.., €3e&0& $: TI6TISBWO 031 020796 PCT/ EP02/ 09245 1 Doubl e netal cyanide
catalysts for the preparation of polyether polyols The invention relates to
novel doubl e nwoedseymei de (DMC) catal ysts for the preparatlg@Tﬂﬁm9§h¥§ther
pol yols by the polyaddition of alkylene oxides to starter 5 conpounds
having active hydrogen atons. Double netal;cyanide (DMC) catal ysts for the
"pol yaddi ti on of al kyl ene oxides to starter compounds having ac MMEWMMMWMMHn
atons are known (q.v., for exanple, US A 3 404 109, US-A 3 829 I i
941 849 and U%bA 5 158 0922). In 10 conparison with the conventi onahsose
preparation of U aeialcvanidegatalysts for-he pntian of palvather polyols
al kali metal hydroxides, the utilisation of these DMC catalysts for the
preparation of polyether polyols brings about in particular a reduction in
the content of Theomofentioh irelagds pOhyell hédiubldawtdldciaaIdd OMCIOMISstHIBHShe
so-cal | ed nonools. The pol yether polyols thus obtained may be processed to
afford 15 hi gt‘PrﬁPaéﬁFéP"pBE 99%’6%‘%9@‘5&’?@16? the xetys éiégmna@ﬁ @i:mlpse; omizm ;’La;ter

I ngs . . ai ned by reacting an (
gg?fjlt ingn)f(’)f D:Q&?@gﬁlhgs:}}%lﬁﬁl@?h@gé%ne%gés_sOl ution of a netal cyanide salt
in the presence of an organic conplexing ligand, for exanple an ether. In a

typical catalyst preparation, for exanple, aqueous solutions of zinc
CKFLH de (in Zﬁ%@@%ﬁ%m@dﬁ@m prislasty deroths il yadtliioar of atkyeat ogides to

) bl A .
whi ch has been o b8t M U RO ARSoh S Tiiont oo Toh Pime. Wik h
aqueous gl yme Aa3 WOHON9, ANS-AC 3 829 GA5AIULSA §0I41e899NAlNGSI L 4 398 g%gf.rﬂ{

formula Zn3[ Co(CN)6] 2 x ZnCl 2 yH20 z glyme 25 is obtained (q.
exanpl e, %(EP[ A CPowaygen withptha epnyeriong preparagios of 7iolgtikr fElyols HYOmOHS, ofEP- A

- . d 7/ 40086 dji scl,ose cat.al ysts ich,_as a
Zgguﬁ) 36f EF hé azltgalljl ggtgp?%nsu\é? Se?@(flﬁﬁetﬁtﬁ’&ﬂfﬂx‘dé’%? yhysaher omsseiME
|i gand (al one catalysts Eamnttienpdpaiativh t4F ﬁol@@th&e}pggfg)lﬁ(e rﬁﬁ’n@ 408t OO paribatay 761

708, WD 97/40086)), in the preparation of po
08 redtzc)tion in the cont%nt (E)f monofunctional polyethers having terminal double bonds,

A YT Y . R 8

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)s]2 x ZnCl, yH,O z glyme
25
is obtained (q.v., for example, EP-A 700 949).
JP-A 4 145 123, 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

(R
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. WD 03/020796 -2 PCT/ EP02/ 09245 pol yols bring about a further reduction in
the content of nonofunctional polyethers having term nal doubl e bonds.

- Furthernore, t¥weopogiygéi on time in the pol yaddition reacti onp8t/ebé9245
al kyl ene oxi des with correspondi ng starter conpounds is reduced, and the

.catalyst activity increased, by the utilisation of these DMC catal ysts. 5
It has now been found that in the preparation of polyether polyols DMC
catal ysts which conprise coronands as conpl exi ng |igands have greatly
increased activity. The present inventjon therefore provides a doubl e netal
cyani de (DMO) Rf%if(ﬁ? bdng abow anfyrthey reductiongn thegentens oé nepneiinstippal solyethers de
conpound, b) I C1.C i | . Whi.ch . "
coronand, andq{lagir%fég?ﬁﬁgg@{&%%&dg b?%ﬁ@? %%’ktllléé glgp gtll(};/xg{l&gé}(lz g}}é(;ﬁ(ﬂﬁquétlcﬁe

i nvention may repdtioandfl thy atloigtel exddel) withtoetrespgoneingr stdrtey dorrpduddst 8 réudatl, %
and/ or e) one or re water-soluble netal salts, preferably from20 5 to 25
W . % correspcﬁ?&itﬂgcaﬁt@yﬁtﬁ@m@?lﬁ‘ﬁﬂease@i by the wpitisatiopf these PMEG satalysién of t he
doubl e ne¢al cyanide conpounds a). In the fornula (I) Mis selected from
anong the nmetals zZn(I1), Fe(ll), N (I'l), wm(ll), Co(ll), Sn(ll), Pb(ll),

Fe(111), M(1\} haaéWieen Abiidd that in(h¥) prepérdtidn, ofSpdlydther pMiyoll DM \dalalyst! (| 1)
and Cr(lI1). zZn(11), Fe(ll), Co(ll) and N (Il1) are particularly preferred.

The ani ons X avick gemprspcosenags asjomplexinsligands bpesarpathhiacreased activity. ar e
preferably selected fromthe group conprising the halides, hydroxides,
sul f at es, carbonates, cyanates, thiocyanates, isocyanates, isothiocyanates,

car boxyl at es, Theapebi®s iGventibh rthérefore phevidsl 41dowtle Mdtal dyaneQDMC) Thglydoubl e
nmet al cyani de conpounds a) conprised in the catal ysts according to the 30

i nvent i of0 ar e QEWHSEECt i on products of water-sol uble metal salts and
wat er - sol ubl e netal cyanide salts. WO 03/ 020796 PCT/ EP02/ 09245 -3
Wat er-sol ubl e netal salts suitable for the preparation of double netal

cyani de conpouw)ds ak lqasediRrddlabl¢ ralecyhfige eefpsadld, formula (1) M X", with M
bei ng selected fromanong the netals zZn(ll), Fe(ll), N (Il), M(IIl),
Co(l11), Sn(Il), Pb(ll), Fe(lll),

b) at least one organic complexing ligand which is not a coronand, and

15

c) at least one coronand.

The catalyst according to the invention may optionally comprise d) water, preferably
from 1 to 10 wt.%, and/or €) one or more water-soluble metal salts, preferably from
20 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(Il), Fe(Il), Ni(II), Mn(II), Co(II), Sn(Il), Pb(II), Fe(IlI), Mo(IV), Mo(VI),
AI(IID), V(V), VAV), Sr(Il), W(IV), W(VI), Cu(Il) and Cr(IIT). Zn(I), Fe(II), Co(ll)
and Ni(Il) are particularly preferred. The anions X are the same or different,
25 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.

The double metal cyanide compounds a) comprised in the catalysts according to the
30 invention are the reaction products of water-soluble metal salts and water-soluble

metal cyanide salts.



.5 Mo(lV), M(VI), AI(IIL), V(V), V(IV), Sr(l1), WIV), WVI), Cu(ll) and
Cr(lir)y. zZn(il), Fe(ll), Co(ll) and N (Il) are particularly preferred. The
anions X are twe aaeeer different, preferably the sane, andp %?.&ng/@gfz%rably
selected fromthe group conprising the halides, hydroxides, tes
_carbonates, cyanates, thiocyanates, isocyapates, isothiocyanates,

carboxyl ates, oxalates or nitrates. The value of nis 1, 2 10 or 3.

Exanpl es of suitable water-soluble netal salts are zinc chloride, zinc
brom de, zinc acetate, zinc acetylacetonate, zinc benzoate, zinc nitrate,
iron(ll) sulfate, iron(ll) bromde, iron(ll) chloride, cobalt(ll) chl ori de,

cobal t(11) thi aeyangheye Beeliok| e Ml Ght S5eabtihl S e (L) ol L8,

M xtures of various water-s |

Wt er - sol ubl e m;aiundyamderaﬁ;ay haveshé gat&raa fb@ulh (1§ MOORAVH IVPBCIH% saed{%
met al cyani de f%orrpounds a) pref erﬁglt}é have the general fornula ( (

M (CN)b (A)~, Bemgmaengihegastalg e é/ﬁt(HQ CoE) n%m(blb,sPty(HQ |1+‘@(111)

A °<I§‘Z(M%<”ﬂv%1€}§l LU oy ik o e gy

sel ected from Zn(ﬁmgfe(]h)e Ooell parsl I@’QII) hrk paftRulaklly)prefE@éd. |1)he anfdnk B¢ dre tﬁé’ fdnhd ) »

a

lr(l11) and N|(II The wat er-soluble netal cyanide salt may conprise one
or nore of the%re W@F%ﬂt,s preferably atheospmey ande areh prefernly oseletitddf doemtthe group
preferably the, e Le tedf m th oup includ t he

al kali netal |on %kg |°%e gg&% ﬁ%t%’lltra%(ghg %‘?ﬁaée%rﬁyaPPstesA thwgy%”r%essarre

or different, lm@hmedpismmds@aﬁae@ca@aﬂylate@ o&ﬁia&@to%@htfa&éémrh@@alaé Bthsl 2
conpri si g(? t he haI i des, hydroxi des, sulfates, carbonates, cyanate
e

t hi ocyan s, 93 ocyanat es, i sothiocyanates, carboxylates, oxal at es or
nitrates. Both a and also b and c are integers, with the values of a, b and
c being 30 selected such that the netal cyanide salt is el ectri cally
neutral; a is Bxaafphssadfl syitdble Avate?-s8lubfl mbBtal §a1@ra%é ei@Rhride. ZnObrofh

prefer ably has the value 0. Exanples of suitable WO 63602% gré) idé; zine

PCT/ EP02/ 09245 cctateygine acetilanstanateptzitic benanitdezinal nigatay eop@l)assfatemiron(II)

nexacyanof or - Aranfiey tongP EhiiRks TRRGHAT tidea Qb didsSrmmn tekelan
hexacyanti obalchiir@é! dnki) nickelnefigate e MidQuhl & VRIRL \ﬁf@]ﬂgoﬂﬁﬂg MRAUAAS n?gy

whi ch are conprised in the catal ysts according to e 1nvention are
conpounds cor@@@ﬁ@ﬂkﬂilﬁgﬂto the general formula (111) M(MX~(CN)v)Z 10 in
which Mis defined as in the formula (1), and M is defined as in the
formula (11), and x, x', y and z are integers and are sel ected such that

t he doubl (Wihte € Y118 Emé ls ly,
the doub ; TetWhiee kg Znt‘(aﬂé ‘{tlﬂ%e'(sﬁts)e ﬁ%ﬁé ?@J 'ta'e gfe?&%{a)%n @dﬂb‘i}é %Efg‘%il |y|)

Fe(111), Cr (I Ic¥anige compoundy a) pecferablypiase thﬁ gemretl a‘bﬂrmlait@l]})(‘é)a MMYEN)Ccani de
bal t dat |
e hescey ancl o P BEpe RRGKR BOGORRPAL e phesth Sy hoEenD Rl Ko, etithner

exanpl es of sWrtlah! M) OMA(IIB! (11 e a i for
exanpl e, US-A Efc 1?8 £9r§2)J Zi g@he&a@%ﬁggoﬁﬂgi g?'ﬂf‘ Vﬁé}t)p%&r%f\;c(w ﬁf i
preferably us@atticeBriypecferablyrsetected fpineainnng thegaetals OmIII)c;@as(JIIIII) S, rlreunp DVC
catal ysts acc nown in principle and are

described in gjeahpqr(?l% afnﬁgNlpgﬁ t :a‘?cl)a?er?r g‘ib e RRHAbc¥anide %1}%3360@58“@2@6 Wws- A 3

404 109, US-A 708, JP-A 4
145 123, US A'8 490 S1a  Eo ATPA3 083" e RS A7 e Preteh Ry 4fe el

or gani c ?corrpl end ﬁg: $qlg:mdd§0mr tée\mcblqr inshidirty the aillgdinmetat ﬁkfﬁscumﬂdaikd]ﬁh\éldaﬁh
het er oat ons such 0 en, ni rog phosphorus or sul fur WO 03/ 020796

g Hetal 3ons: anions the same or different, preferably the same, and are

selected from the group comprising the halides, hydroxides, sulfates, carbonates,

Cyanates, thiocyanates, isocyanates, isothiocyanates, carboxylates, oxalates or

nitrates. Both a and also b and ¢ are integers, with the values of a, b and c being

30 selected such that the metal cyanide salt is electrically neutral; a is preferably 1, 2, 3

or 4; b is preferably 4, 5 or 6; ¢ preferably has the value 0. Examples of suitable



. PCT/.EP02/ 09245 which are able to form conplexes with the double netal

cyani de conpound a). Suitable organic conplexing |igands are, for exanple,
al cohol s, al dewpdsaoe7#et ones, ethers, esters, am des, ureas, pay/epdd/®34s

sul fides and m xtures thereof. Preferred organic conplexing |igands are

. Wwater-soluble aliphatic al cohols such as efhanol, 5 isopropanol, n-butanol,
i so-butanol, sec.-butanol and tert.-butanol. Tert.-butanol is particularly
preferred. Suitable coronands c) are nonocyclic crown conpounds such as
crown ethers, crown ethers substituted with heteroatons (for exanple,

aza- cor onands, W?tﬁ??f’lﬁwe dertelcyanide &Pft%)%s%%-s‘é‘g‘r Eﬁ‘éﬁﬁ%’??o%ﬁféﬂ hcROtassiig) es
conprising hetRiaafAfRafeRyi | di ngoﬁks@%s, SUGhy aﬁd\,{\’ﬁl‘?ﬁﬁ(’lll)t hi ophgglgi%{rpr
pyridines (for exanple the 'sexipyridines) or cycleés ich cénprise keto
groups, car boxlydxacyanot¢ababiate@Hl) gnddithminohexzaydmozqgbaitateddl).d ami de groups as
donor sites in the ring (for exanple nonactin or valinonycin). Crown ethers
are preferably utilised as the coronands c). Particularly 15 preferably,

the ring syst t i : e - Wt

adj acent ixyggyegﬁrggs%rhﬁeﬂégal %ase%bcé?ﬁgﬁ?‘lisga[?égh 1%%%: ‘Ebr’ﬁ?’;&%ga N \tmoe %t%\gr?%on
atons in | engtdecomdingtoabé mventiomraveradrhpounids gerrespynding tothe gasesl forthla (NG
central ring systemof the crown ether; the crown ethers may furthernore
additionally have functional groups such as am no groups, hydroxy groups,
carboxy groups or nitro groupg. mg0 | es of unsubstituted crown ethers
are [ 12]-crown-4 ( 1,4,7, 10@@@%5@2@% ododecane), [ 15 ]-crown-5 (
1,4,7,10, 13- pent aoxacycl opent adecane), [ 18]-crown-6 (

1,4,7,10,13,16-h t ad o [21 ] - -7
b T IO Lo bR RTESR S B bl TS s 25 ¢
1,4,7,10, 13, 16yl3, R AnQFIARXRER ALY, 3GgSane) . Exanpl es of crown ethers

havi ng condensed-on ring systens are”’benzo[ 15]-crown-5,

di benzo( 18] - crqwxl; §,andi zyaed dritegean ahd 8le celovred Gueh tlitit tae 210LBIR] mEtDP Whanlds
Exanpl es of crown ethers having additional functional groups are

2- hydr oxynet hﬁofrﬂpé’}m@f'scﬁiﬁ’-tfd?allﬁﬁlﬁﬂ‘if%lxyrret hyl [ 18]-crown-6, |

18] -crown-6-2, 3,11, 12-tetracarboxylic acid, 4-am no 30 di benzo[ 18] -crown- 6,
2-am nonet hyl [ 15] -crown-5, 4-fornyl benzo[ 15]-crown-5, 4nitro-benzo |

18] - crowh$ 6 orPrpfeedblyyjoro [ 15]-crown-5. Further exanples are to be WO
03/ 020796 PCT/ EPQ2/09245 -6 found in J, Chem Soc. 89 (1967) 7017, Angew.
Chem 84 (1972=26Xanh Y& fendsRed:, S.J. Korzeni owski (ed.) "Macrocyclic

Pol yet her SynthesyShs { 4y n. . Hei del berg, New York 1982. 5 The
DMC cat al ysts Igcc%ﬁ%)’nlg?{l%r&%ﬁ@ ?Iﬁglgrlljﬁia%% conprise the double metal cyanide
conmpounds a) iM'gCadll)FBNoEr(fIh@NIXANE 0 90 wt. % preferably 25 to 80 wt. %
inrelation to the quantity of finished catalyst, and the organic
conplexing ligands b) in quantities of fromO0.5 to 30, preferably 1 to 25
W . % inygel atg t it f,.finished catalyst. The DMC catalysts
accor di n%;éto t%’%ﬂ}ptrl\%enpfo%ﬁli?%}rlérraﬁplgblgorf%?t?f;ecﬁaé“ S oMIPRURdE o Al a5 Firle
preferably 1 thexdéanbcobaltb(Id), AimahbxaR0emouANEAN zi, hbRcyRloflraIt)Oaddne
gquantity of finished catalyst. The catal yst conmposition is nornally

anal ysed by nefhalt@phexpeyrpppecbeltatadily Sugthen gxempingrod siritable doutdaaetad cyanide

criract e, epbyRly LI The, BYRRESE: 36 G AR 1 L5 S03F

according to tHgadyancuabhleaie(MEYis PertietMaY ptdferably us@d.ti al Iy crystalline or
25

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

example in US-A 5 158 922, US-A 3 404 109, US-A 3 829 505, US-A 3 941 849,

EP-A 700 949, EP-A 761 708, JP-A 4 145 123, US-A 5 470 813, EP-A 743 093 and

30 WO 97/40086). Preferred organic complexing ligands are water-soluble organic

compounds having heteroatoms such as oxygen, nitrogen, phosphorus or sulfur,



. anor.phous. The crystallinity is nornally anal ysed by powder X-ray

diffractonetry. 20 Catal ysts according to the invention which conprise a)
- zinc hexacyanowolwahtewe(l11), b) tert.-butanol and c) a cor opendp@mnosdse
preferred. The DMC catal ysts according to the invention are normally
_prepared in aqueous solution by the reactipn of a) netal salts, in
particul ar corresponding to the formula 30 (1), with netal cyanide salts,
in particular corresponding to the fornmula (11), (3) WO 03/ 020796

PCT/ EPO2/ 09245 . oy gani ¢. conpl exi ng | i gand , ich are not coronands, and
y) at |east on‘@hlﬁfé ‘“n&ﬁlﬁ ‘@)ngrmncq IEX“%a‘é’Eﬁ tﬁ%é‘"‘ﬁ@ﬁé’&ﬂa %Yﬂniﬁei eapyind; gl
metal salt (fogy; iZ i I.C I t ik i i ¢ tric
excess (at | eggél?ﬁé%rm ﬁ}f Fﬁ[ﬁp %Pg@i %ﬁﬁ%%hﬂgr ?%%Ig? lg’c%/lgénlﬁj éalsda%fl%e%’ gér%b of the
met al cyani de edhdrs, effery; amidespireaspoitales,i sulfidee xad yndtores iadré et Prefeared organic

preferably reacteq first. in the presence of the organic, conplexing.ligand
b) (for exanpl¥®MRFHIE g%{’giél pre \/\X"Ptﬁr'é‘ﬂg}&@péiig]il%ﬁ faiaholsy SRR cBs cetpialses

t he doubl & met; {de ouNC far . I LG C C ate),
wnter d), > excesePrab) ARy uathiithl | OF SRR bR A R0RE) 1
The organi ¢ compfi@tarhgprefegradd b) may here be present in the aqueous
solution of the netal salt and/or of the netal cyanide salt, or it is added
in direct manner to the suspension obtained follow ng the precipitation of

t he doubl e metgl: api o] . nﬁmpr ' 0 exl [ IS
usual ly utili Ssggtapbé: gé(rggasn;ﬁ (ﬁtgﬁgggg?@\}/%%za vaﬁ?glgg%ﬁ% {thmﬁxaf%#g g‘gg&gbus
sol utions and drbenoethani substingddewitly Hetegoaomd) (fov teRampl@o agdiorshdnds, figa- The
suspensi on forned is nornal Ig/ then treated with the conponent c). The,
conponent¥c¢) iwronandsios phpespharperpaangds), yspherands egyclos eompriing delgroamomaticer
and organic c j .0 bfﬁg he.. st. 1S .k eSOl fr t he
suspensi on byoﬁig\;ﬁv?g '?’g% l(Irsfi gsﬁg’s stuc a%’- ?g(rd\]ﬁﬁ% %g(}rné’?%?l%? ?I(Itf&ateg%lﬁ. leI rt}l?e';]

preferred enmbogdkiperitlineg)roragnéles Waichsohpiiee kerdtgadups] carboxiylie acidasie grovpsé br an
aqueous sol ution of the organic conplexing |ligand b) éf or exanpl e by

r e- suspensi on FEMxylie dcidyarpide; gsounst 3sodrney sitey iy Hiei g ter examplefegRetE or 25
Wat er - sol ubl e hy:- t C 0, | hl Qri far be
removed i n t i SRS IAHE GoRH S AR BN FHRE S s B pidtlo Gy

organi c ¢onpl eprefeeably, dae Enp sysi@fitofhe Biitef bEMPIELe QU MRS gRE afths)tithtwds
preferably from20 to 80 w.%_ in relation to the total solution. It is
furthernore 30rdiaveaiheragenatomsongaeh ease bpingdiplied by ahaisee Ago Stathongtoras &ral |

quantity of t H%ngth%i&%{tig%g Zl?ofrsnatic rings may be condensed onto the central ring system of
the crown ether; the crown ethers may furthermore additionally have functional

groups such as amino groups, hydroxy groups, carboxy groups or nitro groups.

20
Examples of unsubstituted crown ethers are [12]-crown-4 (1,4,7,10-
tetraoxacyclododecane), [15]-crown-5 (1,4,7,10,13-pentaoxacyclopentadecane),
[18]-crown-6 (1,4,7,10,13,16-hexaoxacyclooctadecane), [21]-crown-7
(1,4,7,10,13,16,19-heptaoxacyclohenicosane) and [24]-crown-8
25 (1,4,7,10,13,16,19,22-octaoxacyclotetracosane). Examples of crown ethers having

condensed-on ring systems are benzo[l5]-crown-5, dibenzo[18]-crown-6,
dicyclohexano[18]-crown-6 or dibenzo[30]-crown-10. Examples of crown ethers
having additional functional groups are 2-hydroxymethyl[12]-crown-4, 2-
hydroxymethyl[18]-crown-6, [18]-crown-6-2,3,11,12-tetracarboxylic acid, 4-amino-
30 dibenzo[18]-crown-6, 2-aminomethyl[15]-crown-5, 4-formylbenzo[15]-crown-5, 4-

nitro-benzo[18]-crown-6 or perfluoro[15]-crown-5. Further examples are to be



. _0_ .PCT/ EP02/ 09245 coronands c) which are utilised as the conponent y),
preferably from0.5to 5 W.% inrelation to the total solution. It is

- noreover advanwageopwos 0 wash the catal yst nore than once. ThéerkpiBiozss
washi ng 5 operation may, for exanple, be repeated for this purpose. It is,
_however, preferable to use non-aqueous saoJgitions for further washing
operations, for exanple a m xture of organic conplexing |ligand and the
coronands c¢) which are utilised as the conponent y). 10 The washed cat al yst

is then, optiopnal fter pul veg| i ried at_tenperatures of generally
from20 to 10 “3‘5%“ gr (%.-;glg’ﬁ?rg c'o@ 3@5&?3@% APEHWY-oChe (F2ndprand Gr¥ssur e
( 1 O 13 nbar)GoKdles Presigstiol 3 R e o

catal ysts accor(()ji ng to the 135%3%%?98%0?%112 Pg!%g%gg&?@sﬁg'hesﬁ%P%%g?%bn of
pol yet her pol yld¢idelbgrgt Newptdrkd@82.t i on of al kyl ene oxides to starter

conpounds havi ng active hydrogen atons. Ethyl ene oxide, propyl ene oxide,
butyl ene oxide as well as m xtures thereof are utilised as the al kyl ene

oxi des. The copgt P&t ic%l}@fst %Q@gﬁ? %ehb ‘?ﬁve?lﬂg% %mﬁ}’isezﬁleaﬂc}ﬁ%f%y hfal Qg%r{g%é’m or

for exanple, be effected’w one epoxl nononmer or also in

bl ock manner wionipoRnds aBindgddntitiendbf épax Roleo HONeNSH; preffably 2R t@BD amt.%, in

i nformati on may, he fog}gd in. "Ul miﬂng Eacycl opadi e der industriellen .
Cheni e", Vol . TR#on Q8w quantity of fintshed catalysty andihe orgapis Aomplerdng igandn Oiviser
average) 1l eclaafi e (2% 1ol §o ! fofty! e
preferably utgrji séél as the stér ?e’rﬁg%ﬁa%gg}13@qﬁ%%bﬁlaﬁga?l&g)im%ﬁ?é%éﬁ%aﬁgms.
The fol | owi ng farishedavatadlysbyTheePME catalysislaecordinp o eecingntivnl northialty byhprs
gl ycol , iethylene glycal, 1,2-propylene glycol, 1,4-butanediol,
hexanet h@/ﬁ ene %@Wﬁdf’%%’ﬂ?’;sﬂgﬁ%rabix I't¢ 4%?{&% pt lspsh paA eoropandwy ip|relation to
pentaerythrit ‘ e sugar, degraded starch or water. WO
Da) 020796 Ghe quthtiRPEPfidiMNed SRS

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

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

The catalysts according to the invention may be crystalline, partially crystalline or

amorphous. The crystallinity is normally analysed by powder X-ray diffractometry.
20 Catalysts according to the invention which comprise

a) zinc hexacyanocobaltate(III),
b) tert.-butanol and
) a coronand

25

are preferred.

The DMC catalysts according to the invention are normally prepared in aqueous
solution by the reaction of o) metal salts, in particular corresponding to the formula

30 (D), with metal cyanide salts, in particular corresponding to the formula (II), B)



. -9 PCT/ EP02/ 09245 Starter conmpounds having active hydrogen atons, such as
have been prepared, for exanple, by conventional alkali catalysis fromthe
af or ement i onedwaey/gxotoecul ar wei ght starters, and whi ch constpicirdipg2/09245

ol i goneric al koxyl ati on products having (nunber average) nol ecul ar wei ghts
of 200 to 2,000, are advantageously utilised. 5 The pol yaddition of

~al kyl ene oxides to starter conpounds having active hydrogen atons, which is
catal ysed by the catal ysts according to the invention, generally takes

pl ace at tenperatures of from 20 tq 200C, preferably within the range 40 to
180C, parti cul SiERpic sunRlexine yligands dnp avhighy aess net cpramandsy and 15@Cleasheone
reacti on may b@or&ﬂmﬁaqg” ed out at total pressures of from0.0001 to 20 bar.
The pol yaddition may be carried out without solvent or in an inert organic
sol vent such as toluene and/or THF. The quantity of solvent is normally
from10 to 30 wm.% in relation to the quantity of polyether polyol to be
prepared. 15 THethissasg, yhg aquspesesplytions o thegnesall salit(far exarppletzing chiprote witioh r ol

of the pokyaddi.t j.o: . ieyv. under. the .gi ven reaction

condi 1 ong. i wifed BEELERLEAR IR-STN BATaI 't I e %y 8ee 000
Ww.%to 1 wt. %alf)y afdestodht ynetaltdybiidé Bt (fon eankhl® Bdta¥iuttHeRaadoddbaltte) are |
particularly preferably within the range 0.001 to 0.0025 w.% in réelation

to the quantithrefrablpractadefirshdnyibe prasenss f theaergenic 2omplaxingn ligansk biagfer age)

nol ecul ar wei g e r polyols.prepared by the oce
according to t gﬁ}pﬁ%t@%{lﬁgﬁﬁé}?ﬁe&%}?? ﬁ?sr? e%{‘“%n FAEW gg’ﬁht%mﬂj?fs%‘bgﬂﬁ%m?tal
preferably wi t &jahidehnipaneda)lfOi0&kahiplSAnd Aok ) dilcobdd@teh | watkAd) ¥xdREEhefpb! v
within the range 2,000 to 20,000 g/nol. 25 The polyaddition rmay be carried
out in cdfti nuAlie)oanddhe exganiceomplexingiligand b).or exanpl e in a batch or
sem - batch process. Oning to their nmarkedly increased activity the

catal ysts according to the invention 30 nmay be utilised at very |ow
concent r at i onsThebrgaicamloxatsligand by flafhbRbelRedchindH@ M ebils &futk Hghder
polyol to be prepared). If the polyether polyols prepared in the WO

03/ 020796 - 10 P@%‘ EHO2nd/op ab ther metehcranide sale orat &l 3dsked inclimedimagner dotthe

invention are ysed for e pr rati on of polyurethapes .
(Kunst st of f1 i a%uégipého,n \9&3%.1“@, ?%Vv{ﬁ etﬂﬁawg,glpg%éprfd’ t gndoupde gnetgl cyanide ang
57-67), tbe regmmmdundfa)! MRe %?%aﬁicy SSmplERARL URAnP N UL utitREY P eXB¥s. € has
omtted w thout disadvantage to the product” qualities of the pol yurethane
whi ch i s obt ai preded advantageous to mix the aqueous solutions and the organic complexing
ligand b) with vigorous stirring. The suspension formed is normally then treated with

the component c¢). The component ¢) is in this case preferably utilised in a mixture

with water and organic complexing ligand b).

20
The catalyst is then isolated from the suspension by known techniques such as
centrifuging or filtration. In a preferred embodiment variant the isolated catalyst is
then washed with an aqueous solution of the organic complexing ligand b) (for
example by re-suspension followed by re-isolation by filtration or centrifuging).
25 Water-soluble by-products such as potassium chloride may, for example, be

removed in this way from the catalyst according to the invention.

The organic complexing ligand b) content of the aqueous washing solution is
preferably from 20 to 80 wt.%, in relation to the total solution. It is furthermore

30 advantageous to add to the aqueous washing solution a small quantity of the



. WD 03/020796 -11 Exanples Exanple 1 DMC catalyst with

ci s-di cycl ohexano[ 18] - crown- 6 PCT/ EP02/ 09245 5 9 ml of an aqueous 7.4 wt.%
pot assi um hexawynodmeonal t at e sol uti on were added, W th Vi gor @eg/pphifd2id9
to a mxture of 15 nl of an aqueous 11.8 w.% zinc chloride solution, 13 ni
tert.-butanol and 0.4 g cis-dicycl ohexano[d8]-crown-6. The precipitate
“which formed was washed with a mixture of 10 m tert.-butanol and 30 m
water, and was filtered off. 20 m tert.-butanollwere thﬁn ?_dfjed Ep thteh
filter 10 residue, ich was filtered again. Following the filtration the
cat al yst was d?‘?r%"rgg C)Sﬁ’é\ll\“gtar‘? utilised s phesecmopanenti), pisfarybly GropoASttardt wii, ght .

El enent al anal ¥SL5¢: [ ric analysis and extraction: cobalt -
12.9 wt. % zi nﬁél%&ggﬁgﬂvl\}tg?%last\&e%h butanol - 6.0 wt.% cis 15

di cycl ohexano[ 18] -crown-6 = 14.6 w.% Exanple 2 5)!\/5: cat ?/I yst with
ci s-di cycl ohexano[ 18] -crown-6 9 ml of an aqueous 7.4 wt.% potassium .
hex acya%oc obal ﬁéﬁ moseVet adyianiaeeas delavaah throcapilysh nvirg dranumcet Ther firsgwashing

m Xt ure Og 15 er%on%gayanqﬂfo X ié‘ 'b8e r\é\ge@i%éiz fgﬂ@ng ?)hl%rglsg elt ?s?lmg;[wi:\%rr],’ pr:el:'f?érargle

tert.-butanol, Hol c _
st , it h
ci sdi cycl ohexatoajst @bnag0evis Bolufibes R SGithr tvddsRinghypetatibRd, qu?%%é%\%énggfw 20

a mxture of 10 m tert.-butanol and 30 m water, and was .

m tert.butano?f QEgaBict pAPlsgasdligandt and the ceronamsi duevhiskhiach utikisedf ag tties ed
agai n. Fol | ow aé gtzg; filtration the catalyst was dried at 50C at reduced
pressure ( 10 (%gnro;ﬂ T'd’const ant wei ght. Elenental analysis, _

t hernogravinetric analysis and extraction: cobalt - 10.4 w.% zinc - 25.3
w.% tert.-butanol - 4.8 w.% cis 30 dicycl ohexano[18]-crown-6 = 24.2

W . % Vb 03/ Browadied tatalystisphen, DpDbBltyaditer patvevisation, dried at temperatures of

i s-di | ohexanol 18].-cr - 6 EP02/ 09245 26.1 nl of an aqueous 1.84
\(/:vlt So/c()]I Lgigcgané%egﬁéh’]féoé? gwg%’l @%\%P@SWe , ssperatlyviteisr GLankaritornongal to a
m xture of 15 grbss@fe (201 PRBEQUs 11.8 wt. % zinc chloride

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

alkylene oxides to starter compounds having active hydrogen atoms.

Ethylene oxide, propylene oxide, butylene oxide as well as mixtures thereof are
utilised as the alkylene oxides. The construction of the polyether chains by
20 alkoxylation may, for example, be effected with only one epoxide monomer or also
in random or block manner with 2 or 3 different epoxide monomers. More detailed
information may be found in "Ullmanns Encyclopidie der industriellen Chemie",

Vol. A21, 1992, pages 670 et seq.).

25 Compounds having (number average) molecular weights of 18 to 2,000 and 1 to 8
hydroxyl groups are preferably utilised as the starter compounds having active
hydrogen atoms. The following are named by way of example: ethylene glycol,
diethylene glycol, triethylene glycol, 1,2-propylene glycol, 1,4-butanediol,
hexamethylene glycol, bisphenol A, trimethylol propane, glycerol, pentaerythritol,

30 sorbitol, cane sugar, degraded starch or water.



.5 solution, 13 m tert.-butanol, 1 mM 12 w.%ethanoic acid and 0.4 g cis
‘di cycl ohexano[ 18] -crown-6. The precipitate which forned was washed with a
m xture of 10 Wb ob@idree but anol and 30 m water, and was filtgepap@idor4520 Nl
tert. butanol were then added to the filter residue, which was filtered
~again. Following the filtration the catalyst was dried at 50C at reduced
pressure (10 nbar) to constant 10 wei ght. "El enental anal ysis,

t hernogravi nmetric analysis and extraction: cobalt - 10.5 w.% zinc - 19.7
W.% tert.-butanol - 4.9 wt.% cis dicyclohexano[18]-crown-6 = 15.2 w. %
15 Exanul e 4 DN@tQpomppyndsphaving pefivgi lyyleagen afoims [spd] ag hanbe@nreparest, fom

aqueous 4. 6 wodrbh MHRATHRCIRATERRDb e dhiriReRlheg BV albteflary

20 vigorous stwgiphtngtarte®, andi whiehecsistith®e MligbineAd ARMSMEDNLprodudk - Bavidgnc
chloride solution, 13 m tert.-butanol and (%.4 .

ci s- di cycl ohexXansbeavermgeymoRculahweighis of B0Q & %O&W»iacmadv@nﬁmpua}e@tmgdqed with
a mxture: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. Fol | owiTi %Jl?acfdiitldrf ot hiRflehdOxides & ¥@fteMBSnbiunds hating acBRChidrog@duced
pressure (10 nbar) to constant weight. El enental analysis,

t her mogr avi metatoros,avicly isi catadysdd by tlreaeatalysts acsotsting to-thg irgentionygenerally takes 7

W.% zinc = 25,5 wt. % tert.-hut = 5 2 W.% Cis. .
di cycl éhggano[‘g?ﬁe-a\é\?%vﬁwqr@%&csf 5k 20k TR oy i e rineedB0S: e
catal yst W t h gartsculirBY prleRiEIR AP tebSler@hRWBT Grda- FORBOB008 24 Re fedetifh nRly BN

an

aqueous 7.4 w . % pot assi um hexacyanocobal tate sol ution and 5 nl of

aqueous 102 wtcagggsoeutsalitatel pessswrgsnbiionr 810801 1t ROshsruThe polyedditionl dexy, bewi t h

5 vigorous stirri 15.m of an aqueous 11. é% wt . % zci/nc
such as tolue or

. i f
chl ori de sol ut‘iaghefag(ilgt ﬁ}tﬁ?@r%&’i‘?@hﬁf’g%ﬁndﬂ%ﬂ gregny sotven ne an

ci s-di cycl ohexpmp[ TR yedmi o6 sollBS RMREMBAILY FHoth Wit B0 LB dneRLHYRSNSE Wi th
30 M water, and was filtered off. 20 nl tert.-butanol were then added to

the filter resiudnety offpolyathanpolyolito e prepargdi n. Fol | owing the filtration the
catal yst was dried at 50C at reduced pressure (10 nbar) 10 to constant
wei ght. El enental anal ysis, thernogravinetric analysis and extraction:

ComaL 18 2 ot ooty eloncy Syt i uktf b i apaing.
wi th [18]-crowsadgion can be achieved under the given reaction conditions. The catalyst
concentration is generally within the range 0.0005 wt.% to 1 wt.%, preferably within
the range 0.001 wt.% to 0.1 wt.%, particularly preferably within the range 0.001 to
0.0025 wt.%, in relation to the quantity of polyether polyol to be prepared.
20
The (number average) molecular weights of the polyether polyols prepared by the
process according to the invention are within the range 500 to 100,000 g/mol,
preferably within the range 1,000 to 50,000 g/mol, particularly preferably within the
range 2,000 to 20,000 g/mol.
25

The polyaddition may be carried out in continuous or discontinuous manner, for

example in a batch or semi-batch process.

Owing to their markedly increased activity the catalysts according to the invention
30 may be utilised at very low concentrations (25 ppm and less, in relation to the

quantity of polyether polyol to be prepared). If the polyether polyols prepared in the



.9 nml. of an aqueous 7.4 wt.% potassi um hexacyanocobal tate sol uti on were
‘added, with vigorous stirring, to a mxture of 28 nl of an aqueous 12.7

Wt . % zi nc chl ojpb@8Zddesol ution, 13 m tert.-butanol, 1 m 12,M/gppeRloh@N0I C
acid and 0.4 g [18]-crown-6. The precipitate which forned was washed wth
30 M water, and was filtered off. 20 m _tgrt.-butanol were then added to
the filter residue, which was filtered agarn. Following the filtration the
catal yst was dried at 100C at reduced pressure ( 10 nbar) to constant

wei ght. 25 El enental analysis, therpogravinetric analysis and extraction:
cobalt = 11.0 REgsenge of fhe catabystpacgprdipg tacthe invantign @re used. for the, prepgration of

(151 crown- 5 RCIEReSs Hisoialfholt Yol o pofluRiAE: S idthn 8 Eebiomal ¢

aci d sol uti on 3gedr SEBYtheWeibvaliof Giedsisalpdt iffoint 1. polyRilidr BbKbLm8y 8 oRfudd  Of
an aqueous 12.7 wt.% zinc chloride 5 solution, 1; m tert.-butanol, 1 m 12

W . % et hanoi c 4ishqut disgd\anipgg tq the producbeuplisies ahtbe pelysiethana whickhis ohtainedmed
was washegd with 30 mMl water, and was filtered off. 20 ml tert.-butanol were
then added to the filter residue, which was filtered again. Follow ng the
filtration the catalyst was dried at 100C at reduced pressure ( 10 nbar) to
constant weight. 10 El enental analysis, thernogravinetric analysis and
extraction: cobalt = 10.7 w.% zinc = 23.3 w.% tert.-butanol = 5.0 w.%
[15]-crown-5 = 11.4 w. % 15 Exanule 8 DMC catalyst with

2- hydroxynet hyl [ 18] -crown-6 9 m of an aqueous 7.4 wt. % potassi um
hexacyanocobal tate sol uti on were added, with vigorous stirring, to a

m xture of 14 m of an aqueous 12.7 w.% zinc chloride solution, 13 n
tert.-butanol and 0.4 g 2-hydroxynethyl[18]-crown-6. The 20 precipitate

whi ch formed was washed with 30 ml water, and was filtered off. 20 m
tert.-butanol were then added to the filter residue, which was filtered
again. Following the filtration the catalyst was dried at 100C at reduced
pressure (10 nmbar) to constant weight. 25 El enental analysis,

t hernogravinetric analysis and extraction: cobalt - 10.4 w.% zinc - 24.7
w.% tert.-butanol - 5.8 wt.% 2 hydroxynethyl[18]-crown-6 = 12.4 w.%

WO 03/ 020796 -15



. Exanple 9 DMC catal yst with 2-hydroxynet hyl [ 18] -crown-6 PCT/ EP02/ 09245 27
m of an aqueous 1.79 wt.% hexacyanocobalt acid solution were added, with

Vi gorous stirrivego3oe@eg m xture of 14 m of an aqueous 12.7 Werfpsl6¥B4s
chloride 5 solution, 13 nml tert.-butanol, 1 m 12 wt. % et hanoic acid and

0.4 g 2hydroxynethyl [ 18]-crown-6. The prqcipitate which formed was washed
~with 30 M water, and was filtered off. 2(} m tert.-butanol were then added
to the filter residue, which was filtered again. Following the filtration

t he catal yst s drjed at 100C at reduced pressure (10 nmbar) to constant
wei ght. 10 El \gﬁﬁiﬂal—esanal ysis, thernogravinetric analysis and extraction:
cobalt - 10.1 wt.% zinc - 20.2 w.% tert.-butanol - 4.2 w.%

2hydr oxynmet hyl [ 18] -crown-6 = 13.4 wt.% 15 Conparative Exanple 10 DMC

cat al yst wi t hoBkamplednanDMLC batalgét with cisdeguDhdxahoH8] ¥ dmi-8ssi um
hexacyanocobal tate sol uti on were added, with vigorous stirring, to a
m xture of 15 m of an aqueous 11.8 wt.% zinc chloride solution and 13 ni

tert.-butanol. e i ni b f OF S.was wi th .20 10

tort . -but anol .* S CEEERRBE 7R WEH BB IR he kRSB RPHRu S i Mdidea 1o
the filter reswilheigosbuseird@s tb alrigtrd ofYRintl.of alayedued 118wt.94 Jihé sllbage t he

catal yst was dried at 50C at reduced pressure (10 nbar) to constant weight.

El enent al anal SA9on, ¢ kbrmbgiedvbaneli endindry gi sisadieycohiexanl Hrerows-6coblg t =

15.7 w. % zi = 9 ri.-hbut | .= 7.9 W% 3/ 020796 -16

Prepar ati on OP& S%IP{%? ﬁ“élxr%%ﬁ ?%q%sgv&ser‘lvés%%ovn‘%tphaognw E&dgyl%%%éggpapﬂpﬁ?%er

to determ ne t3tenActdter hiyd ofas fileredadffll 205i$ terbButhnBOW¥R BBY b&NQ 8! UE Kiter

starter (polecular weight = ]000 g/ nob)@lland 20 gﬂ catal yst were introduced
i

9 . : : .
under pr &Y ect i ieidgasvhigh gs filierrdoagairs Gollawing e flirationethe tootalyshwabh detéat t o

130C, with sti#dol [ { ropyl.ene oxi de was di spensed-in
at a pressure %q b%%edg)ﬂg?%%%%%ﬁ@tégga tf‘%;eégﬁ}BO m nutes the reaction
m xture was cooled to roomtenperature, and propyl ene oxi de was renoved by

purging with argon. The product was characterised by a nol ecul ar wei ght
di stribution (emgntel enadysitgticrmegraimstnid analystsyandRgiraction: r esul t s obt ai ned

?5? m[)?f grzgggzil‘g’%gi513%8%@%%%’%%8%%0%@%%&N%k Clv%vr’rﬁé)r i Whtf) 1890 20

15 dicyclohexano[18]-crown-6 = 14.6 wt.%.
Example2 DMC catalyst with cis-dicyclohexano[18]-crown-6

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, 1 ml 12 wt% ethanoic acid and 04 g cis-
dicyclohexano[18]-crown-6. 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
25 filtration the catalyst was dried at 50°C at reduced pressure (10 mbar) to constant

weight.

Elemental analysis, thermogravimetric analysis and extraction:
cobalt = 10.4 wt%, zinc = 253 wt%, tert.-butanol = 4.8 wt%, cis-
30 dicyclohexano[18]-crown-6 = 24.2 wt.%.



. WD 03/020796 -17 Cains 1. Double netal cyanide (DMC) catal yst conprising 5
a) at |east one double netal cyani de conpound, PCT/EP02/ 09245 b) at |east

- one organi ¢ cowpl @wkevges ! i gand which is not a coronand, and cpcplgpbL®sis one
coronand. 10 2. DMC catal yst according to claim11, conprising additionally
.d) water and/or e) water-soluble netal saliy.. 3. DMC catal yst according to
claim1l or 2, wherein the double netal cyanide 15 conpound a) is zinc
hexacyanocobal tate(ll11). 4. DMC catal yst according to any one of clains 1

to 3, wherein ihe organi lexing ligand b) is tert.-butanol. 20 5. DMC
cat al yst accorﬁ-‘—%@ﬂ(ﬁg an@l\’&gg@ﬁ’“éﬂg} %'%FYP]Gh@PSanRH@ﬂ'é‘NWt'ﬁe cat al yst
conprises 1 to 80 w.% of at |east one coronand. 6. Process for the

preparation of a DMC catal yst, conprising the steps 25 i) reaction in

aqueous sol uti2ml el &) amajuebus dIgY sviviiotHexaBadcobylaatidesobitldnswafei added, ggieh C
conpl exi ng 1igands whi.ch are not coropands, and y) cor onandso, i) )
i sol ation, wasHEAQUESHTHIEtG Bixtageolc b anky ok apausaved lih videFing chigude 1

V0 031 020396 PERRO2(DSRAT e eyl PLATSSWA9f JBOR SBRY A4 %00 cis-

pol yet her pol yol's e polya I'on o kyl'ene "oxXi starte

conpounds havi digydetiexuso[h§Herogars. allrprdcipitabee whiets domgedofwas n@aghed itk HDVC
catal ysts according to agi one of clains 1. to 5. .A9 E A
L. A9. sL. AL9. ALIfxtue- of A0 midtert Apuganofand 0~ mizwater.sanglewas filtpred \offi 2§ ml terpsg

g0f J-PS” 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

10 weight.

Elemental analysis, thermogravimetric analysis and extraction:
cobalt = 10.5 wt.%, zinc = 19.7 wt%, tert.-butanol = 4.9 wt.%, cis-
dicyclohexano[18]-crown-6 = 15.2 wt.%.

15

Example4 DMOC catalyst with cis-dicyclohexano[24]-crown-8

6 ml of an aqueous 7.4 wt.% potassium hexacyanocobaltate solution and 5 ml of an
aqueous 4.8 wt.% potassium hexacyanoferrate(Ill) solution were added, with
20 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 cis-dicyclohexano[24]-crown-8. 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

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

Elemental analysis, thermogravimetric analysis and extraction:
cobalt = 7.3 wt.%, iron = 3.7 wt.%, zinc = 25.5 wt.%, tert.-butanol = 5.2 wt.%, cis-
dicyclohexano[24]-crown-8 = 21.7 wt.%.

30
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cobalt’= 6.2 wt.%, zinc = 25.9 wt.%, ifon = 5.9 wt.%, tert.-butanol = 5.9 wt.%, cis-
dicyclohexano[18]-crown-6 = 16.7 wt.%.
15

Example6 DMC catalyst with [18]-crown-6

9 ml of an aqueous 7.4 wt.% potassium hexacyanocobaltate solution were added,
with vigorous stirring, to a mixture of 28 ml of an aqueous 12.7 wt.% zinc chloride
20 solution, 13 ml tert.-butanol, 1 ml 12 wt.% ethanoic acid and 0.4 g [18]-crown-6.
The precipitate which formed was washed with 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 100°C at reduced pressure
(10 mbar) to constant weight.
25
Elemental analysis, thermogravimetric analysis and extraction:
cobalt = 11.0 wt.%, zinc = 26.2 wt.%, tert.-butanol = 6.2 wt.%, [18]-crown-6 =
15.1 wt.%.
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Example 7 DMC catalyst with [15]-crown-5

27 ml of an aqueous 1.79 wt.% hexacyanocobalt acid solution were added, with
vigorous stirring, to a mixture of 28 ml of an aqueous 12.7 wt.% zinc chloride
5 solution, 13 ml tert.-butanol, 1 ml 12 wt.% ethanoic acid and 0.4 g [15]-crown-5.
The precipitate which formed was washed with 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 100°C at reduced pressure
(10 mbar) to constant weight.
10
Elemental analysis, thermogravimetric analysis and extraction:
cobalt = 10.7 wt.%, zinc = 23.3 wt.%, tert.-butanol = 5.0 wt.%, [15]-crown-5 =
11.4 wt.%.

15 Example8 DMC catalyst with 2-hydroxymethyl[18]-crown-6

9 ml of an aqueous 7.4 wt.% potassium hexacyanocobaltate solution were added,
with vigorous stirring, to a mixture of 14 ml of an aqueous 12.7 wt.% zinc chloride
solution, 13 ml tert.-butanol and 0.4 g 2-hydroxymethyl[18]-crown-6. The
20 precipitate which formed was washed with 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 100°C at reduced pressure

(10 mbar) to constant weight.

25 Elemental analysis, thermogravimetric analysis and extraction:
cobalt = 104 wt.%, zinc = 24.7 wt.%, tert.-butanol = 5.8 wt.%, 2-
hydroxymethyl[18]-crown-6 = 12.4 wt.%.
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()- 7777778+8 81|115i‘d‘r6xymethyl[18] crown-6. The precipitate which formed was washed with 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 100°C at
reduced pressure (10 mbar) to constant weight.
10
Elemental analysis, thermogravimetric analysis and extraction:
cobalt = 10.1 wt%, zinc = 202 wt%, tert.-butanol = 42 wt%, 2-
hydroxymethyl[18]-crown-6 = 13.4 wt.%.

15 Comparative Example 10 DMC catalyst without coronand

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
solution and 13 ml tert.-butanol. The precipitate which formed was washed with
20 10 ml tert.-butanol, 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.

Elemental analysis, thermogravimetric analysis and extraction:

25 cobalt = 15.7 wt.%, zinc = 27.8 wt.%, tert.-butanol = 7.9 wt%.
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stirring.

10 A maximum of 50 g propylene oxide was dispensed-in at a pressure of 2.5 bar
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)
15 determined by GPC.

The results obtained are recorded in the Table below:

Catalyst of Example No. My [g/mol]
1 2130

2 1970
3 1940
4 2180
5 2020
6 1920
7

8

9

1890
1910
1900
10 (Comparison) 1310

20



, 10 10kOOSPQKQQQaBKC
1095109 () - 109%& ()-10% & ()-! s@109%& ()- FL0%& ()-"109%& ()- YOQQQR&T TT}A?KC
103109 & () - SwhOm@onos - | 0" SH#109& ()-!4 $H109& ()-! 109%& () - s OYRPEI09T4IUU
Ul U. U3UbC 10f 109& () - 9109%& ()- 10 10
10" 810%& ()-7 10%& ()-310%& () - 3UnJ| UWKXgBhC

10109& () - GLOYX& () - G #109& ()-! & #109& () -# 109& ()- 109%& () - XXXRYZZU[ }\: bC
10! V' $#109& ()-S > $#10%
& ()-S) !> $#10%&' () - S! C $#10%&' ()-S! 10%&' ()-10%& ()-U X[ Y[ Z[[[h[ n{[[bC
10! Vi#s109%& () - S()-y109& ()- 109& ()- 10 10 10" 8109%& ()-[ A\]] DMAXY: bC
10SH109& ()-s 109& ()-1>S#109%& ()- S
&sH#10%&' ()-S! &MB#100&' ()-S! | s#100&' ()-SNj "y " %a&a}~?4C 1
103109 () - @1DY& (Pesifld Bfril CyanidOTRVIC) edtalySrtbOfifising- | C $#109& () - &a' a(a5a:
araabnNC 1 103110%& () - #s10%& () - S10%& () - y10%&' ()-s10%& ()- 10
10bcc=duddf e{\: NC 1 10! C $#109%& () - SH109& () - sf 109& ()-!x"109%& () - (

X" 10%& () 5 (! Q<" 10%&)() - (£19&st bild ddubW mératloyat A& ompomid Y& () - 910%& () -

b) at least one organic complexing ligand which is not a coronand, and
) at least one coronand.
10
2. DMC catalyst according to claim 1, comprising additionally d) water and/or
e) water-soluble metal salt,
3. DMC catalyst according to claim 1 or 2, wherein the double metal cyanide
15 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 1 to 4, wherein the catalyst
comprises 1 to 80 wt.% of at least one coronand.
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 coronands, and
Y) coronands,
ii) isolation, washing and drying of the catalyst obtained in step i).
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