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for the preparation of polyether polyols The invention relates to novel
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havi ng active hydrogen atons. Double netal cyanide (DMC) catalysts for the
pol yaddi ti on of al kyl ene oxides to start-dr- conpounds havi ng active hydrogen
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in the presence an organic c xing ligand, for exanple an ether. In a
typi cal catal yst preparation, for exanpl e, aqueous solutions of zinc
chloride (in excess) and pot assi um hexacyanocobal tate are m xed, 20 foll owed
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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)g)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



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 di scl ose DMC catal ysts which, as a result of the utilisation of

- tert. 30 butanol as an organic conplexing ligand (alone or in conﬂ]rgﬁhi%j
with a polyether (EP-A 700 949, EP-A 761 708, WD 97/40086)), in !
preparati on ow(ad/ozgetzier WO 03/ 020422 -2 2 1 FEB 2006 PCT/ BROZEP2DI241

" polyols bring about a further reduction in the content of nonofunctional

pol yethers having term nal doubl e bonds.jFEurthernore, the induction tinme in
the polyaddition reaction of the al kylene oxides with corresponding starter
conpounds is reduced, and the catalyst activity increased, by the
utilisation of these. catal ysts.. 5.1t .has now been found.that {n_,the
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present invention therefore provides a doubl e netal cyanide cat al yst
conpri si ng a) reattidieas theonlkykdoe bikelestitl cayapostting atgpwtivompdindd) isatdieedst one
organi c conplexing ligand which is not a cyclic polyol, and c¢) at |east one
cyclic pol yol andrths catalval yetivity srcsragech Pyithe wikisation ehtesnDMey cplbenal | y
conprisecd) water, preferably 20 from1l1l to 10 wt.% and/or e) one or nore
wat er-soluble netal salts, preferably from5 to 25 w.% corresponding to
the formul a (ft)haWnv bédnOfSuhlehArBRAE Bkdparatioh otfpﬁlyedwtﬂo@d@DMcccmﬂyseke
conpounds a). In the formula (I) Mis selected fromanong the netals
Zn(11), Fe(l1yhicki ¢arnpriseva(dyehic pobyol Ids, a SaplexingPhighng have (greatly, invtsased) |
Mo(VI), AI(III%V, V(V), V(IV), Sr(ll), WIV), WVI), Cu(ll) and Cr(lI1).
Zn(11), Fe(l13UVES(11)

10 The present invention therefore provides a double metal cyanide (DMC) catalyst
comprising
a) at least one double metal cyanide compound,

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

The catalyst according to the invention may optionally comprise d) water, preferably
20 from 1 to 10 wt.%, and/or e) one or more water-soluble metal salts, preferably from
5 to 25 wt.%, corresponding to the formula (I) M(X), from the preparation of the
double metal cyanide compounds a). In the formula (I) M is selected from among the
metals Zn(Il), Fe(ll), Ni(Il), Mn(II}, Co(Il), Sn(il), Pb(ll), Fe(Ill), Mo(IV}), Mo(VT),
Al(IID), V(V), VAV), St(Il), W({IV), W(VD), Cu(Il) and Ce(IIl). Zn(II), Fe(Il), Co(Il)
25 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 nis 1, 2 or 3.



25 and Ni(Il) are particularly preferred. The anions X are the sane or
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catal ysts according to the invention are the reaction products of

wat er - sol ubl e metal salts and mater soluble nmetal cyanide salts. 5
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zinc chloride, zinc bromde, zinc acetate, zinc acetylacetonate, zinc
benzoate, zi ndtom tameng, the rrmt(ilslzjn(HhIReéltI)e Ni{loMr(D, ChelbnSadl), PbdR( FeillD,
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! or different, preferably the same, and are preferably selected from the group

comprising the halides, hydroxides, sulfates, carbonates, cyanates, thiocyanates,
1socyanates, isothiocyanates, carboxylates, oxalates or nitrates. The value of nis 1, 2

or 3.

15 Examples of suitable water-soluble metal salts are zinc chloride, zinc bromide, zinc
acetate, zinc acetylacetonate, zinc benzoate, zinc nitrate, iron{ll) sulfate, iron(Il)
bromide, iron(Il} chloride, cobalt(Il) chloride, cobalt(Il) thiocyanate, nickel(I)
chloride and nickel(Il) nitrate. Mixtures of various water-soluble metal salts may
also be utilised.

20
Water-soluble metal cyanide salts suitable for the preparation of double metal
cyanide compounds a) preferably have the general formula (II) (Y), M'(CN), (A).,
with M' being selected from among the metals Fe(Il), Fe(IIl), Co(Il), Co(1IL), Cr(ID),
Cr(Ill), Mn(II), Mn(IH), Ir(IT), Ni(Il), Rh(I), Rudl), VAV) and V(V). M’ is

25 particularly preferably selected from among the metals Co(Il), Co(IlI), Fe(Ii), Fe(IIl),
Cr(11Y), Ir(IIl) 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,
and are selected from the group including the alkali metal ions and alkaline earth
metal ions. The anions A are the same or different, preferably the same, and are

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

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



i

cyani de conpounds a) preferably have the general formula (I1) (Y)e M(CN)b
- (AC wth M being selected fromanong the netals Fe(ll), Fe(l11D1 FEpeis)
Co(lll), C(Il), C(l1Ll), Ma(ll), WMn(ClLLEL), Tr(ClLIl), Ni(Il), RaCIIl),
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“the metals Co(l11), Co(l11), Fe(l1), Fe(lll1), Cr(lll), Tr(111) and Ni(I1).
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l'i t hi um hexacyanocobal tate(l1l1). Preferred double netal cyanide conpounds a)
whi ch are conprised in the catal ysts according to the invention are
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10
M ([M'«(CN)y]. ,
in which M is defined as in the formula (I), and
M' is defined as in the formula (I), and
15 X, X, y and z are integers and are selected such that the double metal cyanide

compound is electrically neutral.
Preferably,

20 x=3,x=1l,y=6andz=2,
M = Zn(II), Fe(Il), Co(Il) or Ni(Il), and
= Co(III), Fe(IIL}, Cr(IIl) or Ir(II).

Examples of suitable double metal cyanide compounds a) are zinc

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

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

invention are known in principle and are described in detail in the prior art (for
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isopropanol, n-butanol, iso-butanol, sec.-butanol and tert.-butanol. Tert.-butanol is .

10 particularly preferred.

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

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

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

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

relation to the quantity of finished catalyst.

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

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



carbon atons and OH groups in the nolecule preferably not exceeding 4. The
15 polyols may have aromatic or aliphatic ring structures; cycloglig@pﬂm§
polyols are preferably utilised. The polyols preferably have 6 fo car bon
at ons, the nurM@mn3/eiod2rarbon atons in the ring is preferablyPal/HPez81248.
Exanpl es of cyclic polyol conpounds which are preferably utilised are

1, 2-cycl ooctanedi ol and 1,5- cyclooctanedigl. 20 The DMC catal ysts according
to the invention conprise the double netal cyanide conpounds a) in
gquantities of from20 to 90 wt.% preferably 25 to 80 w.% in relation to
the quantity of finished catalyst, and the organic conplexing Iigands b) in
quantities of from0.5 to 30, preferably 1 to 25 w.% in relation to the

quantity of 25l (!A'ta‘-lf@@ac%hﬁh%/% thel HoettMn 28} Bk Yoy tal RS PakidlG &r9sthifiBe or
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at | east one eydrpleousolyodrystllinityis neenatly amlysed biyposdanXi-tay ddffrattomeshed
catal yst. The catal yst conposition is normally anal ysed by neans of

el enental analysis, 30 thernogravinetric analysis or extractive renoval of
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catal ysts according to the invention may be crystalline, partially
crystalline or anorphous. The crystallinity is nornmally anal ysed by powder
X-ray diffractdnet Euc exagtagpsebaliatgdibr di ng to the invention which conprise

a) zinc hexac%ﬁmocqg)&l_guatm% Iaxlﬁ) b) tert.-butanol and c) a cyclic polyol 10

c) a cyclic polyol .
( 10

are preferred.

The DMC catalysts according to the invention are normally prepared in agueous
solution by the reaction of o) metal salts, in particular corresponding to the formula
15 (D, with metal cyanide salts, in particular corresponding to the formula (II), B)
organic complexing ligands b), which are not cyclic polyols, and y) at least one

cyclic polyol c).

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

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

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

proved advantageous to mix the aqueous solutions and the organic complexing



are preferred. The DMC catal ysts according to the invention are normally
prepared in aqueous solution by the reaction of a) netal salts, in
particul ar corresponding to the formula 15 (1), with netal cyanidﬁ %t in
parti cul ar corresgonding to the formula (11), p) organic conBIex'A i@@nds
b), which are W3P¥8P#2% ¢ polyols, and y) at |east one cycli ECHERYBIEY " | n
this case, the aqueous solutions of the netal salt (for exanple zinc
chloride which 20 is utilised in stoichi-ohetric excess (at |least 50 nol % in
relation to the netal cyanide salt)) and of the metal cyanide salt (for
exanpl e pot assi um hexacyanocobaltate) are preferably reacted first in the
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wi th a suspension f'orm ng which conpri e double nmetal ® cyani de conpound
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may here be pl”‘ég’e‘ﬁ"t’teliWdtﬁéaraﬁﬁ%ﬂgx%llwﬁp%h)-of the netal salt and/or of the
netal cyanide salt, or it is added in direct manner to the suspension
obtained followi ng the precipitation of the double nmetal cyanide 30 conpound

a). The or ganiThe CoaadseXs NBed i@aAel ifHnshiakhspetibh ib5Ckndwh exchakges kiicthas
proved advantageous to m X the aqueous solutions and the organic conplexing
WO 03/ 020422 cenipfugmgropiifteagien. PCT prderpdeophbadifieghmeriasy thd ishlatadgentalyss is
stirring. The_suspensi,on.fornmed is norpall hen treated, with. the ¢c onent
5. The compolit Pererovich Spnteps BHHR: of b SPeris PuBmeRientigasdr el BP LI
wat er and or gapafiple oB¥P ke Xhspendibrd TN WAL bp rd i ladiaby Hltrbod BERehSBhahed from
t he suspension by known techni ques such as centrifuging or filtration. In a
preferred embdditerslublar baptodutte $uwbl as eubtasatval yoddoride may, for example, be  _

{ 10 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
advantageous to add to the aqueous washing solution a small quantity of the cyclic
15 polyols c¢) which are utilised as the component v), 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
operation may, for example, be repeated for this purpose. It is, however, preferable
20 to use non-aqueous solutions for further washing operations, for example a mixture
of organic complexing ligand and the cyclic polyols ¢) which are utilised as the

component ¥).

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

pressure {1013 mbar).

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

30 alkylene oxides to starter compounds having active hydrogen atoms.



t hen washed with an aqueous solution of the organic conplexing |igand b)
(for exanple by re-suspension followed by re-isolation by fil t(r)fﬁi BE
centrifuging). Wter-soluble by-products such as potassium chl ofi d ,
for exanple, BOPM¥Znpved in this way fromthe catal yst ac(VERRHIID t he
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solution. It is furthernore advantageous to add to the aqueous washi ng
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normal pressure (1013 nbar). The present invention also provides the use of
t he DMC cat al Yol.sAZlcdB92ipagest@Oteheeq.i nvention in a process for the

preparation of polyether polyols by the polyaddition of 30 al kyl ene oxi des
to starter conpounds having active hydrogen atons. WO 03/020422 -8 21 FEB
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; 10 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,

sorbitol, cane sugar, degraded starch or water.

15 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.

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

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

quantity of polyether polyol to be prepared.

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

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



in random or block manner with 2 or 3 different epoxi de nononers. Mre
detailed 5 information may be found in "U Il mann Encycl opadi e der

i ndustriellen Cheme", Vol. A21, 1992, pages 670 et seq.. Conpou?lasFEIQaZ\%ﬁng
(nunber aver agéQ omrodoez2ul ar wei ghts of 18 to 2,000 and | to S8PCHERNINOHEL
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products having (nunber average) nol ecul ar weights of 200 to 2,000, are
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total pressures of from0.0001 to 20 bar. The polyaddition nay be 25 carried
out without s&nged:009rtoi2R,09f g/mekt or ganic sol vent such as tol uene and/ or
THF. The quantity of solvent is normally from10 to 30 wt.% in relation to
the quantity of polyether polyol to be prepared. The catal yst concentration
is selected sgab gotpiddBRAIMEP Mel @hri®f ofihh BOtREH: bl AscosBinioad Ghirer,con be
achi eved under the given reaction conditions. The catal yst concentration is
general I} wi t kkamplgen pRaigh o0 sg00Batol pacess- 1 wi. % preferably within 21 FEB
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Owing to their markedly increased activity the catalysts according to the invention
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
15 presence of the catalysts according to the invention are used for the preparation of
polyurethanes (Kunststoffhandbuch, Vol. 7, Polyurethane, 3rd Edition, 1993, pp. 25-
32 and 57-67), the removal of the catalyst from the polyether polyol may be omitted

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



the range 0.001 wt.%to 0.1 w.% particularly preferably within the range
0.001 to 0.0025 wt.% in relation to the quantity of polyether polyol to be
prepared. The (nunmber average) nol ecul ar wei ghts of the pol yether ppfyats
prepared by tw®o3Bzeprzocess according to the invention are wRdi/RPi2lve241ange
500 to 100,000 g/nmol, preferably wthin the range 1,000 to 50,000 g/ nol,
particularly preferably wthin the rangeg@, 000 to 20,000 g/ nol. The

pol yaddi ti on may be carried out in continuous or discontinuous manner, for
10 exanple in a batch or sem -batch process. Omng to their markedly

i ncreased actg’ Vi tﬁl t he catal ysts according to the invention may be utilised
at very low c ations (25 ppmand less, inrelation to the quantity of
pol yet her polyol to be prepared). If the polyether polyols prepared in the
15 presence of the catalysts according to the invention are used for the
preparati on oExample/lir ePirepamasiof KfinPMC ebfahandittdi§-c)dddoctahediddl yur et hane, 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
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1, 5- cycl ooct aw@HividorSusSstiftin®fto AnmBGUE @S 5 inPof¥n JquREEASER W% zinc chloride
hexacyanocobal tate sol ution were added, wth vigorous stirring, to a

m xture of 155qkitiast ldnmbégredwsanel asd W4 g z5-nrclepdtancdid. Tholpracimiate whiak
tert.-butanol .and,0.4 -cycl ooct anedj.ol... Th reci pi.t.at ich, fornmed
was washed wi formgd Pﬁait‘%'lséécgwﬁﬁd ’HP‘%‘P'SP? % ok o Pu ‘ﬁaé'g 3&?1 T&gg’gf’,aﬂgn‘ﬁ%s
filtered of f.fR&edoft €0 mi Rtk AMRAROIRIGe thEN addided fte filRe hiibberwhieRiwie, .
which was 10 filtered again. Following the filtration the catalyst was dried
tat 50C &0 redfiberdd again. Following the filtration the catalyst was dried at 50°C at reduced

pressure (10 mbar) to constant weight.

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

Example 2  Preparation of a DMC catalyst with 1,5-cyclooctanediol

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

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

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

30



pressure (10 nbar) to constant weight. Elenental analysis, thernogravinetric
anal-ysis and extraction: cobalt = 10.7 w.% zinc = 26.1 w. % 2t'eFi3 008t anol
= 6.0 m.% 1,5-cyclooctanediol 15 = 20.3 w.% Exanple 2 Preparation of a
DMC cat al yst W@ R3/03082cycl ooct anedi ol 9 nl of an aqueous 7. 4PGT/EROPERESSi um
hexacyanocobal tate sol uti on were added, 20 with vigorous stirring, to a

m xture of 15 m of an aqueous 11.8 wt.%Zzinc chloride solution, 13 nl
tert.-butanol, 6.5 nm of an aqueous 4 w.%nicotinic acid solution and 0.4
g 1, 5-cycl ooctanediol. The preci pitate which forned was washed with a

i f 1 m fil d off. 20 ni
'[ne)r(t urgut gnol % lg h ﬁbuta P %tq?ulgﬁ?qt?lggtvﬁ gtfgdoﬂﬁﬁ%%ﬁl %b:gef. Iotered

again. Follow ng the f| ltration the 25 catalyst was dried at 50C at reduced
pressure (10 nmbar) to constant weight. Elenental analysis, thernogravinetric
anal ysi s and @x:int at mhaqueasbaf twt-20 Itassinm Uexaymmcobdihts soltitidn wees addddut anol

5.9 wt. % cl ooct anedi ol = 0 21 F E.B 2006 WO 03/ Q20422
PCT/ EPO2/ 09241VIt e{lg%?&ﬁﬁﬁl%mg’fﬁ’raeﬁlé’ft&fq 6&% lg WE@P&H?&WWWHC londs
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sol ution were a vigorous stirring, to a mxture
aqueous 11.8 Wit4 §d 2 mlcmhtanedxdb T&esmtdumtm;ﬂhﬂc& fﬁimédewtls whashednoith atniktust of

an aqueous 7 W%l actic acid solution and 0.4 1, 2- Céd ooct anedl ol . The
preci pitate wof &% mldpraptened and R &l watem apd s flipied o8 24 onliptie arancl Bisranol

and 30 m wat Yes,.f dded
to the fil ter?rgegsal% gd fh# ?eSF&F {'“gPe z;ﬁ 1%??‘# ‘1’%90'{) %ﬁg&lngtwﬁé? trzft{& ?on
the hcat al yst cm@smhﬁﬁleﬁtatSOQ at reﬂﬁ@dqﬁélssafee(s'ze mtﬁr)(ta;(aoﬂha{t)wenghtconst ant
wei ght
{

Elemental analysis, thermogravimetric analysis and extraction:

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

=4 82 wt.%.

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

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

to constant weight.

Elemental analysis, thermogravimetric analysis and extraction:
cobalt = 14.9 Wt.%, zinc = 26.4 wt.%, tert.-butanol = 7.0 wt.%, 1,5-cyclooctanediol
= 4.6 wt.%.



10 El emrental analysis, thernogravinetric analysis and extraction: cobalt =
13.2 w.% zinc = 30.6 m.% tert.-butanol =6.2 wt.% 1, 2-cycI%thE%nﬁéjﬁj ol

= 4.82 w.% 15 Exanple 4 Preparation of a DMC catal yst with

1, 5-cycl ooct amedesm2o28. 1 ml of an aqueous 1.84 w . % hexacyarts@ibRz0924di d
solution were added, with vigorous stirring, to a mxture of 10 m of an
aqueous 6.6 w.% zinc acetate solution, - 3. m tert.-butanol, and 0.4 ¢

1, 5-cycl ooctanediol. 15 m of an aqueous 11.8 wt.% 20 zinc chloride solution
were then al so added. The preci pitate whi ch fornmed was washed with a

m xture of 10.nl ter utan SfI|I red off. 20 n
tert. -butanoll—:“m@-g—gnen A% OP(S’ @lecﬂaﬁa ‘r”ét&lg{]‘é‘f d s filtered

again. Following the filtration the catal yst was dri ed at 50C at reduced
pressure (10 nmbar) to constant weight. 25 El enental analysis,
t her mogr avi nme26.i an]amﬁduyadpmoamd %&th %ché:mnyanooddmlltt acid tdluBomtwedt addede with26. 4

.% tert.-butanol = 7. ooct anedi o
03/ 020422 12V1§9f0PEBtII§W@6t° thﬁfdfl @92 of an,2qnepus gsﬁ W@pé‘ﬁ&ﬁ?‘iﬁﬁeégﬁé}om

catal yst sui {4 b 06k 206 @ uPBdolll 79 AaQRUERYSoBd o %4 g 1.5-
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the filter residue, which was filtered again. Following the filtration the catalyst was .

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

Elemental analysis, thermogravimetric analysis and extraction:
cobalt = 14.9 wt.%, zinc = 28.0 wt.%, tert.-butanol = 7.0 wt.%, 1,2-cyclooctanediol
=3.2 wt.%.

15

Comparison Example 6 Preparation of a DMC catalyst without cyclic polyol

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

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



butanol and 30 ml water, and was filtered off. 20 m tert.-butanol were then
added to the filter residue, which was filtered again. Follow ng t he
filtration the catalyst was 10 dried at 50C at reduced pressure% ;g z@gr)
to constant weight. Elenmental analysis, thernogravinetric anal

extraction: cdUaPY0284224 9 wt.% zinc = 28.0 wt.% tert.-but ah@T/EE‘)z?O%“lwt

1, 2-cyclooctanediol = 3.2 w.% 15 Conpari son Exanple 6 Preparation of a
DMC catal yst without cyclic polyol 9 m eof3an aqueous 7.4 w. % potassi um
hexacyanocobal tate sol uti on were added, wth vigorous stirring, to a

m xture of 15 ml of an aqueous 11.8 wt.% zinc chloride 20 solution, 13 m
tert.-butanol %ﬁwgﬁr oy formed was washed with a mixture of 10
m tert.-buta was filtered off. 20 m tert.- butanol
were then added to the filter residue, which was filtered again. FoIIovm ng

the filtration the catalyst was dried at 50C at reduced pressure (10 nbar)
t o const ant QEQ%L_@BQEI enent al anal ysis, thernogravinetric analysis and
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PCT/ EP02/50924@-m@@ﬂﬂﬁla|W€r@{th5dl000 @hﬂ@l@ 4rd det &grﬂ:z{tﬁler&th%e?&tlhtvédwée@fuddaﬁ
catal ysts, 50 g pol ypropylene glycol starter ecul ar wei ght = 1000

g/ nol ) and 20prejectiae say dargae) entp ri 5%udemtemcmreacmrcﬁnéchqawd was3C&s gt into
a 500 m pr esgt?rrn%gr eactor and heated to 130C, with

A maximum of 50 g propylene oxide was dispensed-in at a pressure of 2.5 bar .
10 within 30 minutes. After 30 minutes the reaction mixture was cooled to room

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

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

The results obtained are recorded in the Table below:

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

2 2200
3 2200
4 2190
5

6

2180

{Comparison) 1310




stirring. A maxi mum of 50 g propyl ene oxide was di spensed-in at a pressure
of 2.5 bar 10 within 30 mnutes. After 30 mnutes the reaction m xture was
cooled to room tenperature, and propyl ene oxi de was renoved by purging with
argon. The product was characterised by a nol ecul ar wei ght distrjbution

(wei ght average) deternined by GPC. 15 The results obtai ned arei?&ﬂ)rméd in
the Table bel ow. Catal yst of Exanple Nb. Mv [g/nol| 12140 22200 32200 42190
52180 6 (Conparison) 1310 21 FEB 2006 14 Clains 1. A doubl e-netal cyanide
catal yst conprising; a) at |east one doubl e-netal cyani de conpound; b) at

I easﬁ@-ﬂlﬁ organi c conplexing ligand which is not a cyclic polyol; and «c¢)

1, 2-cycl ooctanediol. 2. The doubl e-netal cyani de catalyst of claim1,

further cenpri ﬁidagbfé@ﬂﬁﬁl %Qﬁﬁ?ﬁa@lgrstlc%ﬂ'@ isin@ne water-soluble netal salt. 3.
e clai

The doubl e-netal cyani at al yst " of 1 in which the doubl e-netal

cyanide co quga# gnﬁz&da%lgjﬁléﬁpg\ﬁﬁ%%tgﬁéwﬁ; (rrr)y. 4. The doubl e-net al

cyani de catalyst of claim1l organic conplexing ligand is

b) at least one organic complexing ligand which is not a cyclic polyol; and
c) 1,2-cyclooctanediol.

2. The double-metal cyanide catalyst of claim 1, further comprising water and/or at least

one water-soluble metal salt.

3. The double-metal cyanide catalyst of claim 1 in which the double-metal cyanide

compound 15 zinc hexacyanocobaltate (IIT).

4. The double-metal cyanide catalyst of claim 1 in which the organic complexing ligand is

an alcohol, aldehyde, ketone, ether, ester, amide, urea, nitrile, sulfide and/or a mixture thereof,

S. The double-metal cyanide catalyst of claim 1 in which the organic complexing ligand is
tert.-butanol.
6. The double-metal cyanide catalyst of claim 1 which the amount of cyclic polyol present

in the double-metal cyanide catalyst is from about 1 to about 80 wt. %, based on the total weight
of the double-metal cyanide catalyst.

7. A process for preparing the double-metal cyanide catalyst of claim 1, comprising:
(a) reacting, in aqueous solution,
(1) at least one metal salt,

(i)  with at least one metal cyanide salt or the corresponding acid of the

metal cyanide salt, in the presence of

(1)  at least one organic complexing ligand which is not a cyclic polyol, to

form a suspension; and

(b) treating the suspension with 1,2-cyclooctanediol.



an al cohol, al dehyde, ketone, ether, ester, amde, urea, nitrile, sulfide
and/or a m xture thereof 5. The doubl e-netal cyanide catalyst of claim1l in
whi ch the organic conplexing ligand is tert.-butanol. 6. The doubl e-netal
cyani de catalyst of claim1 which the anount of cyclic polyol 3i?% t,o0 N

t he doubl e-netal cyanide catalyst is fromabout 1 to about 80 . @ﬁzmgsed
on the total weight of the doubl e-net&al cyanide catal yst. A process for
preparing the doubl e-nmetal cyanide catalyst of claim1, conprising: (a)
reacting, in aqueous solution, (i) at |least one netal salt, with at |east
one net al 8cyanTlie psegess of clava Tofurthepeempigingiclcll iwlatingethe ndsuble-mytahicynideal t |,

in the pr il ] &) . i c..comlexing |igand j I S not
2 cyol i 6 GaryaioR welshigenBon GRS 8RGA! BRYOFRSNRUT Mo RESRLaRlle T Rai T
1, 2- cycl othetdanbidimdtal FaniBEBtZRR6 15 8. The process of claim7, further
conprising: (c) isolating the double-netal cyanide catalyst fromthe
suspensi 0f; and dodpleviadili gyanitib eatalostRbephBibgl cyani de catal yst; and (e)
drying the double-netal cyanide catalyst. 9. A doubl e-netal cyanide

cat al yst conpri)Sian@astdhe dbubleasdial @RhidosdMRuAgt al cyani de conpound; b) at
| east one organic conplexing ligand which is not a cyclic polyol; and «c¢)

1, 5- cycl ooct angdizpleast ble ofdARicdRH &inEligahd WM igﬁo%y%libfgf)lygf; afd @i mo,

further conprising water and/or at |eas one water-solublé nmetal salt. 11.
The double-netﬁllqyaﬂ%gﬁugggﬁlyst of claim9 in which the doubl e-neta
cyani de conpound’is zinc hexacyanocobaltate (111).

10.  The double-metal cyanide catalyst of claim 9, further comprising water and/or at least

one water-soluble metal salt.

11.  The double-metal cyanide catalyst of claim 9 in which the double-metal cyanide

compound is zinc hexacyanocobaltate (IIT).

12.  The double-metal cyanide catalyst of claim 9 in which the organic complexing ligand is

an alcohol, aldehyde, ketone, ether, ester, amide, urea, nitrile, sulfide and/or a mixture thereof.

13.  The double-metal cyanide catalyst of claim 9 in which the organic complexing ligand is

tert.-butanol.

14.  The double-metal cyanide catalyst of claim 9 in which the amount of cyclic polyol
present in the double-metal cyanide catalyst is from about 1 to about 80 wt. %, based on the total
weight of the double-metal cyanide catalyst.

15. A process for preparing the double-metal cyanide catalyst of claim 9, comprising:
(a) reacting, in aqueous solution,
(1) at least one metal salt,

(i) with at least one metal cyanide salt or the corresponding acid of the metal

cyanide salt, in the presence of

(iii) at least one organic complexing ligand which is not a cyclic polyol, to form

a suspension, and

(b) treating the suspension with 1,5-cyclooctanediol.



12. The doubl e-nmetal cyanide catalyst of claim9 in which the organic
conplexing ligand is an al cohol, aldehyde, ketone, ether, ester, amde,
urea, nitrile, sulfide and/or a m xture thereof. 13. The doubl e- net al

cyani de catalyst of claim9 in which the organic conplexing |i QWF%ZUB%
tert.-butanol. 14. The double-netal cyanide catalyst of claim9 in th
anount of cyclic polyol present in th& doubl e-netal cyanide catalyst is
fromabout 1 to about 80 wt. % based on the total weight of the

doubl e- et al ani de cat al 15. A process for preparing, the doubl e-netal
cyani de cafal yﬁbe PrOEEhioh 1mc3nﬁ¥"ih§¥ ﬁ@mpn%g @éatqlatm;g thendathlrsmgiel ssaigs on,
(i) at leagh

t he correspoPi%lriflt)ggrlr&;('Zlce?J %%Eftoﬁeéﬂd )Wa&lﬁn% eagltaelrit?&gl ﬁ%ﬁ% cgtrlé@g{é%gde&gfd I'y(niq)%fi)
at | east ¢ralooblyameétel yomde eatalyst. | i gand wh| ch is not a cyclic polyol, to form
a suspension; and (b) treating the suspension with 1,5-cyclooctanediol. 2 1
FEB 2006 16 16. The process of claim9, further conprising: (c) isolating

t he doubl e-netal cyanide catalyst fromthe suspension; and (d) washing the
doubl e-nmetal cyani de catal yst; and (e) drying the double-netal cyanide

cat al yst.



