Le A 35 331-Foreign NP/ AB/ NT 21 FEB 2006 -1 Double netal cyanide catalysts
. for.the preparation of polyether Eflyols The invention relates to novel

doubl e net al Is for the preparation of polyether
"pol yol s by the pol yaddition of alkylene oxides to starter 5 con@@qgngﬁ
havi ng active hydrogen atons. Double netal cyanide (DMC) catalysts for the
pol yaddi ti on of al kyl ene oxides to starter conmpounds having active hydrogen.
atons are known (q.v., for exanple, US- A 3 404 109, US-A 3 829 505, US-A 3
941 849 and US-A 5 158 922). In 10 conparison with the conventional

yet b fak al ysts such as

al kali netal #y 452 VAIMC SRy el Iep2ralion ohpelyernar ROXO for t he
preparation of polyether ponoIs brlngs about in particular a reduction in
t he content of nonofunctional polyethers having term nal doubl e bonds,
so-cal | ed non®hd dnvehtion prelayat kemopel dolide trhetal ebimda DMQEY citalyps ofvesthed t o
afford 15 hi gh-grade pal yurethanes (for exanpl e el astoners, foans,
coatings). D\ETeBaeHoW of olysther meltyets by thshpalypddition, of aligiens gxides 46 Hastes
solution of a, e h t.h gueous solution of ‘a netal cyanide salt
in the presence {ﬁhdggﬁ?ﬁ%ﬁtgmg%ﬁﬁﬁg aT]%ﬂ"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, 20 foll owed
by the adni xtDeeblefmetiineanuley@MEN satalyistsrioy tha)polwedCbUMpeﬁell@}env\mms has
been fornmed. After filtr tlon and. washi ng of the t h aquepus gl yne
sol ution, an JEHEIAOMPINL W‘“%Wlé’m%ésﬁf&g atl"HlSﬁ’i% %Y BB gl% o

Zn3[ Co 6] 24 X3 ZAyfal I i EP- A
700 Co( 61 200020l iny B9 & 91ap0si? s L SANSHS By USROS EsmicinED- A
'761 7081Gnd  MnRiEis6RGBiEh diics comeati@MC mepaitioat of phivether pstyalsr s wdanofoft he

utilisation of tert.
alkali catalysts such as alkali metal hydroxides, the utilisation of these DMC

catalysts for the preparation of polyether polyols brings about in particular a
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 fhe
aqueous solution of a metal cyanide salt in the presence of an organic complexing
ligand, for example an ether. In a typical catalyst preparatiorl, for example, aqueous
solutions of zinc chloride (in excess) and potassium hexacyanocobaltate are mixed,
20 foliowed 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

Zn;3[{Co(CN)¢]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



30 butanol as an organic conplexing ligand (alone or in conbination with a
pol yether (EP-A 700 949, EP-A 761 708, WO 97140086)), in the preparation of
pol yet her Le Be3533%ll-Fareingn -2 5 71 FEB 2006 pol yol s bring about ﬂaqfﬂuﬁﬁher
reduction in the content of nonofunctional polyethers having terrli n

doubl e bonds. Furthernore, the induction tine in the polyaddition reaction
of the al kyl ene oxides with corresponding,starter conpounds is reduced, and
the catal yst activity increased, by the ugi | isation of these DMC catal ysts.
It has now been found that in the preparation of polyether polyols DMC

catal ysts which conprise coronands as conplexing |igands have greatly

i ncreased act paliely bringabputes Buther radaptioroin thh spetkol ef menefudetiong! pelyethersnet al

cyani de (DMC), cat al yst 0 conpri si 15 a) at .l east one doubl e I

cyani de conpoffhie F%mﬂ'lal %185@? %H@S-fﬂ*glbﬁﬁn&°%»o‘ﬁﬁ|‘%§w‘°ﬁan &‘i"b%ﬁ‘d _ o&%ﬁh Ofot a
coronand, andreaftlorbf HRAJkyIBRE 0&iAES %ﬁdcorgggﬁorﬁﬁx%g?‘ls%ﬁ%r BGAOSRIEDSs tQuLhe
invention may optionally conprise d) water, preterably froml to 10 w. %
and/ or e) onearmttheoatelysiedcer ity alcrdabel, b tlad utdshtion ofthededdold] gatdflysssn 20 5 to 25

W . % corresponding to the fornmula (1) MX), fromthe preparation of the
doubl e mét al cyani de conpounds a). In the formula (1) Mis selected from

(111, o e REVPER Folf o Y pbargtis bR e B MGupl ol 1
and Cr(111). whichlchmphied tdrpnarde G bdmpl%ﬂ'ﬁ% MNgbhds)have gre@.ﬂy inceadsed Astivigef erred.

The anions X are the sane or different, 25 preferably the same, and are
preferably selected fromthe group conprising the halides, hydroxides,

carboxy at oo, T RIS RARRR Paretete FRBUGLA Moo R B (R ATV O

10 comprising

a) at least one double metal cyanide compound,

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 e) 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(Il), Mn(ID), Co(II), Sn(Il}, Pb(1l), Fe(ll), Mo(IV), Mo(V1),
AI(TID), V(V), V(IV), Sr(Il), W(IV), W(VID), Cu(@l) and Cr(IIl). Zn(II), Fe(II), Co(Il)
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.



The doubl e netal cyani de conmpounds a) conprised in the catal ysts according
to the 30 invention are the reaction products of water-soluble netal salts
. and water-soluble netal cyanide salts. Le A 35 331-Foreign 21 FEB 2006 -3
Wat er - sol ubl elerdt3933alfergigaui t abl e for the preparation of double neta
cyani de conpounds a) preferably have the general formula (1) hKX% ?ﬂ h M
being selected fromanong the netals zZn(l1), Fe(ll), N (Il), ?fEB 0
Co(ll), sSn(ll), Po(ll), Fe(lll), 5 Mo(I1\V)3-M(VI), A(ITIl), V(V), V(IV),
Sr(ll), WIV), WVI), Cu(ll) and C(lU). 2zn(ll), Fe(ll), Co(ll) and N (I1)
are particularly preferred. The anions X are the same or different,
preferably the sanme, and are preferably selected fromthe group conprising
t he hal i des, hydroxides, sulfates, carbonates, cyanates, thiocyanates,

| socyanat es, {SekRbRpKARRAS altgasru?%‘l ¥! Rk Gfe é;?a':@dcﬁqs oPrdoﬂblterﬁlE@E-cg%\jﬂﬁeval ue

of nis 1, 2 10 or 3. Exarrp es o uitable water sol ubl e net al ts are
zinc chlori deconzpdmdba)opsreﬂmblyzhm thagamala“omulmfﬂ)a\d@(),{lmbbbbahg selzctd
benzoate, zinc nitrate, iron(ll)_sulfate

cm ori (cjie cgbféq)m(qfll‘)nchFdP‘i’tH]é thfgbaﬁeﬁ@ i (Ii[)h M‘é@&n@?@l) ﬁP@QePI?GDi)l) Q@)I)
gal '?;I rr:yanal Igl'gfﬂ@ f\ﬁ(lifll)gg%l %VM )sg%qﬁlgis%ﬂn)ét aI yan&@Z’esa séﬁsauﬁfd@lt e for

the preparati ZJ;E(II@deéu}J @c@nﬁmlalym@r}jaﬂ@uﬁ:@mﬁmﬂ@d aThePdredRaBteythb gdfie t he

general formula (11) (Y) b (A~ 20 with M being selected from anong
the netals Feqrl ﬂ)ffermi,( Iprqurablozoghel yam&ogndHpre Erefenaply seteqied |ffom Mh¢ | grpup

el a1y Smprsing ' bhiasSy Bydiokiderabdes, Kortohetah coxates, HiodyRagtes,

Fe(ll), Fe( | 1 59oyanded idothiocyahidtkd, |c}xrb%53§jlal¥'s (dﬂa)atesﬂﬁu&‘@c&@ Prhe Vel of n'1Bh 8

.cyanide salt may conprise one or nore of these netals. The cations Y are
t he sanmk0or derf¥.erent, preferably the sarre, 25 and are selected fromthe
group including the alkali netal ions and alkaline earth

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

also be utilised.

Water-soluble -metal cyanide salts suitable for the preparation of double metal
cyanide compounds a) preferably have the general formula (II) (Y). M'(CN)p (A),,
20 with M' being selected from among the metals Fe(Il), Fe(Ill), Co(II), Co(IIl), Cr(II),
Cr(IIl), Mn(Il), Mna(TlI), I(IIT), Ni(Il), Rh(II), Ru(l}, VIV) and V(V). M' is
particularly preferably selected from among the metals Co(Il}, Co(III), Fe(Il), Fe(1Il),
Cr(IID), Ir(Ill) and Ni(Il). 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,
25" 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
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 ¢ being
30 selected such that the metal cyanide salt 1s electrically neutral; a is preferably 1, 2, 3

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



metal ions. The anions A are the sane or different, preferably the sanme, and
are ., selected fromthe group conprising the halides, hydroxides, sulfates,
carbonat es, Lganii ¥ -Ferhigacyanat es, isocyanates, isothiocyanates2 FER 200§
carboxyl ates, 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 netal cyanide
salt is. electrically neutral; a is prefegjably 1, 2, 3 or 4, bis
preferably 4, 5 or 6; c preferably has the value 0. Exanples of suitable Le
A 35 331-Foreign -4 21 FEB 2006 water-soluble nmetal cyanide salts are

pot assi um hexacyanocobal tate(l|1), potassium hexacyanoferrate(ll),

pot assi um hex¥a@asellkle ragtal ¢vanide soli$ steupatadsiswn byxaspensisabaliateélll)] ptagsin

| it hi um hexacyanocobal t [11). 5, Preferred,doubl e t al..cyani de conpounds
a) which are eaw%ngge&raﬁakﬁf,he caPgiAyue acc&‘reﬁ’l“ﬁ'ﬁn?fgg?tﬁgﬂinvent icﬁlﬁc‘f‘ e
conpounds corm&a&%@m&ﬁ@gﬁ?ﬁncgﬁdﬂﬁﬁﬁheptaepmél:@baﬁda{ekm),M [MX (CNyJ,, 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 selected such that the
doubl e ngt al ni de, conmpound is electrically neutral. 15 Preferably,

x=3, X' :Tgyzsaﬁ%%gf,g dowﬁlér@ﬂef fjanide comppunds,g)) Which arqeempysedp dhe gatalysts
Co(l11), Fe(llddrdi ld 13 T l.es: i l.gret al
cyani de corrpouné)sd : &éfrlée)ng?ﬁédn %éek%%(}%lﬁlgégég 8?@1(‘ gllct(f fhlé g%ﬁ%%ﬁfoﬂﬁh’l% (ﬁ[)
hexacyanoiridate(ll1), zinc hexacyanoferrate(lll) and

cobal t (11)hexacyanocobaltate(l11). Further exanples of suitable double netal
cyani de conpounds are to beMxkBdrCN)s]: f or exanple, US-A 5 158 922. Zinc
hexacyanocobal tate(ll11) is particularly preferably used.

10 in which M is defined as in the formula (1), and
M' is defined as in the formula (II), and
X, X, ¥y and z are integers and are selected such that the double metal cyanide

compound is electrically neutral.

15 Preferably,
x=3,x'=l,y=6andz=2,
M = Zn(II), Fe(II), Co(II) or Ni(Il}, and
M' = Co(Ill), Fe(IiI), Cr(III) or Ir(TIT).

20 Examples of suitable double metal cyanide compounds a) are zinc
hexacyanocobaltate(Ill}, zinc hexacyanoiridate(Ill}, zinc hexacyanoferrate(IlIl) and
cobalt(I)hexacyanocobaltate(Il[). Further examples of suitable double metal cyanide
compounds are to be found in, for example, US-A 5 158 922. Zinc
hexacyanocobaltate(III) is particularly preferably used.

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
éxample 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,



25 The organic conplexing ligands b) conprised in the DMC catal ysts
according to the invention are known in principle and are described in
detai| in thelpAidy3XrForeigar exanple in US-A 5 158 922, US-A 3 4% &ﬁ@lﬂ
US-A 3 829 505, US-A 3 941 849, EP-A 700 949, EP-A 761 708, JP-A @53,
US-A 5 470 813, EP-A 743 093 and 30 WD 97/40086). Preferred organic

conpl exing ligands are water-soluble orgagic conpounds havi ng het er oat ons
such as oxygen, nitrogen, phosphorus or sulfur, Le A 35 331-Foreign -5 21
FEB 2006 which are able to form conpl exes with the double netal cyanide

conmpound a). | tabl e, o ni c conpl exin i gan are, for.. exanple,

al cohol s, Za| d‘é’ﬁ“tj?beag? let tsh B CURRBKS W tﬂll}F gﬁ“ﬁ% metal cyqide compeyrd gk
sul fi des and @i : : ' ' | re
wat o - Sol ubl oW SiEahiC $hBleqdy AL 8L, B dRBinpl, BRORICIAISRIBRCR "
| so-but anol , ahers -aterganhidanarebs hitrited Wudfidds and aikturdsuhéreol. Preferrgipsrpandal arl y

preferred. Suitable coronands c) are nonocyclic crown conpounds such as
crown et her s, COMYHSHAS eligdids s rterselyblg takiphaticer deehmls $uchr asx sthanel,

aza- cor opands,_ .t hi 0. ands, or phospha- cqronands) .. spheran ycl es
conpri si gg he?‘%érgg?ﬁlgr}fa? ‘lﬁg{agglﬂ ilsiodtl’"ﬁ%m@’l F(’:)‘%k ‘?talg%c rE{a{sf}%{f %‘I}tﬁﬁ@; %%ﬁl g‘%ﬁ‘éoﬁelg or
pyridines (fopargxaam} grefed@d. sexi pyridines) or cycles which conprise keto
groups, carboxylic acid ester groups or carboxylic acid am de groups as

donor sites in the ring (for exanple nonactin or valinonycin). Crown ethers
are prefer ablg tjah i sed t.he cor onanEs c). Parti cu% arly 15 pref e{habl y, the
ring system of" i (mals Sc‘&)pﬁrlei SEROFHD ZHVH G soﬁ‘éc‘. ,ﬁ & CHPYWG B acent
oxygen at oms lrhwRactes2$ebsHRIGD Wikif klf'e@er@é’toﬁisb{fbfdgﬁaﬁlpié) aéa.eﬁ{oh&msattﬁ{zﬁ In
| ength. Aliphatic or aromatic rings may be condensed onto the cenftral ring
system &0 t heromandsn et hlessphs-herooamsy) sphesands, mayclésucomprising ehedgtdarbimatial | y
have functional. groyps . such as am no groups, hydroxy, groups, carbox roups
or nitro gr O[}lﬂgl_d?ng L1:R<>cks, such as r?ura.ns,g thio;_p)henes yor py%d?nes Pfor example ythg P

sexipyridines) or cycles which comprise keto groups, carboxylic acid ester groups or

carboxylic acid amide groups as donor sites in the ring (for example nonactin or

valinomycin). Crown ethers are preferably utilised as the coronands c). Particularly

15 preferably, the ring system of the latter comprises 3 to 20 oxygen atoms, with two

adjacent oxygen atoms in each case being linked by a bridge 2 to 6 carbon atoms in

length. Aliphatic or aromatic 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, éarboxy groups Or nitro groups.

20
Examples of unsubstituted crown ethers are [12]-crown-4 (1,4,7,10-
tetraoxacyclododecane), [15]-cr;:)wn-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[l8]-crown-6,
dicyclohexano[18]-crown-6 or dibenzo[30]-crown-10. Examples of crown ethers
having additional functional groups are 2-hydroxymethyl[l2]-crown-4, 2-
hydroxymethyl[18]-crown-6, [18]-crown-6-2,3,11,12-tetracarboxylic acid, 4-amino-
30 dibenzo[18]-ctown-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



20 Exanpl es of unsubstituted crown ethers are [12]-crown-4 (1,4,7,10-

. tetraoxacycl ododecane), [15]-crown-5 (1,4,7,10,13-pentaoxacycl opent adecane),
[18]-crown-6L@k&§§3§1@hmﬁg16-hexaoxacyclooctadecane),[21]-crown-721FEBQMG
'(1,4,7,10, 13, 16, 19- hept aoxacycl oheni cosane) and[ 24] -crown-8 25

(1,4,7,10, 13, 16, 19, 22- oct aoxacycl ot et racosane). Exanples of crown ethers

havi ng- condensed-on ring systems are benzo[ 15] - crown-5,

di benzo[ 18] -crown-6, dicycl ohexano[ 18] -crown-6 or di benzo [30] -crown- 10.

Exanpl es of crown ethers having additional functional groups are

2-hydroxynetgyl[12]-cromn-4, 2- h droxxnethyl[18 - Crown-6

[ 18] - cr own- 6-fousl 1wy J.1Shert Pae A OHV) O hbi Anger. fheme &b (782 ASomdsf-¥r own- 6,

i tro- benzol LR Baetiowdy FHCY MBIl e Sk SpringsroBede o be
Le A 35 331- Emj@élgé}%-ﬁe@jyoﬁ&@g@% found in J. Chem Soc. 89 (1967) 7017,

Angew. Chem 84 (19 ’2) 16 and GW CGokel, S.J. Korzeniowski (ed.)
"Macrocyclic Polyether Synthesis", Springer, Berlin, Heidelberg, New York

1982. 5 _The talysts accordin o.the.inventi.on_ co i se the double
roral oyan dd FEAINlsn EAN S FEROREIR T IBERP CPBRIZD e OIS et CHRfer abi y
25 to 80 W . % ehat.i ; i &1 nj t ne, t he
or gani c conpléggilpﬂgncl[si %ghd@&gglﬂ?%ﬁpgggﬁt@? tt‘? )egf)g O%Tf' /OIf %‘ﬁ]@%sgc?%%3§§ vr)tr'%f glr ably |
to 25 wt. 9% irelatiel ttthe quamity béfigishet ¢atalysaf andfthe bsdaait @aipddsisg ligakide bPhiC

catal ysts according to. the inventiofn ngn&llg cq)rrp,ris? 10 from1l to 80 w.%
preferably 1quaniss\ef fogm G55 10 30, gueferablie] dd 2 mina, 1 relation ta th gwantitnof ¢ he
quantity of f4d @i T . Sitl i .anal ysed
By eans of dEHERRHRORE At C BEER: Qotiling BYRASIL LR Ao Boinbri R ¥
renmoval 100f t Hgynh 01id 80 SWIA Geefcmbly V& 400t %l of hitegdt bae odaiidv®, inGelpen rd

content, followed by gravinetric determnation.
the quantity of finished catalyst.

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(IIT),
b) tert.-butano] and
c) a coronand

25

are preferred.

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

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



The catal ysts according to the invention may be crystalline, partially
crystalline or amorphous. The crystallinity is nornally anal ysed by powder
X-ray diffractlendBsg3lForaign al ysts according to the invention which conprise
a) zinc hexacyanocobaltate(lll), b) tert.-butanol and c) a cor Qqa{@aﬁgﬁ 30
are preferred. The DMC catal ysts according to the invention are™no y
prepared in aqueous solution by the reaction of (x) nmetal salts, in
particul ar corresponding to the formula (1), with netal cyanide salts, in
particul ar corresponding to the formula (I1), (3) Le A 35 331-Foreign 21 FEB
2006 -7 organic conplexing |igands b), which are not coronands, and y) at

| east one corBEHd CS?PEQXFP& higandsabh ) Which d§URYUSOTEBINGS; G Ygfatt ﬁ‘éﬂnﬁ'@eal
salt (for exar&k&g@% chloride which 5 is utilised in stoichionetric
excess (at |eas 5l % in relation to the netal cyanide salt)) and of the
metal cyanide salt (for exanple potassi um hexacyanocobaltate) are

preferably reacted first in the presence of the organic conplexing |igand b)
(for exanpl e Indhis casguthaagugous wplutions efithp avetal salt (for ﬁtmylmimi@bm'ﬁpwlég's t he

ot er ) oxcdSuietian SORBRRre bydsloy TN RoRhTE GG HIRR M shiicd)
The organic C%HI?J') S6H G tld SR Eﬁ%‘id%ltr@(;reexgﬁip&r Sotaiturh Be)iEa{t&?a&% {g) SR ution

of the netal salt and/or of nmetal cyani de salt, or I's added’in
di rect manner prefetably regctspeinst omthebpmianee df aht @rngamic chmplexigi gandt b)ofoof t he

doubl e netal cyanide 15 conpound a). The organi c conpl exing ligand is
usual |y utili s%ﬁmp tgx}.gtg.ggnﬁ), tmnﬁ:aasguspens?on frogmrx]lg wh%clﬂ?ompmseg the c?ou%?e metal
cyanide compound 2) (for example zinc hexacyanocobaltate), water d), excess metal

10 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 cyamde salt, or it is added in direct manner to the
suspension obtained following the precipitation of the double metal cyanide
15 compound a). The organic complexing ligand is usually utilised in excess. It has
proved 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 ¢). The component c) 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



proved advantageous to m x the aqueous sol utions and the organic conplexing
ligand b) with vigorous stirring. The suspension fornmed is normally then

treated with Le AdScHipiioreigh c). The conponent c) is in this case preferably
‘utilised in a mxture with water and organic conplexing |igand B).FERN8he

catalyst is then isolated fromthe suspension by known techni ques such as
centrifuging or filtration. In a preferregl enbodi ment variant the isol ated
catalyst is then washed with an aqueous sol ution of the organic conpl exi ng
ligand b) (for exanple by re-suspension followed by re-isol ation by
filtration or centrifuging). 25 Water-sol uble by-products such as potassium

chl ori de may, coreRands ghiyhis! %%Utlk@ﬁ@&éh? £qmpaiest mapreffrr@wy o attalSywt. %,

according to organlc conpl exing ligand b) content of the
aqueous vvashlﬁr?gglg{d?ﬁ/&%%??q%l S-I(;E lé)lner ably from20 to 80 wt.% in relation to

the total solution. It is furthernore 30 advantageous to add to the aqueous
washi ng solution a small quantity of the Le A 35 331-Foreign -8 21 FEB 2006
coronands c) s wireaver advahiagendisds wahbtlmmdmmmory)thanmr@ﬁe%ﬁgst farashing. 5 t o

5w.% _in relatJontothet solutl i's rmreovr advant us to
vaoh theS ot SIRSEICRUPE (kAR beypacaed B G HTR. 1o BOFETSF ReRPIe f or

exanpl e, be rgRganLBH- aagéouts@bﬁmeﬂg Rﬁ‘sﬁﬁhér wasﬁlrg Io\ﬁ%hs fefsi aﬁ@k%&auyse

non- aqueous sol utions further washing opera for a mxture
of organic cosfpbeenicgedmplakitg alighndhend: alic rarvdands) cyMwitth aaree mmhsd:d sechas the
conponent y). 10 The washed catalyst is then, optionally after

pul veri sati orponﬁ?qné%ﬂét tenperatures of generally from20 to 100C and
pressures of generally fromO.1 nbar to normal pressure (1013 nbar). The
(present invention also provides the use of the DMC catalysts according to

t he 10 ‘The washed catalyst is then, optionally after pulverisation, dried at temperatures of
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
15 mnvention 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 Encyclopéddie 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.



15 invention in a process for the preparation of polyether polyols by the
pol yaddi ti on of al kyl ene oxides to starter conpounds having active hydrogen
atons. Et hyl ehe 2033 3#l-Foreigny| ene oxi de, butyl ene oxi de as wel | m xt ur es
thereof are wutilised as the al kyl ene oxi des. The constructi or?ﬁ?fﬁfﬂ%

pol yet her chains by 20 al koxyl ation may, for exanple, be effected with only
one epoxide nonomer or also in random orghl ock manner with 2 or 3 different
epoxi de nononers. More detailed information nmay be found in "U Il nmanns
Encycl opadi e der industriellen Cheme", Vol. A, 1992, pages 670 et seq.).

25 Conpounds havi ng (nunber average) | ecul ar wei ghts of 18 to 2,000Q and 1
to 8 hydroxy E%ﬁeb g%P%‘FEIS heging ra&g}’? hﬁ&‘?ﬁ?‘b algmss S‘%‘]%eassliaé(f’ theFD PEPATEN

havi ng active o} f i | e:
ctnyl ane. gl yoSiaNAETIE Ryl SIEHT Slaiplt Mt e ABRARGE P InTH AR
glycol, 1, 4- buiciheditarters, ek avtiéth\toatug! wn%Jmerbi afvepation, produdi® thaying!
propane, glycerol, pentaerythritol, 30 sorbitol, cane sugar, degrade

starch or wat rumbesayerass) spiequinr ayeights of 200 tvRH00 e advartegeoudpribindds havi ng
active h§drogen atons, such as have been prepared, for exanple, by

conventi onal alkali catalysis fromthe aforenentioned | ow nol ecul ar wei ght
starters, andTwbipelyaa@Hsh iof HiE/ Qe SQIR foCstattdt VoMIpRUh@ hANAH UGl BaY

(nunber average) nol ecul ar wei'ghts of 200 to 2,000, are advantageously
utilised. 5 Thiemsohhilids tatalyseslbyathk ghtalystsaxcatdmgtto thst imvemione gengoallydskdsavi ng

active hydrogen atons, which.jis t al by.the catal ysts accor(i to the
i nvent i o%, ggﬂ‘QF%Fq ?mpﬁﬁgges%ﬁ%%%@ttotzéﬁrﬁgrpégﬁﬁ?a@g mt}"f“r Frrage t?%é@&t
referably w Rk j Il Mo I

P emper atur e, BFUPUBIC BARdsl R ERpddlies oPAOM SUAGISHEIHEAn By be |

pressurd$ of taroimd @uO@Obtalopredutearof Fdre (PO00Llathd2® iban Theypdigaddition inag beut

W t hout solvent or in an inert organic solvent such as tol uene and/ or
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.

15 The catalyst concentration is selected éuch that good control of the polyaddition
reaction can be achieved under the given reaction conditidns. The catalyst
concentration i3 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



THF. The quantity of solvent is normally from10 to 30 wt.% in relation to
the quantity of polyether polyol to be prepared. 15 The catal yst
concentration is sel ected such that good control of the polyaddition
reaction can B&A3hPdlEareigiier the given reaction conditions. Th2! ¢apajyst
concentration is generally within the range 0.0005 w.%to 1 w.%
preferably within the range 0.001 wt.%to 0.1 w.% particularly preferably
within the range 0.001 to 0.0025 w.% imrelation to the quantity of

pol yet her polyol to be prepared. 20 The (nunber average) nol ecul ar wei ghts
of the polyether polyols prepared by the process according to the invention
are within the ra

1,000 to 50, o@@sa?‘%o?étgﬁéﬁ?fyéﬁf)%%?’g’%r‘é’ftéf’ érb‘f‘)*i?%ef ¥ ab‘ﬁf\éfl\r%r Eﬂ;gﬁﬁt&‘gﬁ?{ 3

20, 000 g/ nol . pa@uﬂémptm@%éfﬂ%dm o1 CaPblyRebiRidE, 1 Fdib, ']99}1§Jp025-
di sconti nuous manner, for exanple in a baftch or semi-batch process. Owi ng

to their mar kéala;ad iSAea7eabe deraatal wf the databyst &bad ths ipslyatheopolyolgnepbe bamitted

i nvention ilised t very | ow.concentrati and | ess,

in relation tc‘J’" Btﬁﬁaéi‘(ﬂltla%e@f B Brafutt el YV &1 814 CP‘?}YH@%F‘%%‘% ?g%’tlal‘neflhe

pol yet hers pol yol's prepared in the Le A 35 331-Foreign 21 FEB 2COS -10
presence of the catal ysts according to the invention are used for the
preparation of pol yurethanes (Kunststoffhandbuch, Vol. 7, Polyurethane, 3rd
Edition, 1993, pp. 25- 32 and 57-67), the renoval of the catalyst fromthe

pol yet her polyol may be omtted w thout disadvantage to the product
qualities of the polyurethane which is obtained. 5 Le A 35 331-Foreign -11




Exanpl es Exanple 1 DMC catal yst with cis-dicycl ohexano[ 18] -crown-6 21 FEB
1006, 5 9 nml of an aqueous 7.4 w . % potassi um hexacyanocobal tate sol ution
were added, et 3YIReFoemnstirring, to a mxture of 15 mM of an agueous
11.8 wt. % zinc chloride solution, 13 m tert.-butanol and 0.4 g 71 FEB 20§
ci s-di cycl ohexano[ 18] -crown-6. The precipitate which fornmed was washed with
a mxture of 10 ml tert.-butanol and 30 jl_. water, and was filtered off. 20
m tert.-butanol were then added to the filter 10 residue, which was
filtered again. Following the filtration the catalyst was dried at 50C at
reduced pressure (10 nbar) to constant weight. Elenental analysis,

t her nogr avi ne alysis and extraction: cobalt = 12.9 wt.% zinc = 25.7
w.% tert.-butanol = 6.0 15 dicycl ohexano[18]-crown-6 = 14.6 w.% w. %,
cis Exarrpl e 2 DMC catalyst with cis-dicycl ohexano[18]-crown-6 9 ml of an
aqueous 7.4 V\EX%EIEESSDWIEB%%W&@@@%%@XM Lppwisgr € added, 20 with
Vi gor ous stlrrlng to a mxture of 15 of an aqueous 11.8 wt. % zi nc
chloride solution, 13 m tert. -butanol 1m 12 wt.%ethanoic acid and 0.4 ¢

o 0L 4% T AL ol S 168 SR 1
m tert.- but @ﬁﬁ'w%}ﬁ()@s #ha ngquﬂ&e to@QSfdl dfSn a{@ébﬁ(}“ﬁ 8 WRkg Dindasidridet € ed

agai n. FoI | owi ng t ratl on the cata yst ried at 50C at reduced

pressure (10 sdaign,t &3 cmhsteambutamell ghd OEI @m:m-dalcyduh;dmm[sli;]-crownﬁ The

ther nogravi netri c. anal s and extrac cobal t %. zinc = 25.3
% tert. - bPRESRERteW lc of) wap éNas ml thy & ITBBYE Ii)sinl dioitenol apd

Wt % Le A 353334 FAEL AR was ﬁltered off. 20 ml tert.-butano! were then added to the filter

10 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:
cobalt = 12.9 wt%, zinc = 25.7 wt%, tert.-butanol = 6.0 wt%, cis-
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, ! ml 12 wt.% ethanoic acid and 0.4 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 l

weight.

Elemental analysis, thermogravimetric analysis and extraction:

cobalt = 104 wt%, zinc = 253 wt%, tert.-butanol = 4.8 wt%, cis-

30 dicyclohexano[18]-crown-6 = 24.2 wt.%.



-12 Exanple 3 DMC catal yst with cis-dicycl ohexano[ 18]-crown-6 21 FEB 2006
26.1 m of an aqueous 1.84 w. % hexacyanocobalt acid sol ution were added,

with. vigorous stirring, to a mxture of 15 m of an aqueous 11.8 wt. % zinc
chloride 5 soli&@-ééfﬁ—l-%?iﬁlgﬁert.-butanol, Il mM 12 wt. % et hanoic quFcEBaE 0.4
g cis- dicycl ohexano[ 18] -crown-6. The precipitate which forned was washed
with a mxture of 10 mM tert.-butanol and 30 nl water, and was filtered
off. 20 mM tert.- butanol were then addedi2o the filter residue, which was

filtered again. Following the filtration the catalyst was dried at 50C at
reduced pressure (10 nbar) to constant 10 weight. Elenental analysis,

t her mogr avi ety j c l ysi,s~and.extraction: .cobal t-oon 10.5 w.% zinc = 19.7
wt % tert.  peaimflld ) TG MA Ao PR i un 6 2 16,2 w9
15 Exanple 4 DMC catal yst with cis-dicycl ohexano[24]-crown-8 6 nml of an
aqueous 7.4 wt. % potassi um hexacyanocobaltate solution and 5 nl of an
aqueous 4.8 w26% mbohissiagneduexaldy wnds bexaayaiocobalt sud wolutinn werre addiddie dyithai t h
20 vigorous stirring,.t.o a mxture of, 15 i of an aqu s 11.8 wt.% zinc
chloride sol (f§O50ES HTiRg. 107 (MiXpiTe é’rﬁolljs %d’fﬂa‘é"e"ﬂs T4 Wi Zind' enfordd
Ci's-di cygl ohexanabhsChtxfoutie, PraEiR (A WHaAbic ALiethyagy vashed W th
a mixture of 10 m ’tert.-butangﬁ and 30 %1 wat er, and was %‘ tere é(}f. 20
m tert. - but adayclebexanbfidij-cadded. Thet precipitheewhiche firdhed, wahivedshedswith |4 er ed
again. Following the filtration the catal yst was dried_at dZEfESOC at reduced
[eﬁtn‘ioj ©

pressure (10 fAHAMye P_f) 1840k uigaplgand 3EE ngieran sy fitere Phogt et ri c
oo tort -popanafiR o ARy Lo Do fick Ml WARR v Sufroagdh, BB SR o,
30 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 .
Exampled4 DMC 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.%.



Le A 35 331-Foreign 21 FEB 2006 -13 Exanple 5 DMC catal yst with

ci s-.di cycl ohexano! 18! -crown-6 4.5 m of an aqueous 7.4 wt. % potassi um
hexacyanocob 3 Rorgigh and 5 Ml of an aqueous 7.2 wt. % potassi um
"hexacyanoferrate(l11) solution were added, with 5 vigorous stirrindl FEP6E
m xture of 15 m of an aqueous 11.8 wt.% zinc chloride solution, 13 m
tert.-butanol and 0.4 g cis-dicycl ohexanqfl8]-crown-6. The precipitate

whi ch forned was washed with 30 il water, and was filtered off. 20 nl
tert.-butanol were then added to the filter residue, which was filtered

o ascure (10 TS0 DYC SR i fidethoaiieie g o s, * 1o

t hernogravi metric anal ysis and extraction: cobalt = 6.2 w.% zinc = 25.9
Ww.% iron =59 w.% tert.-butanol = 5.9 wt.% cis- _
di cycl ohexanct. 1 8}l-afrapvaguous 2.6 wit. Xtpolassitif lEexamlnecabam sobhutizhyestl Swind lof

Sol Ut § on. wer daEats Tos Vo gurtuE BevserRRETRgl AR N5 SR an

aqueous 42.7 h |{A frg o] rt P %ﬁg 12
wt . % et h%nm C %;'S&gl g ECP% %é c?fg\l/\)%tr%l o ﬁéqggroé%lelp}ls%é&?e% ﬁhlg)ggérred was
washed with %luﬂonyvati’em wmd-bmmfldnﬁeroa:d of tis-didRloNexdrmi 18]-dvorvastol Ther e
then added to the filter residue, which was filtered again, Follow ng the

filtration tHEcdpitas ypdichyfgemed was washedogith 40 mle‘d@ré@@némé{meée HEhwhr) to
t ant | | d

ext racti on St §OE ik, ARBEYR) She (1T TRAGRY, TR falIaHEd B

[ 18] - cr own- 6 FollokBnglthetfilfation the catalyst was dried at 50°C at reduced pressure (10 mbar)

10 to constant weight.

Elemental analysis, thermogravimetric analysis and extraction:
cobalt = 6.2 wt.%, zinc = 25.9 wt.%, iron = 5.9 wt.%, tert.-butanol = 5.9 wt.%, cis-
dicyclohexano[ 18]-crown-6 = 16.7 wt.%.

15

Example ¢ DMC cé.talyst with [18]-crown-6

9 m! 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 m! 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.%.

30



30 Le A 35 331-Foreign -14 Exanple 7 DMC catalyst with [15]-crown-5 21 FEB
2006. 27 m of _an aqueous 1.79 w. % hexacyanocobalt acid sol ution vvere added,
with vigoroubedt3¥33lnBoreign a4 nixture of 28 m of an aqueous 12. ,i/vh %
chloride 5 solution, 13 m tert.-butanol, 1 mM 12 wt.% et hanoic a?c EB#{@O 4
g [15]-crown-5. The precipitate which formed was washed with 30 m water,
and was filtered off. 20 m tert.-butanol4 were then added to the filter
resi due, which was filtered again. Following the filtration the catal yst
was dried at 100C at reduced pressure (10 nbar) to constant weight. 10

EI enmental analysis he rav r nal 5| s and extraction: cobalt = 10.7
% zinc = M%bﬁefﬂaw Hfbflﬁ W.% [15]-crown-5 = 11.4 wt.%

15 Exanpl e 8 DMC catal yst with 2- hydroxynet hyI [18]-crovvn-6 9 mM of an

aqueous 7.4 wt. % pot assi um hexacyanocobal tate sol ution were added, wth

vi gorous stir27 mg, off an aqudous ur. & o.ft%zhemdcymiocahalaqcidosm;utitﬂ wenst added, with

chloride solution, 13 m tert.-butanagl and

2- hydr oxy et hYIZPHF SiFdRgh-18. 2 THEp o 28 cmbiof &pea%ﬁw@n@ar%é %ae chlosided with

20, 125E SNIES alKRCSIRIEy 015 vk SR RGRShAYE § B RISET © ¢

the filter resi again. ion the

catal yst was Thé pﬁbcﬁﬁtaﬂ&@ﬁcatfofrﬁwm vaslesiswith 30(h0 wikedy ind a¢ Gilistea iff.
wei ght. 25 El enental anal ysis, ther m)graw netric analysis and_extraction:
cobal t = 10. 42QumioertZhytancl vpere thepy adgied te the, filiert igpighe.~visicls wes figereal again,

hydr oxymet hyl| {‘oﬁowméo% ﬁltratlon éle catg{oystl‘%vas',a‘ d31"15ed3§9‘ 10856 ' A" 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 Example 8 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 = 247 wt%, tert-butanol = 5.8 wt%, 2-
hydroxymethyl[18]-crown-6 = 12.4 wt.%.



- 15 Exanple 9 DMC catalyst with 2-hydroxynethyl[ 181 -crown-6 21 FER 1006
27 m of an aqueous 1.79 wt. % hexacyanocobalt acid solution were added, wth

Vi gorous sti r;;i g%; 1{1?19 m xture of 14 m of an aqueous 12.7 w. % zi nc
chloride 5 s o1, fltert.-butanol, 1 m 12 wt.% ethanoi ¢ aciyd grof 4
g 2- hydroxynethyl[ 18]-crown-6. The precipitate which forned was washed
with 30 M water, and was filtered off. 20 ml tert.-butanol were then added
to the filter residue, which was filterdd-again. Following the filtration

the catal yst was dried at 100C at reduced pressure (10 nbar) to constant
wei ght. 10 El enental analysis, thernogravinetric analysis and extraction:

cobalt = 10. 0 i = : 104 = [ o= c?2 W. % 2-
hydr oxynet hy%ﬁg‘%m%gczg%%%i%vﬁm %7oh 9%&%%%%’gliggl Cvrgwéx%npl e 010 DMC

catal yst without coronand 9 m of an aqueous 7.4 wt. % potassium
hexacyanocobal tate sol ution were added, wth vigorous stirring, to a
m xture of 1%7nnlgH anaggoeodd 919t % bexagyanopebatinaad jsghrtion oyvere jagdedngith 3 nd

tert.-butanol . T .eci pitate.whic r ned. was S i.t.h .

tert.-but anol‘f‘g%{ﬁgs \%{a@nﬁ 9 gr@%iw&ﬁf& % ﬁoi ey 2 u%qggowmégg?%g%mg_&%ed to
the filsger regitidde, 13V CRriWBatahdll t Br 8l 2@aivd.o Fethhmiit Naid hgnd 1081 @t 2on the
catal yst was dried at 50C at reduced pressure (10 nbar) to constant weight.
El enent al andiydsixymettydl fbgrossni-Grekhei preciptaty svhicha fumes twascvasbed withs3Gcwibal t =

19T % e B e P PSRl 1,9 M ke 8 S BT EpLe o
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 = 4.2 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 m! 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%.



5 1n order to determne the activity of the catalysts, 50 g pol ypropyl ene
glycol starter (molecular weight = 1000 g/nol) and 20 ng catal yst were

i ntroduced unk@A 3533dtkareigne gas (argon) into a 500 m pressure reddtkhd Aihd
heated to 130C, with stirring. 10 A maxi mum of 50 g propyl ene oxi de was

di spensed-in at a pressure of 2.5 bar wthin 30 mnutes. After 30 m nutes
the reaction m xture was cool ed to room. jgenperature, 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) 15 determ ned by GPC. The
resul ts obt ai ed in the Table bel ow. Catalyst of Exanple No. Mv
[g/ Mol | 12130 7 SRR YARGORLIES0 61920 71890 81910 91900 10
(Conparison) 1310 20 21 FEB 2006 17 Clains 1. Double netal cyani de (DM
catal yst conprising a) at |east one double netal cyanide conpound, b) at

| east one or gaenaralgugthddxi ng | i gand which is not a coronand, and

5 In order to determine the activity of the catalysts, 50 g polypropylene glycol starter
(molecular weight = 1000 g/mol) and 20 mg catalyst were introduced under
protective gas (argon) into a 500 ml pressure reactor and heated to 130°C, with
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)

BE determined by GPC.

The results obtained are recorded in the Table below:

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

2 1970
3 1940
4 2180
5 2020
6 1920
7

8

9

1890
1910
1900
10 (Comparison) 1310

20



c) at least one crown ether. 2. DMC catal yst according to claim1,
conprising additionally d) water and/or e) water-soluble netal salt. 3. DMC
catal yst according to claiml1 or 2, wherein the double netal cyanide
conpound a) is zinc hexacyanocobaltate(lll). 4. DMC catal yst accorﬁ' PP E(a
any one of clainms 1 to 3, wherein the organic conplexing ligand b) 9's B 2006
tert.-butanol. 5. DMC catal yst accordilhhg to any one of clains 1 to 4,
Wher%lg'i ishe catal yst conprises 1 to 80 w.% of at |east one crown ether. 6.
Proc r the preparation of a DMC catal yst, conprising the steps i)

reactiopn | uequs. sol, ut.l of netal. salts with nmetal cyanide salts p)
or gani cﬂc@%%ﬁ W?’Bg%g[gmfﬁtﬁ@%frcé’mr%lfmgoronands, and y) crown ethers,
ii) isolation, shing,and drying of the catalyst obtained in step i). 7.
Process for "‘t)h%tvya éB’é‘g‘&?‘ibg‘th%l ﬁ%ﬂ?@t“ﬂ’é’i’o 'yol s by the pol yaddition of

al kyl ene oxides to starter., co ouncf.s hgv'hng,active hydroggn atons in the
presence of Undt g3t pRs weplecempisringligandiwriGh & 1Rf 2C8THRYIGHE of clains Ito 5.

c) atleast one crown ether.

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 compound a) is zinc

hexacyanocobaltate(IIT).

4. DMC catalyst according to any one of claims 1 to 3, wherein the organic complexing ligand b) is

tert.-butanol.

5. DMC catalyst according to any one of claims 1 to 4, wherein the catalyst comprises 1 to 80 wt.%

of at least one crown ether,
6. Process for the preparation of a DMC catalyst, comprising the steps
i} reaction in aqueous solution of
o) metal salts with metal cyanide salts
B) organic complexing ligands which are not coronands, and
v) crown ethers,

i) isolation, washing and drying of the catalyst obtained in step 1).

7. Process for the preparation of polyether polyols by the polyaddition of alkylene oxides to starter
compounds having active hydrogen atoms in the presence of one or more DMC catalysts

according to any one of claims 1 to 5.



