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* doubl e netal cyanide (DMC) catal ysts for the production of”polye
pol yol s by pol yaddition of al kyl ene oxides onto starter 5 conpounds havi ng
active hydrogen atons. Double netal cyanide (DMC) catal ysts for the
pol yaddi ti on of al kyl ene oxides onto starter conpounds having active
hydr ogen at re k (c.f. for_exanple US-A 3 404 109, US-A 3 829 505,
US-A 3 941 &pyblemetad cyanide catalys tRe F p&on of polykther podNolst s for t he
production of polyether polyols in particular brings about a reduction in
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hydr oxi des. Pradictiere 9fi| Ralyethgropglyeiseby wilyasdisiomayf latkylanet tdesoame smedr t 0
yi el d hi gh- de 1, ol yuret hanes (for exanple el astoners, foans,
coat i ngs). %“ad§|h§‘s’ agpwéekigygg%g%to%%t ai ned by reacting an aqueous
solution of a netal salt with the agqueous solution of a netal cyanide salt
in the presence of an organic conplex ligand, for exanple an’'ether. In one
t ypi cal cat Royble metabeyanideofDME) lvatd]ystsoive thrs pelghddiiiemesf slkylena oxides @htgde (in
excess) and tassi um peﬁgc%anocobﬁ; ate are, for exanple, m xed and
di met hoxy 28%%%%"‘(“@% ihg achiyR Rydfpgayalopisiae kpewn (e.Ader sxamladisA  Once

t he catal yst 4b43%0 Afq f d | e g | ution, an
active catal yst o?’etgﬁeAgjeﬁgfaslgg' ?gr%u?gmgﬁg?%%?% %] §u1'55)§ %%Eﬁ%gyﬁ]ﬁ%o .z
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5 470 813, ER-A. 700 tg49, EP- A 743 093, EP-A 761 708 and
reduction in the proportion of monofunctional polyethers with terminal double bonds,

so-calleq monools, in comparison with the conventional production of polyether
polyols by means of alkali metal catalysts, such as alkali metal hydroxides. The
resultant polyether polyols may be further processed to yield high-grade
15 polyurethanes (for example ¢lastomers, foams, coatings). DMC catalysts are usually
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 complex ligand, for example an ether.
In one typical catalyst preparation method, aqueous solutions of zinc chloride (in
excess) and potassium hexacyanocobaltate are, for example, mixed and dimethoxy-
20 cthane (glyme) is then added to the resultant suspension. Once the catalyst has been
filtered and washed with aqueous glyme solution, an active catalyst of the general

formula

- Zn.fCo(CH),), - x ZnCl, - y H,O - z glyme
25
is obtained (¢, 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, by using tert.-butanol as an organic

30 complex ligand (alone or in combination with a polyether (EP-A 700 949, EP-A
761 708, WO 97/40086)), further reduce the proportion of monofunctional polyethers
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It has surprisingly now been found that DMC catalysts which contain an ionic
15 surface- or interface-active compound as a complex ligand exhibit greatly increased

activity in polyether polyol production.

The present invention accordingly provides a double metal cyanide (DMC) catalyst

containing
20
a) one or more, preferably one, double metal ¢yanide compounds,
b) one or more, preferably one, complex ligands other than c), and
25 c) one or more, preferably one, ionic surface- or interface-active compounds.

The catalyst according to the invention may optionally contain d) water, preferably 1

to 10 wt.%, and/or €} one or more water-soluble metal salts, preferably 5 to 25 wt.%,

of the formula (I) M(X), originating from the production of the double metal cyanide

30 compounds a). In the formula (I), M is selected from among the metals Zn(Il), Fe(Il),
Ni(II), Mn(II), Co(II}, Sn(II), Pb(II), Fe(Ill}, Mo(IV), Mo(VI), Al(1II), V(V), V(IV),
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or different, Igreferabl identical, and preferably selected fromthe group
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t al i d yund referably have the genera ormul a .y
vxnﬁe?ei y&”i %faé@gg ’gg{g‘egrﬁ%ﬁ"gﬂ%f{lh“e{@e@raﬁ-s Zn(1'1), Fe(l1), Ni(Il),
M(ll), Co(ll), sSn(ll), Po(ll), Fe(lll), M(IV), M(VI), A(III), V(V),
V(IV), Sr(ll), WIV), WVI), Cu(ll) and C(I1l). 15 zn(I11), Fe(ll), Co(ll)

and Ni (11) %he dpableimealaneyanidy ebpowids ahnsresnt o ShecaRsisdRRbidesY to e
different, preferably identical, and preferably selected fromthe group

conpri si ng NERteare’ g dieastiagieproduets foft water-saluble rmetak saltsyansh water-soluble

t hi ocyanat eg..f gfﬁymtgs, i sot hi ocyanat es, carboxyl ates, oxal ates or
nitrates. e ue for nis 1, 2 or 3. 20 Exanples of suitable

wat er 1680l ubl e netal salts are zinc chloride, zinc brom de, zinc acetate,
zinc acetyl acetonate, zinc benzoate, zinc nitrate, iron(ll) sulfate,
iron(11) ~bWatargeluble gpgtall palishsuitabde , for dbeal profudtiophbHrdodble oeball ¢xanide
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from among the metals Zn(II), Fe(Il), Ni(II), Mn(II), Co(II), Sn(Il), Pb(II), Fe(IID),

Mo(IV), Mo(VI), Al(III), V(V), V(IV), Sr(ID), VW(IV), W(VI), Cu(Il) and Cr(III).

15 Zn(Il), Fe(lI), Co(IT) and Ni(II) are particularly preferred. The anions X are identical

or different, preferably identical, and preferably selected from the group comprising

halides, hydroxides, sulfates, carbonates, cyanates, thiocyanates, isocyanates,

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

20 Examples of suitable water-soluble metal salts are zinc chloride, zinc bromide, zinc
acetate, zinc acetylacetonate, zinc benzoate, zinc nitrate, iron(Il) sulfate, iron(II)
bromide, iron(II) chloride, cobalt(II) chloride, cobalt(II) thiocyanate, nickel(Il)
chloride and nickel(II) nitrate. Mixtures of various water-soluble metal salts may also
be used.”

25
Water-soluble metal cyanide salts suitable for the production of double metal cyanide
compounds a) preferably have the general formula (II), (Y), M'(CN),(A),, wherein M’
is selected from among the metals Fe(Il), Fe(Ill), Co(I), Co(IIl), Cx(II), Cr(III),
Mn(II), Mn(IIL), Ir(TIII), Ni(Il), Rh(III), Ru(Il), VIV) and V(V). M' is particularly

30 preferably selected from among the metals Co(Il), Co(II), Fe(Il), Fe(IlI), Cr(III),

Ir(Iil) and Ni(II). The water-soluble metal cyanide salt may contain one or more of
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be used.' 25 Water-soluble netal cyanide salts suitable for the prodqp;iggnmm
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r(lIE), N(CI), Ra(lll), Ru(Cll), M(IV) and (V). M is particularly 30
preferably selected fromanong the netals Co(ll), Co(lll), Fe(ll), Fe(lll),
Cr(rrr), Ir(l1l) and Ni(l1l1). The water-soluble nmetal cyanide salt may

cont ai n onethsse mgtals.oThe\calnys4Y 680 identigal7orAdiepom.3pre REAN EROG A7 28d tdres e
metals. The atiqc))%s Y are i.dentical or .dif[e_ent, preferably identical, and
are sel ect &IPS RCINBRENE H %P‘ERJE)OIEB%W@]‘I‘?& mgtglIops ard alkahipgmearfimgetal

al kal i ne ea ok O -ani | Lcal . £ 1
preferably F%ﬂgn?‘? %Zdlhfongn&d%g? }e_&gtel ec@gﬁfﬁ@%%%%ogy t? é"“g‘f#‘ogﬁ‘i 3%'( g@%?t%des,
hydr oxi des, froul famang, thardromat&S hakidgan diydisoxidest Ndudaiea dafdnates 0 ¢y @kdseS,

| sot hi qcyangt.es, carhoxyl ates, oxalates or nitrates. Not only a, but also
b and ¢ ar e ASHUES IS ARALTsH IsOHEoGYaNteS cpthoxylates, eratptes errnitrates.d¥etamlys uch

that el ect 5 t ' I . de-salt is ensured:; a i
preferably %’qﬂgqgg t{)?ldi;; Xrﬁq{ltgéé}g’r e eté‘?igﬁﬁ %9%‘“9 05?’ %andcszc f)rreégF[flcéglsydhg‘ft t he
val ue 0. Exeakpir@snaftraity bdhk enstellcytnidekalbiseensived;ad ispYeeiadR £, Boraf 8 is

pot assi um hexacyanocobal tate(l11), potassi um hexacyano 10 ferrate( W ),

pot assi um hBse&EFlN oF Sror; s(areferably. hascthemahisx( ExamplesiodIsuitghd¢ matdr-sahible |
lithiumh ltate(Ll]1), Pref d_doub | i d

o) i e At \QRRRR! SR Pk ddassipE rekaSnbRl e hu SRR e R o
conpouynds Ofeﬁatﬁﬂlgeﬁ)@faﬁéiutfnohﬁkﬂacgaﬂdfbﬂrﬁte(lﬁ),wlcﬁlh’iu& ($NhdlafocotaRtatdlliG Natd | S

defined as in the formula (I)
. lithium hexacyanocobaltate(11I).

Preferred double metal cyanide compounds a), which are present in the catalysts

according to the invention, are compounds of the general formula (I1I)

15
Mx[M'x‘(CN}y]z H]
in which M is defined as in the formula (I) and
M’ as in the formula (1), and
20 X, X', ¥ and z are integers and selected such that electron-neutrality of the double metal

cyanide compound is ensured.

Preferably
x=3,x'=1l,y=6andz=2,

25 M = Zn(II), Fe(Il), Co(II) or Ni(Il) and
M’ = Co(III}, Fe(I1T), Cr(I1I) or Ir(11I).

Examples of suitable double metal cyanide compounds a) are zinc hexacyano-
cobaltate(III), zinc hexacyanoiridate(Ill), zinc hexacyanoferrate(Ill) and cobalt(I)
30 hexacyanocobaltate(IIl). Further examples of suitable double metal cyanide
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ensured. Preferably x=3,x'=1,y=6andz=2, 25 M= Zn(I1), Fe(ll), Co(ll) or
Ni(I'l) and M= Co(lll), Fe(M, O (I1l)_or Ir(lll). Exanples of suitable
doubl e metal cyani de conpounds a) are zinc hexacyano- cobaltate(lll), zinc
hexacyanoi ridate(lll), zinc hexacyanoferrate(lll) and cobalt(ll) 30

hexacyanocobal tate(l11). Further exanples of suitable double netal cyanide
WO 00/ 47650cempoundausay dees fourdr/feresmnpie? 8n cdfipdund$8n832. baing ohexdsydnor

exanple, in_USs 58 922.. Zi nc .hexacyano- cobaltate(lll) is particularly
pre]Ene)rabI y &éﬂea&téteaﬁ I%Pﬂ'ﬁﬁ?lér%%B%?rg@yl%ﬁgnds b) present in the DMC

catal ysts according to the 5 invention are known in principle and have
been exhaustively described in the prior art (for exanple in US-A 5 158
922, US- A 3THO4Hrgodc doBipdex Ligamds5bp pradsatAirB thd DNIGIcatalirils AucéOfdird %o theP- A
761 708, JP-A 4,145 123, US-A 5 470 813, EP-A 743 093 and WO 97/40086).
Pref er Ped ofySpHonR ¥§ }#‘SP@% 11 pyasipls addaye been edapsively daserabadcin tb?n@mmﬁs
havi ng hete nj tr 0 SMlLfh o 410
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ket ones, ethers, esters, amdes, ureas, nitriles, sulfides and m xtures

t her eof . Pr ¥Q@r PHA0R)arRrefemsapprernicl compiey digandsatey -watersileble, iopgemid

al cohol s, such as .et:hanol, isopropanol, n-butanol | soput anol ,
sec. - but ano o(ina%odmtdgrl}gvg%{lgtﬁ{)qa?or?sgrs[ugi} Bt Thesen; JIYpgen; p Sgﬁf”i}‘sp‘?re?‘@f”r’ ed. 15
10 which may form complexes with the double metal cyanide compound a). Suitable

organic complex ligands are, for example, alcohols, aldehydes, ketones, ethers, esters,
amides, ureas, nitriles, sulfides and mixtures thereof. Preferred organic complex
ligands are water-soluble aliphatic alcohols, such as ethanol, isopropanol, n-butanol,

isobutanol, sec.-butanol and tert.-butanol. tert.-Butano! is particularly preferred.

15
The organic complex ligand is added either during preparation of the catalyst or
immediately after precipitation of the double metal cyanide compound a). The organic
complex ligand is normally used in excess.

20 The DMC catalysts according to the invention contain the double metal cyanide

compounds a) in quantities of 20 to 90 wt.%, preferably of 25 to 80 wt.%, relative to
the quantity of the finished catalyst, and the organic complex ligands b) in quantities
of 0.5 to 30, preferably of 1 to 25 wt.%, relative to the quantity of the finished
catalyst.”The DMC catalysts according to the invention conventionally contain 1 to
25 80 wt.%, preferably 1 to 40 wt.%, relative to the quantity of the finished catalyst, of

lonic surface- or interface-active compounds c).

The structural feature of the ionic surface- or interface-active compounds c) suitable
for the production of the catalysts according to the invention is the amphiphilic
30 molecular structure thereof, i.e. they contain at least one hydrophilic ionic group (or

hydrophilic ionic molecular moiety) and at least one hydrophobic group (or
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however, also suitable.

-

15 Examples of suitable classes of compounds having hydrophilic anionic groups are
carboxylates such as alkylcarboxylates (soaps), ether carboxylates (carboxymethylated
ethoxylates), polycarboxylates such as malonates and succinates, bile acid salts, for
example gall acid amides having sulfoalkyl and carboxyalkyl residues in the salt form,
amino  acid  derivatives such as  sarcosides  (alkanoylsarcosinates),

20 sulfonamidocarboxylates, sulfates, such as alkyl sulfates, ether sulfates, for example
fatty alcohol ether sulfates, aryl ether sulfates or amido ether sulfates, sulfated
carboxylates, sulfated carboxylic acid glycerides, sulfated carboxylic acid esters,
sulfated carboxylic acid amides, sulfonates, for example alkyl-, aryl- and
alkylarylsulfonates, sulfonated carboxylates, sulfonated carboxylic acid esters,

25 sulfonated carboxylic acid amides, carboxyl ester sulfonates, such as o-sulfo fatty

acid esters, carboxyamide sulfonates, sulfosuccinic acid esters, ether sulfonates,
thiosulfates, phosphates, for example alkylphosphates or glycerol phosphates,
phosphonates, phosphinates and dithiophosphates.

30 Examples of suitable classes of compounds having hydrophilic cationic groups are

primary, secondary, tertiary and quatemary ammonium salts having alkyl, aryl and
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(al kanoyl sarcosi nates), 20 sul fonam docar boxyl ates, sul fates, such as al kyl
sul fates, ardkyl gesiflagsesalkprylaiegd aammonitnt s¢lts| qudemant raameniufrat esters.ar y|

ether sul fates ,or am do ether . sulfates. sulfated.,carboxyl ates, l.f at ed
o boxyl | ¢ DEERRIiRLER LS IRl RR osaP B HRHIE el o e iy E

car boxyl i ¢ safd, h,adbiiam SiMs! Ai&loBRiurh QANEXAMPI ik loxided! Wl onm}ﬁ_sans, _

al kyl aryfsul fonat es, sul fonated carboxyl ates, sulfonated carboxylic acid
esters, 25 guidinnat saltss sohomyplimomesaitd andrirdpdjune saltsoxyl est er sul f onat es,
such as a-sulfo fatty acid esters, carboxyam de sul fonates, sulfosuccinic
acid ters, ether sulfonates, thiosulfates, phosphates, for exanple

al kyl phosp r hat e - ohj nd
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quat ernary anmmonjum sal ts having al kyl, aryl and WO 00/47650 7 0 7 AUG 2003
PCTI EP00/ O0mpdpzghimingy, Farpexylatgs sbetaingso X1 gxamplaraienl: and smidepropylbetaingsr y

anmoni um est . benzvl a niymsalts | kangl a L um sal t ri.dini um
sal ts, i mi AUDBPIRREhy SlnabeRbkyDE Astts fi Photphalividy Har sarmpls hosPHaUaYL ) ¢ o

of am@me oOxhdEse ﬁlédiihi niumsalts, quinoliniumsalts, isoquinoliniumsalts
and tropyliumsalts. Exanpl es of suitable classes of conpounds havi ng

hydrophilic zwitterionic (anphoteric) groups are am ne oxides,

i m dazol i ni_thm.de.ri vatives, such as. )
€ 10Nn1C § ace- or mteriace-active compounds may, Of Course, also contain two or

more hydrophilic (anionic and/or cationic and/or zwitterionic) groups or molecular

moieties.
15
The ionic surface- or interface-active compounds c¢) may be used individually or in
combination.
The ionic surface- or interface-active compounds suitable for the production of the
20 catalysts according to the invention are generally well known and have been

exhaustively described, for example, in Ullmann's Encyclopedia of Industrial
Chemistry, 5" edition, volume A25, pp. 747-817, VCH, Weinheim, 1994, Kirk-
Othmer Encyclopedia of Chemical Technology, 4" edition, volume 23, pp. 477-541,
John Wiley & Sons, New York, 1997, Tensid-Taschenbuch, 2™ edition, H. Stache

25 (ed.), Carl Hanser Verlag, Munich, 1982, Surfactant Science Series, volumes 1-74,
M.J. Schick (consulting editor), Marcel Decker, New York, 1967-1998, Methods in
Enzymology, volume 182, M.P. Deutscher (ed.), pp. 239-253, Academic Press, San
Diego, 1990.
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“anmi dopr opymasbh@iees, sul f obet ai nes, ami nocarboxylic aci dspengproooorzs

* phosphol i pids, for exanple phosphatidyl- 10 choline (lecithin). The ionic

surface- or interface-active conpounds_gay, of course, also contain two or

nore hydrophilic (anionic and/or cationic and/or zwitterionic) groups or

nol ecul ar noieties. 15 The lonic surface- or interface-active conpounds c)

may be used individually or in conbination. The ionic surface- or

i nt er f ace- &isatdlyss wmmmmswsmltvam@aﬂmmxah@c@)rhydu@am%nf @iemwéal mlscseﬁs al ysts

according to the invention are.generally have b
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I ndustrial jnChed 84iv¥ co Pourﬁfj\lvftb Qhbse @n‘t‘ﬁﬁv%nc EE‘[emZﬁ]Zﬁ&i]-? VCH, Veéinhei m
1994, Kirk- O hmer Encycl opedi a of em cal Technol ogy, 4 h edition, volune
23, pp. 477-541, John Wley & Sons, New York, 1997, Tensid- Taschenbuch,

2"d edition, H Stache 25 (ed. Carl Hanser Verlag Munj ch, 198
Sur f act ant 18€j CéFPééSt%éF“roéémg V8| therinvention, may\be) crysfafimey partigHy lﬂrﬁtﬂénwr tor),
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00/ 47650 8 0O 7 AUG 1003 PCTI EPOO/ 00728 Catal yst conposition is
conventlonally anal ysed by neans of el emental analysis, thernogravinetry
or extract iCGatalysshasearding tq the insnben c@famipg i oni ¢ surface- or

I nterface-active.c equent gravinetric determnation. 5 The
catal ysts & cor&f%}gsc%aﬁgcqbﬁggﬁﬁﬁ% may be crystalline, partially

crystgal lingyor temmmRend Crystallinity is conventionally analysed by
powder X-ray diffractonetry.
c) an ionic surface- or interface-active compound

are preferred.

The DMC catalysts according to the invention are conventionally produced in an
15 aqueous solution by reacting o) metal salts, in particular of the formula (I), with metal
cyanide salts, in particular of the formula (II), B) organic complex ligands b}, which
are not ionic surface- or interface-active compounds and ¥) ionic surface- or interface-

active compounds c).

20 In this case, the aqueous solutions of the metal salt (for example zinc chloride used in
stoichiometric excess (at least 50 mol% relative to the metal cyanide salt)) and the
metal cyanide salt (for example potassium hexacyanocobaltate) are preferably first
reacted in presence of the organic complex ligand b) (for example tert.-butanol),
wherein a suspension forms which contains the double metal cyanide compound a)

25 (for example zinc hexacyanocobaltate), water d), excess metal salt e), and the organic

complex ligand b).

The organic complex 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 directly to the suspension
30 obtained after precipitation of the double metal cyanide compound a). It has proved

advantageous to mix the aqueous solutions and the organic complex ligand b) with




Cat al ysts according to the invention containing a) zinc 07 AUG 2003
“hexatyanocokalgoatée! 11), 10 b) tert.-butanol and c) an i onigeskFdodses Of

i nterface-active conmpound are preferred. The DMC catal ysts according to

the invention are conventionally pr oduc_q)d_ in an 15 aqueous sol ution by
reacting a) netal salts, in particular of the formula (1), with netal
cyanide salts, in particular of the fornmula (11), 1) organic conpl ex

| igands b), which are not ionic surface- or interface-active conpounds and
y) ionic swigerous stomingnThe fesuliant suspension osrfeurresvaition2lly traatedivgthcensegr t he
aqueous solutions.of the netal salt (for exan‘?l‘lggs)zi nc.chl oride used in

st oi chi onetPPIE 8N Surfacs- P Juteriaee-agivs, FAPRe t &) t HeMpeRe Oy In ek
salt)) and : i t o },ﬂﬁéj :
hexacyanoco%-gﬁ%b{]%?@grlg)ég&gﬂg?ab ywétlér%sntd%?e glt.ﬂg%gl pr‘?%%‘ﬁé’%‘ of the

organic conplex ligand b) (for exanple tert.-butanol), wherein -a

suspensi on forns which contains the double netal cyanide conpound a) 25
(for eXanplBhezFaalyReisatipaniselsisd framethe suspension) usiag kasennpetiodsafucheds  and
t he organic lLex ligand b), .Th rgani.c.c l.ex ligan [e be
present in cteﬁé_l a E_hneo g%r @grlaﬁ Iil'ol_ﬁl ao?r%{%ee%%ﬁ%jt%gle%ﬁpﬁn?ﬁ’dﬁgrlgocl)géﬁl E_g%lﬁgflasl

cyani de salthen Washdd Wwith af dgGedis ls6Ritib¥ of thed Hrgamid %@ﬁ@%xqi%a%a Whicicredprf t er
precipitation of the double netal cyanide conpound a). It has proved
advant ageousy bengirssusprndad)@ad tkensisblatedmgsinaby filtrationr gaasntifogatiping xinl thisand b)
with WO 00/ 47650 ? 0 7. 2003 PCT/ EPO(?/ 00722%?? orousdsti rrij n%.nBTE]e
resul tant SUSPERST BrPIsEIGE TGS EPR PORRIT WA TR SFPRIBY O ST | oni ¢
surfagg- OrasiddtRALhACGNAGAd, HRnt BERAMANY Sdcofding (P ANRALios) 1S here
preferably used in a mxture wth water and %he organi ¢ conplex ligand b).

The quantity of the organic complex ligand b) in the aqueous washing solution is
preferably between 40 and 80 wt.%, relative to the entire solution. It 1s furthermore
advantageous to add to the aqueous washing solution a small quantity, preferably 0.5
15 to 5 wt.%, relative to the entire solution, of the ionic surface- or interface-active

compound(s) c) used as component ).

It is moreover advantageous to wash the catalyst more than once. The first washing
opcration may, for example, be repeated for this purpose. It is, however, preferred to
20 use non-aqueous solutions for further washing operations, for example a mixture of
the organic complex ligand and the ionic surface- or interface-active compound(s) ¢)

used as component ¥).

The washed catalyst, optionally after being pulverised, is then dried at temperatures of
25 in general 20 to 100°C and at pressures of in general 0.1 mbar to standard pressure

(1013 mbar).

The present invention furthermore provides the use of the DMC catalysts according to

the invention in a process for the production of polyether polyols by polyaddition of

30 alkylene oxides onto starter compounds having active hydrogen atoms.




5 The catalyst is then isolated fromthe suspension using known net HbadU5 2003

“such’ as cepphofugation or filtration. In a preferred vari e¢dTeEdodomEnt
the isolated catalyst is then washed with an aqueous solution of the
organi c conplex ligand b) (for exanple_,;py being resuspended and then

I sol ated again by filtration or centrifugation). In this manner, it is
possible to renove, for exanple, water-soluble secondary products, such 10
as potassiumchloride, fromthe catal yst according to the invention, The
quant ity ofPrefesably gead dkylenpbrides prsegibylone priderropyigesd 0xidaalHylene 68196t i on
Is preferabl,y between 40 d . 80.wt.% relative,to the enti solution. It
i s furt her ABAeMIXIHES 5@85@’?&5}%81‘ ° PR ehﬁﬁé’&ﬁlgsv@%ﬁﬁﬁ‘?éy%ﬁ%tm% bS sl |
quantity, RBhHRhaR! for kxamph, Wit oy Yhe EoRImheR ERxide of Mdy 815§ YPrbdde@n, of
the ionic surface- or Interface-active conpound(s) c) used as component
y). It is ramdenerordnbivrkagethus ot d differbnttthenaadrial gpekidenrrtheadetaric may The
first washing operation may, for exanple, be repeated for this rpose. It
i s, howeverbe fawécf by Vdmapps bcyglopddis len dasiie!'er ﬁﬁt—’wﬁnyow At 1#?55, BRishi ng
oper ations,67b%r”g(}<arrpl e a mxture of the organic conplex ligand and the
ionic surface- or"'interface-active conpound(s) c) used as conponent y).
The washed catal yst, optionally after being pulverised, is then dried at
tenperatures of 25 in _general 20 to 100C and at pressures of in general
0.1 nbar tStaterrepmnuoupdebavirg activohedepen ptomshae prefewmhly compounds Maving

furthernor rovides the use. of ft. cat st di ng it h

nvent i on (RERSH: Setes) iR i aBedt eI aRol 3] di Rl PPfy) Sopbt The

pol yaggli t i ganeking3Bafibk Yha@mineX bf é?(aﬁ%)&!: leBiyl&R A5 ethalend @1yael,i ve
hydr ogen at ons. 00/ 47650 - 10 0 7 AUG 2003 PCT/ EPOO 00728 Preferably
used al kyl gricthylendeglysole &2tybpyienadigiueo], prbbytanedioloxhexemetuisnee gdycoki de
ggd m xtur %sp gl%le?{,' msrxgth&%fﬂrgpa%];, tg‘?)?ce?gll, yp%tn aer Ct}%i,ngorg%ol?lclg?l)e(yéuag%},on ey

degraded starch or water.

15 Starter compounds having active hydrogen atoms which are used are advantageously
those which have been produced, for example, by conventional alkali metal catalysis
from the above-stated low molecular weight starter compounds and comprise
oligomeric alkoxylation products having (number average) molecular weights of 200
to 2000.

20
The polyaddition of alkylene oxides onto starter compounds having active hydrogen
atoms catalysed by the catalysts according to the invention generally proceeds at
temperatures of 20 to 200°C, preferably in the range from 40 to 180°C, particularly
preferably at temperatures of 50 to 150°C. The reaction may be performed at total

25 pressures of 0.0001 to 20 bar. Polyaddition may be performed without solvents or in
an inert, organic solvent, such as toluene and/or THF. The guantity of solvent is
conventionally 10 to 30 wt.%, relative to the quantity of polyether polyol to be

produced.

30 Catalyst concentration is selected such that, under the stated reaction conditions, the

polyaddition reaction may be maintained under good control. The catalyst




perforned, for example, with only one nmononeric epoxide or may al so B ddédal)
‘random y orwiopolaheseks with 2 or 3 different nononeric epoxigesepdouniiier

* details may 5 be found in Ul mnns Encycl opadi e der industriellen Chem e,

vol une A21, 1992, pp. 670 et seq.. St anyer conpounds havi ng active
hydrogen atons are preferably conpounds having (nunber average) nol ecul ar
wei ghts of 18 to 2000 and 1 to 8 hydroxyl groups. The 10 foll ow ng may be
menti oned by way of exanple: ethylene glycol, diethylene glycol,

tri et hyl enecagicsitationis gensrdpyinghe r@gydrgﬂm 010095 wit®ane di vt %, prsteratdy hy thene

Joritol,cangs tapgoot i fF el Sudh Bt Gnadl Hafh Sy P 286 o e

having actiyoiw/a of a8 inPbfdipdflr ol AYBOLAAGGMS! Y Lhose whi ch

have been produced, for exanple, by conventi i metal catalysis
fromthe above-stated | ow nol ecul ar wei ght starter conpounds and conpri se
ol i goneric al koxyl ati on products havi ng 0%nunber aver age) nol ecul ar wei ghts
of 200° to DRROGUMRST #¥REagR)Imernlar weigkis of the palpethenpalixds pradyced usipg the
conpounds J i Gt . I d a t

accordi ng [}%Wt:‘%g é}%%{)/ﬁé%f% ownqléjé;ner afl%%ggdﬁgﬁégsr a&?e ﬁjta}éln%g?attgui@gbgf@%ht o]

200C, pr ef efrafekrably in theeartgenfisin f1000e H0000 /8L, papiduldrBupreferably B teegdd vy at
tenperatures of 50 to 150C. The reaction nay be perforned at total 25
pressures ofom 2060 1o 2e009e/mal.. Pol yaddi ti on may be perforned without
solvents or in an inert, organic solvent, such as toluene and/or THF. The
quantity of solvent is conventionally 10 to 30 wt.% relative to the

quantiipy of PaIgddaeidie nagObe/ PhrférenddCconBhBSukiE Gr ddRoRRYIS! FSOBGRRPIE 3k ion is

sel ected such that, under the stated reaction conditions, the polyaddition
react i on neatdeonagmitbaichguodsssier good control. The catal yst WO 00/ 47650 -11

By virtue of their distinctly increased activity, the catalysts according to the invention
may be used m very low concentrations (25 ppm and below, relative to the quantity of
15 polyether polyol to be produced). If the polyether polyols produced in the presence of
the catalysts according to the invention are used in the production of polyurethanes
(Kunststoffhhandbuch, volume 7, Polyurethane, 3" edition 1993, pp. 25-32 and 57-
67), it is possible to dispense with removing the catalyst from the polyether polyol,

without having any negative impact on the product qualities of the polyurethane so
20 obtained.




0 7 AU6 2003 PCT/ EP00/ 00728 concentration is generally in the rangd T ab&i003
*0. 0005 wt . %omod7esh. % preferably in the range from 0. 001 PeT/EBODOOTS 1
wt.% particularly preferably in the range from0.001 to 0.0025 w.%
relative to the quantity of polyether pgbyol to be produced. 5 The (nunber
average) nol ecul ar wei ghts of the pol yether polyols produced using the
process according to the invention are in the range from500 to 100000
glnmol, preferably in the range from 1000 to 50000 g/ nol, particularly
pref erabl y EXAmples r ange  from 2000 to 20000 g/ nol. 10 Pol yaddition may be
performed continuously or discontinuously, for exanple in a batch or

sem -batch process. By virtue of their distinctly increased activity, the
catal ysts acsalydt plepa®atibe i nvention nmay be used in very |ow
concentrations (Z5 ppm and below, relative to the quantity of 15 polyether
pol yol to be produced). If the polyether polyols produced in the presence
of the catal ysts according to the | ntiqn are.used..in the pr.oduction of
pol yur thar&%st&&‘f‘ﬁﬁ%rﬂ%@c@%l?ﬁéyﬁ, v ﬁg’f’gf hﬁﬂg, Sgélﬂmecﬁ Y on:
1993, pp. 25-32 and S5¢aafidd ayit is possible to dispense with renoving the
catal yst fromthe pol yether polyol, wthout having any negative inpact on
the product qualities of the polyurethane so 20 obtained. WO 00/47650 -12

0 7 AUG 2003 PCT/EP0Q0100728 Exanples Catalyst_ preparation 5 Exa A
Product i on Asoltipyef 6gk (4515 wral) ehang ehlanpdins bl ef gigtifled (MEtaT 4 C%A). A

SOl Ut i 0N 0fy 0 3o <A lB BB oA 6 §WoRIoflS0d 8 Qs ThrBl) GF bl Wat er

I s added
10 hexacyanocobaltate in 35 ml of distilled water. Immediately thereafter, a mixture of

25 g of tert.-butanol and 25 g of distilled water is added to the resultant suspension
and then stirred vigorously for 10 minutes (24000 rpm). A mixture of 0.5 g of cholic
acid sodium salt (Fluka Chemie AG, CH-9471 Buchs), 0.5 g of tert.-butanol and 50 g
of distilied water 1s then added and stirred for 3 minutes (1000 rpm). The solid is
15 isolated by filtration, then stirred (10000 rpm) for 10 minutes with a mixture of 35 g
of tert.-butanol, 15 g of distilled water and 0.5 g of cholic acid sodium salt and
refiltered. The product is then once more stirred (10000 rpm) for 10 minutes with a
mixture of 50 g of tert.-butanol and 0.25 g of cholic acid sodium salt. After filtration,
the catalyst is dried to constant weight at 50°C and standard pressure.
20
Yield of dry, pulverulent catalyst: 2.1 g

Elemental analysis, thermogravimetric analysis and extraction:
Cobalt = 12.6 wt.%, zinc = 27.3 wt.%, tert.-butanol = 10.9 wt.%, cholic acid sodium
25 salt = 4.3 wt.%.

Example B Production of a DMC catalyst with L-o-lecithin (catalyst B).

The same method was used as in Example A, but using L-a-lecithin (from egg yolk,
30 Fluka Chemie AG, CH-9471 Buchs) instead of cholic acid sodium sait.




with vigorous stirring (24000 rpn) to a solution of 2 g (6 mml) of 07 AUG 2003
*pot assi um ¥ bgyreyanocobaltate in 35 M of distilled wat epeT/EPigeias el v
' thereafter, a mxture of 25 g of tert.-butanol and 25 g of distilled water
is added to the resultant suspension apd then stirred vigorously for 10

m nutes (24000 rpm. A mxture of 0.5 gof cholic acid sodiumsalt (Fluka
Chem. e AG CH 9471 Buchs), 0.5 g of tert.-butanol and 50 g of distilled
water is then added and stirred for 3 mnutes (1000 rpn). The solid is 15

i sol at ed by ieldiafdzny, ipyhveralprtreatalystr2e@g( 10000 rpm) for 10 minutes with a

m xture of 35 g of tert.-butanol, 15 g of distilled water and 0.5 g of
cholic acid sodiumsalt and refiltered. The product is then once nore
stirred (1@9QQediRMhafyals, t%@nﬂ&aﬁh‘&iﬁx%nw is HdE b&ight S0 g of tert.-butanol
and 0.25 g of cholic acid sodiumsalt. Arter filtration, the catalyst is
dried to cduvbhlant 1\8el ght%,akinbO€ 286 wat®an thatr-Bupanels su?.6. w2, Vii-ed-Kciolfinds y,

pul verulent catalyst: 2.1 g Elemental analysis, thernogravinmetric analysis
and extractlPdt-®obalt "12.6 W.% zinc = 27.3 wt.% tert.-butanol = 10.9
W.% cholic acid sodium 25 salt = 4.3 w.% Exanple B Production of a DMC
catalyst with L-a,-lecithin (catalyst B). The sane nethod was used as in
Exanpl e A, Bxdinplé 019 Prodictibg coft HIDMC eaalyeg &ithoNKaurogRafchtika schrim @aAG

CH- 9471 Buchs) i1 nstead of cholic acid sodiumsalt. 0 7 AUG 2003 WO

00/ 47650 PCT/ EP00/ 00fo@alysti®). Yi el d of dry, pulverulent catalyst: 2.0 g

El enental analysis, thernogravinetric analysis and extraction: Cobalt =
13.7 wt.% zinc = 25.6 m.% tert.-butanol = 7.5 w.% L-a-lecithin = 5
12. 0 mt . % Thaapleaméihbd 9HdGisk®Rs ¢h Fxatdle A2bal Wsihg W-Taird¥idapddsik! sAnmPS| ne
sodiumsalt (catalyst C).

salt (Fluka Chemie AG, CH-9471 Buchs) instead of cholic acid sodium salt.

Yield of dry, pulverulent catalyst: 1.95 g
15 Elemental analysis, thermogravimetric analysis and extraction:
Cobalt = 13.2 wt.%, zinc = 28.6 wt.%, tert.-butanol = 9.5 wt.%, N-lauroylsarcosine

sodium salt = 6.2 wt.%.

Example D (Comparative Example)

20
Production of a DMC catalyst using tert.-butanol without an ionic surface- or
interface-active compound {catalyst D, synthesis in accordance with JP-A 4145123).
A solution of 10 g (73.3 mmol) of zinc chloride in 15 ml of distilled water is added
25 with vigorous stirring (24000 rpm) to a solution of 4 g (12 mmol) of potassium

hexacyanocobaltate in 75 ml of distilled water. Immediately thereafter, a mixture of
50 g of tert.-butanol and 50 g of distilled water is added to the resultant suspension
and then stirred vigorously for 10 minutes (24000 rpm). The solid is isolated by
filtration, then stured (10000 rpm) for 10 minutes with a 125 g mixture of tert.-

30 butanol and distilled water (in a 70:30 ratio by weight) and refiltered. The product 1s




1

10 The sanme nethod was used as in Exanple A, but using N-Iauroyl sar dositig2003

*sodi‘um salwooblrgs@ Chemie AG CH 9471 Buchs) instead of c heirizpodsads sodi um

salt. Yield of dry, pulverulent catalyst: 1.95 g 15 El enental anal yS| S,
thermogravimetric analysis and extractipp: Cobalt = 13.2 w.% zinc = 28.6
Ww.% tert.-butanol = 9.5 wt.% N-lauroylsarcosine sodiumsalt = 6.2 w.%
Exanpl e D (Conparative Exanple) 20 Production of a DMC catal yst using
tert.-butanol w thout an ionic surface- or interface-active corTFound

(cat al yst ﬂilers«)nﬁeﬁﬁ@nesstimddé%md@naefowlﬂ mipptep withy2028 pf tert.-duytanel. drftest 10 g
73.3 | f hl d f .di i d t ' dded 25 with
\(/I gorOlrJrrsm s%ql ?thI B’(ez%%gsrtl &H ({}8 "@i’)‘?tﬁﬁlglhsa&)lfs b{fﬁnﬁf’em&}e%wgpot ass}Mum

hexacyanocobal tate in 75 of distilled water. Imrediately thereafter, a
m xture-of 50 g of tert.-butanol and 50 g of distilled water is added to

t he resul t afieldsafsivg silnulentmtdystr3.88 grred vi gorously for 10 m nutes (24000
rpm. The solid is isolated by filtration, then stirred (10000 rpnm) for 10
m nut with a 125 g m xture of tert. 30 butanol and distilled water (in a
70: 30 rati i -and rcfiltcrcd. The product is WO 00/47650 -14 0 7 -
AUG 2003 %&%‘Eﬁ%@%% t hen once nore stirred (10000 rpn) for 10 m nutes
W th 125 g(obalter13.6 buwlamnc = 27 devt. % tehi-bathnels 14.Devtéat al yst is dried to
constant wei ght at 50C and standard pressure. Yield of dry, pulverul ent
catalyst: 3.08 g 5 Elenental analysis: Cobalt = 13.6 w.% zinc = 27.4

w. % tert g Byt anol ofpéllffetﬂe%of(%lspr oduction of polyether polyols
10

(General method

50 g of polypropylene glycol starter compound (number average molecular weight =
1000 g/mol) and 3 to 5 mg of catalyst (15 to 25 ppm, relative to the quantity of

15 polyether polyol to be produced) are initially introduced into a 500 ml autoclave under
protective gas (argon) and heated to 105°C while being stirred. Propylene oxide
(approx. 5 g) is then added in a single portion until the total pressure has risen to
2.5 bar. No further propylene oxide is then apportioned until an accelerated pressure
drop is observed in the reactor. This accelerated pressure drop indicates that the

20 catalyst has been activated. The remaining propylene oxide (145 g) is then
continuously apportioned at a constant total pressure of 2.5 bar. Once all the
propylene oxide has been apportioned and after 2 hours' post-reaction at 105°C,
volatile fractions are removed by distillation at 90°C (1 mbar) and then cooled to
room temperature.

25
The resultant polyether polyols were characterised by determining their OH values,

doubie bond contents and viscosities.

The course of the reaction was monitored using time/conversion curves (propylene
30 oxide consumption [g] vs. reaction time [min]). The induction time was determined

from the intersection of the tangent to the steepest point of the time/conversion curve




10 General nethod 50 g of pol ypropyl ene gl ycol starter conpound (nun®érAUt 2003
raverage nolwgwbafesyei ght = 1000 g/nol) and 3 to 5 ng of catamprstedrid to 25

* ppm relative to the quantity of 15 pol yether polyol to be produced) are

initially introduced into a 500 mM autogd ave under protective gas (argon)

and heated to 105C while being stirred. Propyl ene oxide (approx. 5 g) is

t hen added in a single portion until the total pressure has risento 2.5

bar. No further propylene oxide is then _apportioned until an accel erated

pressure dvidpthesexdended \bageling afttbe cumist dhe propoxyltion |tonest fosigBsEEELOdr op

i ndi cates tha he. 20 cat al yst. has be ctivated. The .renaini r.opyl ene
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pressure of r DX i sghed and

B or 2 hot e o pr e T B by

di still ati @f tlat in80&ionltim® and prepoxtlateom timel ed to room tenperature. 25 The

resul tant pol yet her polyols were characterised by determning their CH

val ues> doubl e bond contents and viscosities. The course of the reaction

was nonit or ieQQ ti me/ conversion curves (propylene 30 oxide consunption

[g] vs. re ime [mn]). The induction tinme was determined fromthe

i nt er sect i rodictioh®f palvetiet pélgolwigh saelpes(1pppm) of the tine/conversion

curve WD 00/47650 -15 0 7 AU6 2003 PCTI EPOO 00728 wi th the extended

basel i ne oflndussioniimes. The propoxyl ation tinmes of siithifi8dhce to catalyst

activity cqjres d to the period between catal yst ivati.on (end of
i nducti on q%%?cf’%%qwgr{ﬂn%onpl etion of propyl ene oxi dzé‘staddi hngn. The tot al

reacti on tiTgealiractidq tiwn Of the induction tine and3zy opomyhati on time.

Polyether polyol: OH value (mg KOH/g): 28.9
Double bond content (mmol/kg) 4
Viscosity, 25°C (mPas): 082

If the catalyst is not removed, the metal content in the polyol is: Zn = 4 ppm, Co =

10 2 ppm.
Example 2
Production of polyether polyol with catalyst B (25 ppm)
Induction time: 125 min
Propoxylation time: 140 min
Total reaction time: 265 min
Polyether polyol: OH value (mg KOH/g): 29.5

) Double bond content (mmol/kg) 6

Viscosity, 25°C (mPas): 921




5 Exanple | Production of polyether polyol with catalyst A (15 ppm AUG 2003
*Inducti on twoRod3€sgi N Propoxylation tinme: 95m n Total react im,timo-&%%m A
Pol yet her pol yol : OH val ue (nmg KOH g): 28.9 Doubl e bond content (mmol/kg)4
Viscosity, 25C (nPas):982 If the catalygf_is not renmoved, the nmetal content
in the polyol is: Zn = 4 ppm Co = 102 ppm Exanple 2 Production of

pol yether polyol with catalyst B (25 ppm Induction timnme:125m n

Propoxyl ation tinme: 140m n Total reaction tinme:265m n Pol yet her pol yol : OH
value (ng KOH g):29.5 Doubl e bond content (nmol/kg)6 Viscosity, 25C

(nmPas) : 921 0 /650 -16 Exanple 3 Production of polyether polyol wth
cat al yst C% 0 7 AU6 2003 PCT/ EPO0O/ 00728 Induction tinme:350m n
Propoxyl ation tinme:40m n Total reaction tine:390m n

Production of polyether polyol with catalyst C (25 ppm)

Induction time: : 350 min
Propoxylation time: 40 min
Total reaction time: 390 min
Polyether polyol: OH value {mg KOH/g): 30.4
Double bond content {mmol/kg) 6
Viscosity, 25°C (mPas): 842
5
Example 4 (Comparison)
Under the reaction conditions described above, catalyst D (15 ppm) exhibits no
activity even after an induction time of 14 hours.
10
When 50 ppm of catalyst D were used, the induction time was approx. 9 hours.
Propoxylation time was more than 12 hours, with the catalyst being deactivated over
the course of the reaction.
15 Examples 1-3 show that, by virtue of their distinctly increased activity, the novel

DMC catalysts according to the invention may be used in the production of polyether
polyols in such low concentrations that it is possible to dispense with separating the

catalyst from the polyol.
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pol yol . 0 7 RAbdeasoye dopplegnpiaheyanideomponnd- met al cyani de cat al yst
conprising. atalfs.'lislgt] %ﬁé%ﬁ&%k}? lirérgﬁc?'vvhf&flalgln%f: %H?Q—Wa ebgr i%{er%agt?ﬁt one

or gani ¢ conpl’ex and not ®an ionic-surrace or interface- active
conpounattivandmpdural, ahéast one nononeric ionic-surface or interface-active
conmpound. 2. .The doubl e-netal cyanide catal yst according to claim1,
further corrp‘?‘)iaéi‘?ﬁ'@t%'ﬁ?mn&‘?mﬂwwbﬁ‘} aB?OTn‘BFCétsaﬁ%f‘%t’r"-esCBF‘UPB metal salts. 3.
The doubl e-netal cyanide catal yst according to claim1, wherein the

doubl e-netal cyani de conpound is zinc hexacyanocobaltate (I11). 4. The
doubl e-%et al Thy dendemetal siyguide satelystiacegrding td cliaim 1, fiuther eomptisieg ovagemi c

and/or one or more water-seluble metal salts.

3. The double-metal cyanide catalyst according to claim 1, wherein the double-metal

cyanide compound is zinc hexacyanocobaltate (III).

4. The double-metal cyanide catalyst according to claim 1, wherein the organic
complex ligand comprises an alcohol, aldehyde, ketone, ether, ester, amide, urea, nitrile,

sulfide and/or a mixture thereof,

5. The double-metal cyanide catalyst according to claim 1, wherein the organic

complex ligand is tert.-butanol,

6. The double-metal cyanide catalyst according to claim 1, wherein the at least one
monomeric ionic-surface or interface-active compound is present in an amount of from

about 1 to about 80 wt. %, based on the amount of finished double-metal cyanide catalyst.

7. The double-metal cyanide catalyst according to claim 1, wherein the at least one
monomeric ionic-surface or interface-active compound is present in an amount of from

about 1 to about 40 wt. %, based on the amount of finished double-metal cyanide catalyst.

8. The double-metal cyanide catalyst according to claim 1, wherein the at least one
monomeric ionic-surface or interface-active compound comprises at least one hydrophilic

anionic group.
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anmount of from about | to about 40 wt. % based on the anmount of finished
doubl e-netal cyani de catal yst. 8. The doubl e-netal cyani de catal yst

accor di t | L - TN l.¢ 4.0nj g-surface or
ot ort ang- acht, BBlemellt eyl bilnd! aodsRihe O Slal X HHREGH R faRidn”
group. Bororddls DAA3suriaBe 9r infrdacdaictive eompaindoyoniprites aleadt Yoot hgdwphilicng to
claiml, wherein the at |east one nononeric ionic-surface or

i nt er f ZOEHERNGE BBnpound conprises at | east one hydrophilic cationic
group. 10. The doubl e-netal cyani de catal yst according to claim1, wherein
the at | east one nononeric ionic-surface or interface-active conpound
conpri sks at Thedeublometd yayavidhichialyst acdording itomlaimgs, ovigereit the Tiydrophilic

doubl e- net al | d | yst dj t | ai. m 8, wh in th hili
ani oni OYBLSE s TERBLR EareRf By sckrot SRR s arieRy ef grisoale P €
car boxyduifag, tlﬁwuﬁi@&abﬁosphsmﬂté,%ﬁsé)}ﬁﬁﬂté;wbép%h&,anﬂmwpﬂﬂﬁihete. phosphi nat e,

phosphat e and dit hi ophosphat e. . The doubl e-netal cyani de catal yst
according to claim9, wherein the hydrophilic cationic group is a nenber

sel ect eth frofd BEHIE Uial as tol i : i -
sul f oni um (Igﬁ ?ﬁ% dg‘jfrj% gc?%ltd g%h%gigﬁ%@%gé?j@saﬁm?gcor %ﬁgtﬂ%ygﬁ%glhﬁ%clo,
wher ei ncatiosichgdoupplhis | 4 cmember selected from the group consisting of ammonium,

phosphonium, and sulfonium.

13.  The double-metal cyanide catalyst according to claim 10, wherein the hydrophilic
zwitterionic group is a member selected from the group consisting of betaine, sulfobetaine

and amine oxide.

14. A process for the preparation of a double-metal cyanide catalyst comprising the
steps of: (a) reacting, in aqueous solution, (i) at least one metal salt, (ii) with at least one
metal cyanide salt, in the presence of (iii) an organic complex ligand, which is not an
ionic-surface or interface-active compound, to form a suspension; and (b) treating the

suspension with at least one monomeric ionic-surface or interface-active compound.

15.  The process according to claim 14, further including the steps of: (c) isolating the
catalyst from suspension afier step (b); (d) washing the isolated catalyst; and (e) drying the
isolated catalyst.

16.  In aprocess for the production of a polyether polyol by polyaddition of an alkylene
oxide onto a starter compound containing active hydrogen atoms the improvement
comprising conducting the polyaddition of alkylene oxide in the presence of the double-

metal cyanide catalyst of claim 1.
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