
cat al yst-renoval nethods, nost- I nvol ving sone kind of chem cal treatnent,

have been giiyds,ane bridd prdiice i Gpially idatee Wit ah dd¥eHSerT3EA %S Ahgnesium

described 'Iin” U'S. Paten 4, 88, 4,877,906, an
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waahi ng. SREGIBEANY Fiany detayRB L eI B INGBRE Sore king of genical
catal yst woul d gi ve pol yet her polalol s with | ow ungaturatijon and woul d be
active endiRpiment.have peansdenalopad forihese caialysis. capmeAfithese methads ate y at

concentrations | ow enough to overcone any need to renove the catal yst from
t he described in U.S. Patent Nos. 4,355,188, 4,877,906, and 5,248,833. A preferred

DMC catalyst would be easily removed from polyol products by ordinary filtration and
would nof require chemical treatme_nt.

: Any'catélyst removal process is costly. The process steps are time-consuming,
labor-intensive, and require treatment materials. Utility costs are often high. Polyol
treatment generates waste products: wastewater from wafer washing, adsorbent filter
cakes, spent ion-exchange resins. |

An ideal catalyst would give pélyether- polyols with low unsaturation and would
* be active enough to allow its use at a very low concentrations, preferably at
concentrations low enotigh 16 overcome any need to remove the catalyét from the
polyol. An epoxide polymerization catalyst that eliminates the need for a catalyst
removal step for many end-use applications would clearly be valuable to polyether

polyol manufacturers.



pol yolk. An epoxi de pol ymeri zation catalyst that elinm nates the need for a
catal yst renoval step for many end-use -applications would clearly be

vdl uabl e to pol yether polyol manufacturers. 4 Summary of the Invention:
The invention is a solid double netal cyanide (DMC) catal yst useful for
epoxi de pol ynerizations. The catal yst conprises a DMC conpound, an organic
conpl exi ng agent, and from about 5 to aldout 80 wt.% based on the anount of

cat al yst, ofsM%c—gffﬁ,@ Ih@t‘h{?&h.a number average nol €cul ar wei ght greater
500. catalys

t han about t he invention has enhanced activity for
epoxi de pol yneri Iy j Ay e
absence of the po?’t‘ ?ﬁﬁeﬁf‘aﬁﬁg cgflwi &&f@e ?r‘é(;{bip ?'lﬁ%lﬁgw{é) %gstegef Ggeﬂ"pfé'h
prepari ng pol yet. t hat ha | |
Pevers. Tho PROUHE PERSRAIRRS. TR LRl %?"W%%say R g%@fv%‘%& hBgapieae
(DMC) cat al ysts sef ul for e |de The net rise
preparing a SefP Wgﬁ?taﬁ'ﬂgt rom Qtﬁﬁ‘t% @ﬁ §5 Wt 4y ﬁ%ﬁr}g’ﬁﬁuﬂf of
nunber average nol ecul ar wei g greater than about 500, vvher ein the solid
DVC cat al yst Celghsdi b afmsvntagbh@vrsgtaomawbef agerage. w@pu{aﬁévq;sw@mé@r thap
has surprisingly been found that solid DMC catal ysts containing from about
5 to about 8abewt 590bhaBwicatalyshef she imvensionchasaehancegdractivityl fpeenexideavi ng
a nunber average nol ecul ar wei ght greater than about 500, are easy to
polymerizations compared with a similar catalyst prepared in the absence of the
polyether. The catalys'ts are particularly useful for preparing polyether polyols
that have exceptionally low unsaturation levels.

The invention inciudeé a method for preparing double metal cyanide
(DMC) catalysts useful for epoxide polymeri_zation. The method comprises
preparing a solid DMC catalyst in the presence of a polyether having a number
average n'iolecular weight greater than about 500, wherein the solid DMC
catalyst contains from about 5 to about 80 wt.% of the polyether.

it has surprisingly been found that solid DMC catalysts containing from’
about 5 to about 80 wt.%, based on the amount of catalyst, of a polyether
having a number average molecular weight greater than about 500, are easy to
prepare, have exceptional activity, and are readily removed, if desired, from
polymer products. In fact, the activity of the catalysts is high enough to allow
their use at.very low concentrations, effectively eliminating the need for catalyst
removal for many end-use applications.

Brief Description of the Drawing:

Figure 1 shows a plot of propylene oxide consumption versus time during a



prepare, have exceptional activity, and are readily renoved, if desired,
from pol yner products. In fact, the activity of the catalysts is high
enough to allow their use at very |low concentrations, effectively
elimnating the need for catal yst renpval for many end-use applications.
Brief Description of the Drawing: Figure 1 shows a plot of propyl ene oxide
consunption versus tine during a 5 polynerization reaction with one of

t he cat al yolymerization reaction with ame aftbe watalysis of {ha inv@htiomat 100 pproéatalyst.
catal yst (usually reported in this application as kilograns of propylene
oxi de conviie activity rof ghen catalyst ¢irsaily peportachint #js applidation aisrkiidgfanestot he sl ope
of the curve at its steepest -point. Detailed Description of the Invention:

Doubl e metpbpyighe oside(ddvivierteapep rath ofcobult per niifite) i @dtehfihed florh fRe slope
reaction products of a water-soluble nmetal salt and a water-sol ubl e netal

cyani de sajtiine ElifreV@t ity steBbast poifet al . salt preferably has the general
formula MX)[err] in which Mi's selected fromthe group consisting of

Zn(11), Fefdthiied Nebhidtion G theinvéian: ). Sn(11), Pb(I1), Fe(l11), M(1V),
MO(V1), Al V) VLY, o TWIV), WMD), cu(ll), and Cr(ll1).
Co(11}, and N D198 Taetdh SRR (HHAC) EOimeBLBE wBehlF e Hyliohchre b ot r o
oxal ot o, " eRAGRrSpreRdof o F yilgirsohiie HetpCeasting B atef Solbplecinetal 8NHeca o
The value tIe pvaiesr-sfofu%rlg %nettgl s?’altagr%fesrggliysrl;aiset?\etg%enerai formula M(X), in which M is

selected from the group consisting of Zn(lt), Fe(ll), Ni(ll), Mn(ll), Co(ll), Sn(ll), Pb(ll),
Fe(llt), Mo(lV), Mo(V1), Al(ill), V(V) V(IV), Sr(ll), W(IV), W(VI), Cu(ll), and Cr(lll). More
preferably, M is selected from the group consisting of Zn(ll); Fe(ll), Cb(ll), and Ni(lt).
in the formula, X is preferably an ahion selected from the group consisting of halide,
hydroxide, sulfate, carbonate, cyanide, oxalate, thiocyanéte, isocyanate,
isothiocyanate, carboxylate, and nitrate. The value of n is from 1 to 3 and satisfies the
valency state of M. Examples of suitable metal salts include, but are not limited to,
zinc chloride, zinc bromide, zinc acetate, zinc acétonylacetonate. zinc benzoate, zinc
nitrate, iron(ll) sulfate, iron(ll) bromide, cobalt(ll) chloride, cobalt(ll) thiocyanate,
nickel(ll) formate, nickel(ll) nitrate, and the like, and mixtureé thereof. |

The water-soluble metal cyanide.salts used to make the double metal cyanide
compounds preferably have the general formula (Y),M'(CN),(A). in which M'is
selected from the group cdnsisting of Fe(ll), Fe(lit), Co(ll), Cofilt), Cr(il), Cr(ill), Mn(il),
N‘In(llll), [e(it), Ni(ll), Rh(IT), Rull), V(IV), and V(V). More preferably, M' is selected



val enéy state of M Exanples of suitable netal salts include, but are not

limted to, zinc chloride, zinc bromde, zinc acetate, zinc :

acet onyl acetonate, zinc benzoate, zinc nitrate, iron(ll) sulfate, iron(ll)
brom de, cobalt(Il) chloride, cobalt(ll) thiocyanate, nickel(ll1) formate,

nickel (I'1) nitrate, and the |like, and pi xtures thereof. The water-sol uble
netal cyanide salts used to make the doubl e netal cyani de conpounds

pr ef er abl yrohatie gloapgmonsistingfafrCaliy (Edﬂll)ﬁFE(lIY] EEYNIY, 6r(l]l§./h)((lm and N'(lIWn mhe M

is selected fromthe group consisting of Fe(ll), Co(lll),

Cr(ll), C%\Idtéﬂ-éolu%(rhét)al céMids Ishit dah(ddnltém dH'e(dH rhordQB( thekd mé_ihlfs' 'l]1 thd(1 V),

and V(V). More prefera y, M is selected 6 fromthe group consisting of
Co(11), C@éﬁﬂdl& Y T Qh alkali fetdl lén o%fk’ahﬁ% eafth (héthl jond A lé\‘hﬁ ng}] selbbfed f m
wat er - sol cyanl de salt can contarn one or nore o ese neta
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to 1; the,sumof the c es and ¢ nces the charge of M

Sui tabl e M?Q?rssﬂfﬁﬁtﬂrénﬁ% 5lqu§la'r‘h Hethﬁzﬁuf% fﬁlﬂ e$of aaPeaﬂgF halapgesdheo,

pot assi um hexacyanocobal tate(l11) FOt assium hexacyanoferrate(ll),

pot assi umchasae-gtMof Suitable(watey-soluble-metal c¥anide salis neludetbut are yiot fimitadum

hexacyanocobal tate(lI1), and the |ike. Exanples of double netal cyanide

conpounds t@.rmtawumueexmanmohauate(uuemtawummWan¢fgﬂat§(u}rmotgssmm C

hexacyanocobal tate(l11), zinc hexacyanoferrate(lll), nickel
hexacyanoferrate(ltl) calcium hexacyanocobaitate(lll), fithium hexacyanocobaltate(“l),
and the like.

Examples of double metal cyanide compounds that can be used in the invention
include, for example, zinc hexacyanocobaltate(lll), zinc hexacyanoferrate(lll), nickel
hexacyanoferrate(ll), cobait hexacyanocobaltate(lll), and the like. Further examples of
suitable double metal cyanide complexes are listed in U.S. Patent No. 5,158,922, the
teachings of which are incorporated herein by reference. Zinc hexacyanocobaltate(lil)
is preferred.

-The solid DMC catalysts of the invention include an organic complexing agent.
Generally, the complexing agent must be relatively soluble in water. Suitable
complexing agents are those commonly known in the art, as taught, for example, in
U.S. Patent No. 5,158,922. The complexing agent is added either during preparation
or immediately following precipitation of the catalyst. Usually, an excess amount of

the complexing agent is used. Preferred complexing agents are water-soluble



hexacyanof errate(l1), cobalt hexacyanocobaltate(lll), and the like. Further
exanpl es of suitable double netal cyani de conplexes are listed in US.
Patent .No. 5, 158,922, the teachings of which are incorporated herein by
reference. Zinc hexacyanocobaltate(lll) is preferred. The solid DMC

catal ysts of the invention include an prgani c conpl exi ng agent. Cenerally,
the conpl exi ng agent myst be rel ativel \h/ sol uble in vYat er.. gui t abl e

conpl exi nd1eieatom-spatainiag OrgicsAMpoknEahat anremplex with thg davble metal
exanple, in U S Patent No. 5,158,922. The conpl exi ng agent is added either
during pr ayanige eampeundmBtitahle cpmplexingaggnisrieeiude. butiara not limiteddat al yst .
Usual |y, an excess anount of -the conpl exing agent is used.” Preferred

conpl exi nalcalwig, aldehydes: ketoses,uéthers, esters,carsidest vreaspnitriles,i sulfidesygandc
conpounds that can conplex with the double netal cyanide conpound. Suitable
conpl exi ngnixtires thereof. uBeefelred conmplexitg hgents are iwatersaiable! aliphaticl alephers,

ket ones, ‘ethers, esters, ami des, ureas, nitril es, sulfides, and m xtures

t her eof . Refdctéd frdnt EgRUPEONBBEAG f dtitanuliisdpropyildibehal] DB iafcobbf ool s

selected fromthe group consisting of ethanol, isopropyl alcohol, n-butyl
al cohol ,  iissHuNEIcGHA C568-bulyPaIcBHS hné'té@-'b@?l afddfol. STértibityl lalctihep RO -
Tert-butyl alcohol is particCularl ylypref erred. The solid D% catal ysts of

t he invent a?lnb | m about 5 to about 80 wt.% based on anount of
catal yst, Fio 'a{’"% efeg?%'féé&havi ng a nunber average nol ecul ar wei ght greater

than about 5001 &liy HRIE GRS bP e Tbaifon' ihOTUE MM abBuf § 15384t 86 wt.%,

based on .amount of catalyst, of a polyether having a number average molecular
weight greater than about 500. Preferred catalysts include from about 10 to about 70
| wt.% of the polyether; most preferred catalysts include from about 15 to about 60 wt.%

of the polyether. At least about 5 wt.% of the polyether is needed to sfgnificantly

_ improve the catalyst activity compared with a catalyst rﬁade in the absence of the
polyether. Catalysts that contain more than about 80 wt.% of the polyether generally
are no more active, and they are impractical to isolate and use because they are
tybically sticky pastes rather than powdery solids.

Suitable polyethers include those produced by ring-opening polymerization of
cyélic ethers, and include epoxide pql);mers, oxeténe polymers, tetrahydrofuran
polymers, and the like. Any method of catalysis can be used to make the polyethers.
The polyethers can have any desired eﬁd groups, including, for example, hydroxyl,
amine, ester, ether, or the like. Preferred poly_ethers are polyether polyols having

average hydroxy! functionalities from about 2 to about 8 and number average



wt. % of the pol yether; nost preferred catalysts include fromabout 15 to-
about 60 wt.% of the polyether. At |east about 5 wt.% of the polyether is
needed to significantly inprove the catalyst activity conpared with a

catal yst made in the absence of the polyether. Catalysts that contain nore
t han about 80 wt.% of the polyether generally are no nore active, and they
are inpractical to isolate and use because they-are typically sticky pastes
rat her than powdery solids. Suitable golyethers include those produced by
ri ng-openi ng pol ynmerization of cyclic ethers, and include epoxi de polyners,

oxet ane pol rs, tetrah pf uran _pol rs the like ny mnet hod of
catal ysi s éé&eeﬁ@ahg’&lﬂ@%z’%!{b%ﬁﬂéngﬁ|‘{¥/E-Sﬂg§ g@&??eatﬂ%‘ftyﬁ'ﬂ@s'x@?rprﬁ&fém&ny
desired end groups,  includjng,_for anpl e, hydroxyl, am ne, ester, ether,
or “the | | kdromagpat 1085 b ahatiadcd. - FaSe atpuswelly FAdR by Prbarzing,haxgdes i
hydroxyl functionalities from-about 2 to about 8 and nunber average

nol ecul ar \Wae gresenget ofiactive ydeages-eontaipipgtinitiators apd &igsie: aciticoo, nore
preferably from about 1000 to about 5000. These are usually nade by

pol yrer i zi raygaporetidic ¢catalysts (nchling OMO catalysts). Hyskfulgpolyethet polyolsdnclude
initiators and basic, acidic, or organonetallic catalysts (including DMC

cat al yst s) .pdiigekypropyiesie) pelyolspEQetappedaialy{exypropylengppoipslscmivedrBOVROS
EO capped pol y(oxypropyl ene) polyols, mxed EO PO pol yol s, butyl ene oxide

pol yrer's, Ipiydisiutgisnd @xeppdlymers; bubienebiidb eopolyisis vaRéthyicRs eideene

oxi de, polytetranethyl ene ether glycols, and the like. Polyethylene glycols
are gener al dnd/eoprop§rhil oxide, ifoftetraifBihyRne dRed gIPESS Can@thefil®. Polyethylene
er

pol y(oxypropyl ene) polyols, particularly diols and triols having nunb
average glycols are generally not useful in the invention. Most preferred are .
poly(oxypropylene) polyols, particularly diols and ttiols having number average
molecular weights within the range of about 2000 to about 4000.
| found that both an organic complexing égent and a polyether are needed in
the double' metal cya;.nide catalyst. Including the polyether in addition to the organic
' complexing agent surprisingly enhances catalyst activity compared with the activity of
a similar catalyst prepared in the absence of the polyether (see Examples 1-3 and
Comparative Example 4); The organic compléxing agent is also needed: a catalyst
made in the presence 6f the polyether, but without an organic complexing agent such
as tert—buiyl alcohol, will not bolymen‘zé epoxides (see Comparative Example 5).
The catalysts of the invention are characterized by any suitable means. The
polyether and organic complexing agent are conveniently identified and quantified, for

example, using thermogravimetric and mass spectral analyses. Metals are easily

quantified by elemental analysis.



nol ecul ar weights within the range of about 2000 to about 4000. | found
that both an organi c conpl exi ng agent and a pol yether are needed in the
doubl e nmetal cyanide catalyst. Including the polyether in addition to the
organi ¢ conpl exi ng agent surprisingly enhances catalyst activity conpared
with the activity of a simlar catal ystoprepared in the absence of the
pol yet her (see Exanples 1-3 and Conparative Exanple 4). The organic.

conpl exi ng agentThescaiplystsfdha dnventiencanaiso ke Fbaracterzedisingpewdest X1ray
pol yet her, but w thout an organic conpl exi ng agent such as tert-butyl

al cohol ,. widiffragtion.p dhematalysts exbibitceroad dnes centgradhal charastarigtiood-spacimge. For
catalysts of the invention are characterized by any suitable neans. The
pol yet her aaxampleamzincdexalcyanoopbaliatet catalystanade usiagttest-tiutid midohbband ad
quantified, for exanple, "using thernogravinetric and nass spectral

anal yses. Nisiglogypropyleas) dipl atialndut 4000 rhgleclianaeight hasaly Birdad signdisThe
catal ysts of -the invention can al so be characterized usi ng powder X-ray

di f fracti orgenidredcaicaépadingscathativut 579 and 4igZeangarnts, ehdad s6MewRat RAfr6WEE

d- spaci ngs. For exanple, a zinc hexacyanocobal tate catal yst nade using

tert-butyl ghsleahterd ot Q@sz&@ RF QBYUENTE atigliromb. 3888 tTaARPS). MPhigeul ar

wei ght has two broad signals centered at d-spacings of about 5.75 and 4.82

215301 o BN LAgaryasion o i 868l it

3.76 angstr fraction pattern is _
o 2By BRRE U6 IRhotaicobiffs S BRI RSN 250
2. 54, and 2.28 angstroms.

The invention includes a method for preparing solid DMC catalysts useful for
epoxide polymerization. The method comprises pteparing a DMC catélyst in the
presence of a polyether having a number average molecular weight greater than about
500, wherein the solid DMC catalyst contains from-about 5 to about 80 wt.% of the

_polyether.
| Generally; the method is performed by reacting, in an aqueous solution, a metal
salt (excess) -and a metal cyanide salt in the presence of the polyether and an organic
complexing égent. Enough of the polyether is used to give a solid DMC catalyst thaf
contains from about § to about 80 wt.% of the polyether. Catalysts made usin'g the
method of the invention have enhanced acti‘vity for epoxide polymerization compared
with similar catalysts prepared in the absence of the polyether.

In one preferred method of the invention (ilustrated by Examples 1-3 and 7

below), aqueous solutions of a metal salt (such as zinc chloride) and a metal cyanide



and 2, 28 angstrons. The invention includes a nethod for preparing solid DMC
cat al ysts useful for epoxide polynerization. The nmethod conprises preparing
a: DMC catal yst in the presence of a polyether having a nunmber average

nol ecul'ar wei ght greater than about 5000 wherein the solid DMC catal yst
contains fromabout 5 to about 80 wt.% of the polyether. Generally, the

met hod i's 4F {sRcA™@ siamt hédcyandb RAEeF ArS fifst Ireddted i e“@fe
(excess) and g met alé%tiani de salcy inéytbﬁe p?eser{cer%ﬁfdtﬁ’en g,ol e?ﬁ%‘?@éﬁﬁnan

organi c cgQ i g8siRk- s ks j |i d
DV cat al y oo oRaRnt adepf el Gt BB yihg fert it iobrBBies
Cat al yst s i‘pgs; h « IV Lon act. vi for
epoxi de po yrrfearlﬁas I on mgn%éér}ggs@\{ 'tsh'r%dn'ﬁ Ieg(r%%:%t ﬁg?‘?&ﬁ%gﬂﬁﬁ%ﬁﬂmﬁ ﬁég
absence of _th al he I n e _preferr nhod _af {he .invention
(T st r o Erclig Brada 8L e et el e trfe YRN8 ety hieh i B Bpule sueta
salt (such_as.zinc chlori and a netal cyanid 1Q salt, (such as-
ot ass um MENS Bmpaust Afdn PeeRt fia xaest el salt, weded, A0dARENS! o
or gani ¢ conpl exi .n% a%glr‘l_t (such as tert- bu;}%‘!ln al cohal ). using efficient
m xi ng to $YBRGXIEgadent.elch isdnerrporatad fo same extentiinitie catalyst strustvesss. The
catalyst slurry contains the reaction product of the netal salt and netal
cyani de salt, whheprganic gemplexing-agant gandisinclided miibaiter onboth of theent are
excess netal salt, water, and organic conpl exing agent; each is
i ncor por at agueausssateselutiens, orit cancbe added 4o tha eatalyst slurry immediately following
precipitation of the DMC compound. It is generally preferred to pre-mix the
complexing agent with either aqueous solution, or both, before combining the
reactants.

The aqueous metal salt and metal cyanide salt solutions (or their DMC reaction
product) need to be mixed efficiently with the complexing agent to produce the most
active form of the catalyst. A homogenizer or high-shear stitrer is conveniently used
to achieve efficient mixing. | _ |

The catalyst slurry produced in the first step is then combined with a polyether
having a number average molecular weight greater than 500. This second step is
preferably performed using _!pw-shear mixing. When very efficient mixing is used in
this step, the mixture tends to thicken and coagulate, which complicates isolation of
the catalyst. In addition, the catalyst-often lacks the desired enhanced activity.

Third, a polyether-containing solid catalyst is isolated from the catalyst slurry.

This is accomplished by any convenient means, such as filtration, centrifugation, or the



The orgdani ¢ conpl exi ng agent can be included with either or both of the-
aqueous salt solutions, or it can be added to the catal yst slurry

i mmedi ately follow ng precipitation of the DMC conpound. It is generally
preferred to pre-m x the conplexing agent with either aqueous solution, or
bot h, before conmbining the reactants. The aqueous netal salt and netal
cyanide salt solutions (or their DMC reagti on product) need to be m xed
efficiently with the conpl exing agent to produce the nost active form of
the catal yst. A honpgenizer or high-shear stirrer is conveniently used to
achi eve efjiksci ent m xing. The catalyst slurry produced in the first step is
then conbined with a pol yet her having a nunber average nol ecul ar wei ght

T xing. Vhen vars ErpREEAforbaRand Ee ARk Bef vERfiel Wiflten, BliuBeRIc
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he cat al JEBURES Hemana Catal Sl |araxamith Kottt WiLERGPE tharcrlalystinackad fowed
by a catal esx} aiesr?étarteinsor:/eséf ejefe;rrgibli. \tAtl?esQringgntsttifegrgiafsﬁcugo?:\jpIfaicc)ingr; irgrgxte used in
this aqueous solution is within the range of about 40 wt.% to about 70 wt.%. It is also
preferred to include some polyether in the aqueous solution of organic complexing |
agent. The amount of polyether in the wash. solution is preferably within the range of
about 2 wt.% to about 8 wt.%. including a polyether in the wash step generally
enhances catalyst activity. 0
While a siﬁgle washing step suffices to give a catalyst with enhanced activity, it
is preferred to wash the catalyst moré than once. The subsequent wash can be a
repeat.of the first wash. P_referably. the subsequent wash is non-aqueous, i.e., it
includes only the organic complexing agent or a mixture of the organic complexing
agent and polyether. The advantage of multiple washings on catalyst 'activity is shown
below in Example 7.
After the catalyst has been washed, it is usually preferred to dry it under
‘vacuum (26 in. Hg to about 30 in. Hg) until the _catalyst reaches a constant weight.

The catalyét can be dried at temperatures within the range of about 40°C to about

90°C.



I mpuristies fromthe catalyst, for exanple KCI, that wll render the
catalyst inactive if they are not renoved. Preferably, the anount of-
organi ¢ conpl exi ng agent used in this aqueous solution is within the range
of about 40 wt.%to about 70 wt.% It is also preferred to include sone

pol yether in the aqueous sol ution of organic conplexing agent. The anount
of polyether in the wash solution is p}gferably within the range of about 2

W . %to about fh wsekond préfefiedamathod! ofah iriventiohitnp\aities Hré Per@iovéd frohy the
enhances catal yst activity. Wile a single washing step suffices to give a

cat al yst whtdlyst ARG Pleparativh by-a Hiutioh @éﬁdﬁhﬁﬂeﬁﬁiﬁé@@t%é&@&éﬁ ther e

t han once: The subsequent wash can be a repeat of the first was
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organi c conp Exi ng agent or a~m X e’ organi c conplexi’ng a%
pot yet her Y/ | pl shings on catal yst activity is shown
below in &‘gﬁﬁﬁ@%ﬁ%‘@g@r‘sﬁﬁ%ﬁ@F@‘s“r\aahas been washed, it is usually.
preferred to dry jt under vacuum (26 i 0 about 30 in yntil the
ot alyst reachElsh atRoNs sORHNS ot & el 58 kxresS tnd umatal choife salt ars
tenperatures wi.thin the rang? of about 40[err]C to about 90Q[err]C. = 12 In
a second [Rted inthe,preseace ©f ARLTORDE exingagent ueing sfiicient Mixing @som t he
catal yst’ during rgrepar ation by a dilution nethod that elimnates the need
to wash tGescdkadebeve)dp\rroduge a8 satalystistiyne abargnd. the watalystaluraoissmixedut i on
of conpl exi ng agent.
efficiently with a diluent which comprises an aqueous solution of additional organic
complexing agent. The diluent is used. in an amount effective to s;:lubilize impurities
(i.e., excess reactants, KCl, etc.) in the aqueous phase.

After dilution with aqueous complexing agent, the catalyst slurry is combined
with a polyether having a number average molecular weight greater than about 500. It
is generally preferred to use low-shear mixing in this step. The polyether-containing
solid catalyst is then isolated from the slurry by any convenient means (as described
earlier), including filtration, centrifugation, or the like. After isolation, the catalyst is
preferably washed with additional organic complexing agent or a mixture of additional
polyether and organic complexing agent. This washing step can be accomplished
without the need to reslurry or resuspend the solids in the wash solvent (see Example
6). Finally, a solid DMC catalyst that contains from about 5 to about 80 wt.% of the
polyether is isolated.

The catalysts of the invention have significantly higher activity than DMC

catalysts previously known in the art. In fact, the catalysts of the invention are active



Exanpl’e 6 below illustrates the nethod. First, aqueous solutions of -a netal
salt (excess) and a netal cyanide salt are reacted in the presence of an
organi ¢ conpl exi ng agent using efficient mxing (as descri bed above) to
produce a catalyst slurry. Second, thelgat alyst slurry is mxed efficiently
with a diluent which conprises an aqueOus sol ution of additional organic

conpl exi ngerﬂﬂrgntto allow Wielrueset ati very sevd chtalysh conterittatieht esidhvas £s ppai 8pj bze .
inpurities (i.e., excess reactants, KC, etc.) in the aqueous phase..
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with a pol yet her having a nunber average nol ecul'ar wei dght greater than
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such as 25 ppm or
catalysts in the polyo( is an important advantage because at present, all manufactured

1'“'[

polyether polyols (most of which are made using KOH catalysis) require a catalyst
removal stéb.

The following examples merely illustrate the invention. Those skilled in the art
will recognize many variations that are within the spirit of the invention an& scope of
the claims. '

Example 1

Catalyst Preparation. | Potassium hexacyanocobaltate (8.0 g) is dissolved in
deionized (DI) water (140 ml;) in a beaker (Solution 1). Zinc chloride (25 g) is
dissolved in DI water (40 mL) in a second beaker (Solhtion 2). A third beaker contains
Solution 3: a mixture of DIl water (200 mL). tert-butyl alcohol (2 mL), and polyol (2 g of
a 4000 mol. wt. poly(oxypropylene) diol prepared via double metal cyanide catalysis

using the method of Comparative Example 4).



(see E)'tarrpl e 8 below). At such | ow catalyst levels, the catalyst can often
be left in the polyether polyol product w thout an adverse inpact on
product quality. For exanple, the anpbunt of residual Zn and Co in the

pol yol from a zinc hexacyanocobaltate catal yst of the invention can be

wi thin product specifications (< 5 ppm aach) before any purification of the
pol yol . VWhen higher product purity is needed, a sinple filtration is

usual |y adequaBelutigns draRd 2:are mixed tegetherusing @hemogenizern nimmediatsaly.a
product; the catal yst appears to be heterogeneous. The ability to |eave

these cat 50456 (byivelume) ptixtyes of tertbbutyalcoh mndaabwate&gaoﬁwatma) is agded tont |
all manufactured pol yether polyols (nost of which are nmade usi ng KCH

-cat al ysi sthe eigoihexaeyaradcabaltatermixtura) and dpe piddect sl hamogenized fqrl Hsmirer el vy
illustrate the invention. Those skilled in‘the art will recognize nmany

vari ations thaSoRhition' (the polyut/waitérteit-tityl taleohioh wiixture)ris aidded 2o ite auédss
clainms. Exanple 1 Catalyst Preparation. Potassium hexacyanocobaltate (8.0

9) is di sgpinyest Zifc ﬁékﬁyah%%ﬁﬂdte Vérethd produdlis stifred ragh&ticallyprory han. 1) -

Zinc chloridé (25 g) is'dissolved in D1 water (40 nL) in a second beaker
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additional 4000 mol. wt. poly(oxypropylene) c_iiol (2.0 g), and the mixture is
homogenized for 10 min. and filtered as described above.

i The solid cake is reslurried in tert-butyl alcohol (200 mL) and additional 4000
mol. wt. poly(oxypropylene) diol (1.0 g), homogehized for 10 min and filtered. The
resulting solid catalyst is dried under vacuum at 50°C (30 in. Hg) to constant weight.
The yield of dry, powdery catalyst is 10.7 g. .

Elemental, thermogravimetric, and mass spectral analyses of the solid catalyst

show: polyol = 21.5 wt.%; tert-butyl alcohol = 7.0 wt.%; cobalt = 11.5 wt.%.

A sample of

the catalyst prepared as described above is used to prepare a polyether triol having a
hydroxyl number of about 30 mg KOH/g as follows.

A one-liter stirred reactor is charged with 70 g of # 700 mol. wt. poly-
(oxypropylene) triol starter polyol and 0.057 g of the zinc hexacyanocobaltate/tert-butyl
alcohol/polyether poly;:l catalyst (100 ppm of catalyst in the final polyol product). The

mixture is stirred and heated to 105°C under vacuum to remove traces of residual



Solutiéns 1 and 2 are m xed together using a honpgenizer. Imediately, .a
50/ 50 (by volunme) m xture of tert-butyl alcohol and DI water (200 nL total)
i s added to the zinc hexacyanocobaltate m xture, and the product is
honogeni zed for 10 mn. Solution 3 (the polyol/water/tert-butyl al cohol

m xture) is added to the aqueous slurry of zinc hexacyanocobaltate, and the
product is stirred magnetically for 3 mn. The mxture is filtered under
pressure through a 5-[errImfilter to isblate the solids. The.solid cake is

reslurried in tert-butyl al ¢cph (,140 ni), ter (.60 ), and addijtional
2000 ol wt WaE R ERYEPe e 10N Bi0) (rhdred to B Feadar. aiithe Bréssire i the
honogeni zed for 10 m n. aqucf filtered as descriped above. The solid cake is
reslurried i feacer isipgrepsed framoracuymaoabpubh @sigey AR Ascrleralashdropdn reagtor
pol y(oxypropyl ene) diol (1.0 g), honogenized for 10 mn., and filtered. The
resul ting solfressesR PR pceursdpdicating that thecatalysthassicome astivated; Aftarg) to
constant wei ght. The éi eld of dry  powdery catalyst is 10.7 g. Elenental,
t her nogr avi matitiation ¢fiihe eatalyst ieverfied. additignal propylengcoxida (ajtotal 0h69R Q) éhow:
polyol = 21.5 wt.% tert-butyl alcohol = 7.0 wt.% cobalt = 11.5 wt.%
Pol yet her polagged & the wagtorie sinintaethe spacien pregstre at about 10 psigsanpl e
of the catalyst prepared as described above is used to prepare a polyether
trial having a hydheagtivinueithis eatalyslomeaswegdroruiipesiape phrIRAsonversinr vsi t er
stirred reactor is charged with 70 g of a 700 nol. wt. poly- (oxypropylene)
triol starterinppipbat i ategpegtpaintdsee Figure A dfoma sampleplebbisi 3.3t kg PO pebgia
al cohol / pol yet her pol-yol catal yst: (10(r)ﬁ&p_m of catalyst in the final polyol
product). Thefeokaltper minute. After thenBOradsition is somplsterthe ceagtion mixtaeaistheld at
renove traces of residual '

105°C until a constant pressure is obtained, which indicates that PO conversion is

complete. The mixture is vacuum stripped at 60°C for 0.5 h to remove any traces of
unreacted PO from the reactqr. The product is cooled and recovered. The prﬁduct is
- a poly(oxypropylene) triol having a hydroxyl number of 29.8 mg KOH/g and an
unsaturation of 0;0055 meqg/g. .
| Example 2

Catalyst preparation. A one-gallon glass pressure reactor is charged with a
solution of potassium hexacyanocobaltate (40 g) in DI water (700 mL) (Solution 1).

Zinc chloride (125 g) is dissolved in a beaker with DI water (200 mL) (Solution 2).
“Tert-butyl alcohol (500 mLS is dissolved in a beéker with DI water (500 ml.') (Solution
3). A fourth mixture (Solution 4) is prepared by suspending a 4000 mol. wt,
poly(oxypropylene) diol (60 g, same as is used in Example 1) in DI water (1000 mL)

and tert-butyl alcohol (10 mL).



15 water. Propylene oxide (PO (10 g) is added to the reactor, and the
pressure in the reactor is increased fromvacuumto about 4 psig. An
accel erated drop in reactor pressure soon occurs, indicating that the
catal yst has becone activated. After initiation of the catalyst is .
verified, additional propylene oxide (a total of 500 g) is added slowy to
the reactor to maintain the reactor prdésure at about 10, psig. The activity
of this catalyst, nmeasured fromthe slope of a PO conversion vs. tine plot
at its steepest point (see Figure 1 for a sanple plot), is 3.31 kg PO per
gram of cobal t lutignsul @nd & awer camfingsbwitl gtitringrat 300pRpolewed immediataly i on
m xture is held at 105[err]C until a constant pressure is obtained, which
i ndi cat es t byslomcaddition: ok Belutior 3derthe cesultingr@inghexagyaneeobaliateunixtire Thed at
60[err]C for 0.5 h.,to renove any traces of unreacted PO fromthe react.or.
The pr oduct sfirsing satieds inareasastiovdN0pm, Bind the saligire Issstisreddby 2 dwatpoomy | ene)
triol having a hydroxyl nunber of 29.8 ng KOH g and an unsaturation of
0. 0055 neq/ temieratupe.c TheGlirtirigyrate isrreduced 100300 wnyrandy@olution ¢lisadded.eThear e
reactor is charged with a solution of potassium hexacyanocobaltate (40 g)
in DI wat er p{odot islixe@dons imin., and igfikered indel presgureasydescabel ksBxamplein a
beaker with DI water (200 m.) (Solution 2). Tert-butyl alcohol (500 nm.) is
di ssol ved i to isoladen khex solid ¢atélystinaA portiohGl this catadysit (CatalysBA) islsdt astdelforuzé ur e
(Solution 4) is prepared by suspending a 4000 nol. wt, poly(oxypropyl ene)
di ol (60 g, icErample 7 o sbew thenintpaxtpf washing onRiatalpstectivib000 nl) and
tert-butyl alcohol (10 niL). .

The rest of the solids are reslunried in tert-butyl alcohol (700 mL) and DI water

(300 mL), and stirred at 900 rpm for 2 h. The stirring rate is reduced to 300 rpm, and
60 g of the 4000 moi. wt. poly(o_xypropylerie) diol is added. The mixture is stirred for 5
min., and is filtered as described above.

The solids are reslurried in tert-butyl alcohol (1000 mL) and stirred at 900 rpm
for 2 h. The stirring rate is reduced to 300 rpm, and 30 g of the 4000 mol. wt.
poly(oxypropylene) diol is addeﬁ_. The mixture is stirred for 5 min., and is filtered as
described above. The resulting solid éatalyst is dried under vacuum at 50°C (30 in.
Hg) to constant weight. The catalyst is easily crushed to a fine, dry powder.

'Elemental, t_hermq_gravimgtric. and mass spectral analyses of the solid catalyst

show: polyol = 45.8 wt.%; tert-butyl alcohol = 7.4 wt.%; cobalt = 6.9 wt.%.

ivity. A sample of
thé catalyst prepared as described in this example is used to prepare a polyether triol
having a hydroxyl number of about 30 mg KOH/g by the method of Example 1. The

activity of the catalyst, measured as described in Example 1, is 6.69 kg PO per gram



16 Solutions 1 and 2 are conbined with stirring at 300 rpm fol | owed

I mredi ately by slow addition of Solution 3 to the -resulting zinc
hexacyanocobaltate mixture. The stirring rate is increased to 900 rpm and
the mxture is stirred for 2 h at roomgenperature. The stirring rate is
reduced to 300 rpm and Solution 4 is added. The product is mxed for 5

The sol1d CAcapsf per HOIEE, TS BRSUCP 18 pORREPRACVb AR MBI Maliog a el 3.

for use in S | yst activity.
The rest o e solalgd{s e reélhaﬁ"rdrg'ggﬁ%aﬁ aﬂ% %‘dq‘gp@ lnﬁ@tﬁ{@ (700 nL) and D
water (300 nmL), and stirred at 900rpméor ﬁ 5 The stirring rate is
reduced to 300 rpm and 60 g of the 40 pol y(oxypropyl ene) di ol

I s added. The m xture [s stirred_for 5 f.iltered as descri bed
above. The sol i Mﬁh@m The, praadugi ol EXamela,d1s (alsuearaycenihat the
stirred at 900 rpm for . The stirring rate is _reduced to 300 rpm and 30
g of the 46®90mpl. WWW&VP&W@%@H@)"*M&E" with 213000 malewhi xt ure i s
stirred for 5 mn., and is filtered as described above. The resulting solid
catal yst i paii(peypropene) diol: (alsamaaiy using double matal igyanide catalysis)nt wei ght .
The catalyst is easily crushed to a fine, dry powder. Elenental,

t her mogr avi met r ilemental nﬂaeanegwtmethcamd WEES spiectrabasaiyse!s obhelsmiﬁ catalyst
pol yol 45.8 wt.% tert-butyl alcohol = 7.4 wt.% cobalt .= 6.9 m.%

Pol yet her Reblow | p6lyol 5265 waPs} tarttsutyleateatiol ef 3. Qaw%yebbalcEIMOyvt%\ sanpl e
of the catalyst prepared as descrl bed in this exanple is used to prepare a

pol yether triol PrhvatRe fitvOYA od
of Exanple- 1. The TsQPndi@Eh

the catalyst prepared as described in this example is used to prepare a polyether triol

having a hydroxyl number of about 30 mg KOH/g by the method of Example 1. _The
activity of the catalyst, measured as described in Example 1, is 2.34 kg PO pef gram
of cobalt per minute. The product is a poly(oxypropylene) triol having a hydroxyl
number of 30.8 mg KOH/g and an unsaturation of 0.0037 meqg/g.
Comparative Example 4

This example shows the 'preparation of a zinc hexacyanocobaltate catalyst
using tert-butyl alcohol as a complexing agent, but leaving out the polyether polyol
from the catalyst preparation. | | |

Catalyst Proparation, Potassium hexacyanocobaltate (24 g) is dissolved in DI
water (450 mL) in a beaker (Solution 1). Zinc chloride (60 g) is dissolved in DI water
(90 mL) in a second beaker (Solution 2). Solutions 1 and 2 are combined using a

homogenizer for mixing. Immediately thereafter, a mixture of tert-butyl alcohol and



activity of the catal yst, neasured as described in Exanple 1, is 6.69 kg PO
per gram 17 of cobalt per mnute. The product is a pol y(oxypropyl'ene)
triol having a hydroxyl nunber of 29.1 ng KOH/ g and an unsaturation of
0.0042 meqg/ g. Exanple 3 Catal yst Pr eparal ion. The procedure of Exanple 1 is
fol |l oned, except that the 4000 nol. %ol y(oxypropyl ene) diol is replaced

wth a 2000 nmol_. W . (oxypro Iene) di al so, made usi ng doubl e net al
cyani de c%&ﬁf%@@f) by E'H\éPﬁ é?yop ﬁﬂ@\"h’\/@‘?ﬁﬁé ignd therepulting §g&§6‘t‘§al
anal yses. of the solid catal yst show polyol = 26.5 m.% tert-butyl al cohol

3.2 w . hpmogbaizedfon 10 anink . The sluryds nentrqﬁéqualand;ﬂheﬂaykkpman i decantednt
of catal yst activity. A sanple of the catal yst prepared as described in

t hi s exanfthe sotids aeal resiugiedinraemixtpel ofctettebutylralodhdi andngater (30I80 byl voturreer
of about 30 ng KOH g by the nethod of Exanple 1. The activity of the

cat al yst, gopanly, addapistabaurelds homodentisd for 10 min. 2arti tHen d¥ntiagedanth of
cobalt per mnute. The product is a pol y(oxypropyl ene) triol having a

hydr oxy! Béaﬁ%d‘ﬁs déscFibel M&o%a@hé%ﬂ&@éélﬂ@ %@s&ﬂ%@rﬂ‘?ﬂélgmed in

Conpar ati ve Exanple 4 This exanple shows the preparation of a zinc

hexacyanoqagal {a. ﬁg&gg%g%@pap@%%tma%% udié ﬂgﬁog@ﬁcz@d%nnwt) Ghng agent,

but | eaving ou fromthe cata preparation.

Sralyst ChRfiigYd, Yha EiRrad. ThlB6R6 LARRRRTE ihigl % wac%m Svél &REY8E ik,

Hg) to constant weight..

Elemental, thennogravimetric; and mass spectral analyses of the solid catal{;st
show: tert-butyl alcohol = 14.1 wt.%; cobalt = 12.5 wt.%; (polyol = 0 wt.%).
Polyether polyol synthesis and measurement of catalyst activity. A sample. of the
catalyst prepared as described in this examp]e is used to prepare a polyéther triol
having a hydroxyl number of about 30 mg KOH/g by the method of Example 1. The
activity of the catalyst, measured as d__escribed in Example 1, is 1.75 kg PO per gram
of cobalt per minute. The product is a poly(oxypropylene) triol having a hydroxyl
number of 29.8 mg KOH/g and an unsaturation of 0.0052 meq/g.

The resuits of this examp(e demonstrate that a zinc hexacyanocobaitate catalyst
made with tert-butyl alcohol as a complexing agent is less active as an_epoxude
polymerization catalyst when a polyether polyol is not included in the catalyst

preparation.



water (450 ml) In a beaker (Solution 1). Zinc chloride (60 g) is dissolved
in D water (90 nmL.) in a second beaker (Solution 2). Solutions 1 and 2 are
conbi ned using a honogeni zer for nixing. Imediately thereafter, a mxture
of tert-butyl alcohol and 18 wat er (53/ 50 by volune, 600 nL) is slowy

added, and the resulting slurry is honog Aized for 10 min. The slurry is

centrifuged, and the |iquid port iGComparatier Exaemle Fhe solids are reslurried
in a mxture of tert-butyl al cohol and water (70/30 by volune, 600 nL), and

this mxture i Thiwexgaplezstbwsothelithpachof omitting e oRpINiG béma@dingrgbgﬁgﬁ.gg

as descri bed above to I1solate the washed solids. The solids ar

in 100%t ' j ' f 10

e centiy Mol kemtAG pripetatied of 3¥ind RoxByBhutSudiRis BARHREOERD 11,
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t her nogravi netric, spe yses o he solplot!yoé'at al yst show.
tert-butyl alc = % = % D al .= 0 . 9.
Pol yet he?/ pol y SLpte ¢ ‘?ré%g%b@n%?ﬁa%ﬁn%qbﬂ?ge fga%[gb i ?‘?.sg&eg/%ﬁ‘rpl e
of the catgl. s described in Iy Sps EX e is,used to prepare a
pol yet her tf‘eﬁrﬁ%e@g@ﬁ%ﬁgr ﬂ@‘ r@ggfn %&%‘g?r {#"‘Z‘!%Lm%'“ Wdzg)g)ﬁﬁepnet hod
of Exanple,l. The, I Vit f the catalyst, ,nmegsured described in
Exampl e 1. dissonvetbin Rwplsr(af mbiR & Sechitheate Selulian 3. s eanker costains

ol y(oxypr llene) trjol having a hydroxyl nunber of 29.8 KOH g and an
5nsg§urgltoi§fﬁx'éﬁ“ @? Bamixture of P viater ﬁ%&ﬂ"!-iaaa %@ @ g0 éﬂM-swgate t hat
a zinc hexacyanocobal tate catal yst

: poly(oxypropylene) diol prepdred via double metal cyanide catalysis using the method

of Comparative Example 4).

. Solutions 1 and 2 are mix_ed together using a homogenizer. lmmediately
thereafter, Solution 3 (ihe water/polyol mixfu're) is slowly added, and the combiried
mixture is homogenized for 10 min. The mixture is filtered under pressure through a
5-pm filter to isolate the solids. The solids are reslurried in a mixture of Dl water (200
mL) and the same polyol (2.0 g), the mixture is homogenized for 10 min., and the

_solids are again isolated by filtration. The solids are reslurred in a rﬁixture of DI water
(200 mL) and the same polyol (1.0 g), the mixture is homogenized for 10 min., and the
solids are again isolated by filtration. The solid catalyst is dried in a vacuum oven
(50°C, 30 in. Hg) to constant weight.

. Elemental. thermogravimetric, and mass spectral analyses of the solid catalyst

show: polyol = 61.7 wt.%; cobalt = 7.0 wt.%,; (tett-butyl alcohol = 0 wt.%).



made wi*th tert-butyl al cohol as a conplexing agent is |l ess active as an
epoxi de pol ynerization catal yst when a polyether polyol is not included in
the catal yst preparation. 19 Conparative Exanple 5 This exanpl e shows
the inpact of omtting the organic conpl8xing agent (tert- butyl alcohol)
from the prepayghs@fonintofiiatalyteactivid N TRE Raldipstas Gt aktivd WHEn tt@éted "15'“&

I nventi on, '.e., preparing the catalyst 1n the presence of only a poly

Cat al yst Wa&c{%gqﬁs%%nagﬁacyanocobal tate (8.0 ¢9g) is d| ssol ved in

dei oni zed a beaker (Solution 1). Zinc chloride (25

Phi ra beaker - comeaRmi b gt 6 RRPRPS BiTLarepBbl B8 bréendsist o
Cyani de caicampPEna adspt B adaoN 3ot pebfhar sompbnah e cnPieing aask b1

and 2 are m xed together using a honpgeni zer | medi ately thereafter,
Sol uti on 9mitteth %ﬂ@ﬁ?“tﬁ)%@!‘ﬁ%ﬁﬁ‘ﬂ\%) is slowy added, and the conbi ned
m xture is hom)genl zed for 10 mn _The m xture is f||tered under pressure
t hrough a 5-Exanapl lermnovah oh impuritiesdudng: Catalyst Aratia

m xture of D water (200 m_) and t he sane poI yol (2. 0 g) t he mxture S
honogeni zed f oThislexample showvs & method fior mapamarDMQ)catalydt imywhich timpufithes
The solids are reslurred in a mxture of D water (200 nL) and the sane
pol yol (lafe gamovdddutivg preparatitve bygediutiod rhethotl) Thendilutiondelininates the need

for washing an isolated polyether-containing catalyst with an aqueous solution of
organic complexing agent. _

Potassium hexacyanocobaltate (40 g) is dissolved in Di water (700 mL) in a
one-gallon glass pressure reéctor (Solution 1). A solution of zinc chloride (125 g) in D!
water (200 mL) is prep_ared in a beaker (Solution 2). A mixture of tert-butyl alcohol
(500 mL) and water {500 mL) is prepared in another beaker (Solution 3). Solution 2 is
added to Solution 1 in the glass reactor with stirting at 300 pm. This is immediately
followed by a slow addition of Solution 3 to the reactor. The stining rate is iﬁcreased
to 900 rpm, and the mixture is arllowed to stir for 2 h at room temperature.

The reaction mixture is diluted with a mixture of tert-butyl alcohol r700 mL) and
Dl water (300 mL), and mixing continues for another hour at 500 rpm.

One portion (1200 mL) of the catal)rst slurry is collected in a beaker, and 30 g
of 4000 mol. wt. poly(oxypropylene) diol is added and mixed for 5 min. using a stirring

bar. The product is filtered using a centrifuge through 5 pm filter paper. Before the



solids<are again isolated by filtration. The solid catalyst is dried.in a
vacuum oven (50[err]C, 30 in. Hg) to constant weight. El enental,

t hernogravi metric, and nass spectral -anal yses of the solid catal yst show
polyol = 61.7 wt.% cobalt = 7.0 wt.% (tgrt-butyl alcohol =0 wt.%. 20
Measur enent, of catal yst activity. The catalyst is not active when tested
usi ng t he fiterlcake desomidseditm, additional wrttbutfinaleotwoldsappliet tothat cakepantihe need
to prepare the catalyst in the presence of a conplexing agent in addition

to the pol fiigbdigi costiru@Baitil compldtione OTHY Salid'eatalyehis mét resiubriediin the washti ve .
catal yst results. Exanple 6. Renoval of Inpurities During Catalyst

Prepar at i ogslufidd, UThe zaldijdtas dfiblisn @xaBlLm SWaEt S0°C 130/ (HY) 16 Esﬁéta'hpg a

DMC cat al yst i n which |rrpur|t|es are renmoved during prepa ion
di lution e, d | ted
pol yet her - co@ﬂgl IFES"%& s %s@ b@sgﬁa gé Ee‘}c%uas lﬁ§§1 ﬂ o&gaaltﬁgs O? mea

conpl exi ng

vater 7oA %h‘gv?%?ﬁo}din §§W‘Z§i’%f§§%%8péact 8# v@a 4R Vﬁ% woe.

125
o °Csoft PR b o bfiocdobly B vt RS SR A i dap e ot
CoP%: o R bhas g Rl hmons bt B3N GHchit 35 entorst 85588
i medi ately followed by a slow addition of Solution 3 to the reactor. The -
stirring r@e@&ga.s increased

A second'portion of the catalyst slurry (800 mL) is collected from the reactor
into a beaker. Thé product is filtered without adding polyol. Before the filter cake
becomes firm, additional tert-butyl alcohol (1 00 th) is applied to the cake, and
filtration continues until completion. The product is dried as déséribed above. This
catalyst, which contains 9.8 wt.% cobalt-and 12.9 wt.% tert-butyl alcohol (0 wt.%
polyol), has a measured activity of 1.99 kg PO/g Co/min, and gives a polyether triol
product having a hydroxyl number of about 30 mg KOH/g and an unsaturation of
0.0104 meq/g.

Example 6 also shows, in a single example, the advantage of including a
polyether polyol in the catalyst preparation: catalyst activity more than doubles and
unsatﬁration of the polyol product is substantially reduced as a result of preparing the

catalyst in the presence of a polyether potyol.



to 900 rpm and the mxture is allowed to stir for 2 h at roomtenperature.
The reaction mxture is diluted with a mxture of tert-butyl alcohol (700
m.) and D1 water (300 ni), and m xi ng continues for another hour at 500
rpm One portion (1200 nm.) of the catalyst slurry is collected in a beaker,
and 30 g of 4000 nol. wt. poly(oxypropylene) diol is added and m xed for 5
mn. using a stirring bar. The product ?€ filtered using a centrifuge .
through 5 pmfilter paper. Before the 21 filter cake becones firm
additional tert-butyl alcohol is applied to the cake, and filtration
continues until conpletign. The solid catalyst is not reslurried in the
wash sol ution. The cat al 52S L1c e NGRS ARUSLACtNEY er r ] C, 30 in
(Hg) to constant_weight. The catalyst is easily crushed to gi ve a fine, dry
powder. Anal ysi Catnlysh8 (afemnje of uRwashedzing exacygrogphplatepbtained iput v

al cohol = 1.7 wt.% cobalt = 4.9 wt.% The catalyst has a neasured activity
of 4.73 kg ExampleR)is wsed te eyrivate the ippaatiaf washingorn palalystactivity.dMWhen
nunber of about 30 ng KOH g and an unsaturation of 0.0059 nmeq/g. A second
portion of testedfer actdly uging the methedal Exampia 1| Gatalitst A (Rwashed) dsitaupd tont o
a beaker. The product is filtered without adding polyol. Before the filter
cake beconebe tpmpletelydnactivadpwaisk propylene 0&!F‘@(ﬂ¢!M“‘Q"F@§°‘FFL) is applied to the
cake, and filtration continues until conpletion. The product is dried as
descri bed above.A®ample af Geiplyst Avsiwashed onge withoargaqueousdvixture cantdiniryy 9

w'. %tert-butyl alcohol SO w . % pol yol ), has a neasured activity of 1.99 kg
PQ g Co/ m n70%nef tgitshedyl algahio) e The samplepis dried under vacuum, and activity is measured

w

—~ @

as in Example 1. The catalyst actively polymerizes propylene oxide at a rate of 13.2 g
PO/min. A polyether triol made from this catalyst has a hydroxyl number of 30.0 mg
KOH/g, an unsaturation of 0.0040 mea/g. '

Another sampie of Catalyst A is washed once with-an aqueous mixture
containing 70% of tert-butyl alcohol, and is washed a second time with 100% tert-butyl
alcohol. The sample is dried under vacuum, and the activity is measured. The rate of
polymerization is 26.3 g PO/min. .A polyether triol made from this catalyst has a
hydroxyl number of 29.i mg .KOH/g. an unsaturation of 0.0042 meqg/g.

This example demonstrates that a washing step may be needed to give an
active catalyst. t also shows that muiltiple washing /steps can give a more active

catalyst.

This example shows that catalysts of the invention are active enough to enable
the preparation of polyether polyols using low catalyst concentrations. This effectively

~eliminates the need for catalyst removal for many polyol end uses.



product having a hydroxyl nunber of about 30 ng KOH g and an unsaturation
of 0.0104 neqg/g. Exanple 6 also shows, in a single exanple, the advantage
of* including a polyether polyol in the catalyst preparation: catalyst
activity nore than doubl es and unsaturati on of the polyol product is
substantially reduced as a result of eparing the catalyst in the presence
of a pol yether polyol. 22 Exanple 7. Effect of Washing on Catal yst
Activity Catalyst A (a sanple of unwashed. zi nc hexacyanocobal ate obt ai ned
in Exanpl e 2)Aisangle®fitae satalysirrepdrediixample Tvadisedg lora amd-iley $éactor
activity. Wen tested for activity using the nethod of Exanple 1, Catal yst
A (unwas feggijpped dsodescribediie Exampleticioy pplyat syntbesispad@smolpwt.ene oxi de

pol ynmeri zation. A sanple of Catalyst A is washed once with an aqueous

m xture quaiy(ekypropy!@ds) dibl (reade bonyentiahalyhisbm Fropyleasn]ireol, KOKi §dq4under
vacuum and activity is neasured as in Exanple 1. The catal yst ac‘tjively

pol yner i zrepylemPBkiciel (500 gpisapresactivhtedity SGmBinihd WIS AtBY i ol
made fromthis catal yst has a hydroxyl nunber of 30.0 ng K % o &%ib8

: . X ' hed
unsat ur at(7gmy)oind 2004pRAATT dYuitthe Izln%amheyéﬁo@hﬁét\aéflénfﬁuiﬁ a‘g%zloﬁgo&@g €

W th an aqueous m xture containing 70% of tert-butyl cohol”, hed

Vacaum AT ey e e arm el oo et At WERhe, 5
PO nin. AgR Heldaehyst hd b8BsiRe farcﬂ%,téﬂcﬁthé?érabyléﬁe ARiPhas completely reacted
to produce a pre-activated diol initiator.
The pre-activated diol initiator (550 g) is then transferred to a 2-galion reactor
equipped as in Example 1, and propylene oxide (3850 g) is added to it over a 2-hour
interval at 105°C. The catalyst concentration at the end of the polymerization is .25
ppm. The mixture .is vacuum stripped at 80°C for 0.5 h to remove any traces of
unreacted PO from the reactor. The product is cooled and recovered. The product is
a poly(oxypropylene) diol hgving a hydroxyl numbe(; of 30.1 mg KOH/g and an
unsaturation of 0.0034 meq/g; Before any catalyst removal is tried, the measured
levels of metéls in the polyol are Zn =7 ppm, Co = 3 ppm.
| aracterizati wder X-ray Diffraction
Table 2 shows typical powder X-ray diffraction results for a number of zinc
hexacyanocobaltate ca@alysts. The X-ray pattem for Comparative Example 5 (a
catalyst made in the presence of polyol, but no tert-butyl alcohol complexing agent)
resembles the pattem for highly crystalline zinq hexacyanocabaltate hydrate, which is

made in the absence of any polyol or organic complexing agent. Both of these



hydr oxyl nunber of 29.1 ng KOH g, an unsaturation of 0.0042 neqg/g. This
exanpl e denonstrates that a washing step may be needed to give an active
catalyst. It also shows that nultiple washing steps can give a nore active
catal yst. Exanple 8. Preparation of a 4K Pol y(oxypropyl ene) Dol Using 25
ppm Cat al yst This exanple shows that c&¢al ysts of the invention are active
enough to enable the preparation of polyether polyols using | ow catal yst
concent r af'¢atalystsTlare ingfctive ttoward epoxide palyserizationeed for catal yst renoval
for many pol yol end uses. 23 A sanple of the catal yst préepared in ,
Exanpl e 1 i s uThd.catalyst ofrthelinventions(Exampleed))iwhiehl immadiasinrthé presenceafnpl e
1 for polyol synthesis, a 425 nol. w. poly(oxypropyl ene) diol (mde

convent i obatH terf-baty BlcoRBI & pBlysk, @xhibiterd bivad sﬂ?mﬁt%ﬁ-sﬁébﬂg)ot‘@?@ g) is
pre-activated by conmbining it with 15 wt. % propylene oxide (75 g), and 200

ppm (0. 115n§35tr9rfns.|t hnwlig E%Sh%;wﬁgwﬁmé éétsiygﬁmabdgwﬁ @-ggg%@ggv it no

cat al yst of "Exanpl e i's heated’to a

oxi de ﬁés\“?!ffs (Efipardtle EEAL), i U ERalel Ybof el ﬁ??%‘%?%?. The
L AT O S By,
end of thé’%?%ﬁmﬁ'gt%g}r‘ﬁ L‘i Sr%ﬁmgeﬁfﬂﬂag iys vacuum stri pped at
80[err]C for 0.5 h to renove any traces of

The preceding examples are meant only as illustrations. The following claims

define the scope of the invention.



unreacted Pqg fromthe reactor. The product is cooled and recovered. The
product is a poly(oxypropyl ene) diol having a hydroxyl nunmber of 30.1 ny
KOH g and an unsaturation of 0.0034 neq/g. Before any catal yst renpval is
tried, the neasured levels of netals in the polyol are Zn = 7 ppm Co = 3
ppm Catal yst Characterization by Powder X-ray Diffraction Table 2 shows
typi cal powder X-ray diffraction resul4® for a nunber of zinc _
hexacyanocobal tate catal ysts. The X-ray pattern for Conparative Exanple 5
(a catalyst made in the presence of polyol, but no tert-butyl alcohol

conpl exing a puy C C
hexacyanocobgl tate hydyate, @hikh is| made|lin the abkence}of any p#l yol or
or gani ¢ conplilexi ng agent . Bafh f these 24 tatal ysts"|are inacyive
t owar d epoxi de pol yner§ zati . chigpl yptyof { @he | nventi le 1),
‘which is nadg 4 rgence of ghothgert gput yigal fohol I,
exhibits a brfogg si t & d- Ci ngo,-of s 75 @gsjronsy This. signal is
absent from tlhagcataly ma th tprt-butyl hlcohpl bul no pol ygl
(Conparative “ stWile fhe cpatal ypts of both Exagples 1 agjd C4
actively pol | ene okide,|the tatal st de With both §ert-butyl
al cohol and le 1) has hjgher|actiyity {see Table 1). |The
precedi ng ex anggonly as}illuptratjons.|The 1ol |l owi ngjcl ai ns
define the sdofg nvanati pn.
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[ERR] FERR] 25 [err] 26 Table 2. DMC Catal yst Characterization by X-Ray

Diffraction X-Ray Diffraction Pattern (d-spacings, angstrons)' Ex Catalyst
# content ' 5.75 5. 07 4.82 3.76 3.59 2.54 2.28 (br) (s)
(br) (s) (s) (s) - Cryst. absent X absent absent
X X C5 Polyol, absent X absent absent X X
X but no 4 TBA, absent absent X X absent absent absent
but no polyol[err] 1 TBA & X 28bsent X X absent absent

absent polyol[err]

Table 2. DMC Catalyst Characterization by X-Ray Diffraction

X-Ray Diffraction Pattemn
(d-spacings, angstroms)'
Ex | Catalyst . .
# | content I o5 | s07 | 482 | 376 | 350 | 254 | 228
- (br) (s) (br) (s) (s) (s)
— | Cryst. |absent| X |absent|absent| X X X
Zn-Co?
C5 | Polyol, |absent| X ' |absent|absent| X X X
but no
TBA?
C4| TBA, |absent]absent| X X | absent | absent | absent
but no
polyoPl
1] TBA& X absent X X absent | absent | absent
polyol®

X = X-ray diffraction line present; (br) = broad band; (s) = sharp line.

Samples were analyzed by X-ray diffraction using monochromatized CuKe, ]
radiation { A = 1.54059 A). A Seimens D500 Kristalloflex diffractometer .

powered at 40 kV and 30 mA was operated in a step scan mode of 0.02° 20
with a counting time of 2 seconds/step. Divergence slits of 1° in conjunction
with monochrometer and detector apertures of 0.05° and 0.15° respectively.

Each sample was run from 5°to 70° 20.

! Water of hydration can cause minor variations in measured d-spaéings.
2 Comparative example.
3 Catalyst of the invention.

—_— —




X = X-ray diffraction line present; (br) = broad band; (s) = sharp |ine.
Sanpl es were anal yzed by X-ray diffraction usi ng mnOCh%
radiation ( [err] = 1.54059 A). A Seinmens D500 Kristalloflex

powered at 40 kV and 30 mA was operated in a step scan rrﬂm, m)m[ﬂq’a@m
2[err] with a counting tine of 2 seconds/step. Divergenc '
in conjunction W th nonochroneter and detector apertures of ©.05[err
0.15[err] respectively. Each sanple was run from5[err] to 70[err] 2[err].
[err] Wat erm,dration can cause mnor variations in nmeasured d-spacings.
[err] Conmpa *exanple. [err] Catalyst of the invention. 27 CLAI V5.

1. A solid double netal cyanide (DMC) catal yst useful for epoxide
pol ymeri zation, said catal yst conprising: (a) a doubl e nmetal cyanide

conmpound; (b) - an organic¢c conpleti n agent;  .an from apbout 5 to about
80 wt.% based of- the“é‘ﬁbdrqm@feﬂm" J%f@%&%ﬁ%@ﬂf&ﬁ%&@%

average nol ecul ar wei ght greater t han about 500; wherein the catalyst has
enhanced acpo!vme;azanpneamdumalyet ¢OPrisiRg: on conpar ed with a catal yst
pr epared in the absence of the polyether.
(a} a double metal cyanide compound
(b} an organic complexing agent; and
(c}  from about 5 to about 80 wt.%, based on the amount of catalyst,
of a polyether having a number average molecular weight greater than about
500;
wherein the catalyst has enhanced activity for epoxide polymerization
compared with a catalyst prepared in the absence of the polyether.
2. A catalyst as claimed in claim 1 characterised in that the double
metal cyanide compound is a zinc hexacyanocoﬁaltate.
3. A catalyst as claimed in claim 1 or claim 2 characterised in that the
organic complexing agent is tert-butyl alcohol.
4. A catalyst as claimed in any preceding claim characterised in that the
polyether is a polyether polyol having a number average molecular weight within
the range of about 1000 to about 10,000.
5. A catalyst as claimed in any precedihg claim characterised in that it
contains from about 10 to about 70 wt.% of the polyether.
6. A solid double metal cyanide (DMC) catalyst as claimed in claim 1,
said catalyst comprising:
| (a) a zinc hexacyanocobaltate compound;

(b} tert-butyl aicohol; and



2. A catalyst as clainmed in claim1 characteri sed in that the double netal
cyani de conpound is a zinc hexacyanocobaltate. 3. A catalyst as claimed in
claiml1 or claim?2 characterised in that the organ ﬂmmﬂummmnt S
tert-butyl alcohol. 4. A catalyst as clained in an m

characterised in that the polyether is a polyether polyol* hdvidg & number
average nol ecul ar weight within the rané;!? of about 1000 to about 10, 000. 5.
A catal yst as clainmed in any preceding ¢claimcharacterised in that it

contains from ab f}grtn;zﬁb&.ﬁ% td AbBhit YoQt.op Coad &t\ Qﬁé arrg& arﬁo?(?:lakgygoum €

metal cyani de ( as clalrredlncalm ,

conpri si ng a, Zi an ter al cohol ;
and ofd powtﬁe@@%%fﬁawﬁﬁMg@ﬁ%fai%%@saé@ R RHBIL L on ¢ he
anount of cat al yst,, e havi ng-a nunber average nol ecul ar
wei ght wthl'F?"BﬁeDfr%Pﬂj@ @Oag‘bﬁ 03686 %So about - 5000; wherein the catal yst
has enhanced activity for epoxide polymerization compared with a catalyst
prepared in the awberi® the catalygidiasenhancediagsivity for eppxidainalyreerization ai med

in claim6 having an X-ray diffraction pattern
compared with a catalyst prepared in the absence of the polyether polyol.

7. A catalyst as claimed in claim 6 having an X-ray diffraction pattern
of (d-spacing, angstroms): 5.75 (br), 4.82 (br}, 3.76, and exhibits no
detectable signals corresponding to highly crystalline zinc hexacyanocobaltate ét

. abouf {d-spacing, angstroms): 5.07, 3.59, 2.54, 2.28.

8. A catalyst as claimed in claim 6 or claim 7 having a cobalt content
within the range of about 5 to about 10 wt.%.

9. A catalyst as claimed in any preceding claim characterised in that
the polyether is a poly{oxypropylene) diol having a number average molécular_
weight within the range of about 2000 to about 4000.

10. .A catalyst as claimed in any preceding claim characterised in that it
contains from about 15 to about 60 wt.% of the polyether.

11. A method which comprises preparing a solid double metal cyanide
{DMC) catalyst in the presence of a polyether héving a number average

| molecular weight greater than about 500, wherein the solid DMC catalyst
contains from about 5 to about 80 wt.% of the polyether.

12. A method as claimed in claim 11 characterised in that the polyether
is a polyether polyol having a number average molecular weight within the range

of about 1000 to. about 10,000.



of (d-spacing, angstrons): 5.75 (br), 4.82 (br), 3.76, and
det ect abl e signals corresponding to highly cryst ine zinc

hexacyanocobal tate at about (d- spaci ng, angstrons m‘“ M\lﬂ“54 2. 28.
8. Acatalyst as clained in claim6 or claim?7 hai\“m\ t ent
within the range of about 5 to about 10 wt.% 9. Aatalyst as claired in
any preceding claimcharacterised in tB8t the polyether is a

pol y(oxypropyl ene) diol having a.nunber average nol ecul ar weight within the

range of about 200§ tQnidtAbl A8UBimedin Aamdt1@ YisdradterivediinHat thedpolyether
preceding claimcharacterised in that It contains from about 15 to about 60

% of the |
doub(I)e nmet al QCH lg&[ V&%Y'eﬁe ?VWH &ﬁ%ﬁgggégﬁ eF}?\Sl%[lleﬁ'? l"{1aV| ng a
nunber avera nDIec I an about 500, mhereln the solid
DMC.cat al yst oﬁf‘gfaré* %om%{cggsﬁlfégggt 80 wt.% of the polyether. 12." A
pol yothor pol yol - Ahrethag At B anBaticmee] Lo A SHACIEeRdRge
of ‘about 1000 to about 10, 000, 29 13. A nethod as clainmed in claim12
characteri seﬂ‘ﬁtﬁhemqwatﬁﬂﬁaﬂﬁmc hexacyggpgebaliaitopy| ene) diol having a

number average nol ecul ar weight within the range of about 2000 to about
4000. 15. A method as claimed in any one of claims 11 to 14 charactertsed in

that the DMC catalyst contains from about 15 to about 60 wt.% of the
polyether polyol. |

| 16. A method as claimed in any one of claims 11 to 15 characterised in
that the catalyst is prepared in the presence of an organic complexing agent.

| 17. A method as claimed in claim 16 characterised in that the organic
complexing agent is tert-butyl alcohol.

18. A method as claimed in claim 16 or claim 17 comprising:

{a) reacting aqueous sdlutions of a metal salt (excess) and a metal
cyanide salt in the presence of an organic complexing agent using efftcient
mixing to produce a catalyst slurry;

(b) combining the catalyst slurry with the polyether;

(c) isolating a polyether-containing solid catalyst from the slurry;

(d) washing the polyéther—containing solid catalyst with an aqueous
solution that contains additional organic complexing agent; and

(e} recovering the solid DMC catalyst.

19. A method as claimed in claim 18 characterised in that the aqueous
solution of organic complexing agent in step (d) also includes additional

_ polyether.



14. A method as clainmed in any one of clains 1 1 to-13-characterised-in

that the DMC catal yst is a zinc hexacyanocobal tate. cl ai med
in any one of clainms 1 1 to 14 characterised in th iﬁuﬁm ﬂz{ﬂ@
contains fromabout 15 to about 60 wt.% of the poly

nmet hod as claimed in any one of claimns ,g. 1 to 15 characterised . in that t he
catal yst is prepar ed in the presence of %n .organi ¢ conpl exi ng agent. 17. A

met hod as clainmed in claim16 characterised in that the organic conpl exi ng

17 Compr i sing. (80 " B fiRHiee 25 Biaitholy DT o R B Rl 3. B4t oot Rl
ot cient P bﬁ'&tﬁgbefam %ﬁﬁfss%’&@f%‘at%[v% “%‘iva% AR el A oe gt
Y ?oéfzsnézqy“@;{ng@s WD <Rl b bR Sl
catal yst with an aqueous sol ution that contains addl tional organic
conpl exi ng Af@M: and (e) recovering the solid DMC catalyst. 19. A net hod
as claimed in claim 18 characterised in that the aqueous sol ution of :
organi ¢ conpl exi r&f.agémethod aecigiiedninselainm d Buoreelainol i comaprisipgt yet her .
(a) reacting aqueous solutions of a metal salt (excess) and a métal
cyanide salt in the presence of an organic complexing agent using efficient
mixing to produce a catalyst slurry;
(b) efficiently mixing the catalyst slurry with a diluent which comprises
an aqueous solution of additional organic complexing agent;
{c}) combining the catalyst slurry from step (b) with the polyether;
(d) isolating a polyether-containing catah'/st from the siurry; and
{(e) recovering the solid DMC catalyst.
22. A method as claimed in claim 21 characterised in that, after step (d),
the polyether-containing solid catalyst is washed with additional organic
~ complexing agent or with a mfxture of additionai polyether and organic
complexing agent.
23. A method as claimed in any one of claims 18 to 21 characterised in
that the catalyst s_lurry is combined with the polyether using low-shear mixing.
24. A process for polymerizing an epoxide, said process comprising
reacting an epoxide and a hydroxyl group-containing initiator in the presence of

a catalyst as claimed in any one of claims 1 to 10 or made by a method as

_claimed in any one of claims 11 to 22.



30 20.~A nmethod as clained in claim19 characterised in that step
(d), the washed pol yet her-cont ai ni ng solid cataLys%*rS”ﬁéEﬁgafgLLe; wth
addi tional organic conpl exing agent or with a m “m]m ﬂ and
organi ¢ conpl exi ng agent. 21. A nethod as cl ai rreélem“ | ai m 17
conprising: (a) reacting agqueous solutions of a a csa{t“(excess) and a
netal cyanide salt in the presence of organi ¢ conpl exi ng agent using

efficient mxing to produce a catalyst slurry; (b) efficiently mxing the

catal yst slurry with,a diluent hi 0 e 0

addi tional or gan% rﬂﬂq\é‘?}ﬁﬁﬁbgyéhﬁ]aa% 'gg?ﬁ%%b(‘;%g?ﬂsel?ﬁ%% egll b;%dyo&ﬁér)gy from
step (b) with_the polyether i salatin el her-conpt ai.ni n at,g] yst
fromthe sl &IPS EFU‘ Sl Wégﬁfm)r?ﬁﬁe%ﬂg @%I?HPEA\% Y NG K .C?aZT.S gJ ﬁgt d as
clainmed in claim?21 characterised in that, after step (d), the

pol yet her-contai ning solid catalyst is washed with additional organic

conpl exi ng agent or with a m xture of additional polyether and organic
conpl exi ng agent. 23. A nmethod as clained in any one of clains 18 to 21
characterised in that the catalyst slurry is conbined with the pol yether
usi ng | owshear m xing. 24. A process for polynmerizing an epoxide, said
process conprising reacting an epoxide and a hydroxyl group-containing

initiator in the presence of a catalyst as clained in any one of clains 1
to 10-or made by a nethod as claimed in any one of clainms 11 to 22.



31 25. vA pol yether polyol made using a catal yst as clainmed in any one of
ClaIfTB 1 to 10 or nmade by a nethod as clainmed in any one of clains 11 to
22. 32 HI GHLY ACTI VE DOUBLE METAL CYANI DE CATALYSTS ABSTRACT OF THE

Di SCLOSURE H ghly active double nmetal cyanide (DMC) catalysts are

di scl osed. The catal ysts conprise a DMC conpl ex, and organic conpl exing
agent, and from about 5 to about 80 wt.¥ based on the anount of catal yst,
of a polyether having a nunber average nol ecul ar wei ght greater than about
500. A nethod of preparing the cat al ysts i S aI so di scl osed. The catal ysts
are easy to prepare, HIGHLYAGENVE BOUBLE y CYANIDE CATA , i f
desired, from polyner products. FI GURE 1 Figure 1

ABSTRACT OF THE DISCLOSURE

Highly active double metal cyanide (DMC) catalysts are diéclosed. The
catalysts comprise a DMC complex, and organic complexing agent, and from
about 5 to about 80 wt.%, based on the am.ount of catalyst, of a polyether
having a number average molecular weight greater than about 500. A method
of preparing the catalysts is also disclosed. The catalysts are easy to prepare,
have éxceptional activity, and are readily removed, if desired, from polymer

“products..

FIGURE 1
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