; e3es2; p66748F9: 6: T2; MXCs 2 9 JAN Zommmmﬂw“\HW6 *0~2, ~ PCT/ EP99/ D84/AR 7003

- 1Doubl e netal cyanide catal ysts for i on of polyether polyols
The invention WO ¥EB360 novel doubl e nejglycyani de (DVC) E&THBANYEOHTdr t he
preparation of polyether polyols by polyaddition of al kylene oxides to
starter 5 conpounds containing active hydrogen atons. Doubl e netal cyanide
(DMC) catalysts for the polyaddition of alkylene oxides to starter
conpounds containing active hydrogen atons are known (see, for exanple, US
3 404 109, US 3 829 505, US 3 941 849 and US 5 158 922). The use of those
10 DMC cat al ysts for t]e prapar ion. of polvether n .S gs about in
particular ar merale CAtAbSEOr B¢ PREDaraion o1 K A$T REYUEt her s

havi ng term nal doubl e bonds, so-called nonools, in conmparison with the
conventional preparation of polyether polyols by nmeans of al kali catalysts,
such as al kal i THey ihveniiste selaféh eo podvek tdoable pmktablcyarside ADMCh edtatysts e the
processed to hi gh-&ual ity pol yurethanes el ast oners,

(e.g...15 _foans,
coatings). DMPreRAraions ek pakvethes nalyals byt Belyaddingn of salkylsne Qxides f@ostarter
solution pf a net ?h&@éoﬁtﬂih@aét%h&%@?ﬁ’ﬁto lution of a netal cyanide salt
in the presence orah organie conprex°ligand, for exanple an ether. In a
typi cal catal yst preparation, for exanple, aqueous solutions of zinc
chloride (in excess) and potassi um hexacyanocobaltate are m xed, and

di met hoxyet harfeoybd¢ yretal dysnite ¢RMIC) eatalpsts for thi@obyadgditioni dfrelk)denceaxide toer
Lo o R oS B e AP R 0 ) i)
glyme 25 is_obyqisngs {#Les 3 @b9 ggﬁ,”@‘s%, 9FP340EhdIE8)5 148 990)) Thétudetor thése  US

5 470 813, EP 700 949, EP 743 093, EP 761 708 and WD 97/4008b there are
known DMD)cat dDM<1 eatallysts Hor thy préparatioe offpolyethter pblybnmingssiboutgiarpartiautarp ex

|l igand (al one or in conbination vm'}h a pol ,etrfenrﬂbg P 700 949, 30 EP Z)?l
708, WD 97/ 40088Yoflonsig {f HropostiRft @ tnpfglogwéslﬁi THBABRE HETBRafouble o 9
JAN ?p03 WO O 36, 473 - ether s havi ng.: ] upt e
bonds in the gérocjggg’r gc% F%ﬁr?dEE %glc)fﬁg’et g? B%?A)?\c{)ll gﬂﬁl\glre egdﬁggglélﬁg%u@%%gt ﬁose
DMC cat al yst s potyhtivespdliels i byd nesaho oftdlkati icatalyss, gadty asldilktalio hydregides. oThef

t he al kyl ene oxides with appro&ri ate starter conpounds and increases the

catal yst act i vRolyethes pplyols,pp ebtainsgd capdefracsssad toughanalitypedyurethanes de.2.
avai |l abl ezfurt [.omr t addi 4 i o, yl ene
oxi des tgs appr%%sﬁ?ljg e g";ég’gt egé% gg%%%g'{s?atéﬁ%%hali)%él?‘%nys?%h&el)%ﬁi%gi {ea&?ﬂn léﬂgsed
cat al yst act i viqugouSsohtivpasfadneval salivigh et Ruysis soltida of aauetaldyiahiletsalt ilBy
shortening the_al koxylation tipmes, this |eads to an 10 inprovenent in the
process for priiparaserfepsan ergesic emmien eand, fos erample anethesdp a typiealicatplyshs a
result of the jn sed.actjvity, t C . n_th sed in.such | ow
concentration rf%g%’ﬁ]m %’? %rxélgl é:tiaﬁaéigg? 356%1@; é’)%gzelﬁéi@lgor%gep & ate?(coersls)ofn he
catal yst from gdigssiind GiégicyhsoddBaltdd) Ges nliREESERT uirﬁaﬂol;tglemaﬁé qglyede) Cignthbie

used directly for the preparation of polyurethanes.
20 added to the suspension formed. After filtration and washing of the catalyst with

aqueous glyme solution, an active catalyst of the general formula
Zn,[Co(CN)4], » xZnCl, « yH,O « z glyme
25 is obtained (see, for example, EP 700 949).

From JP 4 145 123, US 5 470 813, EP 700 949, EP 743 093, EP 761 708 and
WO 97/40086 there are known DMC catalysts which, by the use of tert.-butanol as
organic complex ligand (alone or in combination with a polyether (EP 700 949,

30 EP 761 708, WO 97/40086)), further reduce the proportion of monofunctional

ATV
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Surprisingly, it has now been found that DMC catal ysts that contain a3 JAN 2003

pol yal kyl ene %écol sorbitan ester as conplex |igand possess reat |
[

i ncreased act iIWPt4Y/§533@ he preparation of polyether polyol sPFCP Pﬂ&@éﬂa’:} ngly,
the present invention provides a double netal cyanide (DMC) catal yst
containing a) one or nore, preferably one, double netal cyanide
conpound(s), 25 b) one or nore, preferably_one, organic conplex |igand(s)
other than c), and c) one or nore, preferably one, polyal kylene gl ycol
sorbitan ester(s). The catalyst according to the invention may optionally
contain d) water, preferably 30 from1 tqo 10 wt.% and/or el}@one or nore

wat er - sol ubl e pﬁbteﬁler%ha%g tepminab dauble tongds,in th&preparagonj AR Pobyisthenpod®lsi 5336
PCT/ EP99/ 0647%4 r%gv .t Squ[ (f)‘/qth %Sb%?@n%a?al)? W%@(Ls( Iﬂ;lé ?ﬁﬁqctﬁ]gmqrﬁg %gth{;on of

t he doubl e neta e corrpou S se ecte rom
the netals Zn loh el Rhbbundskad! | |
eI MU §pbl§badd1|t_16ﬁ )&éalmc(n{\/)lbf ﬂhb%allk\}/ﬂ)}éh@Sr %dlels )G@uh ﬁmpﬁas\( d\t/a?f)[er %&}%I llir; Sang )

Cr(111). Zn(l lipcregseg the patalgsi(dctiyitand Ni (11) are especially 5 preferred. The
substi tue§1ts X are identical or different, preferably identical, and
represent” an anion, preferably selected fromthe group consisting of

hal i des, hydr eptied@gect 3 hifeAfr@sent %Weﬁﬁ&f%§¢o FHROAY A%l RiBEY bG8 DMC

i socyanat es, isothfocyanates, carboxyl ates, oxal ates and nitrates.

val ue of n i s catalydtsofor Bhe ﬂ(ﬂyﬂaai‘i’,tlcdﬂubhlkylﬁﬁé akldes/mapjﬁoplmﬂ@sﬂandsccm)pdmdi ai ned
in the catal ysts according to the invention are the reaction_products of

wat er - sol ubl e wmlmca@hns&%e)@pmt wnereased; gatalystoachyity| awanm@d s"fﬂht the catalyst
Wat er - sol ubl e t, t I h
cyani de 15 co lc(inoigr& hgtpe J"er% Iy Ha%éle% ﬁepglﬁg’g{lgﬁd T oF rru1 a quﬁn%%

wherein Mis smbﬁ%ﬁféntf rxpﬂibtﬂieceaew I;)olydﬁee(r o)yolé\"n{ tdn)ns dffchhomy.
Co(ll), Sn(II) Pb(I'l), Fe(lll), I\/b(l I\/bVI (III , M(V), V(IV),
Sr(ll), WIV), Ideadly) 3s ar@aqlt o than@pr@seql agtivity mtﬁlysw@uhqn bese 1) sughdowi (11)
are especially prefe The su i are identica

ot of or ably 1 ceRRrEhoR 25 raf BLIRD A e vy HibensliBispiatiof BE M RS ¢ e
20 group consifadmh Mk Rbditdlid A6 %on ﬁ@yﬁéc@éﬁhﬂea?)d thé bfoduBSeanR RRed alrEily foy aHeat es,
thi ocyanates, isocyanates, isothiocyanates, carboxylates, oxalates and
nitrates. The praiammonfomeIysrelhaanrB Exanpl es of suitable water-sol uble
nmet al saL_;ls are zinc chloride, zinc brom de, zinc 25 acetate, zinc

acetyl acetonate, zinc benzoate, zinc nitrate, iron(ll) sulfate, iron(ll)
brom de, iron( r I | oFatian

ni ckel (11) O Suipriuloy ﬁ?%ﬁme% felol (G2t TMICE Rl bl ddhdin o Gl
wat er - sol ubl e ghetohlsogatah sestenyas complex ligand possess greatly increased activity in the

preparation of polyether polyols.

20 Accordingly, the present invention provides a double metal cyanide (DMC) catalyst

containing
a) one or more, preferably one, double metal cyanide compound(s),

25 b) one or more, preferably one, organic complex ligand(s) other than c), and
c) one or more, preferably one, polyalkylene glycol sorbitan ester(s).

The catalyst according to the invention may optionally contain d) water, preferably

30 from 1 to 10 wt.%, and/or €) one or more water-soluble metal salts, preferably from



1

‘metal cyanide salts suitable for the preparati on of doubl e_netal

al so;’ be used. ~2 9 JAN 2003 WO 00/ 15336 PCT/ EP99/06 73 -4Water-s ﬁlﬂlﬁ
4R

conpounds a) pPVEI®YEBBY have the general fornula (11) (Y)aPhl ~
wherein M is selected fromthe netals Fe(ll), Fe(lll), Co(ll), Co(llIl)
Cr(lr)y, C(rrr)y, ma(tt), ma(trr)y, ey, Ni(Ir), Ra(lil), Ru(ll), V(I1V)
and V(V). M is selected 5 especially from.the netals Co(ll), Co(lll),
Fe(ll), Fe(lll), C(I1l), Ir(l1l) and Ni(lIl). The water-sol uble netal
cyanide salt may contain one or nore of those netals. The substituents Y

are identical or different, preferahly identical, and.represent an al kali
metal ion or aﬁntanSL\&tl-%n%fn fégnﬁﬁ (Hﬁ\ﬂé& from tﬁfrﬁépg@ﬁelep H\@rf@élgfse metal YaBHE! cal
or different, f b i i c , i ! om
Phe ar oup condPEBbRIADY L MR, MADSIbAR] 3G he e B AN Sl
cyanates, thi oay@naceg), Sﬁ(m,\’l&f@,%(lgl'),sDI&)W\QPNR*(‘W)?N(IHF}f\b(?’ﬁyvﬁl\@,SSr(H),

as an

oxal ates and nitrates. a as we c _are integers, the values for a,
b and c¢ bei ng WOV Wy e Cu(Hhand Ka(THdt 4n(10y Be(laeCod)t arids Ne([B care ¢spsatallsl ; a
is preferably 1,.2, or 4: b is preferably 4 or . 6; referably has the
val ue 0. %xamﬂr‘!éfgnﬁq‘aglﬁ f‘ﬂ’ﬁ?‘%‘e{?\ﬁtgr@% d?i}ﬁ’ﬁé %ggferﬂ'ﬁame&g@& ﬁ%’ﬁgf‘g and
potassi um 15 hexacanacahsh! pletédbly) oIt Tk hi a8y AALEAAE 1 (hdtiges,

pot assi um hexacyanoferrate(l1l1), cal cium hexacyanocobaltate(ITl) an

l'i t hi um hexacyydoxides) t agudfates, ) . cdrb@fatesy edeydnatbs,e rnthioalamayeani disocyanptesinds
a) contained i.n the catalysts according tqQ 20 the invention are conpounds
of the gener allsqtBiegyanates, carboxylatess gxalatesvang nifpatese The Kalng of8 iybid Mdd | n
formula (1) and 25 M is as defined in forrmula (I1) and x, x', y and z are
i ntegers and are so selected that the double netal cyani de conpound has

el ect r onimeut rede donbleRhetaEEyaBldeé, cogfporinds &) cohtajeddn dﬁeeatalf/stv\@c&ﬁdiil@wﬁw 5M
= 2Zn(11), Fe(ll), Co(ll) or Ni(ll) and M = Co(l11), Fe(lll), C(Tll) or
lr(111). 2 9 Jnrentiop3retE rpgimoproductsof ytessowblesmetabisplss aerd platerselugle
cyani de corrpounc{s a}) L€ i nc 5 hexacyanocobaltate(lll), zinc

hexacyanoi ri darfl%?]l‘i ﬁ“, © 7 hexacyanoferrate(lll) and

Water-soluble metal salts suitable for the preparation of double metal cyanide
15 compounds a) preferably have the general formula (I) M(X),, wherein M is selected
from the metals Zn(II), Fe(II), Ni(I1I), Mn(II), Co(II), Sn(II), Pb(II), Fe(IIl), Mo(1V),
Mo(VI), Al(III), V(V), VAV), Sr(dD), WIV), W(VD), Cu(Il) and Cr(Il). Zn(Il),
Fe(II), Co(II) and Ni(Il) are especially preferred. The substituents X are identical or
different, preferably identical, and represent an anion, preferably selected from the
20 group consisting of halides, hydroxides, sulfates, carbonates, cyanates, thiocyanates,
isocyanates, isothiocyanates, carboxylates, oxalates and nitrates. The value of nis 1,

2 or3.

Examples of suitable water-soluble metal salts are zinc chloride, zinc bromide, zinc
25 acetate, zinc acetylacetonate, zinc benzoate, zinc nitrate, iron(I) sulfate, iron(II)
bromide, iron(II) chloride, cobalt(Il) chloride, cobalt(Il) thiocyanate, nickel(Il)
chloride and nickel(II) nitrate. Mixtures of various water-soluble metal salts may

also be used.



. cobalit(l1) hexacyanocobaltate(lll). Further exanples of suitable double

met al cyani de conpounds will be found in, for exanple, US 5 158 9225(7&:MNJZﬂm
8, lines 29- eéb’O b3d8e of zinc hexacyanocobal tate(l11) i gc@m{% I§/
preferred. 10 The organic conplex ligands b) contained in the DMC catal ysts
according to the invention are in principle known and are described in
detail in the prior art (see, for exanplegq.US 5 158 922, especially colum
6, lines 9-65, US 3 404 109, US 3 829 505, US 3 941 849, EP 700 949, EP 761
708, JP 4 145 123, US 5 470 813, EP 743 093 and WD 97/40086). Preferred

or gani ¢ conpl | i s are water-sol uble 15 organi c conpound Vi n
hetero atons, e\gﬁ@ﬁg‘ggb%ﬂ?@éh CyHIgs St sul i%;g?foaﬁsp@ar@gg? lPrrIL, S‘W?P?GCI‘?‘ le
able to form | ' (\t abl e
organi o conpl SYARHE sEmplirids o dferEHy BnaRhe e BTbARERIP AT MR A

et hers, est er syheidth dd'Ss sélé@édb fromi the eeds FEU),fHeED, @od@) DTy, (1)) ©r@1s,.
Preferred organi c conpl ex | iﬂands are water-soluble aliphatic al cohol s,

such a; et halnd‘Yfl,l(H)sééii(éﬁhr{d:I ), 28i(H), bRh@Hb| Ru@BoyE\anand Y9 Midﬁeﬁﬁ’lﬂﬁedlnd
.- . Tert. - i i e~ i
| oand | s ada PO abe mstals CRADACAG e i D JrER A RRE) |

after precipi g @ﬂeﬁ%lﬁﬁl@n&é@&l%ﬁﬁ&@&ﬁi may 3OiteiR dHRBRME of khosd RfetAde Biegani C

conplex ligand 1s usually enployed 1 n excess. The DMC catal ysts accordi ng
t o the i nvent isohsttoertalYrare hientical ok diffiererdt] prefezatilyl édentiogdpamitheprekernt anatialint s

of from20 to 90 wt.% preferably from 25 to 80, . w.% based on the anmount
of finished cabgpliop or analkplige eﬁréén?tel ieBnphesSubstitgenisis asg 1dentiend onfisferand, of

from0.5to 3 . tQ. 9 2
9 JAN 2003 \/\0%%?5%3g‘@@’%@%ﬁ%]ﬁ%@?&%%@ﬁ%g&ﬁ% %P‘B Q@ﬂ%%‘gf
cat al yst $0 accdiatidey hpdrokides, Nwlfités) Ncdiborakdsy ©anited, ntHisoAndted, 01530y atated)h
preferably froml to 40 w.9% based on the anmount of finished catal yst, of

pol yal kyl ene (¢sstbioryansias; qasbprelatess oxalateppqdmikiples ieasgisiban b aed pptedntegerser s
VAL Lor g PRSES! bR S D Sehq! th/ple° iRt hE%hAL DFba B i¢T

are, for exanp oxyl at ed no--, --or Wi

carboxyl i ¢ aciéléctronetbdli 2 xSpreRRBOANTY, B SHistppéferabhl £ § 61t 6;aefersbly has
tetrahydrofuran al cohols which are 10 fornmed by the renoval of one nolecule
of water fromtbemelued). Examplesaaf suitable axaterpsoduble metal mypiitle saltgae-pogashivman,

1, 5-sorbitan (jpyrogalite) o , 5-anhydr.o-L-idi,tol . Ther e suitable as
the car b&éyl i cﬁ%é?}%n%%ﬁﬂgmlﬁar yl P?%é?‘é‘]“kyl - hgmygrq&waﬁe&f), potassium
hexacyanoferrate(I1I), calcium hexacyanocobaltate(IIT) and lithium

hexacyanocobaltate(1II).

Preferred double metal cyanide compounds a) contained in the catalysts according to

20 the invention are compounds of the general formula (IIT)

M,[M'(CN),],

wherein M is as defined in formula (I) and
25 M' is as defined in formula (IT) and
X, X', y and z are integers and are so selected that the double metal cyanide

compound has electron neutrality.

~ Preferably,
30 x=3,x'=1l,y=6andz=2,



. carboxylic acids having from2 to 30 carbon atoms, preferably from 42 99A84003
carbon 1 S atqns and especially from6 to 20 carbon atons, rﬁ%§r@ﬁgé

aral kyl - and dWQVKVggﬁéoxylic aci ds, especially alkylcarbofﬁm B 3

There are suitable as the pol yal kyl ene gl ycol conponents pol yet hyl ene

gl ycol s and pol ypropyl ene glycols having from2 to 40 al kyl ene oxide units.
20 Pol yal kyl ene glycol sorbitan esters thgt are preferably used are the

pol yet hyl ene gl ycol sorbitan esters (polysorbates), which are generally

obtained by esterification of sugar al cohols, such as sorbitol or sorbitan,

by fatty acids, such as hutyrjc aci I soval eric acid, caproic acid,
caprylic aci d,SMc=a%‘P('m’ F}éﬁhﬁyqdémrﬁ@(ﬂfcw nmyristic acid, 25 palmtic acid,
stearic acid, gl ej [ [ i d or linolenic acid, in the presence
of acids, and lrﬁeagﬁloﬁﬁf%qlh’gﬂﬂ&logrllgﬁiki de. Special preference is given to
pol yet hyl ene gl ycol sorbitan nono-, di- and tri-esters of fatty acids

having from6 to 18 carbon atons and from2 to 40 noles of ethylene 30
oxi de. WO 0Cixes@ds of suiblandowdde PotrEPaGNBE4 7@ MRAURdE s 2) orarg haine

preparatipn of, pol val kyl ene gl ycol , sorbitan rs.are generall || known
D are dbscr isauesARecsbpiAtFat) it pEeviso iRt 2 Rl SpRmpledi e o
Chem cal Technghagyi), he4eyanddobafthid(189! Wubher leRShpleR- ofl QitdHle dIHBIE Anetal

Lexi kon 5 Cheme", 9th edition, Stutfgart/New York, 1992, p. 3570, 4217,

"U | mann, Encywyhoideaompoindsnwilishe forhd Gnefioi sxamyple, WSS 198822 &tolurenli8t fines,
1994, p. 418 ff. Jt_is also.pqgssible to use any desjred m xtures of the
above- ment | one%?‘%gﬁl}; WIqzﬁlé‘%&%%lm%c@gwﬁt%mﬁe‘gF%Beﬁl.ah![@re?%? sis of the
catal yst conposition is usually carried out by neans of elenental analysis,
t hermogravimetry or renoval by extraction of the polyal kyl ene gl ycol

sor bi t an1est erTlgosiganic, complékx Hgdnde Gy eohtafiied ih ¢ DMCdatatysiz aedordiig td thelhe

catal ysts according to the invention may be crystalline, partiall

crystal | i ne orin¥ersiopHes i prigeinly knewn and A desgrihed |in idgtailyn fthe praeraatt e}e%af?rr i ed
out by powder X-r i Eraetd,9n, . PL. I F S, Ol %E LKat di ng
to the inventigo’(‘ra\'In oenﬁl‘ggil%g d%g’ %s)peélglf%ﬁc gﬁ%céigwg%:égéér %%tfé?ﬁ)film?’ §§a3cgg
tert.-butanol s93dUS 3 941 849, EP 700 949, EP 761 708, JP 4 145 123, US 5 470 813, EP 743

093 and WO 97/40086). Preferred organic complex ligands are water-soluble

15 organic compounds having hetero atoms, such as oxygen, nitrogen, phosphorus or
sulfur, which are able to form complexes with the double metal cyanide compound
a). Suitable organic complex ligands are, for example, alcohols, aldehydes, ketones,
ethers, esters, amides, ureas, nitriles, sulfides and mixtures thereof. Preferred organic
complex ligands are water-soluble aliphatic alcohols, such as ethanol, isopropanol,
20 n-butanol, isobutanol, sec.-butanol and tert.-butanol. Tert.-butanol is especially

preferred.

The organic complex ligand is added either during preparation of the catalyst or
immediately after precipitation of the double metal cyanide compound a). The

25 organic complex ligand is usually employed in excess.

The DMC catalysts according to the invention contain the double metal cyanide
compounds a) in amounts of from 20 to 90 wt.%, preferably from 25 to 80 wt.%,
based on the amount of finished catalyst, and the organic complex ligands b) in

30 amounts of from 0.5 to 30 wt.%, preferably from 1 to 25 wt.%, based on the amount



25 c) a polyal kyl ene glycol sorbitan ester. Preparation of the DMC

catal ysts according to the invention is usually carried out in a ueg§§AN2m3
sol ution by re¥etQ0Ap339 netal salts, especially of fornul aP@ITﬁPQ%(QGI‘W?’rEt al
cyanide salts, especially of fornmula (11), ~3) organic conplex |igands b)

ot her than 30 pol yal kyl ene gl ycol sorbitan esters, and y) polyal kyl ene

gl ycol sorbitan esters. WD 00/15336 _g.g2 9 JAN ~~~~ PCT/ EP99/ 06473 | n
the preparation it is preferable first to react the aqueous sol utions of
the metal salt (e.g. zinc chloride used in stoichionmetric excess (at |east
50 nol 9% based on the netal cyani de salt)) %gd of the metal cyanide salt

{e.g. potassi (hiBished saiphish ddsAPM&: efalysis aFror (R o Miceinyentionaisyflgn Fentain
conpl ex | ga“%@% 1(t§-8%- Yé@;{é ﬁhﬁ@%ﬁ 1 th Q@%ﬁ‘t.%eb&)gdf A" HE D BuRUsTRRSea"
S e U T a (De.g. zinc

whi ch contain ou ani de conpound
hexacyanocobal dagillyg), of palyalkylbhe gRé6E®sbvitMicater.5al t e) and the organic conpl ex
| igand b). 10 The organic conplex ligand b) nmay be present in the aqueous

solution of the netal salt and/or of the netal cyanide salt, or it is added
directly fo t suspensi pn obtained after. ecipitation of the double neta
Cyant de” compoltbaliIens eRae’ Bt sulvaiableofis s HreRtuin af futgeiabsrs

sol uti ons and JbsaieGRhE ikRARNF¥rel FXAMmBle, aMokPaltidRERIS 4 ok iilchdrs Jine
suspensi on forne |§ then usually treated with the 15 pol yal kyl ene gl ycol
sor bi t an est ersodjitand withpatbpaylic/dcidse gl ycol sorbitan ester c) is preferably
used in a mxture with water and organic conplex ligand b). The catalyst is
then isolated fromthe suspension by known techni ques, such as
centrifugatio o i i i al yst
st hen vashed S o sisBtrkdutoR] &b RihRiui el doRR SRS VE)
(e.g. bylbei ngorraedispthiedetond) df subaRlEdaltdfywate ot estbRgR kithiyg, for kxdmapleon or
centrifugati on{). In that manner it is possible to remove, for exanple,

wat er - sol ubl e bfrspibiam e sorbilah 1essqsbitans®yiognlite) o 2, 8@nhydrerh-iditel. cat al yst
according to the invention. 25 The anount of organic conplex ligand b) in

t he agueous washing solution is preferably from40 to 80 w.% based on the
total soluti O_r'rhelfélra}@%ﬁﬁm&as'me'&rlﬁﬁyﬁélta%gﬁ%ﬁlpbﬁbxﬁdﬁytp atall&/1-2GhE QUS/1-
washi ng solution a small anount of polyal kyl ene gl ycol " sorbitan ester,
preferably in caroxyliageidoha¥ingfiiom B te 30 Sarhon Homs peefershiyt fremidtoad4 eagbart i on.

30 2 gliAN 2003 W\D,00/ 15%?6 -9 ggr/ﬁgglbOGﬂS | t iF 2g}l{lso vlant ?@gygs to
wash t hel2at al J¥PS A5 FSPEEE yoﬁﬂ?@’._ 8 1T hEFT 8N AOPHPTIFERY K h&“@ dur e
may be repeat eéi:b&xgﬁcﬁaaﬂrékfeciah&amaalcabm@ﬁsaeidareferred to use non-aqueous
solutions for further washi'ng procedures, for exanple a m xture of organic

conpl ex ligand and pol yal kyl ene gl ycol sorbitan ester.

There are suitable as the polyalkylene glycol components polyethylene glycols and
polypropylene glycols having from 2 to 40 alkylene oxide units.

20
Polyalkylene glycol sorbitan esters that are preferably used are the polyethylene
glycol sorbitan esters (polysorbates), which are generally obtained by esterification
of sugar alcohols, such as sorbitol or sorbitan, by fatty acids, such as butyric acid,
isovaleric acid, caproic acid, caprylic acid, capric acid, lauric acid, myristic acid,
25 palmitic acid, stearic acid, oleic acid, linoleic acid or linolenic acid, in the presence

of acids, and reaction with ethylene oxide.

Special preference is given to polyethylene glycol sorbitan mono-, di- and tri-esters
of fatty acids having from 6 to 18 carbon atoms and from 2 to 40 moles of ethylene

30 oxide.



. 5 The washed catalyst, optionally after pulverisation, is then drieg gajayN 2003

tenperatures of generally from20 to 100C and at pressures gf Eﬁ’en%qal |y
fromo0.1 mbar VO Mh33ap pressure (1013 nbar). 10 The preseﬁ TIRRPEAOA S

relates also to the use of the DMC catal ysts according to the invention in
a process for the preparation of polyether polyols by polyaddition of

al kyl ene oxides to starter conpounds contai.ni ng active hydrogen atons.
There are used as al kyl ene oxi des preferably ethyl ene oxide, propyl ene

oxi de, 15 butyl ene oxide and m xtures thereof. The synthesis of the

pol yet her chai ns by al koxyl ati on may be carned out, for exanple, with only
one nononeric epoxide or in a randomor block nmanner with 2 or 3 different

nNoNONeri c epoxy i j 0 padi e
der industri eﬁllgtﬁﬁ%gﬂ%%fié ng{ I SJET)PQ%EJJA%E gb&??&é%l%leggéé%%% p%%ﬁ}egages
670-671. 20 Thebemnadnd 426 défibéd ih deasill fof esdniyle,cin "BKarkeOthntkt, Badyicikipediadpf
active hydrogen atons conpounds havi ngthm)l ecul ar weights of from 18 to 2000

and havi ng frdrhemiead Bechyelogwy Valr 33pdth ediéore 128Y. e l0R AL 'Siuepm Lexikpnof
exanpl e: gthyl ene .gl ygol , ,di et hyl ene gl ycol ., trd.gt hyl o] |,

1, 2-pr opy?ene @f%gl’, 5'% 39%8Pat$£‘l‘ff}%ﬁ/§?é _ﬁg%nggﬁylénggg(?’yé%fﬁ bPEBER ol A,
trimethylolpr (Eﬁsgﬁlop&ii% 6CMBRhstriR THeBREN" Wbl A25, SiftleRition! 19942884 RUGar
deconposed starch or water. Advantageously, the starter conpounds

cont ai ning active hydrogen atons that are used are those which have been

prepared, for exanple, conventional, al kal i 2 JAN 2003 WD 00/ 15336 -
10" PCT/ EPoo 0dh 1exaleespassipls © yse i dRErediBiRiRRAf ths ﬁgavq-wmeéaﬂlﬁkﬁmeg ht

starters and i Lgoneric al koxyl ati on products havi ng nol ecul ar
wei ghts of fr%@gs&?gm%%%g The pol yaddition, catalysed by the catal ysts

accordingoto the invention, of alkylene 5 oxides to starter conpounds
containing active hydrogen atons is general laYI carned out at tenperatures of
4

from 20 to 2004nalysitpEthentajalyst composifiands gsually sasried qud bygmeanscafpelementply at
t t f 150C, t4] { I
b obeurcs of rarahss By, & Sh60S i Bt GroRE I AR ShBYE . &

sol vent or in sfbitanekler eorét] Witld Mbéedilent Srddimetsc déterutingioand/ or THF. The 10
anount of solvent is usually from10 to 30 wt.% based on the anount of

pol yet her polyol to be prepared.

15 The catalysts according to the invention may be crystalline, partially crystalline or
amorphous. Analysis of the crystallinity is usually carried out by powder X-ray
diffraction.

Preference is given to catalysts according to the invention containing
20

a) zinc hexacyanocobaltate(IIT),
b) tert.-butanol and
25 c) a polyalkylene glycol sorbitan ester.
Preparation of the DMC catalysts according to the invention is usually carried out in
aqueous solution by reacting o) metal salts, especially of formula (I), with metal

cyanide salts, especially of formula (II), B) organic complex ligands b) other than

30 polyalkylene glycol sorbitan esters, and v) polyalkylene glycol sorbitan esters.



The catal yst concentration is so selected that good control of the %QJA y
pol yaddi tion reaction under the given reaction conditions is possible. 4%@’
catal yst conc®®P08{1iS336i s 15 generally in the range of froRCH/EHIN6H3 o t o
1 w.% preferably in the range of fromO0.001 w.%to 0.1 wm.% especially
in the range of fromO0.001 to 0.0025 wt.% based on the anount of pol yether
pol yol to be prepared. The nol ecul ar wei ggts of the polyether polyols
prepared by the process according to 20 the invention are in the range of
from500 to 100,000 g/nol, preferably in the range of from 1000 to 50, 000
g/ nol, especially in the range of from 2000 to 20,000 g/nol. The

pol yaddi ti on may be carried out continuously or discontinuously, for

et based act HOREPAAoRARA R A EhuBleaREg e Y IESR Olouhe B I B,

i ncreased activ s accor I nvention can be used in

very | ow conceggrahé @ARride us@PM K0RhIdRIANG cRRSE (bt Qbast 56 rdoTOUNbasell dhothyet her
polyol to be prepared). If the polyether polyols prepared in the presence
of the cat al ysaastalaceyanifiengsalty) tavel i o/ efitei ometal e cyanide f salt t Ke gpr epasauthon of

30 pol yuret hanes (Kunst st of f handbuch, Vol .. 7, Pol yuret hane, ..3rd ition,
T005 b 55" hetasVAobIBEIW OB TESBCh e fisogriity oD ¥BRih P56 T
It is possibl G fi-spe ] I I : t her
pol yol wit hou'? er%‘ﬁ’é‘%‘?’@a% © \(yﬁgl?i {olﬁ{e{gd/%f Sl{g %&@s&'ﬁ%@ng&tﬁ%{liﬁigﬂg’rﬁ e)e‘{iﬁﬂng

adversel y aff egirdde cGdmphmdE=naop| einic \Mexatlyafariobalvute)x plater ), dxeessnuetal sabne)out

are not intended to be limti n?. 2 9 JAN 2003 WO 00/ 15336 - 12
and the organic complex Iigand b).

10 The organic complex ligand b) may be present in the aqueous solution of the metal
salt and/or of the metal cyanide salt, or it is added directly to the suspension obtained
after precipitation of the double metal cyanide compound a). It has proved
advantageous to mix the aqueous solutions and the organic complex ligand b), with
vigorous stirring. The suspension formed is then usually treated with the

15 polyalkylene glycol sorbitan ester c). The polyalkylene glycol sorbitan ester c) is

preferably used in a mixture with water and organic complex ligand b).

The catalyst is then isolated from the suspension by known techniques, such as
centrifugation or filtration. In a preferred variant, the isolated catalyst is then washed
20 with an aqueous solution of the organic complex ligand b) (e.g. by being re-
suspended and subsequently isolated again by filtration or centrifugation). In that
manner it is possible to remove, for example, water-soluble by-products, such as

potassium chloride, from the catalyst according to the invention.

25 The amount of organic complex ligand b) in the aqueous washing solution is
preferably from 40 to 80 wt.%, based on the total solution. Furthermore, it is
advantageous to add to the aqueous washing solution a small amount of
polyalkylene glycol sorbitan ester, preferably in the range of from 0.5 to 5 wt.%,
based on the total solution.

30



. Exanpl es Catal yst preparation 5 Exanple A PCTI EP99/ 06473 Prepar ati oh9 ghN a3
DMC cat al yst using a pol yethyl ene gl ycol sorbitan nonool eate gcat aléft A) .
10 A sol ution P (%21@3@ (91.5 mol ) of zinc chloride in 20PHI/ERI9I6431 | ed
water is added, with vigorous stirring (24,000 rpm, to a solution of 4 g
(12 mmol ) of potassi um hexacyanocobaltate in 70 m of distilled water.

| medi ately thereafter, a m xture of 50 ggof tert.-butanol and 50 g of
distilled water is added to the suspension which has forned, and vi gorous
stirnng is then carned out for 10 m nutes 15 (24,000 rpm). A mxture of 1 g

of pol yethyl ene_ glycol (20) sorbitan nonool eate D sponyl SMO 120, Henkel), 1
g of tert.-butlhifoplseadvantrgeopsaio washithe catalyamere than ones Erithet endyrthe $istr 1 i ng
[ i ed out 3. nut Q ) i pal s i db

oo o b P ed PRSP o PR TRV et oY

m xture of 70 fhnOiqubsiist sohitithd 16t furthér GvashingiprbidduRd, Y& &fanipél a lmBt@k dfhe
above 20 pol yet hyl ene gl ycol sorbitan nonooleate, and filtered again.

Final |y, the mrgani¢ complextigandaudipolyalkylane ghisol soabitanastess (10, 000 rpn) with
a mxture_of 100 g of tert.-butanol and 0.5 g of the above pol yethyl ene
gl ycol soPbi tan nonool eate. After filtration, the catalyst is dried at 50C

and normal pr %%EQE%&%%@%?&?W;&E%P ﬁlvEﬁsaEiﬁ&CiQ?ﬁ]en dped 1eEApShnisor

powder ed cat al yst: SIS, ennogravi nmetri c anal ysi s and
extraction: coleabfally fildth 20% 1009C ard &3prbssiipes tof igenerblly &oal 0.3 mbad t8tnormal

pol yet hyl ene gl ycol sorbitan nonooleate = 23.5 30 WD 00/ 15336 -13 Exanpl e
B 2° 9 JAN 200PressyyepObY wbar)3 preparati on of a DMC catal yst using a

pol yet hyl ene glycol sorbitan trioleate (catalyst B). 5 The procedure of
Exanpl e A was foll owed, but polyethylene glycol (20) sorbitan trioleate

(TVEEN 8%0 Al dTheChreseh invéfitish telfiésash & the ee pOtHeadING enfygk Mearding b itHean
monool eate from Exanple A
invention in a process for the preparation of polyether polyols by polyaddition of

alkylene oxides to starter compounds containing active hydrogen atoms.

There are used as alkylene oxides preferably ethylene oxide, propylene oxide,
15 butylene oxide and mixtures thereof. The synthesis of the polyether chains by
alkoxylation may be carried out, for example, with only one monomeric epoxide or
in a random or block manner with 2 or 3 different monomeric epoxides. Further
details will be found in "Ullmanns Encyclopidie der industriellen Chemie", English
language edition, 1992, Vol. A21, pages 670-671.
20
There are preferably used as starter compounds containing active hydrogen atoms
compounds having molecular weights of from 18 to 2000 and having from 1 to 8
hydroxyl groups. There may be mentioned by way of example: ethylene glycol,
diethylene glycol, triethylene glycol, 1,2-propylene glycol, 1,4-butanediol,
25 hexamethylene glycol, bisphenol A, trimethylolpropane, glycerol, pentaerythritol,

sorbitol, cane sugar, decomposed starch or water.

Advantageously, the starter compounds containing active hydrogen atoms that are

used are those which have been prepared, for example, by conventional alkali



10 Yield of dry, powdered catalyst: 5.5 g El emental analysis, 29 JAN 2003
thernogravinetric analysis and extraction: cobalt = 11.4 % zi nc = 24.0 %
tert.-butanol WOEOAH36pol yet hyl ene gl ycol sorbitan triol e%CE/EPS‘?ﬁ?GfHS
Exanpl e C Preparation of a DMC catal yst using a pol yethyl ene glycol

sorbitan nonol aurate (catalyst C). 20 The procedure of Exanple A was

fol |l owed, but polyethylene glycol (20) sarfgjtan nonol aurate ( TWEEN 20,

Sigma) was used instead of the polyethylene glycol sorbitan nonooleate from
Exanple A 25 Yield of dry, powdered catalyst: 5.6 9 El emrent al anal ysi s,

t hernogravinetri¢c anal ysis and extractlon &C&a{ % 9 % 2|nc = 24.9 %

tert.-butanol catalysis ﬁi&"“p@FW@PYWWéﬁ@‘&F‘ ¥ me S8 (FEATieTY Rk 1"@4“6 30

\F’)\?eggi 15336 - igbrap Lﬁgg{l&? HRBE Oy iy okela AR ESTHERPF0PB 03

usi ng hout"a™ po yaIEerne

gl ycol sorbitan ester (catalyst D, synthesis according to JP 4 145 123). 5
A solution of 10 g (73.3 mmol) of zinc chloride in 15 nl of distilled water
i s added, wi t Theipplyaddiions cataimyd(liamhe@atabpt&)accmdm tocheinvention, of atkylere
mrol ) of potassiym hexacyanocobaltate.in 7 i1l ed wat
medi at ey ¢ HBHAAAID Al CHRRTERS COReinE Ao Ao Hamo %ﬁraaraﬁts cgrrise
distilled wat

ut laf téﬂﬁﬁs fhutel &fhﬁo URP RSO ‘éﬁ?bf@ﬁbﬂﬁ& ?19&4? gt f r%?ﬂ‘dto to

vigorous stirring i en Carrle out for m nut’es
180°C, especially at temperatures of from 50 to 150°C. The reaction may be carried

out at total pressures of from 0 to 20 bar. The polyaddition may be carried out
without a solvent or in an inert organic solvent, such as toluene and/or THF. The
10 amount of solvent is usually from 10 to 30 wt.%, based on the amount of polyether

polyol to be prepared.

The catalyst concentration is so selected that good control of the polyaddition
reaction under the given reaction conditions is possible. The catalyst concentration is

15 generally in the range of from 0.0005 wt.% to 1 wt.%, preferably in the range of
from 0.001 wt.% to 0.1 wt.%, especially in the range of from 0.001 to 0.0025 wt.%,
based on the amount of polyether polyol to be prepared.

The molecular weights of the polyether polyols prepared by the process according to
20 the invention are in the range of from 500 to 100,000 g/mol, preferably in the range
of from 1000 to 50,000 g/mol, especially in the range of from 2000 to 20,000 g/mol.

The polyaddition may be carried out continuously or discontinuously, for example in
a batch or semi-batch process.

25
On account of their markedly increased activity, the catalysts according to the
invention can be used in very low concentrations (25 ppm and below, based on the
amount of polyether polyol to be prepared). If the polyether polyols prepared in the
presence of the catalysts according to the invention are used for the preparation of

30 polyurethanes (Kunststofthandbuch, Vol. 7, Polyurethane, 3rd edition, 1993, p. 25-



solid-material is isolated by nmeans of filtration, then stirred for? 9L0AN 2003
m nutes (10,000 rpm) with 125 g of a m xture of tert.-butanol and distilled
wat er (70/30; WDWP/15336 filtered again. Finally, the m xtuPET{EPIR06A7Rd for
a further 10 m nutes (10,000 rpm with 125 g of tert.-butanol. After
filtration, the catalyst is dried at 50C 15 and normal pressure until
constant weight is reached. Yield of dry,jjpowdered catalyst: 3.08 g

El emrental anal ysis: 20 cobalt =13.6 % zinc = 27.4 % tert.-butanol = 14.2
Preparation of polyether polyols General procedure 25 50 g of polypropylene
gl ycol starter (nol ecul ar. weight = 1000 g/nol) and fron13 to 5

catal yst (frof1®8dt §7-68), dpi§ Pﬁﬁﬁé@ t rlispaRseayyih femgvalpefi thet ‘P?é#l}’ﬁgﬂ?’%l theo pe

Feactor and heRPaer sBREbRa b FFMF oBRRish HIREhesh ol tpuBlhell BRIMEI 575

g) is then 30aﬂﬂ&§ﬂgdﬂhﬂain a single batch until the total pressure has
risen to 2.5 bar. further 2 9 JAN 2003 WD 00/ 1S336 PCT/ EP99/ 06473 -15
S 10 1S 20 2S propylene oxide is then netered in until an accel erated
pressure dr he react.or observed That accel erated, pres re rop
Ph cat o5 t hatl B apIE ek, SOl bl ther Y eplom BH aee BPbIYRRYE B Phe
14S g) is then g gred in continuously at a constant total pressure of 2.5
bar. Wen netering in of the propylene oxide is conplete and after a
subsequent reaction tinme of 2 hours at 10SC, volatile portions are
distilled off at 90C (1 nbar) and then cooled to roomtenperature. The
resul ting pol yether polyols were characterised by determ nation of the OH
nunbers, the double bond contents and the viscosities. The progress of the
reacti on was nonitored by nmeans of time-conversion curves (propylene oxide
consunption [g] vs. reaction time [mn]). The induction tine was determ ned
fromthe point of intersection of the tangent at the steepest point of the
ti me-conversion curve with the extended base |ine of the curve. The
propoxyl ation tines, which are of decisive inportance for the catal yst
activity, correspond to the period of time between activation of the

catal yst (end of the induction tine) and the end of propyl ene oxide
nmetering. The total reaction tine is the sumof the induction



- time. and the propoxylation tinme. Exanple 1 Preparation of polyet her fi(SIJA(NI 2003
using catal yst_A (15 I nduction tine:280 m npropoxylation tine

m nt ot al reactWQrp%{ 5r$3g780 m npol yet her pol yol : OH nunber (RST6$P99/06473

KCOH g) : 31. 6doubl e bond content (mmol/kg): 9viscosity 25C (nPas): 864 30 29
JAN 2003 WD 001 15336 PCT/ EP99/ 06473 -16 Wthout renoval of the catalyst,
the nmetal content in the polyol is: Zn =g ppm Co = 2 ppm Exanple 2 5
Preparati on of polyether polyol using catalyst B (15 ppn) induction tine:
propoxyl ation ti rre 10 total reaction tine: polyether polyol: 15 Exanple 3
OH nunber (ng of g) doubl e bond content (mmol/kg): viscosity 25C
(nPas): Prepa f pol yether polyol using catalyst C (25 ppm induction
time: 20 propoxylation time: total reaction tine: polyether polyol: 25
Exanpl e 4 OH nunber (ng of KOH g): doubl e bond content (mmol/kg): viscosity
25C (nPas) : 371 Cathlyst pieparation/60 nmin 29.9 8 1005 265 min 175 min 440 min
30.2 8 926 Catalyst D (15 ppm exhibits no activity under the reaction
condi ti ons described above. 30

5 Example A

Preparation of a DMC catalyst using a polyethylene glycol sorbitan monooleate

(catalyst A).

10 A solution of 12.5 g (91.5 mmol) of zinc chloride in 20 ml of distilled water is
added, with vigorous stirring (24,000 rpm), to a solution of 4 g (12 mmol) of
potassium hexacyanocobaltate in 70 ml of distilled water. Immediately thereafter, a
mixture of 50 g of tert.-butanol and 50 g of distilled water is added to the suspension
which has formed, and vigorous stirring is then carried out for 10 minutes

15 (24,000 rpm). A mixture of 1 g of polyethylene glycol(20) sorbitan monooleate
Disponyl SMO 120%, Henkel), 1 g of tert.-butanol and 100 g of distilled water is
then added, and stirring is carried out for 3 minutes (1000 rpm). The solid material is
isolated by means of filtration, then stirred for 10 minutes (10,000 rpm) with a
mixture of 70 g of tert.-butanol, 30 g of distilled water and 1 g of the above

20 polyethylene glycol sorbitan monooleate, and filtered again. Finally, the mixture is
stirred for a further 10 minutes (10,000 rpm) with a mixture of 100 g of tert.-butanol
and 0.5 g of the above polyethylene glycol sorbitan monooleate. After filtration, the

catalyst is dried at 50°C and normal pressure until constant weight is reached.

25 Yield of dry, powdered catalyst: 5.8 g

Elemental analysis, thermogravimetric analysis and extraction:
cobalt = 10.1 %, zinc = 23.5 %, tert.-butanol = 3.3 %, polyethylene glycol sorbitan
monooleate = 23.5 %

30



z 9 .~a ~ zoos WO 001 15336 PCT/ EP99/ 06473 - 17 Exanples 1 to 3 show hﬂtN’ZUUB
on account of their markedly increased activity in the pregg&&s}j ??rh %
pol yet her pol %pso,ontsﬁéﬁnovel DMC cat al ysts accordi ng to the"vi ER{Y64A3 can
be used in such | ow concentrations that it is possible to dispense with
separation of the catalyst fromthe polyol. S 2 9 JAN 2003 -18 What is
clainmed is: 1. A double-netal cyanide cat@yst conprising: a) at |east one
doubl e-nmet al cyani de conpound; b) at |east one organic conplex |igand which
is not a polyal kyl ene glycol sorbitan ester; and c) at |east one
pol yal kyl ene ql écol Eor bitan ester. 2. The catal yst according to claim1,
further conpri er and/or one or nore watersoluble netal salts. 3.
The catal yst according to claim1l, wherein the double-netal cyanide
compound i s represented by the general formula: MX{M X~ (CN)r]Z wherein M
represents a Imeémkatial 6f taaONICocatalnét! hsing Fe pblyethylne! glycolMsdrbitan tfiolehte) ,
Sn(ll), Pb(Il), Fe(lll), M(I1V), Mo(VI), A(IIl), M(V), V(IV), Sr(ll),
WIV), WW), (cuglystBland/or Cr(l111); M represents a netal selected from
Fe(ll), Fﬁ(lll), Co(ll), Co(lll), C(ll), C(lLl), Ma(ll), M(lIl),
ey, No(Ir), Ra(lll), Ru(ll), V(IV) and/or V(V); and x, x', y and z are
integers and afiR sBcafate 6l BlahpRI AL HNdRes, m@w&m&a@gmam%ebms
el ectro-neutrality. 4. The catal yst according to claim 3, wherein M
conprises Zn(IttipleatEe(TWEENNSSP,I Aldrehdl/was Gsgd linstead. ofTithe patyathydkineaglyorldi ng
to claim3, wherein M c rises Fe(ll), Fe(lll), Co(ll), Co(lll), and/or
cr(lll). 6. Tﬁ@rhi%ﬁwﬁg@m%ﬁ@é]ﬁ&l aim 3, wherein x=3, x'=1, y=6 and
z=2. 7. The catalyst according to claim3, wherein the doubl e-netal cyanide
conpound i s zinc hexacyanocobaltate (I11). 2 9 JAN 2003

10 Yield of dry, powdered catalyst: 5.5 g

Elemental analysis, thermogravimetric analysis and extraction:
cobalt = 11.4 %, zinc = 24.0 %, tert.-butanol = 6.0 %, polyethylene glycol sorbitan
trioleate = 12.1 %

15
Example C
Preparation of a DMC catalyst using a polyethylene giycol sorbitan monolaurate
(catalyst C).

20

The procedure of Example A was followed, but polyethylene glycol(20) sorbitan
monolaurate (TWEEN 20°, Sigma) was used instead of the polyethylene glycol

sorbitan monooleate from Example A.

25 Yield of dry, powdered catalyst: 5.6 g

Elemental analysis, thermogravimetric analysis and extraction:
cobalt = 11.9 %, zinc = 24.9 %, tert.-butanol = 3.6 %, polyethylene glycol sorbitan
monolaurate = 14.6 %

30



. -19 8. The catal yst according to claim1, wherein the organic conplex

| igand is an al cohol, al dehyde, ketone, ether, ester, am de, urea, di % JAN 2903
or sul fide andVOr004153B&ture thereof. 9. The catal yst accor BCAER/@G443 m 8,
wherein the organic conplex ligand is tert.-butanol. 10. The catal yst
according to claim1, wherein the pol yal kyl ene glycol sorbitan ester is
present in an anmount of fromabout 1 to afput 80 wt. % based on the anmount
of finished catalyst. 11. The catal yst according to claim1l, wherein the
pol yal kyl ene glycol sorbitan ester is present in an anount of from about 1
to about 40 wt. % based on the anount of finished catalyst. 12. The

cat al yst accorkExampled (epmparison)her ei n t he pol yal kyl ene gl ycol sorbitan
ester conprises an al koxyl ated nono-, di- or tri-ester of a sorbitan with
carboxylic acid. 13. The catalyst according to claim 1, wherein the

pol yal kyl ene Q*rXﬁaﬁ’ﬁtio%OBPhtheéétﬁ&sﬂ Ssify RGt. pataay] SAdodl ¥ GRlyHe/ 1M giycast er .
14. A process for the preparation”of a double-netal cyanide catalys

accordi ng to cloghitam Estec@atalyissDngynthesis at@pdingtto JR 4145 €23)t i ng, i n aqueous
solution, (i) at least one netal salt, (ii) with at |east one netal cyanide
salt, (i i?) in the presence of (iii) an organic conplex ligand, which is
not a pol yal ky . i er, { Q1 )
reating i ne shaogngh §E%,2175 S vy SF 15 snioiial 8 13 B S ERADR Qe WieR) |
process accor oyiflg vigorasastittidgt (24,000t ipar), e0aBbivtion Hftdhg (52 efiol)fof potdssium
isolating the catalyst; (b) washing the isolated catalyst; and (c) drying
the isol at ed dixagypnecobaltate m B} m!@g distijed water ppaediatplyrthereatierpe misureeet

pol yol by pol yadditj an, of an alkyl i.de.onto tarter conmpaoun

cont ai ni ng act %?iut?&r'gbt@ﬂ&ﬁgéé § ‘ﬁiﬂl‘ﬁﬁgé’ﬂ%aéeér‘}% Ed%lds[%ﬁ&eaﬁui?%{ : ‘%iﬂgh has

i mprovengpt WhRHRed) dhlSigRbdd Miting N iheh TaSidd st FOHUDD RidRéEPI24D0BHAS. The

catal yst of claim 1. .A A% AF. Ah39. AL. F9. ALr. AL{ F9. A9F . AL. AL{% A

.. AL. ALr . Agh. /®lid AmaterialAli® . igdatedbys niglaps of filtration, then stirred for 10 minutes
(10,000 rpm) with 125 g of a mixture of tert.-butanol and distilled water (70/30;
w/w), and filtered again. Finally, the mixture is stirred for a further 10 minutes

(10,000 rpm) with 125 g of tert.-butanol. After filtration, the catalyst is dried at 50°C

15 and normal pressure until constant weight is reached.
Yield of dry, powdered catalyst: 3.08 g

Elemental analysis:

20 cobalt = 13.6 %, zinc = 27.4 %, tert.-butanol = 14.2 %

Preparation of polyether polyols

General procedure

25
50 g of polypropylene glycol starter (molecular weight = 1000 g/mol) and from 3 to
5 mg of catalyst (from 15 to 25 ppm, based on the amount of polyether polyol to be
prepared) are placed under a protective gas (argon) in a 500 ml pressurised reactor
and heated to 105°C, with stirring. Propylene oxide (approximately 5 g) is then

30 metered in in a single batch until the total pressure has risen to 2.5 bar. No further
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20 Example 1

Preparation of polyether polyol using catalyst A (15 ppm)

induction time: 280 min
25 propoxylation time: 500 min
total reaction time: 780 min
polyether polyol: OH number (mg of KOH/g): 31.6
double bond content (mmol/kg): 9
viscosity 25°C (mPas): 864
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15 Example 3

Preparation of polyether polyol using catalyst C (25 ppm)

induction time: 265 min
| 20 propoxylation time: 175 min

total reaction time: 440 min

polyether polyol: OH number (mg of KOH/g): 30.2
double bond content (mmol/kg): 8
viscosity 25°C (mPas): 926

25
Example 4

Catalyst D (15 ppm) exhibits no activity under the reaction conditions described
above.
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My[M' (CN),L,
wherein

M represents a metal selected from Zn(Il), Fe(Il), Ni(II), Mn(II), Co(II), Sn(II), Pb(II),
Fe(III), Mo(IV), Mo(VI), AI(II), V(V), V(IV), Sr(I), W(IV), W(VI), Cu(Il) and/or Cr(III);
M' represents a metal selected from Fe(Il), Fe(III), Co(II), Co(IIl), Cr(II), Cr(IIl), Mn(II}),
Mn(I1I), Ir(IIT), Ni(II), Rh(III), Ru(II), V(IV) and/or V(V); and

X, X', y and z are integers and are so selected that the double metal cyanide compound has

electro-neutrality.

4, The catalyst according to claim 3, wherein M comprises Zn(II), Fe(II), Ni(II), and/or
Co(1ID).

5. The catalyst according to claim 3, wherein M' comprises Fe(Il), Fe(Ill), Co(II),
Co(I1I), and/or Cr(III).

6. The catalyst according to claim 3, wherein x=3, x'=1, y=6 and z=2.

7. The catalyst according to claim 3, wherein the double-metal cyanide compound is

zinc hexacyanocobaltate (III).
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4 (fDE The catalyst gézoré{\r{\gf\’t(g CEE}illl ergin tge pjoga@?e%g yco %ltg.lll ester is
present in an amount of from about 1 to about 40 wt. % based on the amount of finished

catalyst.

12.  The catalyst according to claim 1, wherein the polyalkylene glycol sorbitan ester

comprises an alkoxylated mono-, di- or tri-ester of a sorbitan with carboxylic acid.

13.  The catalyst according to claim 1, wherein the polyalkylene glycol sorbitan ester is a

polyethylene glycol sorbitan ester.

14. A process for the preparation of a double-metal cyanide catalyst according to claim 1,
comprising the steps of® (a) reacting, in aqueous solution, (i) at least one metal salt, (ii) with
at least one metal cyanide salt, (iii) in the presence of (iii) an organic complex ligand, which
is not a polyalkylene glycol sorbitan ester, to form a suspension; and (b) treating the

suspension with a polyalkylene glycol sorbitan ester.

15. A process according to claim 14, further comprising the steps of: (a) isolating the

catalyst; (b) washing the isolated catalyst; and (c) drying the isolated catalyst.

16. A process for the production of a polyether polyol by polyaddition of an alkylene
oxide onto a starter compound containing active hydrogen atoms in the presence of a catalyst,

the improvement wherein the catalyst comprises the double-metal cyanide catalyst of claim 1.



