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*166166* Doubl worseietzicyani de catal ysts for the preparati orcoiErpwésisi hg AN 2003

pol yol s The invention relates to novel double netal cyanide (DMC) catal ysts
for the preparation of polyether polyols by polyaddition of oxi des
to starter 5 conpounds containing active hydrogen atons. Douaummﬂﬂlgmﬂmym
cyanide (DMC) catal ysts for the polyaddition of alkyl ene oxides ¢ r
conpounds cont ai ning active hydrogen atons are known (see, for ex$fipte, US
3 404 109, US( US : of those
10 DMC cat al yst : L SROG : about in
particular a reduction in the proportion of nonofunctional polyethers

havi ng term nal doubl e bonds, so-called nonools, in conparison with the
conventi onal prheparvantiom relatesoloy sovad r dpuble ahatalbyyaneden DM Clakitalystsc &trathgst s,

h | kali__hyd ides. T l.yet | yQql t ai ned . b
e &5, PSR B PP S (BpR P SRR SEBRE e
coatings)s Dwoﬁ%ahdfssg@tmﬁ%ﬁwl{%@é&a&mg by reacting an aqueous

solution of a netal salt with the aqueous solution of a netal cyanide salt
in the presence of an organic conplex ligand, for exanple an ether. In a

typi cal catal yst ,preparatio ex | e ,~ agueous Lutien f zin
chlor e (i n Sl Rg 2 ade COMCHAMRS fiof oo Fatied) of RikeBpe Saifes to
di net hoxyet hargrtef ympunds doRenind asaeteBydrogéh Stofid RERESHWN (§62] FRrTexaMpl&T
filtration and_washi % of the catalyst with aqueouségzlsgrre sol ution,

active catal ydiS Sr0AHDIGERE 829 FEsrRIBS SHERED AT 5 15% 928 The useiptthose

0TS 290 OHtAE e Ry A MR

known DMC cat atdustien \ihithé prdportidre ofl omffurictivhal- pulyethak hasingr g@aninal douflkex
30 EP 76

i gand (al one or,in conpination with a pol yether (EP 700,949,
708, WO 97/ 40(98%‘}%,8%???112%?10? c® CARP _%s%owlﬁioweofow_ﬁ%? cRIFRAafion ©
pol yet hers haybR@tHep gHIvAs BoHRbA BONGRal RatallRtsPBRALR RN AlydRRIART NBE

pol yols. Moreover, the use o0f those DMC catal’ysts reduces thé induction
time in the polyethen polypds gppbrained can -beREv¢EREDIOBEBGuality palyureibgnes2(e.g.

| yaddi ' f the al kwl ' ith i
compounds ana T RerieRt fBupho Soding, NACCRFRG i o B, S TafRENE an

conbi nati ons afudotik sohikivh afi@imasltalt with the aqueous solution of a metal cyanide salt in

0I1S

the presence of an organic complex ligand, for example an ether. In a typical catalyst
preparation, for example, aqueous solutions of zinc chloride (in excess) and
potassium hexacyanocobaltate are mixed, and dimethoxyethane (glyme) is then
20 added to the suspension formed. After filtration and washing of the catalyst with

aqueous glyme solution, an active catalyst of the general formula
Zn,[Co(CN)¢], » x ZnCl, » yH,0 e z glyme
25 is obtained (see, for example, EP 700 949).

From JP 4 145 123, US 5 470 813, EP 700 949, EP 743 093, EP 761 708 and
WO 97/40086 there are known DMC catalysts which, by the use of tert.-butanol as
organic complex ligand (alone or in combination with a polyether (EP 700 949,
30 EP 761 708, WO 97/40086)), further reduce the proportion of monofunctional
polyethers having terminal double bonds in the preparation of polyether polyols.

Moreover, the use of those DMC catalysts reduces the induction time in the
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ponaIkerne glycols (e.g. polypropylene glycol) is preferred. 5T Sﬁui
ect of the pré&’@rwlovmentl on was to-maké avail abl e further HOTERPIHAE! JAN 2003
catal ysts for the polyaddition of al kylene oxides to appropriate starter
conpounds, which catal ysts exhibit increased catalyst activity as conpared
with the catal yst types known hitherto. By2shortening the al koxyl ation
tinmes, this leads to an inprovenent in the process for preparing polyether
polyols in terns of econony. 10 ldeally, as a result of the increased

activity. the SRR Aol 1P BURRE oS UGt AR SOOI AL A2 PP

or |l ess) that e VEery ‘expensive se arattoR of t

product is no ih@bges theeaalyar ctiafts. The uks @ﬂﬂighndia@nbmaﬂ@lﬁdofdﬂeﬁebﬁﬂaﬂolf &id t he
preparation of polyurethanes. 15 Surprisingly, it has now been found that
DMC cat al ysts PO m%lywla(%&mpimopylwéyw}mcfﬁl;fed ntroduction of a
glycidyl ether into the catal yst possess greatly increased activity in the
preparation of polyether polyols. Accordingly, the present invention

provi des % douhecbjsdt af thy proseie 1ﬁﬁMﬁ)onc\aisatoyﬁiaka@vmameaﬁﬂiheg irAproved DM C
nore, preferably one, double netal cyanide corrpound s),.b) one or nore,

preferably oné?2 abfsb‘afﬁféhf'caﬁb(?@éuﬂl Ghliydeneqpridss forappTpriate saTtesCoMIPQRES.or
nore, prefera l; g@%kﬁ

gl yci dyl et helr%llﬁn}tpggt}ta cata >t/slitl gsc)élg{lgﬁrt%?"a cajgpél F%Jﬁ) tﬁlemlc n€aet%1 |Ston
rnay opti onal Itypesokdaim hibhema,t By, shortdnénglthy a?.lfb)dyﬂanmnltlms 1hisvtlefds andhor
e) one or nore water-solufle netal_salts,. re{erably om 5 toﬁ%&gonoo/ of

fornula (1) MIRPOVERSH! {hiepmapsss 01 Brepaing Ralygiish pelyed: 1 teaps

conpounds) a) . 1ddall ?%ﬁ&'}e@ul@ bf thethérsase8 a86¥i tlflé @dﬁlklﬁpcaﬂ?ﬁe%lb% 1484 il Quchﬁ@&z' | ) ,
N(I1), r WO PCT/ EP99/ 0615 2003 -3 M1 1)

Sn(11), Pb(I| rondeatrations (25tppny/pr 1eds) thay thqmv@m eApensiys/ sepavition pf Sre( ¢atglyst
cspeti al 1y pr &e8 ineiproiss e by Bfeesely ab€ e lem by S Phoatiqrof b8

preferably i derdpatation ofpdlyuepharent an anion, preferably selected fromthe
group of the halides, hydroxides, 5 sulfates, carbonates, cyanates,

t hi ocyanates, isocyanates, isot h| ocyanat es, carboxyl ates, oxal ates and

ni trat ess The SUAIAE ) e row Dol &mdﬂhat bl EarlG @Y alhisls £ QmpHRdS
a) contal ned I'n the-catalysts accor |ng to the 1nve t|on are the reaction
products of wiigend fomed| ey imttodiictimd bﬁa@yhdgdtcﬂhersntwﬁieecalﬂystqi@essmwe
salts.
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increased activity in the preparation of polyether polyols.

Accordingly, the present invention provides a double metal cyanide (DMC) catalyst

20 containing
)
a) one or more, preferably one, double metal cyanide compound(s),
b) one or more, preferably one, organic complex ligand(s) other than ¢), and
25
c) one or more, preferably one, complex ligand(s) formed by introduction of a

glycidyl ether into the catalyst.

The catalyst according to the invention may optionally contain d) water, preferably
30 from 1 to 10 wt.%, and/or e) one or more water-soluble metal salts, preferably from
5 to 25 wt.%, of formula (I) M(X), from the preparation of the double metal cyanide
compounds a). In formula (I), M is selected from the metals Zn(II), Fe(II), Ni(II),
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Wat er.-sol ubl e netal salts suitable for the preparation of double nEtsiAlz 2003
¢yani de conpoungso@)72pr ef erably have thé general fornmula (IlpcHdpé)/ost eBr‘LﬂNn
Mis selected fromthe nmetals zZn(I1), Fe(ll), N (ll), M(Il), Co(ll),
Sn(ll), Pb(Il), Fe(lll), M(I1V), 15 Mo(VI), A(II1), V(V), V(IV), Sr(ll),
WIV), WVI), Cu(ll) and C(II1). Zn(Il), _ke(ll), Co(ll) and Ni(l1) are
especially preferred. The substituents X are identical or different,
preferably identical, and represent an anion, preferably selected fromthe

group of the gl hies. dvAent 955, Sl aemE L ERU: St B8R Stno. siap
Nt o coi ubl e WRIVES VOOV, Clerly afDCHTRY. Zhyy PR S8pfll) o N e especially

zi nc acetyl acqtrefeate, The rsubdjﬂrmmsat)@arezmmtwultmradlé‘femm opl(efdrablyuﬂélatoal and
iron(ll) bromde, iron(ll) chl caob ) chlorid

t hi ocyanat e, ﬁFlﬁrﬁ%qn( IaP) e i) F"ﬁlbg' selede .ﬁ'@&éﬂ%q F)O“Hlotfrtg? é‘ah‘& i‘ﬁﬁaré’éld&f*
vari ous vat er -hidb! € caBbaitesd! dyaniRY, akii8cyifatesed Gles S OlisdRkiScyHRheS,
cyani de salts st t abl g for te pyrsne]payatl on %?adoublsg%t gs cyéz:lblrglllsl o
conpounds a) padfosykbdsyokmates mtdangett:s;r”ﬁie\fabxemﬂram(ll,ll)ar@Y)a M (CN)b (A ~, 30
wherein M is selected fromthe netals Fe(ll), Fe(lll), Co(ll), Co(lll),
Cr(lr)y, C(rrr)y, ma(tt), vy, te(Cirl), Ni(Ir), Ra(lil), Ru(ll), V(I1V)
and V(V). M iThesRiuBfd @etafePatdeitdnip d‘lﬁlﬁéna? B@htﬂiﬁ%@h&tlﬁ%{a liysts 5&6&1&1 to the
Fe(11), Fe(l11), C(I1l), Ir(lI1) and N (11). 00/ Q7721 -4 N 2003
PCT/ EP99/ Ob1 (nvRméioncare the edagtidre prasiugls nywiﬁuaolgblletmctay salisrandi Wa'@rréO]@blermr e
of tjhos t al The ituents Y are identical or different, preferably
|dent| Cewre értaélpcry e'é%glgn alkali netal ion or an alkaline earth netal
ion. The substl tuents A are identical or different, preferably identi cal,
and represent an anion selected fromthe group of the hal i des,

hydr oxi des, sdV#E- gQlublesmstah Aags S“E?fl&ﬁaﬁoésthetMF%%PE&OuP?OW%a‘W%IdC

ot hi ocyanat dc
bre i ntogers, PRECRAROMARblY AKE Bt SEn It IR, SRl M Aclol
cyani de sal t ifeone thechetateeZm () Fe(H),i Nl(H),MB(rIBbCy(I]D, Sﬁ(II)SPbJ(III)AFe(lbII), Mo(1V),

vt or - soltol & Ml P a0 ¥V She SetPhiFenn SiEll i Siouht At )

pot assi um hex %W@&H? aﬁ&(\]hqn)) ard SdpRSiallY PrdTerar YR QlBdtiddnd X! dré idenfibali g#m

hexacyanocobal tate(l11) and hi um hexacyanocobal tate(ll1). Preferred

doubl e nmetal «iiderenle p&fnﬁabbmlgntegal Nt Igbresentian ariien, qaefaraphi selegtebfamet o

15 the inventl geq ( z

wherein Mis §9 &ud)a fol?ng% ot n&fig)&?%f’ angat% kﬁb?}g&%é Q#%tﬁ%%t%\ P(S%ﬁiyjl a

(rr) and ) x, 1socya1yatwmkozh1a¢)anhm,e:gﬂroaymu§, axateparbhigates d Henailud dien dkolibl e
net al cyzabni de 2coorr'g)ound has el ectron neutrality.

)

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

also be used.

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),,
30 wherein M' is selected from the metals Fe(II), Fe(IlI), Co(II), Co(IIl), Cr(II), Cr(III),
Mn(II), Mn(I1I), Ir(IIT), Ni(Il), Rh(II), Ru(Il), V(IV) and V(V). M' is selected
especially from the metals Co(Il), Co(III), Fe(Il), Fe(IIl), Cr(I1I), Ir(1II) and Ni(II).
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Preferably, 25 x=3,x'=l,y=6andz=2, M= Zn(l1l), Fe(ll), Co(ll) or Ni( EL)JM@%fi
M ="Co(lll), welbbtes Cr(1I1l) or Ir(ll1l). Exanples of sui tmberdosifo
nmet al cyani de conpounds a) are zinc 30 hexacyanocobaltate(lll), zinc

hexacyanoiridate(ll), zinc hexacyanoferrate(lll) and cobalt(ll)
hexacyanocobal tate(l11). Further exanples_gf suitable double metal i~ ,
WO 00/ 07721 PCT/ EP99/ 0515~ 8 SAN 2~~3 -5 cyani de conpounds will be found
in, for exanple, US 5 158 922 (colum 8, lines 29-66). The use of zinc

hexacyanocobal at [ 1] |s es eC| aII referred. The or i onpl ex
| ganto by  corti e TP eEeRE R rE AR ORg O PITha SRR oHiGar o

In principle ‘%ﬁ@é’tﬁué}{ﬂéjYaz[r’é 1&’&&%?1‘ ihx%nfj?r&lefabgnldt‘:ﬂﬁca@rdn‘arreﬁfegerﬁ%ﬁ%lkaflpr
exanple, US 5 158 922, especl al 't nés 9-65,” US 3404 109, US 3

829 505, US 3 meetd] i849r aEBlkZﬁﬂe %‘91, mEﬁl ioml THO 8ybsfifieAts1A arelid8ntiddbob dffkderB,1 3,

EP 743 093 and [/ 40086). Preferred organi ompl ex I i gands
wat er - sol ubl epa? Yeideg TERERSFIH Ot agiaﬁtscﬁgrongﬂ}? hETqupP &@a%hahdes

ni trogen,s phosphRhidesOr e fU"carb\SﬁétEi‘ ar, aﬁ‘am:se t%%@ﬁdﬁ'afegnm RYEvandiet
t he doubl'e netal cyani de conpound a). Suitable orfganic conpl ex l'i gands are,

for exanpl e, asatlwhoyanates) @elbwwt;s bmlatnsand pittatassa agwelns b and das 1ntag@a,s

nitrites, sulfj des and mxt res.thereof. anl gands
are wat er - sol (&7 &2 pffit F’c 2 PRY % | RENE 52 ejgc%%c{ ﬁg?‘folt rSE%H‘g‘T salt

n- but anol , lSQIBétr@ﬂéﬂtr;alSeﬁﬁ; préfetadel, 2ot £r8 lslhefe@dmw E%m chwéfendly has
especially 15 pr eferred. The organic conplex ligand 1s added eit her dur| ng

preparation ofthe Welue & dxpmplesrofi swifeblic avatkrysaeble merleeyapideatalts rre potaggum

doubl e al a ani c
enpl oyed 1 n e%%g%gﬁ%%B%ﬁé@h cat g?ys élgaccor E@J‘aﬁéfe ﬁ%?ﬂﬂvent §{ré§§c{6%lt ain
the doubl e nehakacyyratedate@Oypounghfcivgh i n mnmyahscdbfaltitegm) 20 tand 90 Wthifin
preferably from 25 to 80 w . % based on the anount of finished catalyst,
and the or gani®€X¥Yat allt"}t %s b) in amobunts of fromO0.5 to 30 wt.%
preferably from1l to 25 wt. % based on the anobunt 25 of finished catalyst.
The DMC cat al ysts according to the invention usually contain from5 to 80

. % pref er al?lr§felfr¢<bd011lﬂe netd @yanid@/c;ompmenls @ cartiginadroutht cetalyfsisrrcstmeihg to

cat al yst ands tro on of a glycidyl ether
into the cat al?'gfn’t?’ é@‘ﬁ‘ﬂ%?‘émg?%“‘{é&ff X’f%? g Gmpar ation of the

catal ysts according to the invention, for exanple, glycidyl ethers of
nmononeric or polyneric (having at | east t wo_rnonomner

M'.(CN),],

wherein M is as defined in formula (I) and
20 M' is as defined in formula (II) and
) X, X', y and z are integers and are so selected that the double metal cyanide

compound has electron neutrality.

Preferably,
25 x=3,x=1,y=6and z=2,
M = Zn(II), Fe(II), Co(II) or Ni(II) and
= Co(II), Fe(III), Cr(III) or Ir(III).

Examples of suitable double metal cyanide compounds a) are zinc
30 hexacyanocobaltate(Ill), zinc hexacyanoiridate(Il), zinc hexacyanoferrate(IIl) and

cobalt(Il) hexacyanocobaltate(III). Further examples of suitable double metal



. > WD 00/ 07721 PCT/ EP99/ 05~5~ . 1AN 2003 -6 units) aliphatic, aronath%‘ﬁm 2003
aral i phatic, rwo®e/07mdi-, tri-, tetra- or poly-functional alRIERI9/0515

Preference is given to glycidyl ethers of nono-, di-, tri-, tetra- or

poly-functional 5 aliphatic alcohols, such as butanol, hexanol, octanol,

decanol, dodecanol, tetradecanol, ethanedigl, 1,2-propanediol,

1, 3-propanedi ol, 1, 4-butanediol, 2,2dinethyl-1, 3-propanediol,

1,2, 3-propanetriol, 1,6-hexanediol, 1,1,1tri s(hydroxynethyl)ethane,

ol ety e b SEFEhRobBAS BALSs bl o5l G S, Bl 3R '
mono-, di-, trig6@Nthé edd FziShedRbyandsotaBhit(IE) RedspecisiPepictdrddr ef erence is

given to the use of nmono- or di-glycidyl ethers of butanol, hexanol,
oct anol , decanol, dodecanol, tetradecanol, ethanediol or 1, 4-butanediol, as

dogrees of 15 361 Gisare Dririsk B Srogndo bl RRRE et M
m xt ures 0f t hgveriod ardBNbiIEIEd kabyai | ar@B&efibedBYdcdib ih he priveedrt (Jdre for

glycidyl ethers are eneralu%aobtained by reaction of nono-, di-, tri-,

tetra- or 20 parppleuhit §dA8I923) eweotally wolummpi lines H-6hydP 3rdi4n10% dIDB&8nce
e e . . " )
Cri Tl uor de- (0 P oRE st Hn 208 B0 bep rhT IDE A MSTSS s O3, B 743

dehydr ohal ogerggBi amd WWOh 93/40886). (Bre@erredodigafichysihpbek digands Sarbeivheelsolable
preparing glycidyl ethers are generally well known and are described in
detail, for evigfuecompoundshaving hetero dtams.cushagioxyasn, cHEag®a PhasPRARS| gy |

Vol .) 9, h eqjid : : 739 f oW - i

st i e Arap denict? i e, of R Confithes AT oo e ip¥E! CRRM P @ipound
552. The gl yciajlySuitablecorgaisie dompiext ligangs ereafatexemplf alchbolsatldéhydes, demaesi ng
to the inventign 30 may be present.i.n th i ni shed catalyst in the formin
whi che i1 vas. GG FSFR) SR St SR ARGt RetousEorsfat
hydr ol ysed, fQbffiplex figdnd8 addWa?PQ81uble alRa00LRERA, Rich/ FRIUBE LBophoptnssi S
of the catalyst ConpoSition is usually carned out by neans of "el enent al
anal ysi s and tmhewtansdr asobutanpl; sac.-betanela pndferdxhutansdi disrtebutene tomsneeially

| i gand flgr med ?é/felirgéroducti on of a glycidyl ether into the catalyst, with
subsequent 5 EraV|nétric determ nation. The catal ysts according to the
invention may be crystalline, partially crystalline or anorphous. Analysis

of the crystallinity is usually carried out by powder X-ray diffraction. 10
Preference i s IgevIgaRie complex, Ligand, is-edded fither dprRe pRemsFtcrolcbst a9 a)

zinc hexacyan miattél% effeh! ]i)reciéﬁatlﬁ)n bethe -dBUbR nﬂbta@;tﬁ/glﬁihe s soull a). The

di -glycidyl ether of butanol, hexanol, octanol, dec canol
t et radecanol , oegdmameatnplex ligand ismsvalbénoploygsbinyepeespy | ene gl ycol or
pol yet hyl.ene gl ycol. 20 Preparation of the DMC catal ysts according to the
i nventi 8 is usually carned out in agueous solution by reacting a,) netal

sal ths, especi aheyDMC fc@lfa[pstsaaddo}din%\/ité Rhégivahti6y @bhtdi gl dsuble sedi Glahide Of
formula (I11), (3) organic conplex ligands b) other than glycidyl ether, and

y) glycidyl etcp@pounds 3nintampousitephiram 3h 19 PO W%y prefsrally drm 23t tor &9 whiet

t he aqueous s i I ! OF | S i .

stoi chionetri ?L‘Lé%(dcglgzhf%)g?itopgtagftﬁ%hérr@lc%%ﬁhgaggéthgﬁorg‘ﬂlégr?g&lg}e%cy%m gé) ) S t))

and of the netalountsasfifrben 6 to I0ewy%, preferably dron éxa 2§ andepbabd ah ee amourte

Pr esence250f ' % iRt %glcgtafy%gp{" I?eXDug %thlytgzs zgcgc')r%ing:[ fo t&fe invention usually contain
from 5 to 80 wt.%, preferably from 10 to 60 wt.%, based on the amount of finished
catalyst, of complex ligands c) formed by introduction of a glycidyl ether into the

catalyst.

30 There are suitable for the preparation of the catalysts according to the invention, for

example, glycidyl ethers of monomeric or polymeric (having at least two monomer
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30 butanol), there being fornmed a suspension which contains the do;ﬂhe
wetal cyani de wobo@781JAN 2003 WO 00/ 07721 PCT/ EP99/ 05150 paT/rronpsishdAN)003
(e.g. zinc hexacyanocobaltate), water d), excess netal salt e) and the
organi c conplex ligand b). The organic conplex ligand b) may be present in
t he aqueous solution of the netal 5 salt agd/or of the netal cyanide salt,
or it is added directly to the suspension obtained after precipitation of
the double nmetal cyanide conpound a). It has proved advantageous to mx the

aqueous sol utions he organi c conpl | i gand b) th vr ] nng.
The suspensi or’rmfﬁ)rﬁﬁglqthg’ 19 ‘ﬁs?fa?rlal)ﬁfa? aﬂé’g‘ 3%1 Z‘ﬂrlﬁ%?nalThe
gl ycidyl ethergdohoRr ef erably used in a m xture vmth vvater and organic 10

conplex ligand b). The catalyst is then isolated fromthe suspension by
known t echni ques, such as centrifugation or filtration. In a preferred

variant, the i at ed. catalyst s,th hed w eous ol.ut i.on ,of
the organic cgsﬁf#eee){lc? i ENGHY %1%0163'1 %Eerﬁéﬁﬁﬁonro" é’S’ @hsg funct1ona1
subsequent | y iafigh#tice Chledhdis) blychf | dst MsdkdrdN Mex&RNL Idctandnt ldeaanoll niddeadnol,
manner it is possible to renove, for exanple wat er - sol ubl e by products

such as pot asd¢tradeeariobr |ed@nedlﬁbnii2m09§teé10},st1 ~apropeRHdng, t bétbwganediebn2i2n.

The anount of e |gan in .t queoys, was hi sol u nis
20 preferabl ydf‘P%%‘ﬂigf“'PJn@%‘ % b sie) pg?;)apatg Fot al 'll’soﬁ‘u |0(Png1’Furt elr")lrmre
it is advant ageghgdiogyde@yl)ethtdy aqueous washi ng,§oltt§(hodrofysietilyl)propané)t of

gl ycidyl ether, preferably in the range of from0.5 to 5 w.% based on the
total soluti oﬁetrqlqs(hxdrarsgeethuk)laﬁthag@omblrca ralyRthykae cglyenlyand peberamyisne

oncel Torot hat 1 th&1§ bEfng%h %B' L, BE-ORAMEL 2BBENRE poﬁpaﬁ&%d for
§ lfter re I

exanpl e. hdwever U0 'use non-aqueous solutl ons for further
washi ng procedures for exanple a m xture of organic conplex |igand and

gl ycidyl ether. The shed cat.al yst, optiopally after_ pu|verisati i
then dried at SPEHPEPILUFRS 1581%er fofhis 45a 9f mogty 9b di-g! ﬁ.r&y e Qlf%b‘ a8l es

ggl 8?9?16“ Iy hERMRD, detdHoRN ddendlO8RE a1 R EHAR atd10diBakd¥B6 D or 1,4 butan¥¥ol, as
well as polypropylene glycol or polyethylene glycol, especially having degrees of

15 polymerisation of from 2 to 1000 monomer units.
Any desired mixtures of the above-mentioned glycidyl ethers may also be used.

The glycidyl ethers are generally obtained by reaction of mono-, di-, tri-, tetra- or
20 poly-functional alcohols with epichlorohydrin in the presence of a Lewis acid, such
as, for example, tin tetrachloride or boron trifluoride, to form the corresponding
chlorohydrins, and subsequent dehydrohalogenation with a base (e.g. sodium

hydroxide).

25 Methods of preparing glycidyl ethers are generally well known and are described in
detail, for example, in "Kirk-Othmer, Encyclopedia of Chemical Technology", Vol.
9, 4th edition, 1994, p. 739 ff and "Ullmann - Encyclopedia of Industrial
Chemistry”, Vol. A9, 5th edition, Weinheim/New York, 1987, p. 552.
The glycidyl! ether used for the preparation of the catalyst according to the invention
30 may be present in the finished catalyst in the form in which it was originally

employed or in chemically changed, for example hydrolysed, form.



-9 2 8 JAN 2003 PCT/ EP99/ 05150 The present invention relates al so tongmsza
‘use of the DMWwoabatmsts according to the invention in a prregdEr9ILsIsit he
preparation of polyether polyols by polyaddition of al kylene oxides to
starter conpounds containing active hydrogen atonms. 5 There are used as

al kyl ene oxi des preferably ethyl ene oxide, 7propyl ene oxi de, butyl ene oxide
and m xtures thereof. The synthesis of the polyether chains by al koxylation
may be carried out, for exanple, with only one nononeric epoxide or in a
random or bl ock manner with 2 or 3 different nononeric epoxides. Further 10
details will be found in "Ulinanns Encycl opadi e der industriellen Cheme",
Engli sh | anguagaasd bi e catflPsd: coriositidalis uRBIBE cfld G4l by Hi&he oITefemental
preferably used ds starter conpounds containing active hydrogen atons
conmpounds havianglysis| andu thermoegiayimeiro pr fremavalgby exeapnant theaepmglexr bgand t o

8 15 hydroxyl groups. There may he ntiqned b o] X e
gl ycol , diet hf&@?}eéjoéyygﬂofmftﬁ%togﬁ g?é‘“%‘f yﬁtgf"r, ¥11t\,6\g¥15 r %%@?%@@? ysgk%hglﬂ
1, 4- but anedi olgravi@eaiEddithangioal ycol , bi sphenol A, trinmethyl ol propane,

gl ycerol, pentaerythritol, sorbitol, cane sugar, deconposed starch or
wat er. 20 Advant ageously, the starter conpounds containing active hydrogen

atons that are,used,are_those ich. r . o)
conventi onal Ihﬁaqa al%%ﬁ 3?%%‘?%%8% nﬁg%{tg%xgglg?ﬁ%nﬁ%%@ge’l é)%?vﬁa}%ﬁf(%ag}nev\%i ght
starters and whicgphoiis€ ARll8RNGS e alykialivigt isonupllpdutied havibyn gowdee Xutagr
wei ghts of from 200 to 2000. 25 The pol yaddition, catal ysed by the

catal ysts accdHfiagono the i nvention, of alkylene oxides to starter
conpoundg, containing active hydrogen atons is generally carned out at
tenperatures of from20 to 200C, preferably in the range of from40 to
180C, especi alPrefemnce sngiesmowatdysts accanmiings® the invsotihn ddmainmgct i on nmay be
carried out at total pressures of fromO to 20 bar. The pol yaddition may be
carned out 30 without a solvent or in an inert organic solvent, such as

tol uene and/ og) THF-ziﬁ@]f‘ex@E%ﬁB&oH&itat%?ﬁl\},ent is usually from10 to 30 wt. %
based on the anount of polyether polyol to be prepared. WO 00/ 07721 - 10
PCT/ EP99/ 05150 The catal yst concentration is so selected that good control
of the H%' yad%’zti on_r eact iogn élnder the given reaction conditions is
possi bl e~ The "cat al'yst corcéitration is generally in the range of from
0.0005 wt.%to 1 w.% preferably in the range of 2 8 JAN 2003

c) mono- or di-glycidy] ether of butanol, hexanol, octanol, decanol, dodecanol,

tetradecanol, ethanediol, 1,4-butanediol, polypropylene glycol or

polyethylene glycol.
20
) Preparation of the DMC catalysts according to the invention is usually carried out in
aqueous solution by reacting o) metal salts, especially of formula (I), with metal
cyanide salts, especially of formula (II), B) organic complex ligands b) other than
glycidyl ether, and y) glycidyl ether.
25

In the preparation it is preferable first to react the aqueous solutions of the metal salt
(e.g. zinc chloride used in stoichiometric excess (at least 50 mol.%, based on the
metal cyanide salt)) and of the metal cyanide salt (e.g. potassium
hexacyanocobaltate) in the presence of the organic complex ligand b) (e.g. tert.-

30 butanol), there being formed a suspension which contains the double metal cyanide



' o,
5from0.001 wt.%to 0.1 wt.% especially in the range of from 0. 00%gtyaN 2003

0. 0025 wt . % bweadozit he anount of pol yether polyol to be mrepeoesisoThe
nol ecul ar wei ghts of the pol yether polyols prepared by the process
according to the invention are in the range of from500 to 100,000 g/ nol .,
preferably in the range 10 of from 1000 tog50, 000 g/nol., especially in the
range of from 2000 to 20,000 g/nmol.. The pol yaddition nay be carried out
continuously or discontinuously, for exanple in a batch or sem -batch

process. 15 The use of the DMC catal ysts according. to the inyention reduces
the al koxyl at | GHROURL D) (8t HEC HeXasarBacobntas). potsy dnercepomghl salhg) epdikeal |y

from70 to 75 9 ¢ h DMC cat al ysts known hitherto contai ning
FrafiE SFOERE Ranth)

tert.-butanol ne glycols as ligands. The shortening of the
al koxylation tinmes in the 20 pol yether polyol preparation results in an

i nprovenent in_the process._in.ter of econony., account of their
mer kedl y i ncr e eicempkxnkmd %, Bt 47 T B0 SISO B4 b Rt
be used ig Vers‘élt'aﬁWo?BPﬁx%Pﬁ%tgltdglgH%lf@315, P R %Ei?edttﬁfe‘éwy lté’ﬁr%%ﬁs&%si}aﬁ%lb%%ed

anount of pol yether polyo epared). If the polyether polyols
prepared in tdfteprmsepiatiarf ofhthecdowtily smestahayanide neprpounde a). nitehés gmovwade

used for the preparation of. polyurethanes (Ku st of f handbych,. Vol... 7.

Pol yur et hane, ‘ASVANBEALH i it Bae, NSt Ela Torhs g pikaniésSruplEp sy . i

di spense with yigsmauaktiRing! MBe Gashyioh iR IshBeR AkyAlyhEataP iRl thei dihaey] t he
product qualities of the resulting polyurethane being 30 adversel

af f ect ed. 2 eheyAillhe edgeidyd @beroR 7referably mpab i 8 rBixture Wit vat@rnmggrgmﬁ%h
foII)owii%str%bWi ntion but are not intended to be limting. Z a
~aN zoo03 od} %Eﬁ/ 99/ 05150 -12 Exanpl es Catal yst preparation 5
Exanple 1 Preparation of a DMC catal yst using a pol ypropyl ene gl ycol
di gl yci dyl ether having, a nunber-average nol ecul ar wei ght of 640 (catal yst
A) . The catalyst™is then 1solated from the suspension by known techniques, such as
centrifugation or filtration. In a preferred variant, the isolated catalyst is then washed
with an aqueous solution of the organic complex ligand b) (e.g. by being re-
15 suspended and subsequently isolated again by filtration or centrifugation). In that
manner it is possible to remove, for example, water-soluble by-products, such as

potassium chloride, from the catalyst according to the invention.

The amount of organic complex ligand b) in the aqueous washing solution is
20 preferably from 40 to 80 wt.%, based on the total solution. Furthermore, it is
) advantageous to add to the aqueous washing solution a small amount of glycidyl

ether, preferably in the range of from 0.5 to 5 wt.%, based on the total solution.

It is also advantageous to wash the catalyst more than once. To that end, the first
25 washing procedure may be repeated, for example. It is, however, preferred to use
non-aqueous solutions for further washing procedures, for example a mixture of

organic complex ligand and glycidyl ether.

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

pressure (1013 mbar).



10 A solution of 12.5 g (91.5 mml.) of zinc chloride in 20 m of di7s jAN 54}
wat er i s addedwowbiohy2ei gorous stirnng (24,000 rpm, to a sataw/iEpe/sised g
(12 mmol . ) of potassi um hexacyanocobaltate in 70 mM of distilled water.
| medi ately thereafter, a mxture of 50 g of tert.-butanol and 50 g of
distilled water is added to the suspensiongwhi ch has forned, and vigorous
stirring is then carned out for 10 mnutes 15 (24,000 rpm. A mxture of 1
g of a pol ypropyl ene glycol bis(2,3-epoxypropyl ether) having a
nunber - aver age nol ecul ar wei ght of 640 (Aldrich), 1 g of tert.-butanol and
100 g of distilled water is then added, and stirnng is carried out for 3

m nutes (1000 1RMresehf gnveatibhl rdlies ﬁls@'to itRe 10bthe NI é@zﬁ?ﬁs @Ecdcrﬂllngrt@tthé)n
then stirred for 10 m nutes (10,000 rpm) with a mxture o

tert.-butanol mmlt@naﬁ adpmcpssl fod tho pyeparationraf polypthdr noheola by\veo giyaddltlon of
pol ypr opyl ene col [ et her ed agai n.
Finally, the r#?%i )ilg i Fall’tgg %B "H%SP?tﬁg\mgl%ft glx%lr(%e? 6“5000 rpm wth

a mxture of 100 g of tert.-butanol and 0.5 g of the above pol ypropyl ene

gl ycol bis(2, 3epoxyproq¥l ether). After filtration, the catalyst is dried
at 50C and nor¥here pr@sxg @sLnﬂcyllen@:myteanmreﬂv@ahjmethxdemeemd@d promylsiee pgides
dry, povvdered C St engnt al al t

anal ysi s and ex& %rﬁle an gﬂ{({%r r%f’f ??‘nc%“h‘fﬁ‘s /gﬂgfgg’@yh%? cglﬁglf by 4.2

% pol ypropyl Qﬁl&)xgla)m@mﬁy Eé yaridy |ouﬁ(foﬂé*wﬂiplb i gl dnly &2 honomerid\epddOadr7 21
-13 Exanpl e 2 PCT/ EP99/ 051 5~ JAN 20Q3 Preparation of a DMC cat. al yst si ng
a pol ypropyl ed@ agrapdem e blogk iregrmen Pty 21083 Ailerent unpRemerc eaYddsp IFuEhe

wei ght of, 380 r(}i%&gl% hiYiHe i%)l?%ﬁ'é%ﬁm%ﬁ)scﬁ cf‘otpﬁzhe@é RIS INRE 941é"0‘ﬁ‘ﬁghshbu'[

a polypropyle ycol bi's epoxyprop aV|ng a nu er-average
nmol ecul ar wei dérguage 8ditio,A992] ¥h). Amspam(mﬁsﬁmhe gl ycidyl ether instead of
t he pol ypropyl ene gl ycol bis(2, 3-epoxypropyl ether) from Exanple 1. 10
Yield of dry, powdered catalyst: 6.40 g El enental analysis,

t her mogr avi nEt’I'HeFe @1‘% r)éﬁ:'rﬁalﬁ'ﬁged?éﬁ kB¢t 88 G&Qﬁ'ctontanﬂné albive h?@roFerZ atolns”o
tert.-butanol = pol ypropyl ene gl ycoP di gl ym@yog 15 et her

37.8 Exanpl e somepmaahmmg molepummv@shtaqusﬁomslﬁﬁg oargdehawm&ﬁengw@@l

((j::g![ glc;g]%gl et r1]165\I<rirox I n&lps %%er%”r%?? e MizhAS d”Qy %&a?/' ef?lgfle%g chol
diethylene glycol, triethylene glycol, 1,2-propylene glycol, 1,4-butanediol,
hexamethylene glycol, bisphenol A, trimethylolpropane, glycerol, pentaerythritol,

sorbitol, cane sugar, decomposed starch or water.

20 Advantageously, the starter compounds containing active hydrogen atoms that are
) used are those which have been prepared, for example, by conventional alkali
catalysis from the above-mentioned low molecular weight starters and which are

oligomeric alkoxylation products having molecular weights of from 200 to 2000.

25 The polyaddition, catalysed by the catalysts according to the invention, of alkylene
oxides to starter compounds containing active hydrogen atoms is generally carried
out at temperatures of from 20 to 200°C, preferably in the range of from 40 to
180°C, especially at temperatures of from 50 to 150°C. The reaction may be carried
out at total pressures of from 0 to 20 bar. The polyaddition may be carried out

30 without a solvent or in an inert organic solvent, such as toluene and/or THF. The
amount of solvent is usually from 10 to 30 wt.%, based on the amount of polyether

polyol to be prepared.



The procedure of Exanple 1 was foll owed, but poly(oxyethyl ene) bi s(&By"ANdma
et her) havi ng wo/gkph- aver age nol ecul ar wei ght of 3350 ( SipgipppdoRsisdsed as
the glycidyl ether instead of the polypropylene glycol bis(2,3-epoxypropyl
ether) from 25 Exanple 1. Yield of dry, powdered catalyst: 5.60 g El emental
anal ysis, thernogravinetric anal ysis and raction: 30 cobalt =7.7 %
zinc = 17.6 % tert.-butanol = 10.0 % pol Vet hyl ene gl ycol diglycidyl ether
ligand = 35.6 WD 00/07721 PCT/EP99/ 05150 2 B JAN 2003 -14 Exanple 4
(compari son exanple) Preparation of a DMC catal yst using a pol ypropyl ene
gl ycol having a nunbers average nol ecul ar wei ght of 420 (catal yst D,
synthesis acc in 9 t I of
zinc chlori deolrth% ﬁ%alh'gt %&m&;{sr 2% “ha eger% ei'ds{hgg(ggéd d%n?ﬂp ogtgdjlegp I %nng

(24,000 rpm, resctidnS@ldet thegiveh réaoﬂoﬁ I:Bndifibils1)sp6§S1l§let’El&Sdaltu‘lyst concentratlon is
hexacyanocobal tate in 70 ml of distilled wate | mredi ately thereafter,

10 mi xture of sspeigllyfinithe rangs affiem %QQPSSW‘&’ @fld’i’tsf@sr Plle@'dak&l&tlért rga%&rdéfd to

t he sus sio apelry) Jop d, out
for 10 mnut od EB g Ga0TE SRR Apdlially 4Re S b il 600 LRI 0REF wp
havi ng a nunbé&asalen dgeantoneofipalyether pphyol oé bé gieparkdg of tert.-butanol and

100 g of distilled water is then added, and stirring is carned out,for 3
mnutes (1000 rpm. The solid material is 15 isolated by neans of

of tert. - but anglt PygbUELy bkt df Bt EhalplydleRrep it ofihphRdcbift 070 9
pol ypr opyl ene thé ynreht;oraand ifi ithet rengelofufyainrt 00Fb 1&DJ0P0 gimel rpraﬂembéy msthstrarrgeed

f th 1 ith. t f 10

o7 R L ot D6 MU0 BB by B 9 Bl 2000

filtration, thewatamest is dried at 50C and normal 20 pressure unt i |
constant weight is reached. Yield of dry, powdered catalyst: 5.7 g
El emrental analysis, thernogravinetric analysis and extraction: 25 cobalt =

10 Lo e ey AR o o SRR Bt
pol yol s a batch or semi-batch process.
15

The use of the DMC catalysts according to the invention reduces the alkoxylation
times in the preparation of polyether polyols by typically from 70 to 75 %, as
compared with DMC catalysts known hitherto containing tert.-butanol and
polyalkylene glycols as ligands. The shortening of the alkoxylation times in the
20 polyether polyol preparation results in an improvement in the process in terms of

economy.

On account of their markedly increased activity, the catalysts according to the

invention can be used in very low concentrations (25 ppm and below, based on the
25 amount of polyether polyol to be prepared). If the polyether polyols prepared in the

presence of the catalysts according to the invention are used for the preparation of

polyurethanes (Kunststoffhandbuch, Vol. 7, Polyurethane, 3rd edition, 1993, p. 25-

32 and 57-67), it is possible to dispense with removal of the catalyst from the

polyether polyol without the product qualities of the resulting polyurethane being
30 adversely affected.



]

General procedure 5 50 g of polypropylene glycol starter (nolecular “?%QQWZMS
= 1000 g/ nol . )wend/0372ry of catal yst (15 ppm based on t he REIBRIIWE1S0

pol yet her polyol to be prepared) are placed under a protective gas (argon)

in a 500 mM pressurised reactor and heated to 105C, with stirnng. Propyl ene
oxi de (approximately 5 g) is then neterediln-in a single batch until the
total pressure has risen to 2.5 bar. No further propylene oxide is then 10
netered in until an accel erated pressure drop in the reactor is observed.

: | ated pr in the reactor is ol
(end of the | R BRI nudtReBR, Rk ARe W8 b ICRbR M8 i b 08e 1o

met ered in conirhitimgusly at a constant total pressure of 2.5 bar. Wen
metering in of the propylene oxide is conplete and after a subsequent
reaction tine of 2 hours at 1 OS C, volatile portions 15 are distilled off
at 90C (1 nbar) and then cooled to roomtenperature. The resulting

pol yet her polyols were characterised by determ nation of the OH nunbers,

t he doubl e bond contents and the viscosities. 20 The progress of the
reacti on was nonitored by nmeans of time-conversion curves (propylene oxide
consunption [g] vs. reaction time [mn]). The induction tine was determ ned
fromthe point of intersection of the tangent at the steepest point of the
ti me-conversion curve with the extended base |ine of the curve. The
propoxyl ation tines, which are of decisive inportance for the catal yst
activity, correspond to the 25 period of tinme between activation of the
catal yst (end of the induction tine) and the end of propyl ene oxide

nmet éri ng. WO 00/ 07721 PCT/ EP99/ 05150 -16 - 2 8 JAN 2003 Exanple 5
Preparati on of polyether polyol using catalyst A (15 ppm) 5 propoxyl ation
time: 160 m n polyether polyol: OH nunber (ng of KOH g): 30.0 doubl e bond
content (mol./kg): 7 viscosity 25C (nPas): 897 10 Exanple 6 Preparation of
pol yet her polyol using catalyst B (15 ppn) propoxylation time: . 190 mn 15
pol yet her polyol: OH nunber (ng of KOH g): 29.6 doubl e bond content
(mmol . /kg): 9 viscosity 25C (nPas): 954 Exanple 7 20 Preparation of

pol yet her polyol using catalyst C ( 15 ppm propoxylation tinme: 185 mn

pol yet her polyol: OH nunmber (ng of KOH g): 30.4 25 doubl e bond content
(mmol . /kg): 8 viscosity 25C (nPas): 839



" WD 00/ 07721 PCT/ EP99/ 05150 2 8 JAN 2003 -17~ Exanpl e 8 (conparison e

Preparati on ofwg@byehiper polyol using catalyst D (15 ppm PchEMMssikeat | on
time: 650 mn polyether polyol: OH nunber (ng of KOH g): 29.0 double bond
content (mol./kg): viscosity 25C (nPas): 967 ,. WD 00/07721 -18 5 Patent
clainms 1. Doubl e netal cyanide (DMC) catagést containing a) one or

doubl e netal cyani de conpounds, PCT/ EP99/

organi ¢ conplex ligands other than c), and 10 15 20 25 30 c) one or

conplex ligands formed by introduction of a glycidyl ether

into the

nor e

150 2 8 JAN 2D03 b) one or nore

nore

catal yst. 2. H¥38mples| yst according to claiml, additionally containing d)
wat er and/or e) water-soluble netal salt. 3. DMC catal yst according to

claiml1l or 2, wherein the double nmetal cyani de conpound is zinc
hexacyanocobalGsalyét prepardtiodMC cat al yst according to any one of claims 1

to 3, wherein the organic conplex ligand is tert.-butanol.

5

15

20

25

30

Example 1

Preparation of a DMC catalyst using a polypropylene glycol diglycidyl ether having

a number-average molecular weight of 640 (catalyst A).

A solution of 12.5 g (91.5 mmol.) of zinc chloride in 20 ml of distilled water is
added, with vigorous stirring (24,000 rpm), to a solution of 4 g (12 mmol.) of
potassium hexacyanocobaltate in 70 ml of distilled water. Immediately thereafter, a
mixture of 50 g of tert.-butanol and 50 g of distilled water is added to the suspension
which has formed, and vigorous stirring is then carried out for 10 minutes
(24,000 rpm). A mixture of 1 g of a polypropylene glycol bis(2,3-epoxypropy! ether)
having a number-average molecular weight of 640 (Aldrich), 1 g of tert.-butanol and
100 g of distilled water is then added, and stirring is carried out for 3 minutes
(1000 rpm). The solid material is isolated by means of filtration, then stirred for
10 minutes (10,000 rpm) with a mixture of 70 g of tert.-butanol, 30 g of distilled
water and 1 g of the above polypropylene glycol bis(2,3-epoxypropyl ether), and
filtered again. Finally, the mixture is stirred for a further 10 minutes (10,000 rpm)
with a mixture of 100 g of tert.-butanol and 0.5 g of the above polypropylene glycol
bis(2,3-epoxypropyl ether). After filtration, the catalyst is dried at 50°C and normal

pressure until constant weight is reached.
Yield of dry, powdered catalyst: 8.70 g
Elemental analysis, thermogravimetric analysis and extraction:

cobalt = 8.7 %, zinc = 20.2 %, tert.-butanol = 4.2 %, polypropylene glycol diglycidyl
ether ligand = 30.5 %

NE2003



5. DMC catal yst according to any one of clains 1 to 4, wherein the catal yst
contai ns fromypgolgoepRiW . % preferably from 10 to 60 wt. % pefr/Ereo@sit AN 2003
| i gand fornmed by introduction of a glycidyl ether into the catalyst. 6. DMC
catal yst according to any one of clains 1 to 5, wherein the glycidyl ether
is derived froman aliphatic alcohol. 7. Brocess for the preparation of a
DMC cat al yst according to any one of clains 1 to 6, conprising the steps:
i) reacting in aqueous sol ution " . WO00107721 PC 9'/k, ~99105150 2 8 JAN
2003 - 19 a) netal salts with nmetal cyanide salts, (3) organic conpl ex
|i gands ot | acd:Xampled) ycidyl etlaer, and y) glycidyl etlaer, ii) isolating,
washi ng and drying the catal yst obtained in step i). S 8. Process fox the
preparation of polyether polyols by polyaddition of allcylene oxides to
starter conpoPneisaratinn cfi DML aatalyst-asityy d lpog@ropsyﬂmglyddh digigcigylegherdevofg one
or nore DMC catal ysts according to any ains 1 to 6.

. A. AY[ 9. A35. AaWrAV%?g%loml%&wls&et &ataiﬁ EBA . A A* &12: L"h(We
' +-/}xsnigd_YU] ca] ca] c: a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] c”a] ca] cTa] caU] ca] cal] cal] ca] caU] ca]ca /1"bJB

<S5CHEE} xs mhc TYcppcalurajof an]am:gz]lc d] ea} dallowdd; djwt od palypajpyidneaglyedichis2ai-cal c

eanhonv] cal carORHO LA &PhEpUa iaae dp U REiEbb CURN QMDA ) ca

] ca] Ca] ca] ca] qadcad gl g19ha9i Eﬁkﬁﬁfis{éa&’voﬁ' the 01 ropylene glycol bis(2,3-epox
LETT p" " #h##$P VRV EEE ' (i)')|)))))|wr caU]c]ca]ca]ca cac])ca]ca

] ca] ca] ca] ca] efletkfrem] a] ca] ca] ca] ca] ca] ca] ca] caV]ca]ca]ca]ca]ca]cal)

))SH*V, 5y - H 1 1p11112Y3\ 3333n4551 7K7X7s77778899{ upkf a\ W ca] ca] ca] ca] ca] calj]

cal ca] cal] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] caV]c

a] ca] ca] ca] calyialicF]lded lpoaddesddcaat£st: 6.40 g

; <O<<=] ==>+>>>>>>>777r ?2?7@d AAA! BnBB| wr mhc”Y] ] ca] ca] ca] ca] 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!B

9L|C\$\:k E%E’P?}]E] E%&%@W%%ﬂﬁca] casf%:%ﬂacatrgg ca] ca] cal] ca] ca] ca] caU

] ca] ca] ca] ca] cabale¥Od] Yakmalc2d. t &, ¢at. tHutdddNs INMINNIDDEPy B GRS SIETYCid I TT/ U
| ULUX UUzu aU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] cg] a] ca]%ﬁ‘eaﬁi%fflgf§]fckﬂa] c!a] c!a] c!a] c!a] c!a] c!al U]U Joal cal cal cal cal cal
VVWIWAEW WWANNHXXXYpY~YYY>ZUZaZzZpZz} 2ZZZ@ [\u___ " {vgl gb] X] c] ca] ca] ca] ca] ca] ca] ca
] ca] c’\a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c*a] ca] ca] ca] ca] ca] ca] ca]
cajca! ' b e n Maabbdwlddee fl]fffg glgkgggh@h~xsni c”Yl gb] X] c]]ca]ca]c
“a] ca] ca] ca] c*a] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cha] cha

k<kKkXkkkkkkk {Pregagarjonl afta] DM} cathlysd wsalgcapolgbibglena ldlyea] diglyeddyd talet apviaglacal c
g] gaQ]){: g]b'%)g] C?%]érarh%ra- \(/:ear.]age ml)f: laxa \Lxﬂelg%tul)ic ﬂSO%]cata]]y C ajca kkillKnénn

k<kK]<kakkkkk{ vgl gb] Xl gb] X] c] ca] ca] ca] ca] ca] ca] caU] ca] cal] ca] c™a] ca] caU] ca]c
aJ ca] ca] ca] ca ] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]calca]ca 12;

}[<s10%& () -! %Ehszme@)melq Towanlg 1 @es foieved) bugsshgogyethyleng)isateiycidy! shas! &10
9% () - S 10%&

Y00t 1) S v Beipgok, bty Sk BRd bty st S S48 siena. wes w5 ¥ te

109& () - W glycidyl ether instead of the polypropylene glycol bis(2,3-epoxypropyl ether) from
25 Example 1.

Yield of dry, powdered catalyst: 5.60 g

Elemental analysis, thermogravimetric analysis and extraction:
30 cobalt = 7.7 %, zinc = 17.6 %, tert.-butanol = 10.0 %, polyethylene glycol diglycidyl
ether ligand = 35.6 %
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A solution of 12.5 g (91.5 mmol.) of zinc chloride in 20 ml of distilled water is

added, with vigorous stirring (24,000 rpm), to a solution of 4 g (12 mmol.) of

potassium hexacyanocobaltate in 70 ml of distilled water. Immediately thereafter, a

) 10 mixture of 50 g of tert.-butanol and 50 g of distilled water is added to the suspension
which has formed, and vigorous stirring is then carried out for 10 minutes

(24,000 rpm). A mixture of 1 g of a polypropylene glycol having a number-average

molecular weight of 420, 1 g of tert.-butanol and 100 g of distilled water is then

added, and stirring is carried out for 3 minutes (1000 rpm). The solid material is

15 isolated by means of filtration, then stirred for 10 minutes (10,000 rpm) with a
mixture of 70 g of tert.-butanol, 30 g of distilled water and 1 g of the above
polypropylene glycol, and filtered again. Finally, the mixture is stirred for a further

10 minutes (10,000 rpm) with a mixture of 100 g of tert.-butanol and 0.5 g of the

above polypropylene glycol. After filtration, the catalyst is dried at 50°C and normal

20 pressure until constant weight is reached.
Yield of dry, powdered catalyst: 5.7 g
Elemental analysis, thermogravimetric analysis and extraction:

25 cobalt = 10.1 %, zinc = 23.0 %, tert.-butanol = 6.3 %, polypropylene glycol =
33.3%
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5 50 g of polypropylene glycol starter (molecular weight = 1000 g/mol.) and 3 mg of

catalyst (15 ppm, based on the amount of polyether polyol to be prepared) are placed
under a protective gas (argon) in a 500 ml pressurised reactor and heated to 105°C,
with stirring. Propylene oxide (approximately 5 g) is then metered in in a single
batch until the total pressure has risen to 2.5 bar. No further propylene oxide is then
) 10 metered in until an accelerated pressure drop in the reactor is observed. That
accelerated pressure drop indicates that the catalyst is activated (end of the induction
time). The remaining propylene oxide (145 g) is then metered in continuously at a
constant total pressure of 2.5 bar. When metering in of the propylene oxide is
complete and after a subsequent reaction time of 2 hours at 105°C, volatile portions

15 are distilled off at 90°C (1 mbar) and then cooled to room temperature.

The resulting polyether polyols were characterised by determination of the OH

numbers, the double bond contents and the viscosities.

20 The progress of the reaction was monitored by means of time-conversion curves
(propylene oxide consumption [g] vs. reaction time [min]). The induction time was
determined from the point of intersection of the tangent at the steepest point of the
time-conversion curve with the extended base line of the curve. The propoxylation
times, which are of decisive importance for the catalyst activity, correspond to the

25 period of time between activation of the catalyst (end of the induction time) and the

end of propylene oxide metering.
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polyether polyol: OH number (mg of KOH/g): 30.0
double bond content (mmol./kg): 7
viscosity 25°C (mPas): 897

) 10 Example 6

Preparation of polyether polyol using catalyst B (15 ppm)

propoxylation time: . 190 min
15 polyether polyol: OH number (mg of KOH/g): 29.6
double bond content (mmol./kg): 9
viscosity 25°C (mPas): 954
Example 7
20
) Preparation of polyether polyol using catalyst C (15 ppm)
propoxylation time: 185 min
polyether polyol: OH number (mg of KOH/g): 30.4
25 double bond content (mmol./kg): 8

viscosity 25°C (mPas): 839
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double bond content (mmol./kg): 8
viscosity 25°C (mPas): 967



" 10\ 10\ &9@L0% & () - &TH10%&' () - L510%<& () - L210%& ()- S/ 10%& ()-L-z

10%<& () - TZUZagegb67A@ x Y7/ 10! #10% u-u& ()-"Y PCT/EP99/05150
10% u& ()-f10% u& ()-(10% u& ()-F"S10% u& ()-sf10% u& () -

100@[4\\]Ju__zX97/ 78 JAN 1003
10!~ 10% u& () -! &EAOYBES&' () -' ! +&AMOUXXE (1~ ! ~&10%uu&’ () - ! ~&10%u& () - Lsz
10% u& ()-_ " “"ta’bh'n'}'rs4 10"f10%@& ()- f10%@& ()- 10kuku 10kuku

10kuku! >- #10%uku& ()-!9-#10%f& ()-L*10% u& ()-} """ akadEr S4 10"f 10Lg

109@ () -LS#10%@: ()-L 10%@ ()-LG
10%@& ( 1OWMA@§C>W@ () - kaabbdWidaBr S4 10"f&"f 10%@& () - &L0%@& () - 99
109 ()-II\IO/&OO/&' )-9@ 10%@& ()-9g 10%@& ()-ddee' f|ffaBrS4

10"/ #10%@& ()-.y 10%@& ()- y,y 10%@& ()-&f 10%@& ()-

k' %L0%& () - &$10‘V@c(u)blé fital gy apldp@MC] BathlystlMimginy -~ 109%& () - 310%& () -
$S310%& ()- 10@ 10@ 10@110%&& () - kggh@hhhzX7bC 10 M6 10% # & () -

1 109 ()-! >10%b& ()-L 10%& ()-'19 10%c& ()-'!y?9

10((1S, ¢ Y0R [& (). 106 o OB CPTREIBGHERSS Ut o w1 aoP » 10%

' 1000/‘2.& ()-F (Z)LOO/flz&' (? L(Z)LO‘%IZ&' -y ; ; o 10
10%& () -, 10%& () 5 b) 10 /(Zo%e m(!rg lréaMclé pex gar{dg %&éft%ag o), ang/(“& 0)- z

)] one or more complex ligands formed by introduction of a glycidyl
) 10 ether into the catalyst.
2. DMC catalyst according to claim 1, additionally containing d) water and/or

e) water-soluble metal salt.

15 3. DMC catalyst according to claim 1 or 2, wherein the double metal cyanide

compound is zinc hexacyanocobaltate(III).

4. DMC catalyst according to any one of claims 1 to 3, wherein the organic
complex ligand is tert.-butanol.
20
) 5. DMC catalyst according to any one of claims 1 to 4, wherein the catalyst
contains from 5 to 80 wt.%, preferably from 10 to 60 wt.%, of a complex
ligand formed by introduction of a glycidyl ether into the catalyst.

25 6. DMC catalyst according to any one of claims 1 to 5, wherein the glycidyl

ether is derived from an aliphatic alcohol.

7. Process for the preparation of a DMC catalyst according to any one of
claims 1 to 6, comprising the steps:
30

1) reacting in aqueous solution
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8. Process for the preparation of polyether polyols by polyaddition of alkylene
oxides to starter compounds containing active hydrogen atoms, in the
presence of one or more DMC catalysts according to any one of claims 1 to

6.



