
;e3e&o&l$:TJ6TJS8WO 03l020796 PCT/EP02/09245 1  Double metal cyanide
catalysts for the preparation of polyether polyols The invention relates to
novel double metal cyanide (DMC) catalysts for the preparation of polyether
polyols by the polyaddition of alkylene oxides to starter 5 compounds
having active hydrogen atoms. Double metal cyanide (DMC) catalysts for the
polyaddition of alkylene oxides to starter compounds having active hydrogen
atoms are known (q.v., for example, US A 3 404 109, US-A 3 829 505, US-A 3
941 849 and US-A 5 158 922). In 10 comparison with the conventional
preparation of polyether polyols by means of 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 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)6]2 x ZnCl2 yH20 z glyme 25 is obtained (q.v., for
example, EP-A 700 949). JP-A 4 145 l23, 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    



WO 03/020796 -2 PCT/EP02/09245 polyols bring about a further reduction in
the content of monofunctional polyethers having terminal double bonds.
Furthermore, the induction time in the polyaddition reaction of the
alkylene oxides with corresponding starter compounds is reduced, and the
catalyst activity increased, by the utilisation of these DMC catalysts. 5
It has now been found that in the preparation of polyether polyols DMC
catalysts which comprise coronands as complexing ligands have greatly
increased activity. The present invention therefore provides a double metal
cyanide (DMC) catalyst 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(II), Fe(II), Ni(II), Mn(II), Co(II), Sn(II), Pb(II),
Fe(III), Mo(IV), Mo(VI), Al(III), V(V), V(IV), Sr(II), W(IV), W(VI), Cu(II)
and Cr(III). Zn(II), Fe(II), Co(II) and Ni(II) 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 n is 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.   WO 03/020796 PCT/EP02/09245 -3
Water-soluble metal salts suitable for the preparation of double metal
cyanide compounds a) preferably have the general formula (I) M(X)", with M
being selected from among the metals Zn(II), Fe(II), Ni(II), Mn(II),
Co(II), Sn(II), Pb(II), Fe(III), 



5 Mo(IV), Mo(VI), Al(III), V(V), V(IV), Sr(II), W(IV), W(VI), Cu(II) and
Cr(III). Zn(II), Fe(II), Co(II) and Ni(II) are particularly preferred. The
anions X are the same or different, preferably the same, and are preferably
selected from the group comprising the halides, hydroxides, sulfates,
carbonates, cyanates, thiocyanates, isocyanates, isothiocyanates,
carboxylates, oxalates or nitrates. The value of n is 1, 2 10 or 3.
Examples of suitable water-soluble metal salts are zinc chloride, zinc
bromide, zinc acetate, zinc acetylacetonate, zinc benzoate, zinc nitrate,
iron(II) sulfate, iron(II) bromide, iron(II) chloride, cobalt(II) chloride,
cobalt(II) thiocyanate, nickel(II) 15 chloride and nickel(II) 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)a
M'(CN)b (A)~, 20 with M' being selected from among the metals Fe(II),
Fe(III), Co(II), Co(III), Cr(II), Cr(III), Mn(II), Mn(III), Ir(III),
Ni(II), Rh(III), Ru(II), V(IV) and V(V). M' is particularly preferably
selected from among the metals Co(II), Co(III), Fe(II), Fe(III), Cr(III),
Ir(III) and Ni(II). The water-soluble metal cyanide salt may comprise one
or more of these metals. The cations Y are the same or different,
preferably the same, 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 c 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; c
preferably has the value 0. Examples of suitable   WO 03l020796
PCT/EP02/09245 -4 water-soluble metal cyanide salts are potassium
hexacyanocobaltate(III), potassium hexacyanoferrate(II), potassium
hexacyanoferrate(III), calcium hexacyanocobaltate(III) and lithium
hexacyanocobaltate(III). 5 Preferred double metal cyanide compounds a)
which are comprised in the catalysts according to the invention are
compounds corresponding to the general formula (III) MX[M'X~(CN)v)Z 10 in
which M is defined as in the formula (I), 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(II), and M' = Co(III),
Fe(III), Cr(III) or Ir(III). 20 Examples of suitable double metal cyanide
compounds a) are zinc hexacyanocobaltate(III), zinc hexacyanoiridate(III),
zinc hexacyanoferrate(III) and cobalt(II)hexacyanocobaltate(III). 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 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,   WO 03/020796
-5 



PCT/EP02/09245 which are able to form complexes with the double metal
cyanide compound a). Suitable organic complexing ligands are, for example,
alcohols, aldehydes, ketones, ethers, esters, amides, ureas, nitriles,
sulfides and mixtures thereof. Preferred organic complexing ligands are
water-soluble aliphatic alcohols such as ethanol, 5 isopropanol, n-butanol,
iso-butanol, sec.-butanol and tert.-butanol. Tert.-butanol is particularly
preferred. Suitable coronands c) are monocyclic crown compounds such as
crown ethers, crown ethers substituted with heteroatoms (for example
aza-coronands, thia 10 coronands or phospha-coronands), spherands, cycles
comprising heteroaromatic building blocks, such as furans, thiophenes or
pyridines (for example the 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,
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[15]-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, 2hydroxymethyl [ 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, 4nitro-benzo [
18]-crown-6 or perfluoro [ 15]-crown-5. Further examples are to be   WO
03/020796 PCT/EP02/09245 -6 found in J, Chem. Soc. 89 (1967) 7017, Angew.
Chem. 84 (1972) 16 and G.W. Gokel, S.J. Korzeniowski (ed.) "Macrocyclic
Polyether Synthesis", Springer, Berlin, Heidelberg, New York 1982. 5 The
DMC catalysts according to the invention comprise the double metal cyanide
compounds a) in quantities of from 20 to 90 wt.%, preferably 25 to 80 wt.%,
in relation to the quantity of finished catalyst, and the organic
complexing ligands b) in quantities of from 0.5 to 30, preferably 1 to 25
wt.%, in relation to the quantity of finished catalyst. The DMC catalysts
according to the invention normally comprise 10 from 1 to 80 wt.%,
preferably 1 to 40 wt.%, of at least one coronand c), in relation to 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(III), b) tert.-butanol and c) a coronand 25 are
preferred. The DMC catalysts according to the invention are normally
prepared in aqueous solution by the reaction of a) metal salts, in
particular corresponding to the formula 30 (I), with metal cyanide salts,
in particular corresponding to the formula (II), (3)   WO 03/020796
PCT/EP02/09245  organic complexing ligands b), which are not coronands, and
y) at least one coronand c). In this case, the aqueous solutions of the
metal salt (for example zinc chloride which 5 is utilised in stoichiometric
excess (at least 50 mol% in relation to the metal cyanide salt)) and of the
metal cyanide salt (for example potassium hexacyanocobaltate) are
preferably reacted first in the presence of the organic complexing ligand
b) (for example tert.-butanol), with a suspension forming which comprises
the double metal cyanide compound a) (for example zinc hexacyanocobaltate),
water d), excess metal 10 salt e), and the organic complexing ligand b).
The organic complexing ligand b) may here be present in the aqueous
solution of the metal salt and/or of the metal cyanide salt, or it is added
in direct manner to the suspension obtained following the precipitation of
the double metal cyanide 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 c). 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   WO 03/020796 



_g_ PCT/EP02/09245 coronands c) which are utilised as the component y),
preferably from 0.5 to 5 wt.%, in relation to the total solution. It is
moreover advantageous to wash the catalyst more than once. The first
washing 5 operation may, for example, be repeated for this purpose. It is,
however, preferable to use non-aqueous solutions for further washing
operations, for example a mixture of organic complexing ligand and the
coronands c) which are utilised as the component y). 10 The washed catalyst
is then, optionally after pulverisation, dried at temperatures of generally
from 20 to 100C and pressures of generally from 0.1 mbar to normal pressure
( 1 O 13 mbar). 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 Encyclopadie 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.   WO
03/020796 



-9 PCT/EP02/09245 Starter compounds having active hydrogen atoms, such as
have been prepared, for example, by conventional alkali catalysis from the
aforementioned low molecular weight starters, and which constitute
oligomeric alkoxylation products having (number average) molecular weights
of 200 to 2,000, are advantageously utilised. 5 The polyaddition of
alkylene oxides to starter compounds having active hydrogen atoms, which is
catalysed by the catalysts according to the invention, generally takes
place at temperatures of from 20 to 200C, preferably within the range 40 to
180C, particularly preferably at temperatures of from 50 to 150C. The
reaction may be 10 carried out at total pressures of from 0.0001 to 20 bar.
The polyaddition may be 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 such that good control
of the polyaddition reaction can be achieved under the given reaction
conditions. The catalyst concentration is generally within the range 0.0005
wt.% to 1 wt.%, preferably within 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   WO
03/020796 -10 PCT/EP02/09245 presence of the catalysts according to the
invention are used for the preparation of polyurethanes
(Kunststoffliandbuch, Vol. 7, Polyurethane, 3rd Edition, 1993, pp. 2532 and
57-67), the removal of the catalyst from the polyether polyol may be
omitted without disadvantage to the product qualities of the polyurethane
which is obtained.   



WO 03/020796 -11 Examples Example 1 DMC catalyst with
cis-dicyclohexano[18]-crown-6 PCT/EP02/09245 5 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, 13 ml
tert.-butanol 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 10 residue, which was filtered again. Following the filtration the
catalyst was dried at 50C 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.%. Example 2 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 0.4 g
cisdicyclohexano[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 50C at reduced
pressure ( 10 mbar) to constant weight. Elemental analysis,
thermogravimetric analysis and extraction: cobalt - 10.4 wt.%, zinc - 25.3
wt.%, tert.-butanol - 4.8 wt.%, cis 30 dicyclohexano[18]-crown-6 = 24.2
wt.%.   WO 03/020796 -12 Example 3 DMC catalyst with
cis-dicyclohexano[18]-crown-6 PCT/EP02/09245 26.1 ml of an aqueous 1.84
wt.% hexacyanocobalt acid solution were added, with vigorous stirring, to a
mixture of 15 ml of an aqueous 11.8 wt.% zinc chloride 



5 solution, 13 ml tert.-butanol, 1 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 filtration the catalyst was dried at 50C 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 Examule 4 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(III) 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 50C 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   WO 03/020796 -13 Example 5 DMC
catalyst with cis-dicyclohexano[18]-crown-6 PCT/EP02/09245 4.5 ml of an
aqueous 7.4 wt.% potassium hexacyanocobaltate solution and 5 ml of an
aqueous 7.2 wt.% potassium hexacyanoferrate(III) solution were added, with
5 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[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 50C 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.%, cisdicyclohexano[18]-crown-6 = 16.7 wt.%. 15 Example 6 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 100C 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   WO 03/020796 -14 Example 7 DMC catalyst with
[15]-crown-5 PCT/EP02/09245 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 100C 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 Examule 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 100C at reduced
pressure (10 mbar) to constant weight. 25 Elemental analysis,
thermogravimetric analysis and extraction: cobalt - 10.4 wt.%, zinc - 24.7
wt.%, tert.-butanol - 5.8 wt.%, 2 hydroxymethyl[18]-crown-6 = 12.4 wt.%.
WO 03/020796 -15 



Example 9 DMC catalyst with 2-hydroxymethyl[18]-crown-6 PCT/EP02/09245 27
ml of an aqueous 1.79 wt.% hexacyanocobalt acid solution were added, with
vigorous stirring, to a mixture of 14 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 2hydroxymethyl [ 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 100C at reduced pressure (10 mbar) to constant
weight. 10 Elemental analysis, thermogravimetric analysis and extraction:
cobalt - 10.1 wt.%, zinc - 20.2 wt.%, tert.-butanol - 4.2 wt.%,
2hydroxymethyl[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 50C 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%.   WO 03/020796 -16
Preparation of polyether polyols General method PCT/EP02/09245 5 In order
to determine the activity of the catalysts, 50 g polypropylene glycol
starter (molecular weight = l000 g/mol) and 20 mg catalyst were introduced
under protective gas (argon) into a 500 ml pressure reactor and heated to
130C, 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) 15 determined by GPC. The results obtained
are recorded in the Table below: Catalyst of Example No.MW
[g/mol]12130219703194042180520206192071890819109190010 (Comparison)1310 20



WO 03/020796 -17 Claims 1. Double metal cyanide (DMC) catalyst comprising 5
a) at least one double metal cyanide compound, PCT/EP02/09245 b) at least
one organic complexing ligand which is not a coronand, and c) 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 a) metal salts with metal cyanide salts Vii) organic
complexing ligands which are not coronands, and y) coronands, ii)
isolation, washing and drying of the catalyst obtained in step i). 30   1
WO 03/020796 PCT/EP02/09245 , -18 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. .A9`E.A
L.A9.sL.AL9.ALLr.AL`.A``.AL`.ALsL.A`3.A``.A`LR.A`9e.A``.A`sY.A`9.A ,.A3
g0fJ-PS" 



w
.0{vqkfa\W]ca]ca]ca]caU]ca]ca]ca]cTa]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]caU]ca!  . ]    j-+:
|wrmhc^X]U]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!
!"&&()))*b*}**,x,,,:---0.g..../b////20`2{vqlfa\W]ca]ca]caU]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]caU]ca]ca
!`2344677778+8~88(9t999):B:::1;
;;"<r<<<5=p>>>>>}xsnid_Y]U]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!>@@SAAAIBvBBDD
E#ErEEECFFFFFHH
H%H.H8HhHwHHIJbJJ~xsnid_ZU]ca]ca]ca]ca]ca]ca]ca]c^a]c^a]ca]caU]ca]caU]ca]ca
U]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!JJKGKQKKMNENrNNNNNN
OSPQKQQQQQQ&T`TTTU!U.U3U=U}xsnic^Xid_ZU]c]c^a]caU]ca]ca]ca]ca]ca]ca]ca]ca]c
^a]ca]ca]ca]ca]ca]ca]caU]ca]ca]c^a]caU]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca
=UmU|UWXXXXXZU[[[h[m[w[[[]D^G^Q^^^`y```(a5a:aDaraa|wrlga\Vid_ZU]U]ca]ca]c^a
]caU]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]caU]ca]ca]c^a]caU]ca]ca]ca]ca]ca]c^a
]ca]ca]ca]caU]ca]ca abc=d@dWduddSffff
gg(ghiUikii$j*j+j8j=jDjvjjjjkkk|wrlgb]Xid_ZU]U]]ca]ca]ca]caU]ca]ca]ca]c^a]c
aU]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]c^a]caU]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca
klsll:m
n"n>nEn&ogg(ghiUikii$j*j+j8j=jDjvjjjjkkk|wrlgb]Xid_ZU]U]]ca]ca]ca]caU]ca]ca
]ca]c^a]caU]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]c^a]caU]ca]ca]caU]caU]ca]ca]c
a]ca]ca]ca gcD`
10%&'()-`10%&'()-`y!10%&'()-G!1`y!10%&'()-Gf#`10%&'()-`s10%&'()-0fdE`Y10%&'
()-L#10%&'()-`10%&'()-sf10%&'()-`10%&'()-s10%&'()-J-PdE.10%&'()-s+10%&'()-`
)10%&'()-9F(#10%&'()-s!10%&'()-L #10%&'()-PS" w  dE`l:10%&'()-98#10%&'()-`
710%&'()-`y510%&'()-`,2f10%&'()-9010%&'()-        



.~_@10%(&'()-#s10%(&'()-f10%(&'()-!t Ll 10%T(T(&'()- 10 10 10%=10%&'()-.0

. ] dE~_@10%(&'()- `Y10%(&'()-10%(&'()- `10%(&'()- 10%(&'()- Ls10%(&'()-]
jdE~_@L (#10%(&'()-sy&10%(&'()- s$10%(&'()- s!
10%(&'()-`10%(&'()-s9Y10%(&'()-^?4@
10(sF:F10%(&'()-!997#10%((&'()-s310%(&'()- !99`0#10%((&'()-s.10%(&'()-
s)10%(&'()-Z-jH@ 10(!&L#10%&'()-Z "10%&'()-! "10%zz&'()-y10%&'()-ss10%&'()-
10( 10(CwX6H@ 



!49@2#10%&'()-99%#10%&'()-t!99%#10%&'()-t!99%#10%&'()-t!+L#10%&'()-l!&L#10%
&'()-l+uV4!M9"10%pp&'()-s10%&'()-GS10%&'()-s910%&'()- 10 10
10!99@2#10%&'()-9+:
}[<uV4!ML(#10%8&'()-!4L(#10%&'()-!`10%&'()-!!`y#10%&'()-`y#10%7&'()-,`10%&'
()- '        rS4y#`10%&'()-f10%&'()-sL10%&'()- 10 10
10!4L2#10%&'()-:!9L2#10%&'()-: !"4#$c&&zX7rS4
CL@@#10%L&'()-!>L@@#10%&'()-!4L@@#10%&'()-!9L@@#10%&'()-!
"10%&'()-3s10%&'()-F&&'())))zXJ<4  10
10!0`3#10%&'()-!0`3#10%&'()-!CL+-#10%&'()-!CL+-#10%&'()-+10%&'()-))))*b*}**
uV74L"10%&'()- 10%&'()-Y 10%&'()-s10%&'()-f10%&'()-s`10%&'()-
10*,x,,,:--dE74L"`l10%&'()-s910%&'()-10%&'()-sF10%&'()-`#10%&'()-s
10%&'()---0.g....a@74 9L+-10%&'()-)!>L+-10%&'()-+ 10%&'()-L3(10%&'()-$
10%&'()-@#10%&'()-./b///////bC y10%&'()-`10%&'()- 10 10 10L8#10%&'()-
710%&'()-f510%&'()-/200.2`2T33}[<bC"10%&'()-!"10%&'()- #10%&'()- !
#10%&'()- ! #10%&'()- 10%&'()-34466B777}[<1C
10sy5#10%&'()-G!+sy5#10%&'()-G!+s)#10%&'()-:!+s)#10%&'()-:`F(10%&'()-!10%&'
()-7777778+8~8mN/s 



10%&'()-s 10%&'()-s10%&'()-y#`10%&'()-y10%&'()-s`10%&'()- 10
10~88(9t999):dEmN/s
10%s10%&'()-`#10%&'()-syS10%&'()-s10%&'()-s10%&'()-s"10%&'()-):B:::1;
;;dEmN/s 10%s&10%&'()-s %10%&'()-s!10%&'()-`
#10%&'()-ss10%&'()-s&@10%&'()-;"<r<<<5=p>dEmN/s
10%sS210%&'()-L0#10%&'()-sL-3
10%&'()-+10%&'()-*10%&'()-LY(#10%&'()-p>>>>>>>>@bCs
10%s10%&'()-y#s10%&'()-10%&'()-ss10%&'()- 10 10
10L8T10%&'()-@@SAAAIBvBdEbCs 10%
10%&'()-10%&'()-Y10%&'()-`#10%&'()-s10%&'()-s`10%&'()-vBBDD E#ErEdEbCs
10%,210%&'()-L010%&'()-s)10%&'()-LF(10%&'()-s!10%&'()-`
#10%&'()-rEEECFFFFFFxmbCs 10%`10%z&'()- 10 10 10sl:10%&'()- L8#10%&'()-
710%&'()-310%&'()-FFFHHHH H%HbCs 10%sy10%&'()-s10%&'()- 10z 10z 10z
10%z&'()-#10%z&'()-sy10%z&'()-%H.HhHwHHIJdEbCs
10%10%&'()-410%&'()-`"10%&'()-#`10%&'()-s10%&'()-s10%&'()-JbJJJKGKKdEbCs
10%S#10%&'()-s10%&'()-10%&'()-10%X&'()-Y10%&'()-s"10%&'()-K&LaMMNENoNpNz[<1
C
10`810%&'()-y510%&'()-y510%a&'()-!9`&#10%&'()-!4`&#10%&'()-!9`&#10%&'()-pNq
NrNNNNNkOmKC 10`81!"10%XX&'()-Y#`10%&'()-10%&'()-sf10%&'()-L10%&'()- 



10 10kOOSPQKQQQaBKC
109s10%&'()-10%&'()-10%\&'()-!s@#10%&'()-F10%&'()-"10%&'()-YQQQR&T`TT}^?KC
10310%f&'()-`$#10%@&'()-!0`$#10%&'()-!4`$#10%&'()-!10%&'()-s10%&'()-TTUUU
U!U.U3UbC 10f10%&'()-910%&'()- 10 10
10`810%&'()-7`10%&'()-310%&'()-3UmU|UVWXXaBbC
1010%&'()-G10%X&'()-G-#10%&'()-!&-#10%&'()-#`10%&'()-10%&'()-XXXRYZZU[}\:bC
10!V`$#10%&'()-S >`$#10%
&'()-S)!>`$#10%&'()-S!C`$#10%&'()-S!10%&'()-10%&'()-U[X[Y[Z[[[h[m[[[bC
10!V#s10%&'()-10%&'()-y10%&'()-`10%&'()- 10 10 10`810%&'()-[A\]]D^^^xY:bC
10S#10%&'()-s 10%&'()-!>s#10%&'()-S
&s#10%&'()-S!&Ms#10%&'()-S!!s#10%&'()-S^j_`y```%a&a}^?4C 1
10310%&'()-@210%&'()-s010%&'()-+10%&'()-!>`$#10%&'()-!C`$#10%&'()-&a'a(a5a:
araabmNC 1 103110%&'()-#s10%&'()-s10%&'()-y10%&'()-s10%&'()- 10
10bcc=duddfe{\:NC 1 10!C`$#10%&'()-S#10%&'()-sf10%&'()-!x"10%&'()-(
x"10%&'()-(!Qx"10%&'()-(feSfffffff grS4 1  10%&'()-S10%&'()-910%&'()- 



10 10 10!C`.10%&'()-!C`$#10%&'()- gg(g$hhiUi}^?rS4 1&10%&'()-z10%&'()-
!&@s9#10%&'()- !&Rs9#10%&'()- #L10%&'()-10%&'()-UikiiiiiiikQ24 +;
&P10%&'()-+;&P10%&'()-O&+;&P10%&'()-+;&P10%&'()-#10%&'()-s
10%&'()-iiiiiiii}^F4 +;&P10%O+;&P10%&'()-+;&P10%&'()-OP+;&P10%&'()-+;
&P10%&'()-Oiiiiiiiiu]C4 +;&P10%+;&P10%&'()-O&+;&P10%&'()-)+;&P10%&'()-O&+;
&P10%&'()-)+;&P10%&'()-iiiiiiijx^?4 +;&P+;&P10%&'()-+;&P10%&'()-O+;
&P10%&'()-+;&P10%&'()-O+;&P10%&'()-jjjj jj"j#j}^F4 +;&PO+;&P10%&'()-+;
&P10%&'()-O+;&P10%&'()-+;&P10%&'()-O#j$j'j(j)j*j+j8j=j}\;  `f10%@%@&'()-
`L10%@%@&'()- ` &10%@%@&'()-:10"10"10" ``:10%"&'()-+;
&P10%&'()-=jDjvjjjjk|[:}\;  `` 10%@%@&'()- ``F10%@%@&'()- `#`10%@%@&'()- `L
10%@%@&'()- `t10%@%@&'()- `10%@%@&'()-kkklsll:m|[:}\;  `- 10%@%@&'()-  i`
(#10%I%I&'()- 00,#10%%&'()- `+s9#10%@%@&'()- 00F10%%&'()-
`s10%@%@&'()-:m`mmmnnn n"n|obU4  K 10%R8(R&'()-10@%@10@%@10@%@ ``s0y
10%@%@&'()-& ``s0y 10%@"@&'()-& i`s0y 10%II&'()-& ``s0y 10%@@&'()-&"nEn&o
n"n|obU4  K 10%R8(R&'()-10@%@10@%@10@%@ ``s0y 10%@%@&'()-& ``s0y
10%@"@&'()-& 5@9(10%8(&'()- `9(10%g8(g&'()- Normal" "Heading 13]c" "Heading
23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading
73]c" "Heading 83]c" "Heading 93]c"A "Default Paragraph Font&,4;CEqK
RZX'^c)gk&lprtvxz|~ `2>J=Uak&oJKLMNOPQRP .] + &)*-./37~8):;
p>@vBrEF%HJKpNkOQT3UXU[[^&abfe
gUiiiij#j=jk:m"n&oSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~6Times New
RomanArialCourier New"h Root EntryWordDocument
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 


