; ~e3e" " [ 662T?H3WO 03/ 020422 PCT/ EP02/ 09241 Doubl e netal cyanide
“catalysts for the preparation of polyether polyols The invention relates to

novel doubl e n@igadsByani de (DMC) catal ysts for the preparati eaTafeopehyet her
pol yol s by the polyaddition of alkylene oxides to starter 5 conpounds

having active hydrogen atons. Double netal;cyanide (DMVC) catal

pol yaddi ti on of al kyl ene oxides to starter conpounds havi ng acmmmm"mmw mmm
atons are known (q.v., for exanple, US A 3 404 109, US-A 3 829 505, ks
941 849 and US-A 5 158 922) In 10 corrparl son with the convent| onal
preparati on of Deublednetal cyanidegagalysts for;the nrepanagion;of pg lvols:h as

al kali netal hydrOX| des the ut| | i sation of these DIVC cat aI ysts for the
preparation of polyet her pol yol s brings about in particular a reduction in
the content of Thorindantioniehads ponpetlndswbldanétaly cyidd r@BM(D)oudttbl@rstbOfmdsthe
so-cal l ed nonools. The p et her polyols thus obtained my rocessed to
afford 15 hi ghPigpdatonef mf@th%meﬁy ofst by thexnehprdditqma et alkyleae orxe&ﬁst

coati ngs) off ined by reacting an aqueous

sol ution of a noéﬁ%@nﬁﬁwﬁégﬁ ﬁgﬁioéé%%té}én%sol ution of a netal cyanide salt
in the presence of an organi c conpl exi ng Ilgand for exanple an ether. In a
typi cal catal yst preparation, for exa ueous solutions of zinc

chloride (in elkeubls)metalicyssidesdINk gatr é?aﬁ‘?bé Bolyaddition ef pikylege oxples to

fol |l oned byth I he i

whi o' has been ook b RIPRY o %‘ggt\%’/a&%ha?{%ﬁ‘)“"%‘?i EReREE %
aqueous gl yne goBudfqongg,ausasti \w29csisl ysiA <309uesmenﬁhd1w3-1a Shssgemar ah
formul a Zn3[Co(CN)6]Z X ZnQ 2 yH20 z glyne 25 is obtained (qg.v., for

exanpl e, 1BP- A v@oPaBOR wWighpthe 4011%‘[19_ premrgtion af7 golgetber pplypls7oi0 neeags ofP- A

743 093, EP-A 7 97/ S cat sts {ch, a
result of the EI? 1.csagatl¥s(t)sn S}\g?\% £3r ‘%ﬂt @’ﬁ(g?mg% t@‘é%ﬂ% 8%?55XP§EC
l'igand (al one g4talyéts CRMh& rk aﬂ/t\zint Bf obkheet fidvols ERnps 74HduP4R . paaiitutar 7 8
708, WO 97/ 40086)? in the% r%aratl oflp E))}]E&p I%}ﬁjt;her o WO 03/ 020422 -2
reduction in the content of monofunctional polyethers having terminal double bonds,

so-called monools. The polyether polyols thus obtained may be processed to afford
15 high-grade polyurethanes (for example elastomers, foams, coatings). DMC catalysts
are normally obtained by reacting an aqueous solution of a metal salt with the
aqueous solution of a metal cyanide salt in the presence of an organic complexing
ligand, for example an ether. In a typical catalyst preparation, for example, aqueous
solutions of zinc chloride (in excess) and potassium hexacyanocobaltate are mixed,
20 followed by the admixture of dimethoxyethane (glyme) to the suspension which has
been formed. After filtration and washing of the catalyst with aqueous glyme

solution, an active catalyst corresponding to the general formula

Zn3[Co(CN)¢]2 x ZnCl, yH,O 2z glyme
25
is obtained (q.v., for example, EP-A 700 949).
JP-A 4145 123, US-A 5 470 813, EP-A 700 949, EP-A 743 093, EP-A 761 708 and
WO 97/40086 disclose DMC catalysts which, as a result of the utilisation of tert.-
30 butanol as an organic complexing ligand (alone or in combination with a polyether

(EP-A 700 949, EP-A 761 708, WO 97/40086)), in the preparation of polyether
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. PCT/ EP02/ 09241 polyols bring about a further reduction in the content of
'monof unctional pol yethers having ternminal double bonds. Furthernore, the
i nducti on ti mewigostohes2pol yadditi on reaction of the al kyl ene exirg®s2/nd2ih
correspondi ng starter conpounds is reduced, and the catalyst activity

i ncreased, by the utilisation of these DMGycatalysts. 5 It has now been
found that in the preparation of polyether polyols DMC catal ysts which
conprise a cyclic polyol as a conplexing |ligand have greatly increased
activity. 10 The present invention therefore provides a double netal

cyani de” (DVC) Bolvels peing @bengra Birthgr eedugtion wqthe copfentefupprotppstionalRolysthes
conpound, 15 b h | i 4 whi I .

cyclic polyol ,Pl%mog lf:e?&ﬁal faglgosl? bgﬁ&;i ?y@ﬁ%(ﬁ%’ltggllﬁd#ﬁgrggﬁ?aﬂ}sﬁ)g c%?lglorrllg to
the invention reayticpdl tHeadlkyleso oRides evith) cortspondiny stheeraddnypodé ioradhcddy 10
wt.% and/or e) one or nore water-soluble netal salts, preferably from5 to
25 wt. % cor r edsbthacaglysiactivgy fsraessda by the wv(lmmrwfdh@sreﬁg%ﬁr@ﬁéﬁ&%i on of the
doubl e nmetal cyani de conpounds a). In the fornula (1) Mis selected from
anong the netals zn(I1), Fe(ll), Ni(ll), M(Il), Co(ll), Sn(ll), Pb(Il),
Fe(l111), M(lVit,haoWl beenMoGhd khat iVEDN prepiralydn oShblybther Yol DM VEtalysti( 1 1)
and Cr(II1). Zn(ll), Fe(ll), Co(ll) 25 and Ni(Il) are particularly
preferred. TheWwaishotmnpiisgr @ yplic patyel @6 alcemplesing, lipandf bavgbpipatihdnesegred and
are preferablyacghgcted fromthe group conprising the halides, hydroxides,
sul f at es, car bdnat 5, cyanates, thiocyanates, isocyanates, i sothiocyanates,
carboxyl ates, oxalates or nitrates. The value of nis 1, 2 or 3. WO

03/ 020422 -3 PCT/ EP02/ 09241 The doubl e netal cyani de conpounds a) conprised
in the cdPal ysThe peesentdingention thaeeforavavidena alogblehmetak gyanidm ( weatalyshf

wat er-sol ubl e netal .salts and water-soluble netal cyanide salts. 5

Wat er - sol ubl e FEPES ™ &1 ts suitable for the preparation of double netal

cyani de conpounds a) preferably have the general formula (I) MX)~, with M
bei ng selected fromanong the netals zZn(ll), Fe(ll), N (Il), M(IIl),

Co(11), Sn(I1)a) Pb(atlpast pag doubje mita eyenidenopipopnd, Al (111), V(V), V(IV),
Sr(ll), WIV), WVI), Cu(ll) and C(lI1). zZn(ll), Fe(ll), Co(ll) and N (I1)
are particularly preferred. The anions X are the sane

15 b) at least one organic complexing ligand which is not a cyclic polyol, and
c) at least one cyclic polyol.

The catalyst according to the invention may optionally comprise d) water, preferably
20 from 1 to 10 wt.%, and/or ¢) one or more water-soluble metal salts, preferably from
5 to 25 wt.%, corresponding to the formula (I) M(X), from the preparation of the
double metal cyanide compounds a). In the formula (I) M is selected from among the
metals Zn(II), Fe(II), Ni(Il), Mn(II), Co(II), Sn(II), Pb(Il), Fe(IIl), Mo(IV), Mo(VI),
Al(III), V(V), VIV), Sr(Il), WAV), W(V]), Cu(ll) and Cr(IIl). Zn(1I), Fe(Il), Co(1I)
25 and Ni(Il) are particularly preferred. The anions X are the same or different,
preferably the same, and are preferably selected from the group comprising the
halides, hydroxides, sulfates, carbonates, cyanates, thiocyanates, isocyanates,

isothiocyanates, carboxylates, oxalates or nitrates. The value of nis 1, 2 or 3.




10 or different, preferably the sane, and are preferably selected fromthe
‘group conprising the halides, hydroxides, sulfates, carbonates, cyanates,

t hi ocyanat es, WwapoRyanates, i sothiocyanates, carboxyl ates, oxacatEs2/e9241
nitrates. The value of nis 1, 2 or 3. 15 Exarrpl es of suitable

wat er-sol ubl e netal salts are zinc chloride. zinc bromde, zinc acetate,
zinc acetyl acetonate, zinc benzoate, zinc nitrate, iron(ll) sulfate,
iron(ll) bromde, iron(ll) chloride, cobal t(I I) chl oride, cobalt(ll)

thi ocyanate, njckel (11) chloride and nickel (11) nitrate. Mxtures of
various wat er - $BF debie w&fae\%a ¢ SomRapngs §b°%’épréﬁﬁi in dheratasiygacardingiohe o

nmet al cyani de I r e
conmpounds a) p?@k fét?oang#x’ tﬁg\fgacﬁlﬁﬁ pt“gtﬁlecﬁa (%lr%%nbfﬁﬁbl? IP%QP%IE ?ﬁhﬂ %ﬁyﬁ%lg
with M being ﬁretaecyam@uefsraugn anong the netals Fe(ll), Fe(lll), Co(ll),
Co(lIl), C(ll), C(LIl), Ma(CLL), MA(CLLL), Tr(ELL), Ni(ID), Ra(lll),
Ru(l'l), V(IV) and V(V). M is 25 particularly preferably selected from

among € he et akg, Galhie (SR Lk oFEK! b B8 (kb O dohpte! LA 08

Ni (11). The water-so e fret Al ~cyani i se one or

these netal s. Jhapsaiaids @)preferatile hhﬂﬂh&@Bﬁer@lrfodhﬁleI)Qﬂ(X)anBﬁM@bﬂng stigetegane,
and are sel ect ed fromthe group includi ngﬂt he al kali netal ions and

al kal i ne eart hftagx among e mytals ZAn(illpnEe(), NIk, MndBnEodb. nflHePedD, Fe(lll),

preferably Lnenar: ita: S, JSoyis SRR We®l WRBCTRbecid,
i socyanates, i gaghi RS (ES and DD 4y W@l aired. Ph MQ%%@%@
PCT/ EPO2/ 09241 -“)nfafq[gt es( §g?)th @D soalgxglﬁd c ar ee ?nr:?e ers, with the

val ues ofl0a, board@lff@emteumgfeyébeéheedm@g,c and trae rreferablt stlectpdrfrora thal gronp

electrically neutral r.ef 3 or efe abl 5 or
6: ¢ br ot er bl sormpEvipm dng, el FRfnlist sk Kot SrBhlio iigindtes o
cyani de salts %BgyaQ%Qﬁ%tHﬁbW&Gy@W%st @ia@r&éd 60 nitrtel. A% e  n is 1, 2
hexacyanof errate(11), ‘potassium hexacyanoferrate(lll), calcium

hexacyanocobal pad.e(111) and |ithi um hexacyanocobaltate(lll). Preferred
doubl e netal cyani de conpounds a) which are conprised in the catal ysts
according to the invention are conpounds corresponding to the general

formula (151 1) EQadvkrMoKsiiftdle watet-Soluble GhetAll dafts 8Rf dineeh188dd, RidclomRieHing

(1), and M is defined as in the formula (11), and 15 x, X' y and z are
i ntegers and anectaiel sot @@etyucetonatat zinh bedonsitd, almmarate:ylm(ﬂb suldatpoiron(ll) s
electrically n utr,

Fe(11), Co(l |) aﬁ’( FP? és—c tlil )cilﬁ'ﬁ"é%f%?ly”af?ﬁf’(thwdanéw( |I}1%1ferl(|“).

chloride and mckel(II) nitrate. Mixtures of various water-soluble metal salts may
also be utilised.
20
Water-soluble metal cyanide salts suitable for the preparation of double metal
cyanide compounds a) preferably have the general formula (II) (Y)a M'(CN)y (A).,
with M' being selected from among the metals Fe(II), Fe(III), Co(II), Co(III), Cr(II),
Cr(Ill), Mn(Il), Mn(IlI), Ir(IIl), Ni(Il), Rh(I), Rudl), VAV) and V(V). M' is
25 particularly preferably selected from among the metals Co(Il), Co(lII), Fe(II), Fe(III),
Cr(IIl), Ir(II) and Ni(II). The water-soluble metal cyanide salt may comprise one or
more of these metals. The cations Y are the same or different, preferably the same,
and are selected from the group including the alkali metal ions and alkaline earth
metal ions. The anions A are the same or different, preferably the same, and are
30 selected from the group comprising the halides, hydroxides, sulfates, carbonates,

cyanates, thiocyanates, isocyanates, isothiocyanates, carboxylates, oxalates or



.Exanpl es of suitable double netal cyanide conpounds a) are zinc 25
"hexacyanocobal tate(l11), zinc hexacyanoiridate(lll), zinc

hexacyanof er r ajv@fdsjobos2@nd cobal t (11)hexacyanocobal tate(lI1). ptyfdphb9241
exanpl es of suitable double netal cyani de conmpounds are to be found in, for
exanmple, US-A 5 158 922. Zinc hexacyanocobgltate(lll) is particularly
preferably used. 30 The organic conplexing |igands b) conprised in the DMC
catal ysts according to the invention are known in principle and are
described in detail in the prior art (for WO 03/ 020422 -5 PCT/ EP02/ 09241
exampl e in US mt@teisﬁot@z@an@slsﬁ brangha anpmtegers, Avith e gabes of @sband ohaing49,
EP- A 700 949, 7 J 3 3,093
and 0 97/ 00881 G IR e e bl s el fltalds pifepbitdy 2 o

or gani ¢ conpouads; hay piegerbisil eF, Gad106Bc pHEFErably HAX YEE Raludiol mgﬁpleswfcsanﬁm us
or sulfur, 5 which are able to formcorrpl exes with the double netal cyanide
conpound a). SwrieaBolablsrmeiai evasisieprakix PrEgPqtasghim bexacganorebaliaiesil potassium

al cohol s, -al de et her esters, ,anm des.. ure nitrit

U oes foa RGOl EARED: L BpRiwEY or on REMTERPHREAD. [ anaeliin
wat er - sol ubl e rdxapfimbtoatth@edNPhsd Bt AsxRYARASaltatefPRr Opanol , n-but anol ,
i so-butanol, sec.-butanol and tert.-butano Tert.-butanol is 10

parti cul arIy preferred. Suitable cyclic pol yols c) have at |east two

hydr oxyl gro er The r ef er abl e 2 ro er
ol cou e, it hPieRERed B el Syl iora R DR BRE i centisf b saF T s
nol ecul e pr ef ezRbidingd R thexFRREIMNEe éomg&ﬁld%%oﬂéﬁpﬁﬁ&ﬁg the PRN&Ga PloABII(AT)OT
aliphatic ring structures; cycloaliphatic polyols are preferably utilised.

The pol yadPls preferably have 6 to 20 car bon atons, the nunber of carbon

atonms in the ring is pref erabyu\% ¢]§g§t 8. Exarrpl es of cyclic polyol
conpounds whi ch are preferabl MY are 1, 2-cycl ooct anedi ol and

1, 5cycl ooctanediol. 20 The DMC catal ysts according to the invention
conprise the double netal cyanide conpounds a) in quantities of from20 to
90 wt.% pref emabhlyhkﬁlstdyﬁaedmin%efanmubﬂ(&hm to the quantity of finished
catal yst, and r | exi ng. ligands b) in quantities of fromO0.5
to 30, prefera%riﬁ‘%f S %“5‘ e%rmiul?&éﬂlaé‘gi on to the quantity of 25 finished
catal yst jsThe Mg Gasd ¥S4S iRk @fg%aga&% tem%dlgwﬁrt AtOfhe NRYUBRY b QTR
froml to 80 w.% S’gref erartb 1y % W % of fleaste orllle cyc a?c pOIPon
c), in relati oeompountes ciata;n‘caltyynetutralfl ni shed cat aI yst. The cat al yst
conposition is normally anal ysed by neans of elenental analysis, 30

t hernogravinetric analysis or extractive renoval of the ionic

surface-acti vep @l ipt erface-active, conpound content, followed by
gravimetric determ nation. WO 03/ 020422 PCT/ EPO2/ 09241

20 x=3,x'=1,y=6and z=2,
M = Zn(II), Fe(Il), Co(II) or Ni(II), and
M' = Co(Ill), Fe(III), Cr(III) or Ir(III).

Examples of suitable double metal cyanide compounds a) are zinc

25 hexacyanocobaltate(Il), zinc hexacyanoiridate(IIl), zinc hexacyanoferrate(IIl) and
cobalt(II)hexacyanocobaltate(Ill). Further examples of suitable double metal cyanide
compounds are to be found in, for example, US-A 5 158 922. Zinc
hexacyanocobaltate(I1l) is particularly preferably used.

30 The organic complexing ligands b) comprised in the DMC catalysts according to the

invention are known in principle and are described in detail in the prior art (for



-6 The catal ysts according to the invention may be crystalline, partially
‘crystal line or anorphous. The crystallinity is normally anal ysed by powder
X-ray diffract aegsroges2s Catal ysts according to the inventionpolrEpb/eapri se
a) zinc hexacyanocobaltate(lll), b) tert.-butanol and c) a cyclic polyol 10
are preferred. The DMC catal ysts accordingsto the invention are nornally
prepared in aqueous solution by the reaction of a) netal salts, in
particul ar corresponding to the formula 15 (1), with netal cyanide salts,
in particular corresponding to the formula (11), (3) qorganic _conplexin
| ghnds. b) . wnPERRS B HorAcy L8 S 8I0r L 44 AR0 S} BBRa0o o v ciBel yol
c). In this cags, ) t fns > 0 l.eszinc
hi or{ de whi chioi {00 oty i i 120t Bl |27 U 4 FPh Ly, GPoh Bl o) 1
relation to t h&VOet74008gnPrefereadl drgdniandnplexife ligeddl areyaatetsolable t orghrde
exanpl e potassi um hexacyanocobal tate) are preferably reacted first in the

[

presence of t hePmBpQEds davwgphespaigms %lﬁhoﬁsb‘)x)’(gﬁ%rmiéf?ﬁ%l@oﬁwi stsahie: ) | |
B Pl ! . t _ .
W th a sugpens{an,f gL Mg e c@gp{%g%s;)%h m@geé}%gﬁ% x%e&Ftcgim&V ?g&}lﬂ%ﬂggo““

a) (for exanpl e zinc hexacyanoco excess ne t

e), and the or gaifible 6:@aERikcsplexinghgmdb hre, ThrexangRN alkokslsddohyies, kewasy b)
may here be present in the aqueous solution of the netal salt and/or of the
netal cyani de &hens, estars,jamides, uigas ditrifesosulibdas apd mraturesghemmefl. Srafpreadserapnic

comound 2y Thongebaf, MoBie I8 W% ubhT, AT, MRS TR, ol

It has proved Rem@apimdeabatanel, TEoblithto] 2sieeBLtNSIoANd fe@NBudAél, ThR.-BitgRdliis
conpl exi n WO 03/ 020422 PCT/ EP02/ 09241 ligand b) w th vigorous

stirri ng.lgThe syspdady piefareadned is normally then treated with the conponent
c). The conponent c) is in this case preferably utilised in a m xture

Suitable cyclic polyols ¢) have at least two hydroxyl groups per molecule. They
preferably possess 2 to 4 OH groups per molecule, with the numerical ratio of
carbon atoms and OH groups in the molecule preferably not exceeding 4. The

15 polyols may have aromatic or aliphatic ring structures; cycloaliphatic polyols are
preferably utilised. The polyols preferably have 6 to 20 carbon atoms, the number of
carbon atoms in the ring is preferably at least 8. Examples of cyclic polyol
compounds which are preferably utilised are 1,2-cyclooctanediol and 1,5-
cyclooctanediol.

20
The DMC catalysts according to the invention comprise the double metal cyanide
compounds a) in quantities of from 20 to 90 wt.%, preferably 25 to 80 wt.%, in
relation to the quantity of finished catalyst, and the organic complexing ligands b) in
quantities of from 0.5 to 30, preferably 1 to 25 wt.%, in relation to the quantity of

25 finished catalyst. The DMC catalysts according to the invention normally comprise
from 1 to 80 wt.%, preferably 1 to 40 wt.%, of at least one cyclic polyol ¢), in
relation to the quantity of finished catalyst.

The catalyst composition is normally analysed by means of elemental analysis,
30 thermogravimetric analysis or extractive removal of the ionic surface-active, or

interface-active, compound content, followed by gravimetric determination.



‘with water and organic conplexing ligand b). 5 The catalyst is then
‘isolated fromthe suspension by known techni ques such as centrifuging or
filtration. |nwo @redasred enbodi nent variant the isol ated cacampsingzst t hen
washed wi th an aqueous solution of the organic conplexing ligand b) (for
exanpl e by re-suspension followed by re-isglation by filtration or
centrifuging). Water-sol ubl e by-products such as potassium chloride nmay,

for exanple, be 10 renoved in this way fromthe catal yst according to the

i nvention. The organic conplexing ligand b) content of the aqueous washing
solution is preferably from20 to 80 wt.% in relation to the total

solution. It i \V/ |
solution a sna Pé g%tgl ?llg {535‘29 ﬁlg ﬁéﬂ%@%ﬁ?gﬁ%%ﬁggﬁgoﬁst%@ﬁﬁgﬁﬂ che&%?lm]?ggd as
t he conponent shorphoes. &habiygtallintyidndrniably analysédh by powdet Xitagdiffractometry ot al
solution. It is noreover advantageous to wash the catal yst nore than once.
The first washing operation may, for exanple, be repeated for this purpose.
It is, ho‘ﬂeverCaﬁff{s%@&hﬁ 20 iheQn¥si ol Wi %g&ﬁesm utions for further

washi ng operations, for exgrrpfe a mxture o rgani ¢ conplexing |igand and
the cyclic polyols c¢c) which are utilised as the conponent y). The washed
catalyst is then, optionally after pulverisation, dried at tenperatures of
25 general |y ffom 208in¢ hexasyemospbpligieédlyr es of generally from 0.1 nbar to
nor mal pr ess“rﬁ}(lot]e?‘t- ahar n‘ghe present invention also provides the use of
the DMC catal ysts according to the invention in a process for the
preparation of cpol yetidic godloyol s by the pol yaddition of 30 al kyl ene oxi des
to starter conpounds having active hydrogen atons. WO 03/ 020422

PCT/ EP02/189241 g_ Ethyl ene oxi de, propyl ene oxi de, butyl ene oxide as well
as m xtures thﬁre%?%feﬁéda utilised as the al kyl ene oxi des. The construction
of the polyether “chains by al koxyl ation may, for exanple, be effected with
only one epoxi de nmononer or also in random or block manner with 2 or 3

di fferent epoxi de nononers. More detailed 5 information may be found in

"U | manns Ency&hepidCecaiaysts aeqesding &b |the) imieatiprare wermallpopreparedn agugpus 670

and 1 T0 8 hydrBugr B Iieedibg A RATAGH of Pritells® e ndndte R P TouBinds

having aqki ve (1) with metal cyanide salts, in particular corresponding to the formula (II), B)

organic complexing ligands b), which are not cyclic polyols, and y) at least one

cyclic polyol c).

In this case, the aqueous solutions of the metal salt (for example zinc chloride which
20 is utilised in stoichiometric excess (at least 50 mol% in relation to the metal cyanide
salt)) and of the metal cyanide salt (for example potassium hexacyanocobaltate) are
preferably reacted first in the presence of the organic complexing ligand b) (for
example tert.-butanol), with a suspension forming which comprises the double metal
cyanide compound a) (for example zinc hexacyanocobaltate), water d), excess metal

25 salt €), and the organic complexing ligand b).

The organic complexing ligand b) may here be present in the aqueous solution of the
metal salt and/or of the metal cyanide salt, or it is added in direct manner to the
suspension obtained following the precipitation of the double metal cyanide
30 compound a). The organic complexing ligand is usually utilised in excess. It has

proved advantageous to mix the aqueous solutions and the organic complexing



10 hydrogen atoms. The follow ng are named by way of exanple: ethylene
‘glycol, diethylene glycol, triethylene glycol, 1,2-propylene glycol,

1, 4- but anedi ol wo®wamet hyl ene gl ycol, bi sphenol A, trinmethyl ecrmropens,

gl ycerol, pentaerythritol, sorbitol, cane sugar, degraded starch or water.
15 Starter conpounds having active hydrogefn_atons, such as have been
prepared, for exanple, by conventional alkali catalysis fromthe

af orenenti oned | ow nol ecul ar wei ght starters, and which constitute

ol i goneric al kgxyl ati Qn products havjng (nunber, average | ecul ar wej ghts
of 200 to 2, oo@g%éﬁﬁ vaﬁ\/\aa?raa%%mmg- qaugge@alpné@mﬁﬁlés Bﬁwﬂ@dﬁeq eptsk Wit

al kyl ene oxi deg,at Vil 2 ] h , l.ch is
cat al ysed by tﬁlg cggﬁ)gﬁélit?é 1'jlccor ngnﬂt@ 1'ts %t}?%%sﬁfﬁrg%%ggﬁ@%??ﬁ%@ég

pl ace at tenpewithwata anfl ofganiv @ihpdlexiZdhgandmef erably within the range 40 to

180C, particularly preferably at tenperatures of from50 to 150C. The
reaction nmay be carried out at total pressures of fromO0.0001 to 20 bar.

The pol yadditi . I Lo it I L L
or gani ¢ ool vent T CERNAE i€ MTREES o Briinl U RhoOk tpdhofflel 16H o
normal [y from déntdifagi@ ot filltatiom Inel prefepred tembolnepit aniiatythe isofédy edthiest is

pol yol to be prepared. The catal yst concentration i s sel ected such that
good control ofhehnEashed yathipr jagncons ofutiont ofothecargame complaxing ligansep) (fog

gi ven reaction Lt ons : I onge At i LS. r L n

t he range O. 008&’9’%?%’ O%Y t% s S%ﬁ%ﬁaﬁﬁgﬁé ab§l 133 f\?’\n&[tah% b9n@IB%8§’fg’§o%b§Mm é)h
PCT/ EP02/ 09241 Wdfertsotublantgeproddiisl soth %st @ofdsslumt chioridarthayg Ufor byanislef B abl y
within the range 0.00l to 0.0025 w.% in relation to the quantity of

pol yet hedOpol ytsmaved fethiy wianfrew thepatalystsserading e thegayenighecul ar wei ght's of

t he pol yether polyols prepared by the 5 process according to the invention
are within the range 500 to 100,000 g/nol, preferably wthin the range

1,000 to 50, 000hg/digdnic RaMmplexidgatibandobRicenhl Wf Wwhé hiqiedudewasHigie salufloR it o
20, 000 g/ nol. The polyaddition may be carried out in continuous or
di sconti nuous Pigfehly fam 200t0e8Bimpie inrelatipatte ihe totalesplutinm: dhispfustbersaore

On hei dly .i d i Vi .th I di .th
hventi on nay. BAVABIEERG b MR TE B b bhhate oufiisie ¥Ra BtG RERR.GR
relationiso thgolgslanh iwhychod eﬁﬁliﬁéﬁt £38he ROhPSHent ?)T, BerOaBRaAtGAD.5 {of 5 Wi, in

I
pol yet her polyol s prepared in the 15 presence of the catalysts according to
t he inventi on wmlaiongetheftotal sdlatipr.epar ati on of pol yur et hanes
(Kunst st of f handbuch, Vol . 7, Pol yurethane, 3rd Edition, 1993, pp. 25 32 and
57-67), the renoval of the catalyst fromthe pol yether polyol may be

omtted w thout i hﬁﬁ%f‘ﬁ@&ﬁta%@odsh@ WHsR WCLatAYRIrhdrk 8BarPnck MEnP ALY WaShiRgne
whi ch is obtained. WD 03/ 020422
operation may, for example, be repeated for this purpose. It is, however, preferable
20 to use non-aqueous solutions for further washing operations, for example a mixture
of organic complexing ligand and the cyclic polyols ¢) which are utilised as the

component ).

The washed catalyst is then, optionally after pulverisation, dried at temperatures of
25 generally from 20 to 100°C and pressures of generally from 0.1 mbar to normal

pressure (1013 mbar).

The present invention also provides the use of the DMC catalysts according to the
invention in a process for the preparation of polyether polyols by the polyaddition of

30 alkylene oxides to starter compounds having active hydrogen atoms.



-10 Exanpl es PCT/ EP02/ 09241 Exanple 1 Preparation of a DMC catalyst with
‘1, 5-cycl ooctanediol 5 9 nl of an aqueous 7.4 wt.% potassi um
hexacyanocobal v @/3¢d20t i on were added, with vigorous stirri pgr/mpe2/69241

m xture of 15 m of an aqueous 11.8 w.% zinc chloride solution, 13 n
tert.-butanol and 0.4 g 1, 5-cyclooctanedi p§j. The precipitate which forned
was washed with a mxture of 10 m tert.-butanol and 30 nl water, and was
filtered off. 20 M tert.-butanol were then added to the filter residue,
which was 10 fjiltered again. Following the filtration_ the catalyst

dried at 50ﬁ aethy eprf&%@twrl@ exide.nppaYeng oxids s Wakl argniykires theg rﬁsrﬁu
- ( ! : Mt TR
o S, 1 e TRt hTih IRl R4, A e SOOEREHG8 ot RO Tl cThet O 0

w . % Exanpl e 2kbxgptonainbpfodbxampdd/beceffertedsitimoaly ohe zpoyide aasioaredt also 9 N

of an aqueous 7.4 wt. % pot assi um hexacyanocobal tate sol uti on were added, 20
with vigorous Bxiapdom@r blegkananner with 2er 1 diffgrensfepgarida aueemsrss Mgreetaiked i nc

chl oride gol utj : - ak 5 .. . 90, -

ni cotini cgaci dlngm%ggn%%gé Bpf)ﬁshﬁ?@}lgyc So%ﬂygngaﬁﬁgl(.%g#ée{g%}eilgﬁgql}ea ‘e

whi ch formed wael. wexheoodiphfes®70ieksagr.e of 10 m tert.-butanol and 30 m
water, and was filtered off. 20 m tert.-butanol were then added to the
filter residue, which was filtered again. Following the filtration the 25
catal yst was dpi .at [ [ 10 t St

wei oht - & ement aPofi BRI ChERNEERAbIT IR B ety iR 8 A8 ROk L o
cobalt = 12. 4 wdrlkylZglGps a&lgﬁaﬁﬁbl% utf1Bed - asPihe afigtker=combutltls Having active

1, 5-cycl ooctanediol = 6.0 wt.% 30 WO 03/020422 PCT/ EP02/ 09241 -11

Exanpl e 30Pr ephydiogamatomsa Thrdolewiigyare nemed Yy »ayyel exampieieethplen® ghicobf an

aqueous 7.4 wt % pot assi,um, hexa nocobal t atee,sol uti on r d it

Vi gorous sti rrfiﬁ%]{,g'?etns §l¥ﬁ%1>l<’t u 15&% N5 gﬁg{coijf g%'pﬁodﬁ’ 0ls gﬁc.og \?\fg&uwg%op
chloride 5 sol HétagfbthyleheNblytdl! bispheHoRAQ ltsim@th§10M préfand ) ¢ BEBR UsentheWihril,

| actic acid solutijon y;ﬁldn%.}l4 g 1?2- cycl ooct fﬁedipofaé Thg@gr ecilt%i tai;yé whi ch
formed was wasbasbitol eanesugarxdegradedfstatch oiwaten t . - but anol and 30 m water,
and was filtered off. 20 m tert.-butanol were then added to the filter
residue, which was filtered again. Followi ng the filtration the catal yst
was driedsat SQfar@t coRPSGRY HAVRSHfife ﬁ;&og@aatbmfs,os&ﬁrh%tlﬁ% bu&i Bfebared Ofor

El emental analysis, thernogravinetric analysis and extraction: cobalt
13.2 wt. % zi nexam@e, iy wonvntional talkabiucatalydis fro6 thewafosgmentignesly oivo omierntadi ol
= 4.82 wm.%

weight starters, and which constitute oligomeric alkoxylation products having

(number average) molecular weights of 200 to 2,000, are advantageously utilised.

20 The polyaddition of alkylene oxides to starter compounds having active hydrogen
atoms, which is catalysed by the catalysts according to the invention, generally takes
place at temperatures of from 20 to 200°C, preferably within the range 40 to 180°C,
particularly preferably at temperatures of from 50 to 150°C. The reaction may be
carried out at total pressures of from 0.0001 to 20 bar. The polyaddition may be

25 carried out without solvent or in an inert organic solvent such as toluene and/or
THF. The quantity of solvent is normally from 10 to 30 wt.%, in relation to the
quantity of polyether polyol to be prepared.

The catalyst concentration is selected such that good control of the polyaddition
30 reaction can be achieved under the given reaction conditions. The catalyst

concentration is generally within the range 0.0005 wt.% to 1 wt.%, preferably within



.15 Exanple 4 Preparation of a DMC catalyst with 1,5-cycl ooctanediol 26.1 n
of - an aqueous 1.84 wt.% hexacyanocobalt acid sol ut| on were added, with

Vi gorous stirriggoseey2a M xture of 10 m of an aqueous 6.6 WpcTiEPO§9241
acetate solution, 13 m tert.-butanol, and 0.4 g 1,5-cycl ooctanediol. 15 mi
of an aqueous 11.8 wt.% 20 zinc chloride sglution were then al so added. The
precipitate which fornmed was washed with a m xture of 10 m tert.-butanol
and 30 mM water, and was filtered off. 20 m tert. -butanol were then added

to the filter residue ich wa tered ng the filtration
the catal yst wH$ ranged0 Qh 6/(3‘0516 1%%(:%1115%3 areéereblmwﬁmarﬂ)e taag%BrOQ? 40t

condn” =10 TOOSE L ik U RGN TG AR 2t o
1, 5-cycl ooctanediol = 4.6 w. v WD 03/ 020422 PCT/ EP02/ 09241 -12

Exarrple 5 Preparatlon of a DIVC cat aI yst with 1,2-cyclooctanediol 26.1 m of
an aqueous 1.84h MHWMMEVQ%@@E&F@ seightssof %lwméoﬁﬂ%ﬁrep%@w}’ the

vigorous gtirr I 0 6. Wt

ncorate sal uti Bvees' QB td'ife Bvoblofar ot BRLERE Hehids06poh Kimg <,
acid sol ution pieterabld vdthin theaindeoR00EREID,000 g/kfol, f’ﬂart‘iﬁulail’y efeeds withinSthet . ©

zinc chloride solution were then al so added. The precipitate which forrred
was washed wit Fnge fi00P @ 20.860 gl tert.butanol and 30 M water, and was

filtered off. 20 mM tert.-butanol were then added to the filter residue,

which was filtered again. Following the filtration the catal yst was 10

dried at 50C afTh¢ @dlyaeditioh easUbe cadi2diarih doftifstadisotatifidus rah@ieenfoal
anal ysis, thernogravinetric analysis and extraction: cobalt = 14 9 Wm.%

zinc = 2800 wt examplein a basch ensmizbachprogesss 1, 2- cycl ooct anedi ol = 3.2 wt.%
15 Conpari son Exanple 6 Preparation of a DMC cat al yst wi thout cycl i ¢ polyol
9 mM of an aqueous 7.4 wt.% pot assi um hexacyanocobal tate sol ution were

added, with vi geVififo Selr' hhrkedlylifcrdasdl abtiviey Bk chialysts fcoriin@ft@eUsvehliod
Wt . % zinc chloride 20 solution, 13 nl tert.-butanol. The precipitate which

formed was washed b uiilised atxeny éowcongenﬂatm@sr {25 ppmasnsl leaﬁdma@ ationviat the

Fesi dus, whi ondiR pf edydhersbiah o Bt Praaser 1F s IR e s e e 1 BE.

was driedsat SBfeséHce '0TAHE BALalREE 28¢HT8ing td ChdTRRENidrPare ARED BH th¥BtPhtation of
polyurethanes (Kunststoffhandbuch, Vol. 7, Polyurethane, 3rd Edition, 1993, pp. 25-
32 and 57-67), the removal of the catalyst from the polyether polyol may be omitted

without disadvantage to the product qualities of the polyurethane which is obtained.



,25 El enmental analysis, thernogravinetric analysis and extraction: cobalt =
157 wt.% zinc = 27.8 wt.% tert.-butanol = 7.9 w.% WO 03/ 020422

PCT/ EP02/ 09241wold@/Reepar at i on of pol yet her pol yol s General wetrherd26940r der
to determine the activity of the catalysts, 50 g pol ypropyl ene gl ycol
starter 5 (nol ecul ar weight = 1000 g/ nol).j@and 20 ng catal yst were

I ntroduced under protective gas (argon) into a 500 ml pressure reactor and
heated to 130C, with stirring. A nmaxi num of 50 g propyl ene oxi de was

di spensed-in at, a pressure of 2.5 bar 10 within 30 m nutes. After 30

m nutes the reEX3MBKSHi xture was cool ed to room tenperature, and propyl ene
oxi de was renoved by purging with argon. The product was characterised by a
nol ecul ar wei ght distribution (weight average) determ ned by GPC. 15 The

resul ts obt ai nEfamplke I ecBfepadtiomof HBDM@ batelybewiohvl 5@ chloytahedidl Exanpl e No. MV
[9/ ol ] 12140222003220042190521806 ( Conpari son) 1310 ., WD 03/020422 -14
Clains 1. Double netal cyanide (DMC) catalyst conprising 5 a) at |east one

doubl e maTSaI Cya}ﬂli 8'16 arf 3&@6%“5"%’.4 wt.% potassium hexacyanocobaltate solution were added,
with vigorous stirring, to a mixture of 15 ml of an aqueous 11.8 wt.% zinc chloride

solution, 13 ml tert.-butanol and 0.4 g 1,5-cyclooctanediol. The precipitate which

formed was washed with a mixture of 10 ml tert.-butanol and 30 ml water, and was

filtered off. 20 ml tert.-butanol were then added to the filter residue, which was

10 filtered again. Following the filtration the catalyst was dried at 50°C at reduced

pressure (10 mbar) to constant weight.

Elemental analysis, thermogravimetric analysis and extraction:
cobalt = 10.7 wt.%, zinc = 26.1 wt.%, tert.-butanol = 6.0 wt.%, 1,5-cyclooctanediol
15 =20.3 wt.%.

Example2 Preparation of a DMC catalyst with 1,5-cyclooctanediol

9 ml of an aqueous 7.4 wt.% potassium hexacyanocobaltate solution were added,
20 with vigorous stirring, to a mixture of 15 ml of an aqueous 11.8 wt.% zinc chloride
solution, 13 ml tert.-butanol, 6.5 ml of an aqueous 4 wt.% nicotinic acid solution and
0.4 g 1,5-cyclooctanediol. The precipitate which formed was washed with a mixture
of 10 ml tert.-butanol and 30 ml water, and was filtered off. 20 ml tert.-butanol were
then added to the filter residue, which was filtered again. Following the filtration the

25 catalyst was dried at 50°C at reduced pressure (10 mbar) to constant weight.

Elemental analysis, thermogravimetric analysis and extraction:
cobalt = 12.4 wt.%, zinc = 31.6 wt.%, tert.-butanol = 5.9 wt.%, 1,5-cyclooctanediol
= 6.0 wt.%.

30



PCT/ EP0O2/ 09241 b) at | east one organic conplexing ligand which is not a
cyclic polyol, and 10 c) at |east one cyclic polyol. 2. DMC catalyst

according to cwdjyo,l_@ngonprl sing additionally d) water and/ opcekEpro2/09241
wat er-sol ubl e metal salt. 15 3. DMC catal yst according to claim1 or 2,

wherein the double netal cyanide conpound3). i s zinc

hexacyanocobal tate(l11). 4. DMC catal yst accordl ng to any one of clains 1
to 3, wherein the organic conpl exi ng I|gand b) is tert.-butanol. 20 5. DMC
catal yst according to any one of clains 4, wherejn the catal yst
conprises 1 toExampled, oPreparatigpeta BMC é@‘é\YFth%llgzcﬂydOQCtaWQS‘éless for the
preparation of a DMC catal yst, conprising the steps 25 i) reaction in
aqueous solution of a) netal salts with nmetal cyanide salts (3) organic

conpl exi ng | i ganglisofui afuedie 700int. w?bﬂagslmﬁlne@h@an@mauate GyRkive weat yadel, 30
i) isolation, washing and drying the catal yst obtained in step i)
03/ 020422 PCT/ przfﬁmmstlrmgg,ﬁo apn@@ags)f flomlafanmqueusali owt.&¢ le@lckﬂ@tlﬁ@r

pol yols b the f . alk xides to-s s _hayi ng
et ] ve: hydr ogerd i bl fR BBl RohEpP BhdtEoR s Pl BEUCRIR Sefisn 1R
according to apy gDI\Q cﬁf:lo@ététhddﬁollTﬁ@pl'émpltate which formed was washed with a mixture
.As” . Ass?. ALL. AY% AsL As. A", . Asse. A A A AL3e. ~dH+NQ u

of 10 ml tert.-butanol and 30 ml water, and was filtered off. 20 ml tert.-butanol were

then added to the filter residue, which was filtered again. Following the filtration the

catalyst was dried at 50°C at reduced pressure (10 mbar) to constant weight.

10
Elemental analysis, thermogravimetric analysis and extraction:

cobalt = 13.2 wt.%, zinc = 30.6 wt.%, tert.-butanol = 6.2 wt.%, 1,2-cyclooctanediol
= 4.82 wt.%.

15 Example4  Preparation of a DMC catalyst with 1,5-cyclooctanediol

26.1 ml of an aqueous 1.84 wt.% hexacyanocobalt acid solution were added, with
vigorous stirring, to a mixture of 10 ml of an aqueous 6.6 wt.% zinc acetate solution,
13 ml tert.-butanol, and 0.4 g 1,5-cyclooctanediol. 15 ml of an aqueous 11.8 wt.%
20 zinc chloride solution were then also added. The precipitate which formed was
washed with a mixture of 10 ml tert.-butanol and 30 ml water, and was filtered off.
20 ml tert.-butanol were then added to the filter residue, which was filtered again.
Following the filtration the catalyst was dried at 50°C at reduced pressure (10 mbar)
to constant weight.
25
Elemental analysis, thermogravimetric analysis and extraction:
cobalt = 14.9 wt.%, zinc = 26.4 wt.%, tert.-butanol = 7.0 wt.%, 1,5-cyclooctanediol
=4.6 wt.%.
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cobalt = 14.9 wt. %, zinc = 28.0 wt.%, tert.-butanol = 7.0 wt.%, 1,2-cyclooctanediol

=3.2 wt.%.
15

Comparison Example 6 Preparation of a DMC catalyst without cyclic polyol

9 ml of an aqueous 7.4 wt.% potassium hexacyanocobaltate solution were added,
with vigorous stirring, to a mixture of 15 ml of an aqueous 11.8 wt.% zinc chloride
20 solution, 13 ml tert.-butanol. The precipitate which formed was washed with a
mixture of 10 ml tert.-butanol and 30 ml water, and was filtered off. 20 ml tert.-
butanol were then added to the filter residue, which was filtered again. Following the
filtration the catalyst was dried at 50°C at reduced pressure (10 mbar) to constant
weight.
25
Elemental analysis, thermogravimetric analysis and extraction:

cobalt = 15.7 wt.%, zinc = 27.8 wt.%, tert.-butanol = 7.9 wt.%.
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A maximum of 50 g propylene oxide was dispensed-in at a pressure of 2.5 bar

10 within 30 minutes. After 30 minutes the reaction mixture was cooled to room

temperature, and propylene oxide was removed by purging with argon.

The product was characterised by a molecular weight distribution (weight average)
determined by GPC.
15

The results obtained are recorded in the Table below:

Catalyst of Example No. My, [g/mol]
1 2140

2 2200
3 2200
4 2190
5

6

2180
(Comparison) 1310
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10 c) at least one cyclic poly

2. DMC catalyst according to claim 1, comprising additionally d) water and/or

e) water-soluble metal salt.

15 3. DMC catalyst according to claim 1 or 2, wherein the double metal cyanide

compound a) is zinc hexacyanocobaltate(III).

4. DMC catalyst according to any one of claims 1 to 3, wherein the organic

complexing ligand b) is tert.-butanol.

20
5. DMC catalyst according to any one of claims | to 4, wherein the catalyst
comprises 1 to 80 wt.% of at least one cyclic polyol.
6. Process for the preparation of a DMC catalyst, comprising the steps
25
i) reaction in aqueous solution of
o) metal salts with metal cyanide salts
B) organic complexing ligands which are not cyclic polyols, and

1) cyclic polyols,
30 ii) isolation, washing and drying of the catalyst obtained in step i).
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