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Doubl e netal oygnmbdepsgat al ysts contai ni ng pol yester for the pcegassisemn of
pol yet her-pol yols The invention relates to new i nproved doubl e- net al
cyanide (DMC) catalysts for 5 t he preparation of polyether-polyols by
pol yaddi tion of alkylene oxides on to starfer conpounds containing active
hydr ogen atons. Doubl e-netal cyanide (DMC) catal ysts for pol yaddition of
al kyl ene oxi des on to starter conpounds containing active hydrogen atons

are known (seeDoiilsle e ideOcatal Somt ki olydsteB foP AtheOprepbifatibmO4f 849
and US 5 158 922). The use of these DMC catal ysts for the preparation of
pol yet her - pol yeolketheepolyslsef f ect, in particular, of a reduction in the

proportion of nonofunctional polyethers with term nal doubl e bonds,

so-cal | ed nonool s, conpared with the conventional preparation of polyether-
pol yol s by nearise hiverdidtatelateaionht® timpraved oableahdtal ¢yankieaDMEY caslydasfor The
pol yet her- 15 pol yol s t hus obtai ned can _ be processed to high-grade

pol yur et hlines the peepatdtigntod pelysther-palyels byaqralyadgsion ahvatkydencaaxidesondpstastenal | y
obt ai ned by reacti ng.an a Jeous.sow%{ri on of a netal salt with an aqueous
sol ution of a YREERAUESCHRNg Ave e“pﬂ?cgg%nce of a | ow nol ecul ar wei ght
organi c conplexing ligand, e.g. an ether. In a typical catalyst
preparation, for exanple, aqueous solutions of zinc chloride (in 20

excess) and poDeshe-nmtiecyavide(DNCh catatystsafioe polyaddifionrod allylenchoxides barte
(glynme) is then added to the suspension forned. After filtratiqn and

Washi ng of ¢ he I AOTROUgS FPAIBECHES PHEORHH HOMSAS SHORE (§Kse IAEPL: of
t he genergl f j t |t ( Y 9 - 5
123, 08 8070 Hs AR DE1 620 0% 00 ST OSSR e st et
DMC cat al yst s MG latalygtstfbe thegeremirationr ¢f- palyetinripoiyld hes the gffects irBParticular,

conplexing ligand (by . itself or in copbination with a_pol yether (EP 700
9 4g!3 EP 9 oS re(du%:/tion in the proportion of monofunctional polyethgrs with termirgal double

bonds, so-called monools, compared with the conventional preparation of polyether-
polyols by means of alkali catalysts, such as alkali metal hydroxides. The polyether-
15 polyols thus obtained can be processed to high-grade polyurethanes (e.g. elastomers,
foams, coatings). DMC catalysts are usually obtained by reacting an aqueous
solution of a metal salt with an aqueous solution of a metal cyanide salt in the
presence of a low molecular weight organic complexing ligand, e.g. an ether. In a
typical catalyst preparation, for example, aqueous solutions of zinc chloride (in
20 excess) and potassium hexacyanocobaltate are mixed, and dimethoxyethane (glyme)
is then 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, » y H,O * z glyme
25
is obtained (see e.g. EP 700 949).

JP 4 145 123, US 5 470 813, EP 700 949, EP 743 093 and EP 761 708 disclose
improved DMC catalysts which, by the use of tert-butanol as the organic
30 complexing ligand (by itself or in combination with a polyether (EP 700 949, EP



-2 - 761 708)), are capable of further reducing the proportion of

nonof unct i onalwpebystskers with term nal doubl e bonds in the pceErosids2zn of
pol yet her-pol yols. Furthernore, by using the inproved DMC catal ysts, the

i nduction tinme for the-polyaddition reaction of the al kyl ene oxides on to
correspondi ng starter compounds 5 is reduced and the catalyst activity
I s increased. The object of the present invention is thus to provide DMC
catal ysts for the polyaddition of alkylene oxides on to correspondi ng
starter conpounds which are inpraoved further and which have an ipduction
time which is #dddbgh. @shspprblemiy further redycing the peeortien (9fomoge %?m? ypes

k to date, ti L ani i :
netivi ty. oy adpindt Wi G LTI tunlih dE rtaarddtel 60 HRfhefit Bolidls.
pol yet her - pol ypirtieirapr] dlyi wing thd $mpoees DMCacatalysts othedinductiont titiel for ythef

the process. ldeally, because of the increased activity, the catalyst can
t hen be enpl oyrayadditiancigastion efdhe elkylene iogidlss pRie coeRpoRding startre corapamds |

which is ptherw se ver Xpensive,. 15. . i o | onger necessary, and the
product can belsﬁg@ﬁcgﬁdeﬁﬁ%taﬁg{a%lghﬁsrlgfﬁg%e “applications. Surprisingly,
It has now been found that DMC catal ysts which contain 5 - 80 w.% based

on the anount of finished catalyst, of a polyester have significantly
short ened i nduthe ohject o sthamresent tinventionrds tthwse ta pyedde IBMCheatalystsdfoscthevi ty

RGPS T AR T R E
doubl e- et al  cyaibi&l RPMRP Y wARS e an induction time which is reduced considerably
10 with respect to the catalyst types known to date, and at the same time a significantly

increased catalyst activity. By shortening the total reaction and cycle times of the

polyether-polyol preparation, this leads to an improved profitability of the process.

Ideally, because of the increased activity, the catalyst can then be employed in such

low concentrations that removal of the catalyst, which is otherwise very expensive,

15 is no longer necessary, and the product can be used directly for polyurethane
applications. Surprisingly, it has now been found that DMC catalysts which contain

5 - 80 wt.%, based on the amount of finished catalyst, of a polyester have

significantly shortened induction times and at the same time a greatly increased

activity in polyether-polyol preparation.

20
The present invention provides new improved double-metal cyanide (DMC)
catalysts comprising
a) a double-metal cyanide compound and
25
b) an organic complexing ligand,

which are characterized in that they contain 5 to 80 wt.%, based on the amount of
finished catalyst, of a polyester.
30



b) an organi c conpl exing ligand, which are characterized in that they
contain 5 to 89owbi196s2 based on the anount of finished catal ypt1/E$s/6%229

pol yester. 30 -3 - The catalysts according to the invention can
optionally also conprise water, preferably 1 to 10 wt.% and/or a

wat er -sol ubl e netal salt, preferably 5 to 25 w.% fromthe preparation of
t he doubl e-netal cyani de conpound. 5 e doubl e-netal cyani de conpounds
a) which are suitable for the catal ysts according to the invention are the
reaction products of a water-soluble pmetal salt and a water-sol uble netal
cyani de salt. Thee colalysts- aesording taethg) inyantionycan «opiionglly, Adsor samgHsk vgater,

Fo(11) o N (1 1 el T 16l oo enlonq yaueTiES shesRaly refSpRy $ 6 ity
AL, VOV 008 greiidor e Bbio oMy bdpcn, G (1) Z0(11).

Fe(l1), Co(ll) and N ( are particularly preferred. X is an anion,
preferably chosen fromthe group consisting of the halides, hydroxides,

sul fates, _carhgnhates, . C at es,..thi ocyanat es, ..socyanat l SOt hi ocyanat es,
car boxy! & oo, B dantle AL eias SRpbRNG. S S F.e0u 1 e’ SRPHE
Exanpl es of sujd.aiiif ©8h&inveRkdSar iR hdfonGRbMict6F a #hter sl ntlRal sAit BRd
acetate, zinc acetylacetonate, zinc benzoate, zinc nitrate, iron(ll)

sul fate, iron(dywater-soluble métalayahidy sahl ori de, cobalt(I1) chloride,

cobalt(1l) thiocyanate, nickel (1l) chloride and nickel (11) 20 nitrate.
M xtures of different netal salts can also be enployed. The water-sol uble

metal cyani de il %?tgf-gélﬁﬁel?ﬁ%f?ﬂﬁg Pf%aglgor}%% iﬁ%e, ALY Rl B WY h&eth Mis | S

chosen fromthe ne
10 chosen from the metals Zn(II), Fe(II), Ni(II), Mn(II), Co(II), Sn(Il), Pb(Il), Fe(Ill),

Mo(IV), Mo(VI), Al(IIT), V(V), V(IV), Sx(II), W(IV), W(VD), Cu(Il) and Cr(II).
Zn(ID), Fe(I), Co(I) and Ni(Il) are particularly preferred. X is an anion, preferably
chosen from the group consisting of the halides, hydroxides, sulfates, carbonates,
cyanates, thiocyanates, isocyanates, isothiocyanates, carboxylates, oxalates or

15 nitrates. The value ofnis 1, 2 or 3.

Examples of suitable metal salts are zinc chloride, zinc bromide, zinc acetate, zinc

acetylacetonate, zinc benzoate, zinc nitrate, iron(II) sulfate, iron(I) bromide, iron(IT)

chloride, cobalt(II) chloride, cobalt(Il) thiocyanate, nickel(II) chloride and nickel(II)
20 nitrate. Mixtures of different metal salts can also be employed.

The water-soluble metal cyanide salt preferably has the general formula
(Y),M'(CN),(A),, wherein M’ is chosen from the metals Fe(Il), Fe(IIlI), Co(Il),
Co(II), Cr(II), Cr(IIl), Mn(1I), Mn(III), Ir(III), Ni(II), Rh(III), Ru(Il), V(IV) and
25 V(V). M’ is particularly preferably chosen from the metals Co(II), Co(III), Fe(II),
Fe(III), Cr(IIT), Ir(1II) and Ni(II). The water-soluble metal cyanide salt can contain
one or more of these metals. Y is an alkali metal ion or an alkaline earth metal ion.
A is an anion chosen from the group consisting of the halides, hydroxides, sulfates,
carbonates, cyanates, thiocyanates, isocyanates, isothiocyanates, carboxylates,

30 oxalates or nitrates. Both a and b are integers (= 1), the values for a, b and ¢ being



Co(I11)y, Cr(ll), C(rtl), M(lIl), M(LIT), Ir(ltt), Ni(ll), Ra(ll), Ru(l),
V(IV) and 25 wooModg2 M is particularly preferably Chosen_ﬂd"l%iishlhﬁ)m
metals CoU ), Co(lIl), Fe(ll), Fe(lll), C(lIl), Irll) and Ni(Il). The

wat er - sol ubl e metal cyanide salt can contain one or nore of these metals. Y
is an alkali metal ion or an alkaline earth nmetal ion. Ais an anion chosen
fromthe group consisting of the halides, hydroxides, sulfates, carbonates,
cyanat es, thiocyanates, isocyanates, isothiocyanates, carboxylates, 30

oxal ates or nitrates. Both a and b are i_ntegers ([err] 1), the values for
a, b and c bei pepsen sugh thpfothen eleglzoneutralityt b thd anstaloaanidealalt yis nsured; cet al

cyani de salt i red; . pr.eferagbhl as th al ue 0. anpl es of, suitable
valt er-sol ubl e ﬁ%e? %ﬁbulgj.'ﬁﬁi e%shéT ﬁs%p togtssé‘ﬁﬁt}jr? I‘@E"féﬁ&ﬁ&ﬁf@ff&%@ fqh_)s,

Ot assi UM NeX agapah i ifkhdpnodBRENTH RRIBHA RELRYRIEH: i Um
.E\exacyanocobal ?ﬁaét g?l 1) anc?, it h?(:ljmyn hexacygnoc_o aﬁ@ﬁ Bﬂ%% _
Exanpl es of suhexaoyanofertat¢(@ et akalcipani dehexaoymmocstmltaie(ii chandn béthiead in
the catal ysts accordin 0 tﬁ invention are zinc hexacyanocobal tate(lIl),
zi nc hexa?yanoﬁ%&@(’gﬁr‘,“‘teﬁ ﬁc hexacyanoferrate(l11"), nickel (1)
hexacyanoferrate(ll) and 10 cobalt(1l) hexacyanocobaltate(lll). Further

exanpl es of suitable double-netal cyani de conpounds are to be found e.g. in

US 5 158 922 ( Emimpies 8f stitabiesddible-mefa) cyafiidecedneponasia Bp&htehldaathe (uséd in ihe
preferably used. The DMC catal ysts according to the invention contain an
organi ¢ conpl eSHAYSE; gesondmg to the inventien ( #es zincg hexsrypresobaltate(El); agimey si s

activity. Suit Og‘f}m o} | i re.k I n_princi and
are descri bed ﬁﬁlagga?gl |tér\$nﬁ’hiem‘]f)§|é%ér39%&r°tf &ﬁﬂe%ar)gr?gc& em@ga(cg Of%ITag}.é)(l_Iﬁcﬂnann
6, lines19 - 6GEobalt(S HoxddyanstdBaltatd(IiE). C OF@KIRY | SGNPIGARE dustaBRJAGyKIE el
during the preparation of the catalyst or immediately after precipitation
cyanide compounds are to be found e.g. in US 5 158 922 (column 8, lines 29 - 66).

Zinc hexacyanocobaltate(II) is preferably used.

The DMC catalysts according to the invention contain an organic complexing ligand
15 b), since this e.g. increases the catalysis activity. Suitable organic complexing
ligands are known in principle and are described in detail in the prior art mentioned
above (see e.g. column 6, lines 9 - 65 in US 5 158 922). The complexing ligand is
added either during the preparation of the catalyst or immediately after precipitation
of the catalyst. The complexing ligand is usually employed in excess. Preferred
20 complexing ligands are water-soluble organic compounds with heteroatoms which
can form complexes with the double-metal cyanide compound. Suitable organic
complexing ligands are e.g. alcohols, aldehydes, ketones, ethers, esters, amides,
ureas, nitriles, sulfides and mixtures thereof. Preferred organic complexing ligands
are water-soluble aliphatic alcohols, such as e.g. ethanol, isopropanol, n-butanol, iso-

25 butanol, sec-butanol and tert-butanol. tert-Butanol is particularly preferred.

The DMC catalysts according to the invention contain the double-metal cyanide
compounds in amounts of 20 to 85 wt.%, preferably 25 to 80 wt.%, based on the
amount of finished catalyst, and the organic complexing ligands in amounts of 1 to

30 30, preferably 2 to 20 wt.%, again based on the amount of finished catalyst.



of the catalyst. The conplexing ligand is usually enployed in _excess.
Preferred 20 WOOYMB? exi ng | i gands are water-sol ubl e or gani BCHERBPEHs

wi th heteroatons which can form conpl exes with the doubl e-netal cyanide
conpound. Suitable organic conplexing |igands are e.g. al cohols, aldehydes,
ket ones, ethers, esters, am des, ureas, nid+iles, sulfides and m xtures
thereof. Preferred organic conplexing |igands are water-sol uble aliphatic
al cohol s, such as e.g. ethanol, isopropanol, n-butanol, iso- 25

but anol , - : | the lifbeni ks '
utanol, sec cha?gﬁl Sﬁrécc&‘d the lift¥dntibH (c8R@In 5 WH.%%ﬁé*én the

preferred. Th ts according to the invention contain t

doubl e- et al cymuntief fiwishedwathdyst, ofapolyesier. OPrefiretl @afdbyststcotpaipt @ foebBint. 9o 25
to 80 wt.% based on the anount of finished catalyst, and the organic
conpl exi ng | i PYMESr-n anounts of | to 30 30, preferably 2 to 20 w.%
agai n based on the amount of finished catalyst. -5 - The DMC catal ysts
according to the invention contain 5 - 80 w.% based on the anount of

fini shed sat alBosyestedd whidhOargasaithle foF tHeeprepdaticii of et catalputd atddrdifig it thé
Wt . % pol yester. 5 Pol yesters which are suitable for the preparation of

t he catal yst s invensioniapghighben melerHorweighhsubsaneasgrideh pentainthe estoregrghp -O-

thain They && 28 & PO A dn B BYcorMNG IS R 61 FBbl IANES  Bhal
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possibilities for polyesters “conprise 10 " polycondensation o _

hydr oxycar boxyHurthenci clsstomarlyy mprépasatioon @bssihibitiess efot er polyestetsoneoinprise

pol yaddi t i on of ,pol ycar boxyli cid anhydrides wi th epoxi des,and.reaction

bF et d Lt or ebEopERagi At FdPxyesiny e (ickf Ry eROBuAE SrClic eser
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' reaction of acid chlorides with alkali metal salts of hydroxy compounds.

Transesterification both with hydroxy and with carboxy compounds is also possible.

15 Methods for the preparation of polyesters are generally well-known and are
described in detail, for example, in "Kunststoff Handbuch", volume 7, Polyurethane,
3rd edition, 1993, p. 67 - 74, "High Polymers", volume 16, Polyurethanes:
Chemistry and Technology, I. Chemistry, 1st edition, 1962, p. 44 - 66, "Ullmanns
Encyclopidie der Technischen Chemie", volume 19, 4th edition, 1982, p. 61 - 88

20 and "Houben-Weyl, Methoden der organsichen Chemie", volume E20,
Makromolekulare Stoffe, 4th edition, 1987, p. 1405 - 1457.

Polyesters which are preferably employed are linear or partly branched polyesters
having average molecular weights below 10,000, which are in general obtained by
25 polycondensation from saturated or unsaturated aliphatic or from cycloaliphatic or
from aromatic dicarboxylic acids with difunctional or trifunctional or mixture of di-
and trifunctional compounds containing hydroxyl groups, or by ring-opening

polymerization of lactones (e.g. caprolactone) with diols and/or triols as starters.



15 Methods for the preparation of polyesters are generally well-known
and ‘are descrivwedeideesietail, for exanple, in "KunststoffHandgcobhibgs/eézdounme
7, Polyurethane, 3rd edition, 1993, p. 67 - 74, "Hi gh Polyners", volune 16,
Pol yur et hanes: Chem stry and Technol ogy, |I. Chemi stry, 1st edition, 1962,
p. 44 - 66, "U Il nmanns Encycl opAdi e der Teghni schen Chenie", volunme 19, 4th
edition, 1982, p. 61 - 88 20 and "Houben-Weyl, Methoden der

organsi chen Chem e", volunme E20, Makronol ekul are Stoffe, 4th edition,

1987, p. 1405 - 1457. Polyesters which are preferably enpl oyed are |jnear
or partly brafeolestesohaying aierageanelaeylaeighe OMQ%MﬁQO sk Bﬁ@m@rm@ 28

10, 000, whi ch ,argni | i.ned. R} Xﬁﬁ j m
saturated or &ﬁs@@ u@§?§9ﬁe{§’i gﬁ%@?ég@osﬂlt?l?i Sﬁtﬂ?fz%ﬁ ga I'p gﬂiedgs%&rw@?%lfranﬁ%f gr_rr%t iC
di carboxyl i c aitimlatiyt PreférhblpCémhploged. OrTHete fpolirbiefnate B goherhluprpared by and
trifunctional conpounds containing hydroxyl groups, or by ring-openin

pol yrer i zat i orpodcondensatians of epajyfusetionsl arboaulic vicids and|tydzewy sempeynsiss as
tarters. -6 -.. Pol vest er. ' | i ght.s .of i
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preparation ofglpQ)Ly dieylaReslycal, etéﬂagyeggrg@eély 102-Bfcpy Rk Yglobdl! Qifdpyithese

pol yesters are 1n general preépare ycondensati on of "pol yfuncti onal
car boxyl i ¢ aciglgcohnd 1k3rbmtensdiclp nphédibaitanediol, 1Bdwxamddiolpol 12rdodécanediol,

R STl o B i
1, 3- but anedi olsomelio&%égiéhiiﬁgﬁhﬁmxy &Iﬁ?gﬁﬁgnedi ol, 1,12-dodecanediol,

neopentyl gl ycol, tri pr opane rinet hyl ol et hane, glycerol and, in
rarer cas@s, sone |onger-chain trihydroxy conmpounds. 10

Possible polyfunctional carboxylic acids are, in particular: adipic acid, phthalic acid,
isophthalic acid, terephthalic acid, oxalic acid, succinic acid, glutaric acid, azelaic
acid, sebacic acid, fumaric acid, maleic acid and, in rarer cases, the so-called
"dimeric acids", which are obtainable by dimerization of unsaturated plant fatty

15 acids.

Both the use of the organic complexing ligand and that of the polyester are necessary
for the preparation of a DMC catalyst with a reduced induction period and increased
activity (see examples 7 - 8 and comparison examples 6 and 9). The catalyst
20 composition is usually analysed by means of elemental analysis and

thermogravimetry.
The catalysts according to the invention can be crystalline, partly crystalline or
amorphous. The crystallinity is usually analysed by powder X-ray diffractometry.
25
Catalyst according to the invention which are preferred are those comprising

a) zinc hexacyanocobaltate(III) and

30 b) tert-butanol,



Possi bl e pol yfunctional carboxylic acids are, in particular: adipic acid,
pht hal i ¢ aci d,wosspdvehal i c acid, terephthalic acid, oxalic apCTIEP8/06229ni C
acid, glutaric acid, azelaic acid, sebacic acid, fumaric acid, maleic acid
and, in rarer cases, the so-called "dineric acids", which are obtai nabl e by
di meri zation of unsaturated plant fatty 14, acids. Both the use of the
organi c conplexing |igand and that of the polyester are necessary for the
preparation of a DMC catal yst with a reduced induction period and increased
activity (see exagples 7 - 8 and conparison exa |l es 6 an The catﬁlyst

9
20 conposiWHgh arg eharaeteriged yn thed dhgs eQmpnisp S-AR A%, B%SG&O@%%W&}O% atysis
and thernmogr aVﬁ ElycataI 1¥r§§t§t With %b&%gérﬁnotl&%la&%?@{t' 0038 §600
crystalline, y cr anor p ous e crystalfinity is dsually

anal ysed by pmt&d%nOHhambdndﬂZSBtcBOO’ﬁthO}Hg Cat al yst according to the
I nvention which are preferred are those conprising a) zi nc
hexacyanocobal tate(l11) and 30 tert-butanol, WO 99/ 19062
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KOH g. 5 The i nproved cat al ysts accor to the invention are
usual |y prepartbdptenemq@@mpsorsmmwmnlewgrheamamﬁ ppolyRgiemet al salt (in
excess) and netal cyanide salt in the presence of the organic conplexing
| i gand and the pol yester.

Preferably, in this preparation, the aqueous solutions of the metal salt (e.g. zinc
10 chloride, employed in a stoichiometric excess (at least 50%, based on the metal
cyanide salt)) and of the metal cyanide salt (e.g. potassium hexacyanocobaltate) are
first reacted in the presence of the organic complexing ligand (e.g. tert-butanol), a
suspension which comprises the double-metal cyanide compound (e.g. zinc
hexacyanocobaltate), excess metal salt, water and the organic complexing ligand

15 being formed.

The organic complexing ligand can be present here either in one or in both of the
aqueous solutions, or it is added to the suspension immediately after precipitation of
the double-metal cyanide compound. It has proved advantageous to mix the

20 aqueous solutions and the organic complexing ligand with vigorous stirring.

The catalyst suspension formed is then treated with the polyester. The polyester is
preferably employed in this procedure in a mixture with water and the organic
complexing ligand.

25
The catalyst containing the polyester is isolated from the suspension by known

techniques, such as e.g. centrifugation or filtration.

To increase the activity of the catalyst, it is advantageous for the catalyst isolated to

30 be subsequently washed with an aqueous solution of the organic complexing ligand



Preferably, in this preparation, the aqueous solutions of the netal salt
(e.g. zinc 10 wo %hbgypi de, enployed in a stoichionetric excepgr/pbsdeanst
50% based on the netal cyanide salt)) and of the netal cyanide salt (e.g.
pot assi um hexacyanocobaltate) are first reacted in the presence of the
organic conplexing ligand (e.g. tert-butangl), a suspension which conprises
t he doubl e-netal cyani de conpound (e.g. zinhc hexacyanocobal tate), excess
netal salt, water and the organic conplexing |ligand 15 bei ng forned. The
organi c conpl exing ligand can be present here either in one or in both of

t he aqueous sofeig i bys resuspénsions anddesubsequarnite renesisd ndsadatiannmhseli Alteation afor er
precipitation of the double:nmetal.cyani de conpound. |.t.has proved

advant ageous t%?nm&g‘l‘twé‘ o0t s posé‘hl?ei?fse’@mp&t’ gghga%-ao@hlgaqyrﬁgﬁwgs,égﬁlb P&xi ng
1gand with viGsEQtSe Shdrde dyhidl Gavekal ViiusiteP HS potaddhietp dedctioh @ 1be
treated with the polyester. The polyestéer 1s preferably enployed in this
procedure in aremoxtd frenvihe katabystaccamiihg todhoinyemtion indimprewnery | i gand. 25 The
catal yst containing the polyester is isolated fromthe suspension by known
t echni que§, such as e.g. centrifugation or filtration. To increase the
activity of th e o tor o d to
30 be subsg}(ﬁ%g@%§\t’£s¢%ﬁh€\f'{% Y’Zér%‘t“'é%ﬁgg'ﬁ% ngoq%[}lﬁg%&tg?\lﬂ txﬁlgnéor%glﬁl&gqs
conpl exi ng | i gpieterably b8tweef1&400andB0 wesd)shds fintieraort Rivantageontto radd aviittle
isolation by filtration or centrifhgation). It is possible, for exanple,
for wat er - sol upplzestsy. preferakly dn the xeangse betpisem O ad & Mtari tgdhe ancons Xaskingel v

I nfl uence the ﬁo%tY&ddition reaction to be renoved fromthe catal yst
according to the Tnvention in this manner.

10
It is moreover advantageous to wash the catalyst more than once. The first washing
operation e.g. can be repeated for this. However, it is preferable to use non-aqueous
solutions, e.g. a mixture of organic complexing ligand and polyester, for further
washing operations.

15

The washed catalyst is finally dried at temperatures of 20 - 100°C and under pressure

from 0.1 mbar to normal pressure (1013 mbar), optionally after pulverizing.

The invention also provides the use of the improved DMC catalysts according to the
20 invention for the preparation of polyether-polyols by polyaddition of alkylene oxides

on to starter compounds containing active hydrogen atoms.

Alkylene oxides which are preferably employed are ethylene oxide, propylene oxide,
butylene oxide and mixtures thereof. The polyether chains can be built up by

25 alkoxylation e.g. with only one monomeric epoxide, or also randomly or in blocks
with 2 or 3 different monomeric epoxides. Further details can be found in
"Ullmanns Encyclopédie der industriellen Chemie", English language edition, 1992,
volume A21, pages 670 - 671.



5 The anount of organic conplexing ligand in the agueous washi ng sol ution
is preferably RehveegeffO and 80 wt.% It is furthernore advang@egefidfheie add
alittle polyester, preferably in the range between 0.5 and 5 wt.% to the
aqueous washing solution. 10 It is noreover advantageous to wash the

catal yst nore than once. The first washi ng O] peration e.g. can be repeated
for this. However, it is preferable to use~non-aqueous solutions, e.g. a

m xture of organic conplexing |ligand and pol yester, for further washi ng
operations. 15 The washed catalyst is finally dried at tenperatures of 20 -
100C and under (omepaundehdvingmoletulsbweights ofdBrtal2,(0emd rte § Gitaytigroups are

optionally after uI ver| The invention.al so rov es the use_of the

i mproved DMC caﬁ%\’ 353 8&?3&%50%0 %mmngﬁe OgFy 21PHE: S‘?’éﬁ&&#%&uon
of pol yet her - pgl el g tﬁi rRRJn)s@QfH Eih9nelyl bkm&&%ﬂ X196, BidtyRert @y ddt! 1,2-
conmpounds cont ai ni ng eac?| ve hyd roggnnatgo}%s yeen%gjom des }flP\Ae’ll %{, re
preferably errplpmmdermr e ghtcbl;| ehd- b)mmtéml,pr hpydnestieylend deglycoijt ybspkenoki d&, and
m xt ures thereof.. pol yet h chai ns be bui,l

) Koxy! at 1o o HmekpiaiPORIGE ScombRAReRARESh SHRtoL ERSeBsed ayciornd
blocks with 2 qp.3 different nmononeric epOX| des. Further details can be
found in "U Il manns Encycl opAdi e der industriellen Chemie", English | anguage
edition, 1992, volune A21, pages 670 - 671. 9- Conpounds havi ng

nol ecul ar wei ghts of 18 to 2,000 and 1 to 8 hydroxyl groups are
Those starter compounds containing activé hydrogen atoms which have been

prepared e.g. by conventional alkali catalysis from the abovementioned low
10 molecular weight starters and are oligomeric alkoxylation products having molecular

weights of 200 to 2,000 are advantageously employed.

The polyaddition of alkylene oxides on to starter compounds containing active
hydrogen which is catalysed by the catalysts according to the invention is in general
15 carried out at temperatures of 20 to 200°C, preferably in the range from 40 to 180°C,
particularly preferably at temperatures from 50 to 150°C. The reaction can be
carried out under overall pressures of 0 to 20 bar. The polyaddition can be carried
out in bulk or an inert organic solvent, such as toluene and/or THF. The amount of

solvent is usually 10 to 30 wt.%, based on the amount of polyether-polyol to be
20 prepared.

The catalyst concentration is chosen such that good control of the polyaddition

reaction under the given reaction conditions is possible. The catalyst concentration

is in general in the range from 0.0005 wt.% to 1 wt.%, preferably in the range from
25 0.001 wt.% to 0.1 wt.%, based on the amount of polyether-polyol to be prepared.

The molecular weights of the polyether-polyols prepared by the process according to

the invention are in the range from 500 to 100,000 g/mol, preferably in the range

from 1,000 to 50,000 g/mol, more preferably in the range from 2,000 to 20,000
30 g/mol.



enpl oyed as the starter conpounds containing active hydrogen atons.

Exanpl es whi chwaree/io@mnt i oned are: et hyl ene gl ycol, diethyl engcgieyssse229
triethylene glycol, 1,2- propylene glycol, 1 ,4-butanediol,

hexanet hyl ene glycol, bisphenol A 5 trimet hyl ol propane, glycerol,
pentaerythritol, sorbitol, sucrose, degraq@d starch and water. Those
starter corrpounds contai ning active hydrogen atoms which have been prepared
e.g. by conventional alkali catalysis fromthe abovenentioned | ow 10

mol ecul ar wei ght starters and are oligoneric al koxylation products having
nol ecul ar wei ghepddyadddtipn esndegauicdont eeniimpeougdn e it § bash poseeibatrh process.

pol yaddi ti on of al kyl ene oxides on to starter conpounds containing active
hydrogen which is catalysed by the catalysts according to the invention is
in general 15 The &dIY4ieeccdttingio the mhﬁéﬂlfrﬁﬁmexfal ?e@ufr@a@%u@morpﬁﬁé%‘ﬁ&hb! in
the range from40 to 180'C, particularly preferably at tenperatures from 50
to 1500C. The mmetsnmtocsawraiémuwn ed out under overall pressures of 0 to
20 bar. Tge pol yaddi ti on can be carried out in bulk or an inert organic

sol vent, such as toluene and/or THF. The anmount of soI vent is usually 10 to
30 wt . % basedygd 1hﬁ€ctﬁ‘ﬂ0‘iﬂﬁes°fm pﬁfey%}é[f)‘%‘fahgﬁl P! 61 ﬁﬁ#/ols BeCRAG e The
catal yst concentration is chosen suc hat good co tro t he pol yaddltl on
reaction under s1gﬂnﬁcg1t1yemth dlacaid @f tloomolv tatalystsiascqrdmgitdltiee inVigtiong tampaed
concentration is en ral_in the rapnge fromO0.0005 w.%to 1 wt.%
preferably in Wﬁhﬂi H@e%@ﬂ?@gﬂombﬁbﬁ?m %to 0.1 wt.% based on the
anount of polyether-polyol to be prepared. The nol ecul ar wei ghts of the

pol yet her - pol yol s prepared by the process according to the invention are in
t he rangeof r onAbQRe tsamtOfme) Ghey/allixylapiorf iehedlaye igreatlieredackde bedause bfO@O t o

50, 000 g/ nol, nore Preferabl in the range from2,000 to 20,000 30
g/ mol . substantially increased activity.

This leads to a shortening of the total reaction times (sum of the induction and
alkoxylation times) by typically 60 - 75% compared with the DMC catalysts known
15 hitherto.

Because of their significantly increased activity, the catalysts according to the
invention can be employed in such low concentrations (15 ppm and less, based on
the amount of polyether-polyol to be prepared, see example 10), that removal of the
20 catalyst from the polyol can generally be omitted for use in polyurethane

applications, without the product qualities being adversely influenced.



-10- The pol yaddition can be carried out continuously, or in a batch or
sem bat ch procwe9/19dse cat al ysts according to the invention POTEPIEE62L9
require an induction tinme of sone mnutes up to several hours. 5 The
i nduction tinmes in the preparation of polyether-polyols are shortened
significantly with the aid of the new catghysts according to the invention,
conpared with the DMC catal ysts known hitherto. 10 At the sane tine, the
al koxylation tinmes are greatly reduced because of the substantially
increased activity. This leads to a shortening of the total reaction timnes
(sum of the i nEBX&MPKR and al koxyl ation tines) by typically 60 - 75%
conpared with the DMC catal ysts known 15 hitherto. Because of their
significantly increased activity, the catalysts according to the invention
can be enpl oyedatalys higo concentrations (15 ppm and | ess, based on the
anount of pol yether-polyol to be prepared, see exanple 10), that renoval of
the 20 catalyst from the polyol can generally be omtted for use in
pol yur et hgne aegl i 9its5 n i thout the product qualities being adversely
i nfl uenced. —Mﬁ%ﬁé& Cat al yst preparation 5 Conmpari son
exanple 1 Preparation of a DMC catalyst with tert-butanol as the organic
conpl exing |igand

Preparation of a DMC catalyst with tert-butanol as the organic complexing ligand

without using a polyester (catalyst A, synthesis according to JP 4 145 123).

10 A solution of 10 g (73.3 mmol) zinc chloride in 15 ml distilled water is added to a
solution of 4 g (12 mmol) potassium hexacyanocobaltate in 75 ml distilled water
with vigorous stirring. Immediately thereafter, a mixture of 50 g tert-butanol and 50
g distilled water is added to the suspension formed and the mixture is then stirred
vigorously for 10 min. The solid is isolated by filtration, then stirred with 125 g of a
15 mixture of tert-butanol and distilled water (70/30; w/w) for 10 min and filtered off
again. Finally, it is stirred once more with 125 g tert-butanol for 10 min. After

filtration the catalyst is dried to constant weight at 50°C under normal pressure.

Yield of dried pulverulent catalyst: 3.08 g

20
Elemental analysis: cobalt = 13.6%,; zinc = 27.35%; tert-butanol = 14.2%; (polyester
= 0%).
Example 2

25

Preparation of a DMC catalyst with tert-butanol as the organic complexing ligand
and using a linear polyester (catalyst B).

A solution of 12.5 g (91.5 mmol) zinc chloride in 20 ml distilled water is added to a

30 solution of 4 g (12 mmol) potassium hexacyanocobaltate in 70 ml distilled water



W t hout using a polyester (catalyst A synthesis according to JP 4 145
123). 10 Aveev/igospn of 10 g (73.3 mmol ) zinc chl ori de i NPAGEPY8/06229
distilled water is added to a solution of 4 g (12 mml) potassium
hexacyanocobal tate in 75 m distilled water with vigorous stirring.

| medi ately thereafter, a mxture of 50 gisert-butanol and 50 g distilled
water is added to the suspension forned and the m xture is then stirred
vigorously for 10 min. The solid is isolated by filtration, then stirred

with 125 of a 15, m xture Qf tert-butangl and distilled wat 70/ 30;
ww) for 10 it REorus SHrg @3400@@&%. ﬂminﬁiiﬁie?y, feafter, apixERob SR8 'F5T

with 125 g ter : Ly ' ' i i ed
o const ant  wi el APx p Attt el 4diE8 of oAb gl g i e

pul verul ent cahal yiddred JigdBougly? R4D0Ompm)aforaiainis.i sA mixhat tof=1 k306 alimeanc =
27.35% tert-butanol = 14.2% _(polyester = Ogi). Exanple 2 25 Preparation of
a DMC cat al ystPokyester 1ofr adipjg t agifh jang ethylenco glysel (Padv{sihvlore rdinate)h i@V datlsi ng

a linear pol r R).. ' 1% '

chl ori de f?n g%%%ﬁgaﬁg@%ﬁ%@%m teorfézl’g(magﬁ eglﬂfr%fera—%('}smg Ié(g%lf ’tlfrgﬁl%i‘b%k% él (12
nmol ) pot assi L@iﬁh@’@?&i@ﬁﬂé‘@hﬁd& & theh AddE 4ld tHe likiubed stiade@r(1,000 18m8) fi3 h

vi gorous stirring 4,000 rpm. Imediately thereafter, a mxture of 50 g

tert- butanol mind splidiis isolatedibyfilteationsthgn gtited 610,009 v peitls k srixtuse At d

and the m xturg, i n stirred. vigorously.(24,000 r for 10.mn. A

mxt ure of 1 Oob Tt Pinnl 3,6 Rfhelied Wl S e B2 Rnd i RonleriaBa ireg eyt

(pol y(et hyl ene,gagh PRingY, 103 5ti8ed®d10,000 rpm) once more with a mixture of 100 g tert-
10 butanol and 0.5 g of the above polyester for 10 min. After filtration, the catalyst is

dried to constant weight at 50°C under normal pressure.
Yield of dried pulverulent catalyst: 4.87 g

15 Elemental analysis and thermogravimetric analysis:

cobalt = 10.0%, zinc = 20.9%, tert-butanol = 7.5%, polyester =22.1%

Example 3

20 Preparation of a DMC catalyst with tert-butanol as the organic complexing ligand
and using a partly branched polyester (catalyst C).

As example 2, but with:

25 use of a polyester, weakly branched by trimethylolpropane, of adipic acid and
diethylene glycol having an average molecular weight of 2,300 (OH number = 50
mg KOH/g) instead of the polyester from example 2.

Yield of dried pulverulent catalyst: 3.85 g
30



5 average nol ecul ar wei ght of 2,000 (OH nunber = 55 ng KOH g), 1 g
tert-butanol awmdodey di stilled water is then added and t hePOT/EP8/(6219s
stirred (1,000 rpm for 3 min. The solid is isolated by filtration, then
stirred (10,000 rpm with a mxture of 70 g tert-butanol, 30 g distilled
water and 1 g of the above polyester and_fijgl.tered off again. Finally, it is
stirred (10,000 rpm once nore with a m xture of 100 g tert- 10 but anol
and 0.5 g of the above polyester for 10 mn. After filtration, the catal yst
is dried to caonstant weight at 50[err] C under, normal pressure. Yield of
dried pul ver ul@fmeptat %%ﬁaﬁ.mgl@lmemﬂa@ﬂﬁﬂﬁal anal ysi s and

t her nogr avi metgoibglt%Eﬁli%%%%?gcn%?gﬁ%gmwtago =7'i1%Plglg§erg/q2. t - butanol =

7.5% polyester repar a of a catal yst with
tert-butanol as the organic conplexing |igand and using a partly branched
pol yester (catalyst C). As exanple 2, but with: 25 use of a pol yester,
weakl y br anchedopary 4or opane, of adipic acid and diethyl ene gl ycol

havi ng an.average nol ecul ar wei ght of 2,300 (CH nunber = 50 ng KOH @)
I nst ead o? t he polyester fromexanple 2. Yield of dried pul verul ent

catal yst: 3. 85p@paittion of a DBME calaBiEhiing apodfertet ithbet feRutRBI ay tH¥edrgartic
anal ysis: cobalt = 12.2% zinc = 25.7% tert-butanol = 7.1% polyester

12. 3% Conpar i semmsxing ligangl (gatalyst D).

A solution of 12.5 g (91.5 mmol) zinc chloride in 20 m1 distilled water is added to a
10 solution of 4 g (12 mmol) potassium hexacyanocobaltate in 70 ml distilled water
with vigorous stirring (24,000 rpm). Immediately thereafter, a mixture of 1 g of the
polyester from example 2 and 100 g distilled water is added to the suspension
formed and the mixture is then stirred vigorously (24,000 rpm) for 10 min. The
solid is isolated by filtration, then stirred (10,000 rpm) with a mixture of 1 g
15 polyester and 100 g distilled water for 10 min and filtered off again. Finally, it is
stirred (10,000 rpm) once more with a mixture of 0.5 g polyester and 100 g distilled
water for 10 min. Afier filtration, the catalyst is dried to constant weight at 50°C

under normal pressure.
20 Yield of dried pulverulent catalyst: 5.27 g

Elemental analysis and thermogravimetric analysis:

cobalt = 9.5%, zinc = 16.6%, polyester = 25.0% (tert-butanol = 0%)

25 Comparison example §

Preparation of a DMC catalyst with tert-butanol as the organic complexing ligand

and using a polyether (catalyst E, synthesis according to EP 700 949).



Preparation of a DMC catal yst using a polyester without tert-butanol as the
organi ¢ conpl axpogidospand (catal yst D). A solution of 12.5 gpdBOirds/oszeel )
zinc chloride in 20 mM distilled water is added to a 10 solution of 4 g
(12 mmol ) pot assi um hexacyanocobaltate in 70 m distilled water with
vigorous stirring (24,000 rpn) | medi ately_thereafter, a mxture of 1 g of
the polyester fromexanple 2 and 100 g di stl | led water is added to the
suspension forned and the mxture is then stirred vigorously (24,000 rpm
for 10 mn. The solid is isolated bé filtration, then stirred (10,000 rpm
Z

with a mxture gelutionofi 2.5 g (Bbﬁy%@f’ zingriplorisls ig 29|r§1t41$tl11§d ‘V\ﬁ?relﬁ afided 9@ i n

d fil d qf h
an' X![ u'; :r gf %9g‘t1§ga°flrky§s(t eran ’3 ﬂf&?hl d%lés’{a'[“‘?& é&&ﬂt? ar' for éiﬂlego\&??lw t
filtration, t hﬁttpafgafms tsutrﬁlgotan @00 Sy, Olfinadihteletheithfterd a aikené bC50 lgctem-

normal pressure Yi el'd of dried pul verul'ent catal yst: 5.27
El enent al analb}ﬂml éthQ pdistiled wateris added mw@B)?ESP@nSI%ﬁmn@d ﬂn@t}@))gnxﬂrn@s =

R o 1o B ) GRERR FuCilnt AmoRERE LA R oy
| i gand and Us'glﬁo@hﬂﬂhg‘%%éraé&%ﬂcﬁﬁ} w'élgh%ﬂﬁ b@@'(@Harﬁﬁﬁ’Je@'H‘SJSﬁl EOH/S0
949). -14- "A' solution of 1 hmol )" zinc chloride in 20n1

distilled wat er gitert-huthed! sl 306 g!dlstllb:d th1sqh(crlad¢ndDm)d thotmaixirarns stirred
i Tt B! T S B R
distilled wat gfigl § Afded §P7%%tew§§t ) gqoé ‘&fs'ﬁﬁgd FWiffert A 'T’%‘to'frtﬁe'a%m?e

y (24, rp or

then stirred V|gorous A m Xxture
pol ypr opy® ene polyether for 10 min and filtered off again. Flnally, it is stirred (10,000 rprn) once

more with a mixture of 100 g tert-butanol and 0.5 g of the above polyether for 10
min. After filtration, the catalyst is dried to constant weight at 50°C under normal

pressure,

15 Yield of dried pulverulent catalyst: 6.23 g

Elemental analysis and thermogravimetric analysis:

cobalt = 11.6%, zinc = 24.6 %, tert-butanol = 3.0%, polyether = 25.8%

20 Preparation of polyether-polyols

General procedure

50 g polypropylene glycol starter (molecular weight = 1,000 g/mol) and 3 - 20 mg
25 catalyst (15 - 100 ppm, based on the amount of polyether-polyol to be prepared) are
initially introduced into a 500 ml pressure reactor under an inert gas (argon) and are
heated up to 105°C, while stirring. Propylene oxide (approx. 5 g) is then metered in
all at once, until the overall pressure has risen to 2.5 bar. Further propylene oxide is
metered in again only when an accelerated drop in pressure in the reactor is

30 observed. This accelerated drop in pressure indicates that the catalyst is activated.



gl ycol” havi ng an average nol ecul ar wei ght of 2,000 (OH nunber = 56 ng
KOH'g), 1 g tevdotrwsggnol and 100 g distilled water is then aggirErmng22ohe
m xture is stirred (1,000 rpnm) for 3 min. The solid is isolated by
filtration, then stirred (10,000 rpm) with a m xture of 70 g tert-butanol,
30 g distilled water and 1 g of the above;4C pol yether for 10 mn and
filtered off again. Finally, it is stirrecli (10,000 rpn) once nore with a
m xture of 100 g tert-butanol and 0.5 g of the above polyether for 10 min.
After filtration, the catalyst is dried to constant weight .at 50[err]C
under nor nal ;SEI@s@ma@mnwrowlenee%d%ﬂ%r gkif thenastered ip @&flav%ly uxsdezsa g

El enental anal el ray C % =
24.6 % tert- t?\éflét%l Mr%lpgg}@ pofoyfe %@%ﬁéﬁnng 8@} Brorpﬁelng n&%%é L
pol yet her - pol \b@hﬁal&‘@@ﬁd @helpiﬂ)ﬁ@&%&ti%ﬁ tﬁnep@f 5 Moaidydt 108°C) wothile Sbedte are
(nol ecul ar wei ght = 000@/ nol) and 3 mg_ 25 catal yst (15 - 100

ppm based on dlﬁéledmﬁiMQO (b@\b@@h@fhﬁpﬁow isttherbeooledtegpem teraperaturg.t i al | y
|ntroduceg into a 500 m pressure reactor under an inert gas (argon) and
are heated up to 105[err]C, while stirring. Propylene oxide (approx. 5 g)

is then netereghd ﬁo@hﬂhela{ao19@1§eobwﬁéd lwetr@%hm@ceﬁkéd B? efcidtindiide 6f GRNOEP 2. 5
bar. Further propyl éne oxide is netered in again on when an accel erated

drop in pressumebers, tthe dowsle tbond icentgfits and thé serlecuthr virehgly distribheenst Mi/My op
in pressure in the catalyst is activated. - 15 - The

remai ni ng pr o;f&‘éﬁt?igg]ﬁs()'lﬁ g) is then netered in continuously under a
constant overall pressure of 2.5 bar. Wen netering of the propyl ene oxide

is conplete and after an after-reaction tinme of 5 hours at 105[errt]C,
vol ati | el@ont efiescanse of the reaction was monitored with the aid of time/conversion curves

(propylene oxide consumption [g] v. 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 time/conversion curve.
15 The propoxylation times, which indicate the catalyst activity, correspond to the
period between catalyst activation (end of the induction period) and the end of the

propylene oxide metering.

The total reaction time is the sum of the induction and propoxylation time.

20
Comparison example 6
Preparation of polyether-polyol with catalyst A (100 ppm)

25 Induction time: 290 min
Propoxylation time: 165 min
Total reaction time: 455 min
Polyether-polyol: OH number (mg KOH/g): 28.5

double bond content (mmol/kg): 6
30 M,/M,: 1.12



distilled off at 90[err]C (1 mbar) and the product is then cooled to room
tenperature. Swdbwigeed yet her - pol yol s obt ai ned were char act erRPCEEPY8596229
determ nation of the OH nunbers, the double bond contents and the nol ecul ar
wei ght distributions [err] (MALDI -TOR-Ms). 10 The course of the reaction
was nonitored with the aid of time/converggon curves (propylene oxide
consunption [g] v. reaction tinme [mn]). The induction tinme was determ ned
fromthe point of intersection of the tangent at the steepest point of the
time/ conversion curve with the extended base |ine of the tine/conversion
curve. 15 Example Joyxy| ation tines, which indicate the catalyst activity,
correspond to the period between catal yst activation (end of the induction
period) and the end of the propylene oxide netering. The total reaction
time is the spremirationcofipotiedicr-polyahorithrcatatysyB&l00pprh) ne. 20 Conpari son
exanple 6 Preparation of polyether-polyol with catalyst A (100 ppnm) 25

I nduction tine: 290 m n Propoxyl ation

time: ST 165 mn Total reacti 1. ne:
455 nin Pol yetASCUSBIEMS: . oH nunber (ny KOH g): Rl 5 ubl e bond
content (ol /Pedpoxylatonfine: [err] 55min
1.12 -16- Exanple 7 ]

Total reaction time: 135 min

Polyether-polyol: OH number (mg KOH/g): 29.7

double bond content (mmol/kg): 5
10 M,/M,;: 1.04
Example 8

Preparation of polyether-polyol with catalyst C (100 ppm)

15
Induction time: 70 min
Propoxylation time: 50 min
Total reaction time: 120 min
Polyether-polyol: OH number (mg KOH/g): 29.6
20 double bond content (mmol/kg): 5
M,/M,;: 1.04

Comparison example 9

25 Preparation of polyether-polyol with catalyst D (100 ppm)

Induction time: > 700 min

Propoxylation time: no activity



Preparation of polyether-polyol with catalyst B (100 ppm) 5 | nducti on

time: WO 99/19062 80 m n Propoxyl ati on tPCEEP9I8/06229

55 min Total reaction tine: 135 min

Pol yet her - pol yol : OH nunmber (nmg KOH g): 29. 7 doubl e bond cont ent
(mrol / kQ) : 5 10 [eny]: 1.04
Exanpl e 8 Preparation of polyether-polyol with catalyst C (100 ppm 15

| nduction tine: 70 min Propoxylation tine:

50 min Total reaction ti

Pol yet her - pol y%FOmpaltﬁanhr}ﬁﬁ%qn xagPleed of - and comparisgn gx%gﬂ% Hfustrated that in
doubl e ‘bond cqpd "i"ﬂépa('ifmﬁl 61‘%1) EI\yethe'? bffolsl with the DMC catalysts accordlngltcp‘}he

Conpari son exanple 9 par a | n of polyether-polyol wth catalyst D
(100 ppm | ndunVarmontoorrmnsmg an organic compiex?x@hgand (Pertbotaydiytandra polymter

no activity 7- A conpari,son between exanples 7 - and

exanpl e 6 .||L%gmé iy, Fedkiosdh ip tigR e HBER t QCGHT cﬂonm%t“ﬁ CIY@D ¥h the

DVC I
D gaﬁ St ?t%ﬂ sbcg, ﬂiﬁ%l%gnto?%ﬁﬂ&z{(ﬁ{e}élbﬁﬂg SRR (3! ’B‘&tﬁ@l)%ﬁ?fﬂa‘? HeCLRR1Fetd N9

accordlng to the invention at the same time have a greatly increased activity

(detectable from the substantially shortened propoxylation times).

Comparison example 9 shows that a DMC catalyst which comprises no organic

10 complexing ligand but only a polyester is inactive.

Example 10:

Preparation of polyether-polyol with catalyst C (15 ppm)

15
Total reaction time 335 min
Polyether-polyol: OH number (mg KOH/g): 274
double bond content (mmol/kg): 5
M,/M;,: 1.05
20

Without removal of the catalyst, the metal content in the polyol: Zn = 4 ppm, Co =2
ppm.

Example 10 shows that because of their significantly increased activity, the new
25 DMC catalysts according to the invention can be employed in polyether-polyol
preparation in such low concentrations that separation of the catalyst from the polyol

can be omitted.



significantly reduced induction tinmes occur conmpared with a DMC catal yst 5
conpri si ng onlwoaa/1e06gani ¢ conpl exi ng |ligand (tert-butanol), pangprpsie2e he
catal ysts according to the invention at the sanme tinme have a greatly

i ncreased activity (detectable fromthe substantially shortened

propoxyl ation tinmes). Conparison exanple_9gshows that a DMC catal yst which
conprises no organic 10 conplexing ligand but only a polyester is

i nactive. Exanple 10: Preparation of polyether-polyol with catalyst C (15

ppm 15 Total jpeaction tine 335 mn

Pol yet her - pol ﬁw&ﬂ%@ﬂ%@ KOH g) : 27.4 doubl e bond content
(nmol / kg) : 5 [err] 1.05 20 Wthout renoval of the
catalyst, the nmetal content in the polyol: Zn = 4 ppm Co =2 ppm Exanple
10 shows t hat Prepaatien of pdljether-polypliwfithoaandlysy B (18 ppm3ed activity, the new 25
DMC catal ysts according to the invention can be enployed in

pol yet her-pol yol preparation in such | ow concentrations that separation of
the catal yst f : | can be omtted. - 18 - npari son exanpl e
11: Pr epa?ati oﬁ&g&gﬁ}@gﬁ%r-pol yol with catalyst E (15 ppm 5 Tot al
reaction time Polyether-polyol: = OH number (mg KOHEJS min 2938

double bond content (mmol/kg): 6
M,/M,: 1.04

10 A comparison between example 10 and comparison example 11 shows that the new
DMC catalysts according to the invention comprising an organic complexing ligand
(tert-butanol) and a polyester are substantially more active than the highly active
DMC catalysts known hitherto, which comprise an organic complexing ligand (tert-
butanol) and a polyether (of comparable molecular weight and OH number to the

15 polyesters employed in the catalysts according to the invention). Polyether-polyol
preparation with the new catalysts according to the invention is therefore possible in

significantly shortened total reaction times.



Pol yet'her - pol yol : OH nunber (nmg KOH Q) : 29. 8 doubl e bond cont ent
(mmol /1kg):  RologAsds2 , 1.04 10 A PETRRSE/GEI
bet ween exanpl e 10 and conpari son exanple 11 shows that the new DMC

catal ysts according to the invention conprising an organi c conpl exi ng
ligand (tert-butanol) and a pol yester areﬁgubstantially nore active than

the highly active DMC catal ysts known hithérto, which j lr i C
conplexing ligand (tert- butanol) and a pol yether (of mﬂ r,mllmumlazm ar
wei ght and OH nunber to the 15 pol yesters enpl oyed in'tHe cdat 8l yst st
accordi ng to tPatentelaims on). Pol yet her-pol yol preparation with the new
catal ysts according to the invention is therefore possible in significantly
shortened total reaction tines. - 19 - Patent clains 1. Doubl e- net al
cyani de (DMVO) gat al paitsie ndiR cyahiad C)cﬂabmmcoﬁbnmnga doubl e-net al cyani de
conpound and b) an organi c conplexing ligand, 10 characterized in that
they contain 5 to 80 w.% based on the anpunt of finished catal yst, of a
pol yester, 2. cat al S ac ordlng to clgim1, characterized in that
& nmetal 153 dgéh Qﬁ d

t he doubl &- cyRdesARMEdi s zi nc
hexacyanocobal tate(fll). 3. DMC cat al ysts according to claim 1,
characterized in that the organic conplexing ligand is tert-butanol.
and
b) an organic complexing ligand,
10

characterized in that they contain 5 to 80 wt.%, based on the amount of

finished catalyst, of a polyester.

2. DMC catalysts according to claim 1, characterized in that the double-metal
15 cyanide compound is zinc hexacyanocobaltate(III).
3. DMC catalysts according to claim 1, characterized in that the organic

complexing ligand is tert-butanol.

20 4. DMC catalysts according to claims 1 to 3, characterized in that they contain
10 to 60 wt.% polyester.

5. DMC catalysts according to claims 1 to 4, characterized in that they
comprise linear or partly branched polyesters having average molecular

25 weights below 10,000, which are obtained by reaction of saturated or
unsaturated aliphatic, cycloaliphatic or aromatic dicarboxylic acids with

difunctional and/or trifunctional compounds containing hydroxyl groups or

by ring-opening polymerization of lactones with diols and/or triols.



20 4. DMC cat al ysts according t | characterized in
t hat they contgigvoidpdzo 60 wt. % pol yesﬂ@iﬂwﬁlm ‘WMt al ystpgTaAPogodieg to
claims 1 to 4, characterized in that t «Comnprmseslinear or partly
branched pol yesters havi ng average nol ecul ar 25 wei ght s bel ow

10, 000, which are obtained by reaction of ,gaturated or unsaturated
aliphatic, cycloaliphatic or aromatic dicarboxylic acids wth difunctional
and/or trifunctional conpounds containing hydroxyl groups or by

ri ng- openi ng polynerization of |actones with diols and/or triols. -20 -
6. DVC cat afyst sSDM oratalygs tascerdingnte rlaimssl tehdr gharagierized im thaiatheyhey

number s of 25 to- SOy Rageas Raify Etaf iSOt Seflys 400 U0L AT of

the DMC catal ysts aorpmghbids bL2F10800 g acterized in that netal salts
in excess are reacted with netal cyanide salts in aqueous solution in the
presence of the organic conplexing ligand and the pol yester, and the

resulting.catalyst is isolated, washed and th ried. 10 . 8. . Use of
e DVC o8t al y&t ~achomRm 1ot e Beamaton 6f tha VY epleiists Bieogting to claim
pol yet her - pol yol s byhpglyaddiid ialﬁf‘n‘@fal 1fs)h 8R& s O e F8RAQN Wit mvtA el &lide salts

conpounds contai ning active hydrogen atons.
in aqueous solution in the presence of the organic complexing ligand and the

polyester, and the resulting catalyst is isolated, washed and then dried.

10 8. Use of the DMC catalyst according to claim 1 for the preparation of
polyether-polyols by polyaddition of alkylene oxides on to starter

compounds containing active hydrogen atoms.



