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'*GOO‘OOZ * 166 W6 00i37e nmet al cyani de catal ysts for the pRGTHERSY/0647F

poI yet her pol on s The invention relates to novel double netal cyani de (DM
‘catal ysts f mr ation of polyether polyols by pol yadd

al kyl ene ox m m\“‘mﬂﬂ ter 5 conpounds cqnt ai ni ng active hydr mmmwlmm“m
Doubl e rreta ani g (DMVC) catal ysts for ‘the pol yaddition of a

oxides to start&wconpounds cont ai ni ng active hydrogen atons are

(see, for exanmple, US 3 404 109, US 3 829 505, US 3 941 849 and US 5 158
922). The us@aiblé metd cidnidbiCataintsdd fostlse prepatdtiomefqpdyaheopolodlspol yet her
pol yols brings about in particular a reduction in the proportion of

nmonof unctional polyethers having term nal double bonds, so-called m)nool S,

in conmparison,with the c tiona on_of her

neans of al kiﬁi‘hie tf%feg Eghnoggl QB\QQE a&?!j C&I?lf]%g(.ﬂl\)ﬁ ¢ Eﬂﬁgﬁﬁ ?rbeol yol s
S0 _obt ai ned Pa% Br o gafRthet Qoo v UabilAdaingl T athanes

el astoners, ?)?éaba 0coat ngg ¢ g/@catg gés ) ére usual*‘y obtxg?:?le %érter
reacti ng an aqmpomdsssohmimmgaaﬁvcdnymgai aealst with the aqueous solution of a
metal cyanide salt in the presence of an organic conplex ligand, for
exanple an ether. In a typical catalyst preparation, for exanple, aqueous

Txed Cand aFmuBoSMel ks RV Rt B8 paf: @%%ﬁ‘ﬁ%i%@ﬁ@ﬁ@t o ane
formed. Aftekpfit toRpdiRs %a&aigﬁ@mﬁeqiydﬁdgenqm yx%tknwngoé%t\fv@m SdlET®

solution, an active catal he general formula Zn3]

yH20 z gI ymdJ2% 404 IOB,t%{SrBeﬁqu §@% ,US 3r94&6dfipnd UEP 1A800224.97he wsecofi thésed 145
123, US 5 4 P 700 949, EP 743093, EP 761 708 and WD 97/ 40086 t here
"are kndfin Dl\/%l@ét%aﬁésfss %P%erpwtl%éf pelvether polyels brines Abeutdn PaFtifaAr @

| | t 30 EP
comml o 1\ iR e RRRPLPALOR 4 B BORUS e R0 BB
pol yet her s hawndsgy sb&faﬂtmahorihmlﬁ?hﬁ bonsisisom wite tbé epavaitionsl pieppRkivet bfer

pol yol s. WO 00/ 15337 -2 2 7 FEB 2003 PCT/ EP99/ 064' ~4 Nbr eover, the use of
those DVC caPelygdes PPbOlEC BY WRDS| pldadeli ratalysie Suﬁhtfﬁealﬂiélll Mmmd@n Theact i on

of the alkyl eg'l eth&t &%W S SO ob%)l LPRL 8¢ Sro%tes L3 ¢S h?g%n&)ua&j 1ty polyurethanes (e.g.

15 elastomers, foams, coatings). DMC catalysts are usually obtained by reacting an

aqueous solution of a metal salt with the aqueous solution cf a metal cyanide salt in
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 « 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.



i ncreases the catal yst. activity. 5 The object of the present inventi orl WAEB 2003
't o make avai |l @/is837her i nproved DMC catal ysts for the ppCYAiiovdear4of

al kyl ene oxi des to appropriate starter conpounds, which catal ysts exhibit
increased catalyst activity as conpared with the catal yst types known
hitherto. By shortening the al koxylation tinmes, this |leads to an

i nprovenent in the process for preparing 9ol yether polyols in terns of
econony. 10 ldeally, as a result of the increased activity, the catalyst
can then be used in such | ow concentrations (25 ppmor |less) that the very
expensi ve sepgs@bi@N 1B usBCioad YoM cayshie rddubsilUete ikdulBod ABENIn the
necessary and the product can be used diréctly for the preparation of

pol yur et hanegpolyhd8itidunrpadtieh o the, alkylentesidesowith appropriate dtdrtea topbirmiataatiy st s
that contain a carboxylic acid ester of polyhydric al cohols as conpl ex

| i gand possedacrgasenthecatalyst agvdly. activity in the preparation of pol yet her
pol yols. Accordingly, the present invention provides a double netal cyanide
(DMC) catalyst 20 containing a) one or nore, preferably one, double netal
cyani de 530”p%dc(b§éot o?)thé)Bn%séHt iARrRion RV A BF ABkeY aviieble AR ﬁn;?r@%ﬂ PMC

| i gand(s) other than c), and 25 c) one or nore, preferably one, carboxylic
aci d esters) cafalystd fonyhk pelyadditdolof alkjlene aexdides \ts tappropriati stgytdraohipeunds,
invention may gptionally contain d) water, preferably from1l to 10 wt. %
and/ or e) onéviugh satalystaednbit spcreased ratalyst agtiviey apcemparad) yiththe catplestt o 25
wt.% of for r fe at i . upl e, et ani de
conpounds a). e% %(}rwn%/l(%&?ft{) %% %Qﬁg@fng'?%ed a#l&(%%ﬂ%xﬁém%g?%l QXISZ#(‘%F?{O IS—%(I 1),

N (11, - Amfrdvemefi 20058 prodes B8/ BRAanE 6l BRAOHAGSRE4n MY bf beorsaf. )
Sn(l), Pb(I), Fe(lll), M(I1V), M(VI), AL(TII), M(V), V(IV), Sr(ll),
WIV), MVI) Idelif) 49 a wesult Of theligreasEa aetivity, Fe(datalyst Gax( thieh bamsedNin(such law e
especially preferred. T& substituents X are identical or, di%f rent
orof er abl y | GBRESPEANONS (23 HPEDPLASSAL thef i Ve, SXBFEF &S STRAAIOR HPEFAHIBH ¢ he

group consi Stggag il prB@ldt 4o longbycR¥aAEsd Bl lpithBeart®d hQRaLiRSly F%ARAL €S,

t hi ocyanat es, i1socyanates,
preparation of polyurethanes.

15 Surprisingly, it has now been found that DMC catalysts that contain a carboxylic
acid ester of polyhydric alcohols as complex ligand possess greatly 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 c), and
25

c) one or more, preferably one, carboxylic acid ester(s) of polyhydric alcohols.

The catalyst according to the invention may optionally contain d) water, preferably
from 1 to 10 wt.%, and/or €) one or more water-soluble metal salts, preferably from
30 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(I),



i sot hi ocyanat es, carboxyl ates, oxal ates and nitrates.-The value of n 18 FEB 2003

"2, 0r 3. The awOWO£1387al cyani de conpounds a) contai ned i rPCTYEPORVELT ST S
according to the invention are the reaction products of water-soluble netal

'salts and water-soluble 10 netal cyanide salts. Water-soluble netal salts
suitable for the preparation of double tal cyani de conpounds-a)
preferably have the general fornula (I)r%( n, wherein Mis selected fxom
the metals zn(l1), Fe(ll), Ni(ll), M(Il), Co(ll), Sn(ll), Pb(ll), Fe(lll),
Mo(1V), 15 Mo(VI), A(LID), V(V), V(IV), Sr(l1), WIV), WVI), Cu(ll) and
a(111). Zn{ MadnFeédh) sn@( Pbdnaraiity Mddvangovspeaial! vy, sievy, gainThe
substituents X are identical cr different, preferably identical, and
represent an V&VanW(§iefGu(Hplapd (180t 2d(H) Fe(lhh€odilpend SO(E) arei aspeadlly
hal i des, hydroxj des,_sul fates, cgrbonates, cyanates, thiocyanates
i socyanat es, Prefees owaﬁshsag{en@aﬁbmyﬂ%@é{ b ditfeseits PesAErant Hignas, o

value of nig 1, 20 2 or. 3. e i tab r-saql ubl e al salts
are zinc chl 5erp|r?f§flpff1 ngﬁ‘BﬁomgB‘? i %e(;g‘g%@&%@,[lhgi %ﬁgc‘é‘}s’gﬁs@%tﬁ%@es’zi nc
benzoat 8, zi Redrdkide@l € sulfaR®B( | | darBitlaiddl €, cyan@fRf, | ) thicpmaga, | 'is%@%/dnla)es,
chloride, cobalt(Il) chloride, cobalt(11) thiocyanate, ni ckel (rr) 25

chl ori de andisothiésiafatey, carbioxylates, dalatesrand nittatesa Theuglueaf ris 53 eifl.e net al
salts may al so be used. Water-soluble netal cyanide salts suitable for the
preparation of double nmetal cyanide conpounds a) preferably have the

general for e Tor j ol . t he
vetal o Fe(1 1) nedgpip pbedCesbhidt biipoas o) RN Sh fidfa e BLERHEE BRT |
Lr(111), N (ldventiGihadel ihke, refition! prodidtd ¥ wakd-s¥lu¥le mal isslts ghdE Glabi-soluple

. 00/ 15337 -4 2 7 F E B 2003 PCT/ EP99106474 especially fromthe netals

Co( 1) ,10Co( | meyal craside saltskre(111), Cr(111), Ir(lll) and Ni(I1). The
wat er -sol ubl e netal cyanide salt nmay contain one or nore of those netals.
The substituents Y are identical or different, preferably identical, and
represent anyah&dolydI®lAttal 9altOkuigBIR ratHeNBreparatioh Bt @dubl MetdiNEyanide
substituents A are identical or different, preferably identical’, and
represent ancampomdse) prferdblyriane theegepexll foromies (I3 M(Xg,, ofheteah Ml ésselected

201 hi oGy anal8w Bt axise itk e N Btatil Grrleh SHAD b, %Eéﬁiahﬁ‘é‘frﬁian? c
Cyani dasogl ¢ MUVD, SRR VR, F). SHNE WAVID PRV GRE Sh! CRI). DA @
pref erably 4Fe@)p€Co@]) andp¥igip arehsyechnly préfetrbé Tial substBuertx Xqpleddermicalser t abl e

wat er - sol ubl e, et al cyani.de_salts are potassi um hexacyanocobaltate(lll),

pot assi um heSiieyahopraterahly (dgnticaly and, saprepsnthark Ao R EEeFablY ¢legted froamthe um
hexacyanocob : 1iLd R C . rred
doubl e net al Ell(?&gtr?lségelgt@ @f(r)}gdrlllggst’ 2‘}' &?g%ﬁ?ﬁé@%ﬁﬁ%ﬁ%@ﬁ%&%@ﬁ ﬂégggaﬁlg{e?fg to

t he i nventi oisoéyanates, ipsthivdgartites) beb@aMees oxilatesuhdinifrates) TR vt of £1sY),Z 20
wherein Mis as defined in formula (1) and M is as defined in fornmula (11)
. and x, 2@, y28hd z are integers and are so selected that the double netal
cyani de conpound 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(Il) sulfate, iron(II)
bromide, iron(II) chloride, cobalt(I) chloride, cobalt(Il) thiocyanate, nickel(Il)
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(IT), Fe(III), Co(I1), Co(I1I), Cr(II), Cr(III),
Mn(II), Mn(1II), Ir(II[), Ni(II), Rh(1II), Ru{l), V(IV) and V(V). M' is selected



25 Preferabl {V x=3, x' =l , y=6andz=2, M= Zn(I1), Fe(ll), Co(ll) or Ni (I} FRcd003
'M = Co(I11)We&UUSBE7 Cr(111) or Ir(l1l). 30 Exanpl es of /ERD9/664BUbI| e
~nmetal cyanide conpounds a) are zinc hexacyanocobaltate(lll), zinc
hexacyanoiridate(ll1), zinc hexacyanoferrate(lll) and 2 7 FE B 2003 WO

00/ 15337 PCT/ EP99/ 06474 -5 cobalt(I1) h@ﬁqcyanocobaltate(lll). Furt her

exanpl es of suitable double netal cyani de conpounds will be found in, for
exanple, US 5 158 922 (columm 8, lines 29-66). The use of zinc

hexacyanocobal tate(ll1) is especially preferred. 5 The organi c conpl ex

| i gands b) cegpesialig drann thehmelaCo@h) ACydITy BefHY) rRE(HD, Ce(IN)) dr{Iiy end No@l)are in
princi pl e knowmn and are described in detail in the prior art (see, for

exanpl e, US Bha setgzolublesmetal ayqnjdecsitunsy eontinmag oy nye ofithae mpefals.gbhe US 3
829 505, US 3,941 84 EP ,700 949,..EP 761 708, JP 4 145 123, US 5 470. 813,
Bh 723 003 aRPSIIoBis Y aBmafTcel o fiftermal reterbly ispilrabed Gaissem analial

wat er - sol ubl : i I : : : n

it rogen,  phoSema S ACARERAR IRl . The SEDEHRT AR i B ARIHARY, |
doubl e get al peyaabldadenitahwnd represehiviah ablon sel@aet Gosothel @ysup icondistingase, for
exanpl e, al cohol s, al dehydes, ketones, ethers, ester's, am des, areas,
nitrites, suhalideas hydepxidest (ufateshspdenatesr syanatesd Biasaanates; oisprysuatesgands
are water-sol upl.e aliphatic cohol sugh.as et hanol. i.sopyopanol, 15
- but anol , 1 SORNTAARHES SabSxylpEs SeTaiadnd djtfatena il WL asbortld © BEBBeS: s
especi al Iy ppgf oshed for e 9T HANE CoGAEMIC XelbétBd Wal ShAdHSS! %[k,m&é A ing
preparation of the catalyst or immediately after precipitatfion of the
doubl e et al elestesriedeale anpprefataldy .1, The 02 0; bigpreferabipdpb ex 6; icqaeférabdy haual | y
enpl oyed in excess. The DMC c taiésts according to the invention contain

the dodBl e nibearalvs SnExrnRlshpb e ey atersalnplsietabeyanidssals are potessipmoy,

preferably f n% b t he i+ shed st ,
and the orga%%i%ﬁ%&e%g?ex%%hds %%%ﬁﬁ ano%%?%%?féhagér(nﬁ .5 tgs%ﬁ\lf\%ﬁ. %
preferably frexacjarofersdbe(W), % balsiacth on lidxacymbrotaliate(Iil)ni shed calimiyst . The
DMC cat al ysts accordi n? to the invention usually contain from1l to 50 wt. %
preferably thkeracyangeotaltagte(). based on the anpunt of finished catal yst, of
carboxylic acid esters of polyhydric al cohols. 30 The carboxylic acid
esters of polyhydric alcohols contained in the catal ysts according to the

i nvent 19N arPrefdrfd d%BIRIh&A E Sombotrds @Y Comainbd kY iheCafibystiSactbidihg t02 7 F
E B 2003 WD 00l 15337 "PCT/ EP99/ 06474 -6

the invention are compounds of the general formula (III)

Mx[M'x’(CN)y]z

20 wherein M is as defined in formula (I) and
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.

25 Preferably,
x=3,x'=l,y=6andz=2,
M =Zn(1I), Fe(II), Co(II) or Ni(II) and
M' = Co(1lT}, Fe(I1I), Cr(III) or Ir(III).

30 Examples of suitable double metal cyanide compounds a) are zinc

hexacyanocobaltate(Ill), zinc hexacyanoiridate(IIl), zinc hexacyanoferrate(Ill) and



ali phatic or alicyclic alcohols havi ng two or nore hydroxyl gr oups pek 7 FEB 2003
m)l ecul e, su q{@ ﬁtg | ene gl ycol, 2- propanediol, 1, 3- p {5

“di et-hyl ene gl'yco tr| et hyl ene gl ycoI | , 2, 3- propanetri ol ycero %

+ 1, 3-but anedi ol , 1, 4-butanediol, butanetriol, 1,6-hexanedi oI

1, 1,1-trinet hyI ol et hane, 1,1, 1-tri met hyl ol propane, 5 pentaerythritol,

car bohydrates (sugars) or sugar al cohols,5such as sorbitol or sorbitan.
Sui t abl e sugars are nonosacchari des, such as gl ucose, gal actose, nmannose,
fructose, arabinose, xylose or ribose, disaccharides, such as saccharose or

mal t ose, and afide uch_as arch... Ther

suitabl e as Pﬁ%ﬂlgﬂ 3?)?5 %°§3‘%§58@Hg %‘Bﬁrﬁer feégmgfén%f c—fmt%g biear’B%ﬁk/I iC
aci ds, such @s. i/ tompdfidk kill-be@ind i Ybr ERMANXYUSS 898 92 (dIhghe R Rhes

ar al kyI - and ?I cyl - car boxylic acids, especially alkylcar boxyl Ic aclds

such as acet 28-68¥.iThe usebyzinc hexacgandcobalakefll)ds aspediallg prefeired. aci d, capr yI ic
acid, capric acid, lauric acid, nyristic acid, palmtic acid, steari c acid,
oleic acid, linoleic acid or linolenic acid. 15 Carboxylic acid esters of

D i bl 8 SRl PO M restvg 4 i o
mal tose or SBhicae!ihibr Gmpﬁ B AE Reoes iRkl in A friael @b, Yor

preferred carboxylic acr esters of polyhydric al cohols are nono- :

or tetra-est exangt, US2, Bsaomﬂ:)asmcralbrl cothhlytﬁelhnd:s)S) 6[5,etisaier494 h09,tG$ 30829
sorbitan with C=-C, e-al kyl carboxyl i c_aci reparatijon of
carboxylic aehd @St EBIWH%@ EPJIGéJﬁéi i3 6r14§525’sg{53§t‘f'3£81f3r EMHdts are

general ly we n e f anpl

YK rk-Q hmbbﬁ@@m%e%r%@@ﬂcﬁﬁ%’ﬂ%ﬁ et Reafi IR Gk gpople,
1980, R0 7950fganic’ E3piptRndd- Bxvike helehe Bostis, siohlis/dxyghl Mugéd, i fBsphorus or
Stuttgart/New York, 1997; "U Il nmann's Encycl opedi a of | ndust'ri al Chem st ry"

Vol une A 10, s@fiy, whichi ase abltgefompcommxmwghshe dauble meml Epside oTmpudnd

00/ 15337 PCT/ER99106474 .7 sible e a ired m xtures
of the abovehSHtIRGHEREIE MRRIP el drEdreniie ARparteRiRE R The
pol yhydri c al@eRolgerSBimilss, 88das ifd1&d svidbdfilhEAlre CHERQE Bt er@E blSnkr by
carboxylic acids that are different fromone another. 5 Analysis of the

catal yst conpuBplek digands arsuedtexyso&ldrlc nhphamnatald:p}xotseamsh aﬁethaxmhembrabpawé,l ysi s,
t her nogr avi r eoval Xtra n of the cqntent of_ carbox c acid
ester of pol 91%’3‘;‘%%“& IsPRRRAs Sz%%ﬂ" ﬁlﬁ‘é‘ qtsBrPutghely  Trztbutangh s P g{iyon.
The cat al ystgr %(ardl ng to the invention nay be crystalline, partially
crystalline or anor phous. Analysis of the crystallinity is usually

carried out by powder X-ray diffraction. Preference is given to catal ysts

according to the invention containi ng 15 a) zinc hexacyanocobaltate(lll),
b) tert.-but BROOIEAMF EMBICY dig3ns ys pdded pithes uEne grrepnsriary af the eatelsriots. * 20

Prepar ai i on gl AVGnGALASLaEACHOL! RO CIRE LINER! LoRpAGIBIAHLY

carried out 1n aque ution y reactin

formul 20( 1), ongahid coRipddx lipandiichesuahy emplogsdacekssy of formula (11), Vii)
organi c conplex ligands b) other than carboxylic acid esters of polyhydric
al cohol s, and vy) carboxylrc acid esters of 25 polyhydric alcohols. In the

preparat | on i R sl aLaEEabh ' By STl SrEM R etk I el
ol % basedcdipdud@s a) in amounts of from 20 to 90 wt.%, preferably from 25 to 80 wt.%,
based on the amount of finished catalyst, and the organic complex ligands b) in
25 amounts of from 0.5 to 30 wt.%, preferably from 1 to 25 wt.%, based on the amount
of finished catalyst. The DMC catalysts according to the invention usually contain
from 1 to 50 wt.%, preferably from 1 to 20 wt.%, based on the amount of finished

catalyst, of carboxylic acid esters of polyhydric alcohols.

30 The carboxylic acid esters of polyhydric alcohols contained in the catalysts

according to the invention are, for example, esters of C,-C,,-carboxylic acids with



metal . cyanide salt)) and of the metal cyanide salt (e.g. potassium 3027 FEB 2003

" hexacyanocobaWiuw®) 5337 t he presence of the organic conpl expCTErY/dau74¢€. 9.
tert.butanol), there being formed a suspensi on which contains the double
et al cyani de 2 ? F EB 2003 WD 00/ 15337 PCT/ EP99/ 06474 _g_ compound a)
(e.g. zinc hexacyanocobaltate), water d), excess netal salt e) and the
organi c conplex ligand b). The organic cdﬁplex | igand b) may be present in
t he agqueous solution of the netal 5 salt and/or of the netal cyanide salt,
or it is added directly to the suspension obtained after precipitation of
the double Mefihay BALHSCHETRAMBE Mibing fud'BP nmreﬁggimﬁg}vgﬁhgggeyﬁmﬁ&ufe,X the
aqueous solutions and the organic co ex |1 gand , I gor ous
stirring. Theushspershylene @lyvel] il2-propmediiall, 3 piopenddiel, Wdiethyldne gpebloxylic
acid ester of polyhydric alcohols c). The carboxylic acid ester of

pol yhydri c altoethylese 18lyeql, i 52, 3rpsopangtsio) (gdeagralh d,3rbhutenediolii k4rbuanedioland
organi ¢ conpl.ex |igand . _The,. cat gl s .t isolgted fro e

suspensi on bQ’um&ﬂﬁl’t e&%)ﬁ’?ed‘a%%d}&s ugﬂg'i*‘TBsWW‘?Q%’&ti gnl’g'rmlpF’i%ﬁc’gWPB?ﬂe’ In a
preferr varj i i el us

S0l ut 1 ot of - tieEREn Bl CABOREster R Bt suBal ASHIE LA as itho PO QIMERLS
and subsequerSditdblesapat att mgadsacdhrities, stickt asogluctse CeaMotdse Ugiahnde) frudtbsef hat
manner it is possible to renove, for exanple, water-soluble by-products,
sucr~ as pot &sahinesecrylose ddibose, shsaceharides, sroises weelmreseny mataspeaandrmligat i on.

The anmount of organi ¢ c | ex ligand b) in the agueous washing solution is
20 preferabl frppgfﬁs‘a&ghqr@ggdu%gso;?ar sed on the total solution. Furthernore,

it is advantageous to add to the aqueous washing solution a small anount of
., carboxylic acid ester of polyhydric alcohols, preferably in the range of
from 0.8 to Hhate & shisaldclanthetcaboxplicicid obmpowant, 26example, GfCg-carboapliageous

brocedur e majcise EdeR 88 AR B LIt g Pre BRbbe el 1t s

o or gani o oy ey B Rl teide Sl A Bl e S S o e R o B
acid, isovaleric acid, caproic acid, caprylic acid, capric acid, lauric acid, myristic
acid, palmitic acid, stearic acid, oleic acid, linoleic acid or linolenic acid.

15

Carboxylic acid esters of polyhydric alcohols that are preferably used are esters of
1,2,3-propanetriol (glycerol), 1,1,1-trimethylolpropane, pentaerythritol, maltose or
sorbitan with C,-C,-alkylcarboxylic acids.

20 Especially preferred carboxylic acid esters of polyhydric alcohols are mono-, di-, tri-
or tetra-esters of 1,2,3-propanetriol (glycerol), pentaerythritol or sorbitan with

C,-C,;-alkylcarboxylic acids.

Methods for the preparation of carboxylic acid esters of polyhydric alcohols or
25 isolation from fats are generally well known and are described in detail, for example,
in "Kirk-Othmer, Encyclopedia of Chemical Technology”, Vol. 9, 3rd edition, 1980,
p. 795 ff; "Roémpp, Lexikon Chemie", p.1571, 10th edition, Stuttgart/New York,
1997; "Ullmann's Encyclopedia of Industrial Chemistry”, Volume A10, 5th edition,
1987, p. 173 to 218.
30



WD 00/ 15337 -9 2 7 F F f~ 2003 PCT/ EP99/ 06474 The washed catal yst, 27 FFB 2003
“optionally afweroopdsgeri sation, is then dried at tenperat yeEgepbogesrs al ly
from 20 to 100C and at pressures of generally fromO.1 nbar to normal
‘pressure (1013 nbar). 5 The present invention relates also to the use of
the DMC catal ysts according to the invention in a process for the
preparation of polyether polyols by pol yz;d'di tion of alkylene oxides to
starter conpounds containing active hydrogen atons. There are used as
al kyl ene oxi des preferably ethyl ene oxide, propylene oxide, 10 butyl ene
oxi de and m i‘ttférzﬁ%o bo&IiOto u!é@nf%i&fix*éﬁ%ﬁmﬁfzs B?%eﬁ?&d@@%ﬂ&ﬁioﬁ@@'s%o@‘lic
al koxyl ati on nay be carried out,” for exanple, with only one nononeric
epoxi de or i @cid dsterslempolyhiytine klcoholse Thavpolyhddaie akotlohfap e d¥amiaieartyc
epoxi des. Further details will be found in "Ulinanns Encycl opadi e der
i ndust ri el | efdeateaticatbox Higyadidsoribyrmgthoyylie acids that aregipiferentdrom and angsheres
670-671. 15 There are preferably used as starter conmpounds contai ni ng
active hydrogen atons conpounds havi ng nol ecul ar wei ghts of from 18 to 2000
and havicng fr, oL ol Tolsh b Lane of
exanpl eI:S et h{?‘?‘ gi elsgﬁytgglr}?ﬂg{g %étxi)f?? ((gane g Sy%-%?{lﬁtcrg@eétd h@tgﬁgh S%C%] %Wm\é‘@t}il
1, 2- pr opy! engngysis othermogaviniery @direinoval Oy extateiohydfahe cohtieaObf cRibspyignol A,
trinmet hyl ol propane, glycerol, pentaerythritol, sorbitol, cane sugar,
deconposed s#&if €htenel paydric alcaliolinyily sdsshyent gravimetae determipapominds
contai ning active hydrogen atons that are used are those which have been
prepared, for exanple, by conventional allcali 25 catalysis fromthe
above-nentio i o C LIRS |
AT oyl ati on o cuasRieRbl 1o Bl e S0 T S5 e PRy PR o
pol yadddt i onamomphahy séuhlpsis toiehe atyatajllstiyy &coantlyngmia dlteby rposnter Ohrayof
al kyl ene oxides to starter conpounds containing active hydrogen atons is
general ly cafiffradiosp out at tenperatures of from20 to 200C, preferably in
the range of from40 to 180C, especially at tenperatures of fromb50 to
| 50C. The reaction may be carried 2 ? FEB 200 WD 00/ 15337 PCT/ EP99/ 06474
-10 out at tPlefdrefveds giveaso edtallystoarddrding 2dtheanventibe combhinagdi ti on may be
carried out without a solvent or in an inert organic solvent, such as
t ol uene and/or THF. The ampunt of solvent is usually from10 to 30 w. %
based t he_yanou ol to be prepared. 5 The catal yst
concen $ati o%? IS ?%‘C%’f*‘g?lf‘%%wﬁ%‘t‘&g%d control of the polyaddition reaction
under the given reaction conditions is possible. The catal yst concentration
i's

b) tert.-butanol and

c) a carboxylic acid ester of polyhydric alcohols.

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 (IT), B) organic complex ligands b) other than
carboxylic acid esters of polyhydric alcohols, and y) carboxylic acid esters of

25 polyhydric alcohols.

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
30 hexacyanocobaltate) in the presence of the organic complex ligand b) (e.g. tert.-

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



. generally in the range of from0.0005 wt.%to 1 w.% preferably irfTRER 2003
range of fromw@Q.0001k387. %to 0.1 w.% especially in the r uwEP$9/064mn 0. 001
to 0.0025 wt.% 10 based on the amount of polyether polyol to be prepared.
"The 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 of from 1000 t o- 80, 000 g/nmol, especially in the
range of from 2000 to 20,000 g/nol. 15 The pol yaddition rmay be carried out
continuously or discontinuously, for exanple in a batch or sem -batch
process. On f (eld16} I [0 SYRAVY S
accordi ng toeﬁg% @n@ég?\? %I%nﬁggéa%g%%gglgé)??\%r@’ %ﬂg\\/évg%:%lﬁ??aﬁiﬁﬁ g?%tgdng% 25
ppm and bel ovtgahiseehpdex ligemddount of pol yet her pol yol to be prepared). |f
t he pol yether polyols prepared in the presence of the catal ysts according
to the invention are used for the preparation of polyurethanes

(Kunst st of f handbuch, Vol .. 7.. Pal yur et hane r.d .edi tion 993, 25 to 32
tnd 57 to 67he prEale SSuP el g EnEEsent i tReARISSr ohotkob e FeAL 11 om
the 25 Rpolye A 9;%,1 : ot f : 10

pol yur e? hanegiggénrﬁg&]amerl\ggfag a éggtgl é’ .r%}ﬁgh%élcgg?émﬁ?%&& gflllbg\%ﬂ{ea% ain
the inventi oafidrubregipdtation ofhtiendeublé ombtal | dyanide ngpmpoui® QY)/ k5B posasdul es
Cat al yst preparation 5 Exanple A 2 ? F E f3 2003 PCT/ EP99/ 06474 Preparation
of a DMC cat advpstageeysig xglpﬁg}géa@}eow fdutpensaand the greanigsommlex Jigans| by Wik of

12.5 g (91.5 ol f.7i chlaori.de.in 20 f distilled. er is 10
added’ it viegeb b the SeFrEsrs ey Bep SoudtlhipeE RitTSEgbOAS 1
of pot assi umhigxacysNAPBRAkE alcdhéls cf A helcafox fliShdid kask ¥BIdyhydridERGhalse! ¥

, thereafter, a mxture of 50 g of tht.-butzgl)ng]I1 arlyd 50 %p%ff]cﬁstilled wat er
is addéf to ¢)He psaferpblysisedinvhmotuteaeth whter smstorgamid cemplexdigandb).rring i s
then corned out for 10 mnutes (24,000 rpn). A mxture of 1 g of a glycerol
tricaproate (Aldrich), 1 g of tert. 15 butanol and 100 g of distilled water
is then adde kB i | i :ﬁﬂ]%& r .actThe
solid mat erig © ?gg}}égksggﬂgggigé}ﬁtﬁggﬁ%hgge ?F#ﬁe&%?g) , t eﬁrel%stl r esd {ﬁg% afo

m nutes ( 10cnfi@fupgmign ovi filtradonyil b preferodd viddiagt, tie ikelated chtalyanisl therBGaghedf
distilled water and 1 g of _the above ,glycerol tricaproate, and filtered
agai n. Fi nal With 3maqugous (solutiog ef the, argapisr complex tligapd |b)o(gg-nkiy &sing 19, 000

o yeor 5t i SaRrlief i g Fhofhe <Efheiein B AR BF cthoinfhafion) 16 BR0TS

nor mal pr essmagnerit id poRiteé & reri@iey fér exanipde chgter-sothlslk byoprodists, feMdsr ed

catalyst: 5.3 g . ) ] _ )
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 carboxylic
acid ester of polyhydric alcohols, preferably in the range of from 0.5 to 5 wt.%,

based on the total solution.

25 It is also advantageous to wash the catalyst more than once. To that end, the first
v

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 carboxylic acid ester of polyhydric alcohols.



25 El enental analysis, thernogravinmetric analysis and extraction: cobaltFFg 2003
12.3 % zinc WOQ00/05%47 tert.-butanol = 7.2 % glycerol triPEGP/EROH6E78. 7
WO 00/ 15337 -12 Exanple B 2 7 F E B 2003 , PCT/EP99/ 06474 Preparation of a
DMC cat al yst using glycerol tricaprylate (catalyst B). 5 The procedure of
Exanple A was foll owed, but glycerol tricaprylate (Rilanit GIC, Henkel) was
used instead of the glycerol tricaproate 1Tom Exanple A _ Yield of dry,
powdered catalyst: 5.0 g 10 El enental analysis, thernogravinmetric anal ysis
and extraction: cobalt = 12.4 % zinc = 26.9 % tert.-butanol = 8.6 %
gl ycerol tricpprwishbe cataistt obtianallyeafier bRIVBHEARNALS BBn Afied® aPMmfeRlidley oF
using pentaerythritol tetracaprylate (Catalyst C . The procedure of Exanple
A was fol | owggnerally frpen2eo V000 tied at pressueasspofydeatmlly Rrdmii t mBaCiodnorhiahkel )
was used instead of the glycerol tricaproate from Exanple A 20 Yield of
dry, powder edressumgi(yei3 rng_a%. g Elenental analysis, thernogravinmetric
anal ysis and extraction: cobalt = 13.8 % zinc - 28.6 % tert.-butanol -
9.9 % pentaerythritol 25 tetracaprylate = 8.6 ' 2 ? FEB 2003 . WO
00/ 153375 PCTHERGREQRHEbentdch FXRIPAS, B HEQMPRERODMECARASALEG AR B L
catal yst using tert.-butanol w thout a carboxylic aci ster o gol yhydric
al cohol s (catimention iy asprotéss Sos thecprepatatian bH pdlipetherd #6lydRIy pblydddiidbniof on of
10 g (73.3 nmol ) of zinc chloride in 15 m, of distil]ed water is added,
wi t h vi gor ouglioteneaxides to stagerronpiopnds eonfpinize Ge ynhysHogen@gme ol ) of
pot assi um hexacyanocobaltate in 75 m of distilled water. hnnedi ately
thereafter, a mxture of 50 g of tert.-butanol and 50 g of distilled water
is added to ti@re dfePastd a8 AMRiGR bAdes pidleraBlyTBlyleaB oidOp@Plesd idkideNd i s
then carned out for 10 mnutes (24,000 rpn). "The solid material is isolated
by nmean) of futlenst pxide andemixtuiies rtheredHrTHeO synithesise of (thd @ol@ther pelinai by 125
g of a mxture of tert.-hutanol.and.distil]ed.ywater (70/30; ww, .and
filtered agaiaﬁ‘.ox Jefan may B eamigd pyfy forjexawple, P”éﬁ,aqr&‘ oée WPPH@PC\:IE%OHS?]B’E es
((j rlioégogt r E?CiWat fAnddm & Blbclt HahnerPWiRMObr 3AfifBrent hohbAlehie bpokidts. G-y St 1S
details will be found in "Ullmanns Encyclopidie der industriellen Chemie", English

language edition, 1992, Vol. A21, pages 670-671.
15
There are preferably used as starter compounds containing active hydrogen atoms
compounds having molecular weights of from 18 to 2000 and having from 1 to 8
hydroxyl groups. There may be mentioned by way of example: ethylene glycol,
diethylene glycol, triethylene glycol, 1,2-propylene glycol, 1,4-butanediol,
20 hexamethylene glycol, bisphenol A, trimethylolpropane, glycerol, pentaerythritol,

sorbitol, cane sugar, decomposed starch or water.

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

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

The polyaddition, catalysed by the catalysts according to the invention, of alkylene
oxides to starter compounds containing active hydrogen atoms is generally carried
30 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



15 and normal pressure until constant weight is reached. Yield of er]FEBQW3
powder ed cat &g9b/1533P8 g El enental analysis: 20 cobalt =p/Ep§9/0847aC =

" 27.4 % tert.-butanol = 14.2 Preparation of polyether polyols General
"procedure 25 50 g of polypropyl ene glycol starter (nolecular weight = 1000
g/nmol) and tom3 to 5 ng of catalyst (from1l Sto 25 ppm based on the
anount of pol yether polyol to be prepareH}‘are pl aced under a protective
gas (argon) in a 500 m pressurised reactor and heated to 105C, with
stirring. Propylene oxide (approximately 5 g) is then 30 netered inin a
single bat choyi ot iftedsfed!orEAY k6 205ur! T BolyAddition aky bBahidd b
propyl ene oxide is then netered 1n until an accel’erated priessure drop in
the reactor sthoutViDsél0ék633x an ihért Brganid eolierty syvhr st tohrene fanflol VIFM eFhepol yol
using catalyst A (15 ppm, observed. That accel erated pressure drop

i ndi cates t hamouneofsatvantyistusuallyaizem\igted0 whi, basediomi tﬁg aproyplelepalyeherde (
145 g) is the tered in continuously at a constant total pressure of 2.5
bar. Wen nepgygﬁﬁﬁpﬁ”ﬂ¥”?%e propyl ene oxide is conplete and after a
subsequent reaction time of 2 hours at 105C, volatile portions are
distilled off at 5 90C (1 nbar) and then cooled to roomtenperature. The
resul ting pofThetchrlysp@biicdntrati®i 6s Gbadeleetedr ttaegoby dbatrel wif e i pplysiiditione OH
nunbers, the double bond contents and the viscosities. 10 The progress of

t he react i onreagtiomgider theavapyesptignsopditionsis pesyikier EhcosatalystireBceniyaBer isene

oxi de consunptio l..vs. re 0 | I nt).. . he inducti.on, tine

ot er i ned 1 POTANCTBY Fendst ot TR bR uh TP { v onpisitetiy, Bint Biescos
poi nt of theghMROGORY.SF & RN wi 9k VRpddidlly hfe earlze 08 BnO-901 kkd 09025 wilg
curve. The propoxylation tines, which are of decisive inportance for the
cat al y$6 actbased yn thramasp ofipolyetherpolyid tpbe pregarfl. t i ne bet ween acti vation
of the catalyst (end of the induction tine) and~the . end of propyl ene
oxide nmetering. The total reaction tinme is the sumof the induction tine

1 POl s R PSSR gy (o

content ( MDIhk lisghtion asciasthé yangs Gf GORAS)0 to2l 0B,0D0R/Rob GRareRIBT P99/ afpe74 210

2T T ol s ool e By paenr 05 58043 boo o™
15 .
The polyaddition may be carried out continuously or discontinuously, for equnple in
a batch or semi-batch process.
On account of their markedly increased activity, the catalysts according to the
20 invention can be used in very low concentrations (25 ppm and below, based on thé

amount of polyether polyol to be prepared). If the polyether polyols preiaared in the
presence of the catalysts according to the invention are used for the preparation of
polyurethanes (Kunststoffthandbuch, Vol. 7, Polyurethane, 3rd edition, 1993, p. 25 to
32 and 57 to 67), it is possible to dispense with removal of the catalyst from the
25 polyether polyol without the product qualities of the resulting polyurethane being

adversely affected.

The Examples which follow explain the invention but are not intended to be

limiting.



30 WD 00115337 -15 Exanple 2 Preparation of polyether polyol using 77FFB 2003

catal yst B ( RAduction tine: 5 propoxylation tine: j on
ti me: polyet ﬁ@?rbm?g?: | O OH nunber (nmg of KOH g): doubl g(‘glf)/ggg%@ﬁﬁednt

“(mol / kg): viscosity 25C (nPas): Exanple 3 Preparation of polyether polyol
using catalyst C (25 ppnm) induction tinme: 15 propoxylation tinme: total
reaction time: polyether polyol: 20 OH anlbhber (ng of KOH g): doubl e bond
content (mol/kg): viscosity 25C (nPas): Conparison Exanple 4 2 7 F EB
2003 PCT/ EP99/ 06474 180 min 115 min 295 min 29.6 9 914 130 min 145 mn 275
mn 29.4 9 9@7 Ca@alyst D (15 ppm exhibits no activity under the reaction
conditions d above. 25 Exanples 1 to 3 show that, on account of
their markedly increased activity in the preparation of polyether polyols,
the novel DMC catal ysts according to the invention can be used in such | ow

concent r at i oQatdlpstiprieparationossi bl e to di spense with separation of the
catal yst fromthe polyol. 2 7 FEB 2003 -16 WHAT IS CLAIME I S:

5 Example A

Preparation of a DMC catalyst using glycerol tricaproate (catalyst A).

A solution of 12.5 g (91.5 mmol) of zinc chloride in 20 ml of distilled water is
10 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 glycerol tricaproate (Aldrich), 1 g of tert.-
15 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 glycerol tricaproate, and filtered again. Finally, the
mixture is stirred for a further 10 minutes (10,000 rpm) with a mixture of 100 g of
20 tert.-butanol and 0.5 g of the above glycerol tricaproate. After filtration, the catalyst

is dried at 50°C and normal pressure until constant weight is reached.
Yield of dry, powdered catalyst: 5.3 g

25 Elemental analysis, thermogravimetric analysis and extraction:

cobalt = 12.3 %, zinc = 27.0 %, tert.-butanol = 7.2 %, glycerol tricaproate = 3.7 %



1. A .doubl e-metal cyanide catalyst conprising: a) at |east one doubl @JnE3aa00] |

cyani de conp . t | east one organic conplex |igand i ¢ ¥4 an

ester of 1, 2%%%1%?1& riol, 1,1, 1trinmethyl ol propane, pen;#gél?g?%???g“,

mal tose or sorbitan with C2-C-8-al kyl carboxylic acids; and c) at |east one

ester of 1,2,3-propanetriol, 1,1, 1trinethyl ol propane, pentaerythritol,

mal tose or sorbitan with C2-C-8-al kyl caribxylic acids. 2. The catal yst

according to Claim1l, further conprising water and/or one or nore

wat er - sol ubl e netal salts. 3. The catalyst according to Caim1, wherein

t he doubl e- ngt al ni de conpound is represented by the general formula:

MX[ M x~( CN) y X2 in Mis defined as MX)~ ; M is defined as (Y)a

M(CNb (A~ and x, x', y and z are integers and are so selected that the

doubl e nmetal cyani de conpound has electro-neutrality. 4. The catal yst

accor di ng t opfdpatation of WIDNIE datallyst asing gBesrol tridapylaté-Gatalyst BY (11), M(11),

Co(ll), sn(ll), Po(ll), Fe(lll), M(IV), M(VI), AL(CIIl), V(V), V(I1V))

Sr(l1), WIV), WVI)) Cu(ll) andlor C(111). 5. The catal yst according to

Claim 3, wherein M conprjses Fe(ll)). Fe(]ll Co [LL), . b) ,

Cr(111)Y (ks PTQGHQ‘WF{%I,E"FPPH fﬁ&as@klwéi bRLHYF?r}’! %t’ﬁg’ﬁ)ﬁ(‘? (@@%%‘rg * The

catal yst acc i i . I = e and z = 2. .

27 FEB 2ogf§gjfé}gw?“§‘.‘g?ﬁ{e‘£%%t%%é;%&g%ggtfﬁf ’??Ba%égr gix?nrﬁ%l? A i a tha

doubl e-met al cyani de conpound is zinc hexacyanocobaltate (111). 8. The

catal yst according to Caim1, wherein the organic conplex |ligand conprises

an al cohol ) éflidélﬁ'gdé',, pRedersd catabyseP)0) &ster, anmide, urea, nitrite, sulfide

and/or a mxture thereof. 9. The catal yst according to Caim8, wherein the

~organic conplex ligand is tert.-butanol. 10. The catal yst according to
daim g V"heE‘f‘étxﬁbnttil%n&l%ﬁi@,od%lrﬂd‘g‘r@ﬁin@trﬁ%@fys@fan@@kﬁ‘i&’i@h! c al cohol is present

in an anount of fromabout 1 to about 50 wt. % based on the anount of

fini shed cat abhadt= 12.2.%,iec 264 Ystertabetenalin$ 6%, glycerohticapmiletest B.4t%he

carboxylic acid ester of polyhydric alcohol is present in an amount of from

about 1 to about 20 wt. % based on the anount of finished catalyst. 12. The

catal yst acc i Claiml, wherein the ester is a nono-, di- or

tri-ester of%ﬁ?opanetriol; a nono-, di-, tri- or tetraester of

pentaerythritol; or a nmono-, di-, tri- or tetra-ester of sorbitan with

CZ- C-8- al kyl carboxylic acids. 13. A process _for the producti ?n g) a

pol yet H&r poPyemerasipn of p 2§ catabyst gsing pentperytheitl teffaca g (Fatalyst 5ot er

conmpound cont ai ni ng active hydrogen atonms in which the pol yaddition of

al kyl ene oxide is conducted in the presence of the double-netal cyanide

catal yst of Ghaiprodddure AfABxAnple[ AARAs Aolldfved, But HehtadryfEitél tetracaprylate

. A5. AL. A3. A_. AS6G* XF/ usdJ ) .

d* ~| wr mhe” Y] GRilandl REG da) Hapked) wag essfl dnstead] of dhe glyesrpt Hicaaoats) Eap &prwic a) cal

ca] cal ca] ca] 5\6?1] cal] ca] c™a] ca] c<a] ca] ca! ~

20
Yield of dry, powdered catalyst: 4.0 g

Elemental analysis, thermogravimetric analysis and extraction:

cobalt = 13.8 %, zinc = 28.6 %, tert.-butanol = 9.9 %, pentaerythritol
25 tetracaprylate = 8.6 %
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+10%& () - !t 50 1AVt (YutanoXKes-S® @6F 8Q%Bed wale@lslAH8d (9 thelsA8fenbibn SvhiéiPfas( ) -
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109%& ( )10S! @Hiomgd  yndjyigorous stiyN@ BGharpcaro@ @t Gyl § inutesH240R0 cgmgsél@e
109%& () - @S 10%% ()- @5S 109& ()- _ daBY 0%& ()-S 109& () - .
109%& E 3 vyl (‘%‘%tﬂ%%i' ’(Sj’l-a%é‘(lébf/&mﬁ“%z’olﬁ\lq%“%%‘f(l\f@ﬂt1%%%( @rs??o@}&‘“(‘ﬁs- 'S
10%& () - @ 10(’3@' doo l@\}%‘l (1253 0¥ Emixture ot f eGSR Q& didtilled water (70/30;
10%& () - & g#l0%&' ()-109%& ()-S 10%& ()-yS
109& () - f UXdEWNCImaoBlt¢red fagaioo@®ira)ly 9 OeOsx tide- is stidsed’ foy -of SurfheD IR’ hjnutds

109 () - P, 0%bbé& () - 10 10 ) C
() X ”Pl@io% pm wxgh) 1235 g ofo tert.-butanol. After filtration, the catalyst is dried at 50°C

15 and normal pressure until constant weight is reached.

Yield of dry, powdered catalyst: 3.08 g

Elemental analysis:

20 cobalt = 13.6 %, zinc = 27.4 %, tert.-butanol = 14.2 %

Preparation of polyether polyols

General procedure

25
50 g of polypropylene glycol starter (molecular weight = 1000 g/mol) and from 3 to
5 mg of catalyst (from 15 to 25 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
30 metered in in a single batch until the total pressure has risen to 2.5 bar. No further

propylene oxide is then metered in until an accelerated pressure drop in the reactor is
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10 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
15 period of time between activation of the catalyst (end of the induction time) and"the :

end of propylene oxide metering. The total reaction time is the sum of the mductmn

time and the propoxylation time.

Example 1
20 Preparation of polyether polyol using catalyst A (15 ppm)

induction time: 210 min
propoxylation time: 275 min
total reaction time: 485 min
25 polyether polyol: OH number (mg of KOH/g): 29.8
double bond content (mmol/kg): 6
viscosity 25°C (mPas): 965

Without removal of the catalyst, the metal content in the polyol is: Zn = 4 ppm, Co =
2 ppm.
30
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15 propoxylation time: 145 min
total reaction time: 275 min
polyether polyol: OH number (mg of KOH/g): 29.4
double bond content (mmol/kg): 9
viscosity 25°C (mPas): 917
20

Comparison Example 4

Catalyst D (15 ppm) exhibits no activity under the reaction conditions described
above.

25
Examples 1 to 3 show that, on account of their markedly increased activity in the
preparation of polyether polyols, the novel DMC catalysts according to the invention
can be used in such low concentrations that it is possible to dispense with separation

of the catalyst from the polyol.
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1. ° A double-metal cyanide catalyst comprising:
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an ester of 1,2,3-propanetriol, 1,1,1-
trimethylolpropane, pentaerythritol, maltose or
sorbitan with C»-C4g-alkylcarboxylic acids; and
C) at least one ester of 1,2,3-propanetriol, 1,1,1-
trimethylolpropane, pentaerythritol, maltose or

sorbitan with C,-Cqg-alkylcarboxylic acids.

2. The catalyst according to Claim 1, further comprising water
and/or one or more water-soluble metal salts.

3. The catalyst according to Claim 1, wherein the double-metal
cyanide compound is represented by the general formula:
MIM'(CN)yJ:
wherein
M is defined as M(X), ;
M' is defined as (Y)a M'(CN), (A); and
X, X', y and z are integers and are so selected that the double metal

cyanide compound has electro-neutrality.

4.  The catalyst according to Claim 3, wherein M comprises Zn(ll),
Fe(ll), Ni(l1), Mn(Il), Co(ll), Sn(il), Pb(il), Fe(lll), Mo(IV), Mo(Vf), Al(iH,
V(V), V(IV), Sr(11), W(IV), W(VI), Cu(ll) and/or Cr(lll).

5.  The catalyst according to Claim 3, wherein M' comprises Fe(ll),
Fe(ill), Co(lt), Co(ll), Cr(ll), Cr(ll1), Mn(it), Mn(l11), Ir(111), Ni(Il), Rh(ill),
Ru(ll), V(IV).

‘6.  The catalyst according to Claim 3, whereinx=3,x'=1,y=6
and z=2.
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9. The catalyst according to Claim 8, wherein the organic
complex ligand is tert.-butanol.

10.  The catalyst according to Claim 1, wherein the carboxylic acid
ester of polyhydric alcohol is present in an amount of from about 1 to
about 50 wt. %, based on the amount of finished catalyst.

11.  The catalyst according to Claim 1, wherein the carboxylic acid
ester of polyhydric alcohol is present in an amount of from about 1 to
about 20 wt. % based on the amount of finished catalyst.

12.  The catalyst according to Claim 1, wherein the esteris a
mono-, di- or tri-ester of 1,2,3-propanetriol; a mono-, di-, tri- or tetra-
ester of pentaerythritol; or a mono-, di-, tri- or tetra-ester of sorbitan
with C,-C4s-alkylcarboxylic acids.

13. A process for the production of a polyether polyol by
polyaddition of an alkylene oxide onto a starter compound containing
active hydrogen atoms in which the polyaddition of alkylen;a oxide is
conducted in the presence of the double-metal cyanide catalyst of
Claim 11.



