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PCT/ EP99/ 01203 WO 99/46042 | nproved doubl e netal cyani de cat BEYEP/GYS
prepari ng pol yet her pol yol s The jnvention relates to new, inproved
doubl e nmetal cyanide (DMC) catal ysts for preparing pol yet herpol yol s
by the polyaddition of al kylene oxides to starter 5 conmpounds

contai ning active hydrogen atong. . Doubl e met al ¥an| de (DIVC)
catal ysts for tF bl metal cyanide catalysts forprep etherp Ber
conpounds cont ai ni ng actlve hydrogen atons are knovvn (see for exarrpl e,

US 3 404 109, US 3 829 505, US 3 941 849 and US 5 158 922). The use of

t hese 10 DMC Thatiavensibs rél@tres b aearinigoved| doablranaal yahide *'(W@ﬁ@atﬂ?té ifgyul ar
ef fect of reducing proportion of nonofunctional polyethers with

terninal doubl e PEP3HEE quyquﬁrp@mols by the ppiyrddition of alloiener eides tth sthmer

conventlon rat pol yet her pol yol s by neans of
al kali neta catcgﬁg IEIPJS cg{ljtg V%%Y‘{rog‘?@taéqm%ydroxi des. The

pol yet her pol yol s obt ai ned |n thls way nmay be processed to produce high
quality 15 - pol yurethanes . elastoners, foans, coatings). DMC

catal ysts are uQPéibleymgibl aywete (%MC) catalyytsrfelaﬁtei pudyaddition i aililsylemtl ostidentoof a
nmetal salt vmth%ﬁti ueous sol utjon af cyanide salt in the

presence of a |§ Rﬂ“& S t@‘ﬁ’cngcﬁca‘éﬁ?‘lfge%%’r Apmaereokng %Q@ﬁ‘a for example,
e.g. an ether. Usmbmmadjs%aéz@'d&tﬁ U £ QE% angﬁfg 9'233' Phe FXSHMEse

sol uti ons of zinc [ ori (in ‘excess
hexacyanockébal t BMCantalystscod peeperind polyetherpolyoth mtth@ pmbﬁlaln efféc loy @&Ducin%
added to the suspension which is forned. After filterin

washi ng the cat SRPPHIOR of Mavsfiacrionapolysthessi with te&ﬁlf&baﬂlﬂée bends) 9%-@31@ t he
general formulaz, mongpls, as compared with the ?&Weﬁtlugngf) (%%h%g fér4§3r)e(pzar}%Jne Y

Herr] O z glyne al ned (S8

US 5 482 908, UpolyethefpoBdS ntledd of Alkal 4RtalicatalyeEsucHias el nfdMPngdlogidest S

whi ch contain a polyether with a nunber average nol ecul ar wej ght “greater
t han 500, 30 ﬁpalareﬁhﬁpelvoi&phttmedd@ms avaymeayl beqyecesshd to pnystuoe bighpialitiye

organi ¢ c;)]]gr di n?&b{aac anes (tesg. g m%gb OE%FI cglp i ?%%aga?ys%s 2 s $ obtained

exceptionally hfg
by reacting an aqueous solution of a metal salt with the aqueous solution of a metal

cyanide salt in the presence of a low molecular weight organic coordination ligand,
e.g. an ether. In a typical catalyst preparation, for example, aqueous solutions of zinc
chloride (in excess) and potassium hexacyanocobaltate are mixed and then
20 dimethoxyethane (glyme) is added to the suspension which is formed. After filtering
and washing the catalyst with aqueous glyme solution, an active catalyst of the

general formula

Zn,{Co(CN)q], * xZnCl, - y H,0 - z glyme

25
is obtained (see e.g. EP 700 949).
US 5 482 908, US 5 536 883 and EP 700 949 disclose improved DMC catalysts
which contain a polyether with a number average molecular weight greater than 500,
30 in addition to the double metal cyanide compound and the organic coordination

ligand. The improved DMC catalysts have exceptionally high activity and enable the



prééparfafion of | vet herpol yols with the addition of very small anounts of
cat al yst Qspo(iygs Bm see exanple 8 in EP 700 949). The PEHEPY/O0R20 ve

DMC cat al yst formul ati ons descrilped in US 5 482 908, US 5 536 883
and EP 700 949 preferably contai n pol yetherpolyols with
hydr oxy-functionalities of 2 to 8 as polyethers. 5 Pol yet her pol yol s

suitable for use in t.he iL.nproyed catal ysts are

pol y( oxypr opyl eR@?fﬁ#‘%Pt? E%F’@P a‘f”é}ﬂﬂ’ﬁ(ﬁ%a’(t@?ﬁrvﬁ’mﬁ’%ﬂ%ﬁ“ﬁﬁ‘l’%%Pg?atﬁliy%ed
EQ PO pol yol s, : X} I r t n X3 |

et hyl ene msg??ggesegn%}ﬂ é)ps}/c%y@en?é g{‘(@dghgah%ﬁbpqawa B E‘Atﬁlg)st

pol y(tetramet hy fermalativhe dgscribtéd/moUS .5 482 908, USPO534 883y OBy 1760 0)9 pedfsrably ar e

particularly preferred (see page 4, lines 8 - 12 in EP_10 700 949,
col um 4, |i nesceain polystherpelysls,withouiromydfuaetionatitios, of i2née &2s -palyethess.us

oxidy s O BByl Bl VB MR 80 idpiivef , DMEL GO ey o
preparing inpr OgSﬁ(oxyprogFrle#%)bb%ils}' BO-teyRinME w?(bgﬁéﬁrépﬂ%?%&?&E Amidednes

10 -11 in EP 700 949, colum 4, Iines 32 11 482 908 and
col um 4, | i nesEQ/PO-polyols, buslepe p3islegeBymery, Dutylene oxideuHpblysRTs with ethydendO

97/ 40086 di | , furt hi ghl tive DMC t al yst i.ch t ai
57140085 i 56| ongbr Lk " AN ECt e, DNE LAl Sk Wk o oS "
addi tion to thepgRidiiyBrafBicat)- ?&k%ﬁiﬂiﬂﬁ&‘x‘l@g:lrycof&s &g\?f%%]'ﬁﬁﬁgg@@'ﬁ‘irpﬁi" on

| i gand. | nterestingly, polyethylene a nunber aver age
mol ecul ar Mei gh70@949, eekini4, linet 2Gin34HB0US 564821908 apd columnl 4 ilings 32 ef@in' @8 f or
preparing the cat sts described in US 5 627 120 and WO .

97/ 40086 (see ([:)g/lc 8§J~?)¥| ‘bﬁége iher kand; polysthylenoslyacty bidpure ethylene, ggide7
lines 8 - 10 in 6 ohj . nt_ | tion
IS now to provi gééiﬁ??@g{pég@ﬁl Anrgr%e\?gﬁllﬁl\fﬁfegga% %a a#}glg tf&gpg:ijg%& %m{)%é&ﬂ

pol yaddi ti on of highkydceine DMC datalykte (0 pagad,ilabe1GLiarih 8P 700 949, col@iR AUkl and
whi ch have clearly increased catalyst activity when conpared with

the types of cadht$3tEURAARR 998 @nd eelmnidg bings 37 - 381 Ul 536/883)may t hen be
used at sugh a | ow concentration (15 ppmor less), due to the

i ncreased "activity, that otherw se costly catal yst separation
processes are nyYSI PERFEI20rREWOT/40086 HizElos RAMEhiSRY abiveIMMC canifds Fhicget |y

for pol yurethane applications.
contain a polyether with a number average molecular weight of less than 500, in

addition to the double metal cyanide compound and the organic coordination ligand.
Interestingly, polyethylene glycols with a number average molecular weight of less

20 than 500 are also particularly preferred for preparing the DMC catalysts described in
US 5 627 120 and WO 97/40086 (see column 3, lines 57 - 60 in US 5 627 120 and
page 7, lines 8 - 10 in WO 97/40086).

The object of the present invention is now to provide further improved DMC
25 catalysts for use in the polyaddition of alkylene oxides to appropriate starter
compounds and which have clearly increased catalyst activity when compared with
the types of catalysts known hitherto. Ideally, the catalyst may then be used at such a
low concentration (15 ppm or less), due to the increased activity, that otherwise
costly catalyst separation processes are no longer required and the product can be

30 used directly for polyurethane applications.



3.7 urprisin it has now been found that DMC cat h
contain a doubl§'099/4%°% metal cyani de conmpound, an organic 3‘%%@?@%‘%
ligand and 5 to 80 w.% wth respect to the anount of catalyst, of
an et hyl ene oxi de pol yether with a nunber aver age nol ecul ar wei ght
greater than 500, have a greatly increased activity for the 5

pol yaddi ti on of aI kyl ene .oxides to starter C n| ng.actjv
hydr ogen SETENpalindt BRCReY deen o s U seiet, P gprdit & doffie

pol yet her pol yol ﬁ’]‘ﬁ@,‘h %,gﬁl){e |8 Sﬁ{@aﬁ%g ic coordﬁQﬂﬁPﬁgérﬁtéxﬁ@ té %5 W @ith

| ess). esent PRVERt] onctheref or e provi des new, rrproved
doubl e nmetal cyapes tdCGhe an(o@hﬁ):f catalgbty of ancemymmesom@e polyether withzg) number

doubl e metal cyani de conpound a an or.gani c coordltga%on
| i gand, 15 averagmm@kcmwmat grepter than 309, rhat’ﬁ aiereatlx jocTeased Aoty f9r

.% wth gespe | ene
OXI de pol ye{ her P \Rjytaﬁélﬁo eorlei%eg aér%lcé hBQtlmd% %ﬁ{aylﬁﬁ% agé‘g;e?g%(tﬁ%%%t han
500. 20 TheonePdrl ﬂiéltefor@eﬁwtéitu@qn@paréﬁaﬁ of poBthictpolyshy atalesy lovptatalystl | y
contain a further 1 to 10 % of water and/or 5 to 25 wt. % of
wat er - sol ubl e rmbndents'aﬂmnsf(lbppmloehas)atlon of the doubl e netal
cyani de. Doubl e netal cyani de conpounds a) which are suitable for
catal ysts accordi ng to the 25 i nvention are the reaction products of a
wat er - sol ubl e ?é[n 18fore® BtdVide8 new, improvER! Abubly ahétele cyahide
The wat er - sol uble n%ta t pre erably has the general formula MX)[err],

wherein MiG (DMC)&&ilﬁm(&mIfmmgthe metals zn(11), Fe(ll), N(Il),
Mh(l), Co(ll), Sn(ll), Pb(Il), Fe(lll), 30 Mo(1V), Mo(VI), A(lIIIl),
V(V), V(IV), Sr(ll), WIV), WVI), CQu(ll) and C(1I11). Zn(11),

e el apro) 399 NaldohibieHiRaRGhbité thiifduhaBhE" erred- X T an anion,

b) an organic coordination ligand,

15
which are characterised in that they contain 5 to 80 wt.%, with respect to the amount
of final catalyst, of an ethylene oxide polyether with a number average molecular

weight greater than 500.

20  The catalysts according to the invention may also optionally contain a further 1 to 10
wt.% of water and/or 5 to 25 wt.% of water-soluble metal salt from preparation of

the double metal cyanide.

Double metal cyanide compounds a) which are suitable for catalysts according to the
25 invention are the reaction products of a water-soluble metal salt and a water-soluble

metal cyanide salt.

The water-soluble metal salt preferably has the general formula M(X),, wherein M is
selected from the metals Zn(II), Fe(IT), Ni(II), Mn(II), Co(I), Sn(II), Pb(Il), Fe(IlD),
30 Mo(1V), Mo(VI), AI(TI), V(V), VAV), Sr(ID), W(IV), W(VD), Cu(Il) and Cr(III).
Zn(ID), Fe(l), Co(II) and Ni(Il) are particularly preferred. X is an anion, preferably



4% sel_ect ed fromthe group of halides, hydroxi des sul f at es

car bonat es, cy%ﬁ?%‘ t hi ocyanat es, isocyanates, SFHES&%%H% es,
carboxyl ates, oxalates and nitrates. n has t he vaI ue 1, 2 or 3.
5 Exanpl es of suitable netal salts are zinc chloride, zinc brom de,
zinc acetate, zinc acetyl acetonate, zinc benzoate, zinc nitrate,

| | fate 1), b d h balt(11)
chi or 1 db, " sobaielets o aér‘.iwrﬁ“a St lkder Prdrosides selfueanhorbies: e,
nitrate. M xtunrgg fi The
vv:stt er - sol ubreurret a?g c%n‘%ﬁé mﬁ{l?é%%?sy%ﬁg?@ﬁé%g%%?a d ct)lga%lﬁ %has
(Y)[err], M (CNthevalhé NJer3.], V\/nereln M is selected fromthe nmetals
Fe(I1), Fe(lll1), Co(ll), Co(l111), C (1), Cr(III) l\/h(II) Mh(111),
Lr(LI1T), Ni(I1), Ra(Itl), Ru(ll), V(IV) and

Fo(111), G {10 o SRagE e e J‘?ﬂ@@o?‘ﬁ%le n%‘g(%'héé%eﬁifﬁéisa|t

may contain 15 acetylfRB@nste, 2B Wenbaté, MEfeonitit, Akdhn(IN) sul Bted oSl dkdmideiédn(irpn or
an al kaline earth netal ion. A is an anion selected fromthe group

of hali des, hycnhéoﬂdﬁe@baﬁ(ﬂ)f@ﬂ‘u@,e, eabalidhdhiecyanate, nickel(IDychinaide ¢nd nickel(
t hi ocyanat es, te LSt hi ocyana 0X tes, oxal ates or
nitrates. Both rggﬁtﬁ% & t%ge{epggxgﬁaﬁstai g}aga?spgare}% ‘ﬁ wherein the val ues
for a, b and c are chosen in such a way that the netal cyani de salt

does not carry an electrical charge; 20 c preferably has the value O.
Exanpl es &0 suiTheblweaterasodubls ommetal ecyanidal salyapireﬁara‘tﬂﬁl bas the generar dormula

t [ h ate(ll] t f te(ll),
ot asei um - CAMERArorbre U B$|s5=‘°é?té§’?a authe HERDR J 2D Sba Lo

d lithi h
Ui tabl e doubl AR D, CeiID, nsﬂz%fmﬂﬁﬁ% 1 NED RACTDKA(TB), A1) an
catal ysts accord{igM'ds piacicalary @tdf&ﬁblgrselezﬂeﬁ(ﬁdﬁemqnaahmm t@SEL), Fe(Dzi nc
hexacyanoferrate(ll), zinc hexac%\(émof errate(l I)&é ni ckel (

hexacyanof er r atka(h) CaRE), Ir(llI) and Nigibh The I"%at‘ﬁéﬂ i%m@tabwmdstsel(c may) contaifk t her
B AP Bl e LA T b
hex acyanocobal t Ati@@h lahjoni s31ebted IR eygrd® @f halides, hydroxides, sulfates, carbonates,
cyanates, thiocyanates, isocyanates, isothiocyanates, carboxylates, oxalates or
nitrates. Both a and b are positive integers (= 1), wherein the values for a, b and c are
chosen in such a way that the metal cyanide salt does not carry an electrical charge;
20 ¢ preferably has the value 0. Examples of suitable water-soluble metal cyanide salts
are potassium hexacyanocobaltate(Ill), potassium hexacyanoferrate(Il), potassium
hexacyanoferrate(Ill), calcium hexacyanocobaltate(IIl) and lithium hexacyano-
cobaltate(IIT).

25 Examples of suitable double metal cyanide compounds a) which may be used in
catalysts according to the invention are zinc hexacyanocobaltate(Ill), zinc
hexacyanoferrate(Il), zinc hexacyanoferrate(Ill), nickel(Il) hexacyanoferrate(Il) and
cobalt(Il) hexacyanocobaltate(Ill). Further examples of suitable double metal
cyanide compounds are mentioned, for example, in US 5 158 922 (column 8, lines

30 29 - 66). Zinc hexacyanocobaltate(TII} is preferably used.



5.0 A DMC cat al ysts according to the invention contain an organic

coordi nation | M§ufHepA2 since this may, for exanpl ePCT/RRIOAZB t he
catalytic activity. Suitable organic 5 coordi nation |igands are known
in principle and are described in detail in the previously cited
prior art (see e.g. colum 6, lines 9 - 65 in US 5 158 922). The 5
coordination ligand is added either during preparation of the catalyst or

i nedi at el y C catglystsracgprding p tha inNentiopsoniatnamy e ganicrprordigation

ligand is usual d_i e . Py ef -] | | i ds
are wat er-sol uginé? u%ﬁrs(“'gétdr‘?l t?élgr?%%nﬁﬂlg’s 0eae th &%ﬁgcet%g&%gjf g%%{a% S Can

f orm conpl exes chbridthatibe 1HbAHE GreMRicwWn Y PrindipleC AP @t described in defdill fraHee
organi c coordination |igands are e.g. alcohols, al dehydes, ketones, ethers,

10 esters, a@mviasly citedapriorrirt (se¢ g, celuiini Gjdmeafd- 68 in WiSe§ 168 328pskre
Preferred organic ., . .. ordiLnation |igands are ter-solubl e al.iphatic
al cohol s, 52 uch cqrdination Bg"ﬂ’@ﬁ(‘i Ia,gée cither duq“gd’ﬁ? BI° -“3@?%%87 {mmeélatg Y

i so- butanol, s ; - : g ' ;
particularly p‘raagcfe %?#ég%ﬂ%ng?g{é éagﬂtj\% ’?g% g‘flggl? %M;cié%arng :{Elgdg?%lylt ﬁseed iurllvegﬁt%sis'on

cont ai n t he doPntferredet edordipatiinddigands are exatgpcolnble, | orgamio undbmpadind20 with 90
w.% preferably 25 to 80 w.%_ wth respect t he anpunt of fi nal

catal yst and c&fteEatoRew gsaﬂifeﬂ%sem_alieﬁaws%ttﬁ)q double matah pyAmgdescompound. ~of
! Lo 30, pref ettt 3kt dhindhorPiibls e 0! SSHEH aridle AUBNAY ol {1 1

catal yst. e’inv ‘on-contarn’s to

80 wt.% 10 th reespeanide, ubs, nitriles, sudfides dndomiituredlofabése| Pedferred ofganic
et hyl ene oxi de pol yether with a nunber avera}gle ) nmol ecul ar wel ght
greater than 5@0ordmagipe ligands atenmptarsokublet aliphatio alephgly, wuchymsfe.g.hethanol,

Cui Table for piRUSERR: CnERgL s By D Ran et R bl e gL L °

hi gh nol ecul ar paRicaiyprdekeadices Wi th the characteristic structural
feature of the oxyethylene group -O CH2-CH2- as a repeating unit in the
chai n. They are general ly obtained by ring-opening pol ynerisation

Cewi s bci He. (o HVCHERBHEE) 1epifing o he, ventioh contsie s CHNBIS dRetas Fnde
gi chloride), alnbgldifs if ottt oRBTRE 00 W9 RRES, 250 51t Y4 with respect to
the amount of final catalyst and contain the organic coordination ligand in amounts
of 1 to 30, preferably 2 to 20 wt.%, again with respect to the amount of final
catalyst. .
20
DMC catalysts according to the invention contain 5 to 80 wt.%, with respect to the
amount of final catalyst, of an ethylene oxide polyether with a number average
molecular weight greater than 500. Preferred catalysts contain 10 to 60 wt.% of the
ethylene oxide polyether.
25
Ethylene oxide polyethers which are suitable for preparing catalysts according to the
invention are high molecular weight substances with the characteristic structural
feature of the oxyethylene group -O-CH,-CH,- as a repeating unit in the chain. They
are generally obtained by ring-opening polymerisation of ethylene oxide (Oxiran)
30 with catalysts such as, for example, Lewis acids (e.g. boron trifluoride, tin

tetrachloride, zinc dichloride), alkylzinc or alkylammonium compounds, strontium



or <cal i um carbonate, cal ci um anmide, cal cium ani de al koxi de, al kali netal
or al KaMW Y4842 h et al hydr oxi des, al kanol ates or pREHEPYM203

Met hods for preparing ethylene oxide polygthers are generally well-known
and are 5 described in detail in, for exanple, "Houben-Wyl. Methoden
der organi schen Chem e", vol. 14/2, Makronol ekul are Stoffe, 4th
edition, 1963, pp. 425 - 453, i "Houben-Weyl , Mt hoden der

or gani schen ChefF eelciym) carongte, \galeiugmmigte| epldum” amide alkpxids, calkaly pnegali ¢t on,

Engi heor i ng",  valeiRe oA gl ARGy Rl kBBagy STCE5 5, 054"

The et hyl ene oxi de polyethers may contain any termnal groups at all, in
parti cul ar hydroxy, am no, ester, acid, acid am de or ether
t erm nal gr oups Methedsefon ptepatiygi ethylene oxide polyethstsaare genesallyewell-snowvmand are

o7 oubs. and yar dybed 55 Eaf oo lamele oHayben WRIF QMRS aof fpatenens

and nunber aver ggRn{iD!, &8 B2 "Fiaffinolekulare Stot?e?tmeeaitégp 19681 g a2 D 453,
particul ar between 500 and 5 x 104, are preferably used, They are

general | y obt ai rfElduben-Weyh-MpthodengdgrodrganischemtGChemielf vel. H§20g Makyamdiekularet he
presence of appropLiate starter conpounds which contain active hydrogen

: , 9
atonms. 20 Stoffe, Aty aitionn1 8, BphlA6dimel 308 ad 'nrrsiencdineeisPolmet Roience
copol yners may | " [ I S vi,Ryl conpounds
(e.g. polystyr e%&el,ﬁ%ag‘lﬁg%ggg’e*ﬂyq’gwF‘élﬁlg}){\!f]g%’ﬂ?" Qfé(p%ﬂ/ar?@%% r%g%'hacryl at e,

pol ybutyl ngy hacryl ate) are |linked to pol yethyl ene oxi de bl ocks with
nunber average nol ecul ar wei ghts greater than 500. 25 Any m xtures of

the previously ristethyfens exidepalyibesx mey coptaineatyctenminglgranpsoatisdl, in particulyrsed.
Anal ysis of the,catalyst. conposition,is.genepal achi eved b ans ,of
el errgnt al hy@#?ﬁ{/@i“&?’ etgﬁe r%ﬁfg P%{G f‘Wé‘%r egﬁa{e@iyggp}lpﬁeppé'%n@ﬁnygrpxy,he

et hyl ene oxi de Rely&! difér tetthinal ghdupsti on fol l owed by gravinetric
det erm nati on. 7

15 Ethylene oxide polyethers which have hydroxy terminal groups and hydroxy-
functionalities of 1 to 8, preferably 1 to 3, and number average molecular weights
between 500 and 107, in particular between 500 and 5 x 10 are preferably used.
They are generally obtained by ring-opening polymerisation of ethylene oxide in the

presence of appropriate starter compounds which contain active hydrogen atoms.

20
In addition to ethylene oxide homopolymers, block copolymers may also be used in
which blocks of polyvinyl compounds (e.g. polystyrene, poly(c-methylstyrene),
polymethylmethacrylate, polybutylmethacrylate) are linked to polyethylene oxide
blocks with number average molecular weights greater than 500.

25 Any mixtures of the previously mentioned ethylene oxide polyethers may also be

nused.

Analysis of the catalyst composition is generally achieved by means of elemental
analysis, thermogravimetry and extractive removal of the ethylene oxide polyether

30 fraction followed by gravimetric determination.



Catalysts accordlnﬁ)to the invention may be crystalline, artléﬁcrystalllne

or anDr ®he crystalline state is conventlonallljC

usi ng powder X-ray diffractonetry 5 | mpr oved DMC catalysts

according to the invention are conventionally prepared in aqueous

solution by reacting netal salt (in excess) and netal cyanide salt in the
rdi nation |ligand and the et.hyl ene oxi de

presence of thecora%gnl o co&g

pol yet her . atalystspagearding) 10 ﬂtehélvﬁﬁ%@bﬁ%aysBF lﬁWﬁﬂQn?)f PHEY afrygiailipe (@ g.
zinc chlori de, 1 ) r

respect to the urrlglt ho{é@a%edgryg% n)c 'Hta%rgé hﬁ‘veﬁé&f‘aﬁ? &%&&f%&é%&é sa)té Ply

(e. g. potassi umdiffcsctopetrpcobal tate) are first reacted in the

presence of the organic coordination ligand (e.g. tert.-butanol), wherein a
cat al yst suspension is produced which contains the double netal

cyani de conp oungmgleolvgd D%?cfaﬁ%ﬁso%c l’g.l atcxﬁngl%%%laolntaar%%gﬁve é@ﬁfils net aI .salt

water and t'he organ

coordination |i ggidus@ylutibh B9 relki nErrﬁétﬁlnﬁalﬂ {in QREesE) aﬁa%l%ta%yﬁf?&@ salt in the
solutions, or it may be added to the suspension innediately after

preci pitation opraserse of the organilmd@lrénatmndiganoyamd tlie ethylepe uxide pblyethas proven
advant ageous to m x the aqueous 20 sol utions and the organic
coordination ligand with vigorous stirring. The cat al yst
suspensi on prod fe%i"a t t I r

et hyl ene oxi de gol yelt) rtﬂ??aq&é&%e?%g%ﬁsuggdﬂgtéﬁgﬁgn %t%grzelﬁ‘g\n wat eursgéa]m
organic 10 stoichichhotrAd exoesd (ap sast. 502% with respect T theaétall oyahide @ﬂt)gbﬁli e the
et hyl ene oxi de polyether is_isolated fromthe suspension known
t echni ques suc h“&é"‘é{e"}’@mdéeﬁﬂtr (ermgn’%sswrn WXQ@%%@baltate) are first mctedcmeﬁ@e

h i Vi f sh th d
500 "' catal yot PlbfcE sty Sheanld cdoforhatf BMATLBORR Bre ol Pt e 8V ana
(e.g. by re- suspenmc&ﬂ%p?ﬁdhdbﬁ hich ch@t@mb&ﬂé abibe nﬁ%ldyaﬁne @B8fpbhdd /@19 Or

filtering). In this wa
zine hexacyanocobaltate), excess metal salt, water and the organic coordination

15 ligand.

The organic coordination ligand may either be present in one or both aqueous
solutions, or it may be added to the suspension immediately after precipitation of the
double metal cyanide compound. It has proven advantageous to mix the aqueous

20 solutions and the organic coordination ligand with vigorous stirring.

The catalyst suspension produced is then treated with ethylene oxide polyether. The

ethylene oxide polyether is preferably used as a mixture with water and organic

coordination ligand.
25
The catalyst containing the ethylene oxide polyether is isolated from the suspension
by known techniques such as e.g. centrifuging or filtering.
To increase the activity of the catalyst, it is then advantageous to wash the isolated
30 catalyst with an aqueous solution of the organic coordination ligand (e.g. by re-

suspending and then isolating again by centrifuging or filtering). In this way, for



g .- exa t er-sol ubl e secondary products, such as potassium
chl ori de, whi ch%&é“m a negative effect on the pol yadﬂ?rf B17/01203

reaction, can be renoved fromthe catalysg according to the
i nvention. 5 The anmount of organic coordination ligand in the aqueous
wash solution is preferably between 40 and 80 wt.% Furthernore, it

i s advant ageous to add sone et hyl ene oxj de pol yether, . pref.erably in
the range bet V\egﬁanﬁ@g’ Wigr-solyhle ggoopdary ﬁg"d%"ts’ such a%lagtégﬁgn \ﬁglgﬁdgdyefﬂ&fﬁ ye

10 Moreover, ﬁeghﬁvaéﬁ@d@t&agﬁegwaam%g hedciBn,Cn@e RimdVed Srdnl 3k EREGst FOT
thi s purpose, for instance,” the tirst wash process may be repeéated.
Pref erably, howaveardingtmthe invention. aqueous sol utions, e.g. a m xture of
organi ¢ coordination |igand and et hyl ene oxi de pol yet her, shoul d be
used for subsequent wash processes. 15 The washed catal yst, optionally
after being po e I b i . . ratu o} t
100[err] C gjnd \p,)\ﬁzlés%rl%%rﬁo{)f g?éfmrébgédr?%aa nm%%'llﬂdernllcﬁlgre s‘g“‘(?}%sel;"%§h Jdl&l%?lgw

mbar) . prefarabliyrbetnéeno40 adds 80 V. Rigthethidte Oit i§ hdvantigesied dasome
catal ysts according to the 20 invention to prepare pglt%et her pol yol s by

pol yaddi ti on of € exrédeopalyrber; prefarahly dn the range betwsap Oubnad Sowt%i to thy
active hydrogen . , Preferred al kyl ene oxides for use here are
et hyl ene oxi de, “g‘ﬁe@ggi”éﬂés%‘}&%e, but yl ene oxi de and m xtures

t hereof . The pol yether chains being forned by al koxyl ation may 25 be
built up, for instance, using only one nononeric epoxide or else
statisticaldy oMoreover, it iscadsranthgeous tawashahe 8ataliy§tfraore rihannance.nori this gueposeles .
Details may be f.ound in nns Encycl opadi.e_der jndustriellen

"ULl ma
Cheni e”, Engli sfFl Big0ckdhe firsti \B?Fl,h RIgeess may be repegfed. Rpoferablyq deweves o7

30 The start u‘l@&}g Ng ai: B ' Qaemn: re.
conpounds with %&uébﬁﬂﬂo ec U?’§}£\%{é%%§@%%éq§c§%&§ﬁl r'qé%%}ap? gﬁ%?eﬁlg(?rﬁbdfyl
groups. Exanpl epolyhiber sheyld be used for subsequent wash processes.

15 The washed catalyst, optionally after being powdered, is finally dried at
temperatures of 20 to 100°C and pressures of 0.1 mbar to atmospheric pressure
(1013 mbar).

The invention also provides use of the improved DMC catalysts according to the
20 invention to prepare polyetherpolyols by polyaddition of alkylene oxides to starter

compounds containing active hydrogen atoms.

Preferred alkylene oxides for use here are ethylene oxide, propylene oxide, butylene
oxide and mixtures thereof. The polyether chains being formed by alkoxylation may

25 be built up, for instance, using only one monomeric epoxide or else statistically or
randomly with 2 or 3 different monomeric epoxides. Details may be found in
"Ullmanns Encyclopidie der industriellen Chemie", English language edition, 1992,
vol. A21, pages 670 - 671.

30 The starter compounds containing active hydrogen atoms used are compounds with

molecular weights of 18 to 2000 and 1 to 8 hydroxyl groups. Examples which may



9 .« be ntioned are: ethylene glycol, diethylene glycol

triethyl ene glycHP 294604 propyl ene glycol, 1, 4-but BAEEP01203
hexanet hyl ene glycol, bisphenol A, 9 trimet hyl ol propane, glycerol,
pentaerytbritol, sorbitol, cane sugar, degraded starch and water.

5 Advant ageously, those starter conpounds containing active

hydr ogen at ons ich . are used are those which have been prepared
e.g. by convent PGnientigned, prepsthylene glycol, digthyleges igéY"o*’rWhymepgngOdSz‘y

mentioned | ow ;T?d @r Lgiht lsﬁ-%ﬁ{aﬁ&ﬁolanqle%tgeta%n? o g}‘g:bijgoﬁ%{)ﬁe%ol A 1 o

al koxyl ation p ts w mol edul’ar wei ght's™o

pol yaddi ti on of tramkthiyllpropaticd gBcérol, PeatabiythrREINVBOUNGS caNéuihar)i degraded isifth
hydrogen atons catal ysed by catal ysts according to the invention generally
t akes pla%@’aéé" tenperatures of 20 to 200[err]C, preferably in the
range fromd40 to 180[err]C, in particular at tenperatures of 50 to
150[ err] C. "The reaction nay be perfornmed at total 15 pressures from
0.001 to 20 bar AdVagtapeuyigdehokd et EN lfgago' :

or in an inert, organic sol gié)%l% thlaéch asﬂotitaf(g(li uenéﬁgﬁgﬁgﬁﬁr F. #ﬁeﬁéghn%aﬁmof
solvent is are usedr agl thysel hich Breviieehoprepardd e.gs pg adontentionsl slkalintietalf

pol yet her pol yol b red. The cata] yst concentration

ejn re , 2
is chosen so t hﬁ?tag'ﬁlgd ﬁeﬁhmeoPI%Snglﬁemﬁ‘B}‘Vﬁgd?‘FifBﬂle?‘g%FcWie t starters ang gre
PR | R e A B o T
. . . N
t he range from 0.001 wt.%to 0.1 m.% wth respect to the anount

of pol yet her pol ﬁ_gl bei%_ prepared. 25 The reaction tines
for pol yadditi o dgr@elysfdition of ngjkylene, pides ol startern sempoundsy eordaining active

d . | I qht f | h | yol by, th
p?gzess accor di ﬁgél?g&? h@ﬁﬁo&'@%%’ n F%%Stgg%c\é%%nf %@a}%ﬁégmg’&’ggﬁ%%e Yitgres ©
100000 g/ nol, ppeteapkipetaturtdef 2ARUBOPCO ferabl¥ in thbQakhe! o W08 130°®!in 1 N

particular in the range from 2000 to 20000 g/ no
particular at temperatures of 50 to 150°C. The reaction may be performed at total

15 pressures from 0.001 to 20 bar. The polyaddition reaction may be performed in bulk
or in an inert, organic solvent such as toluene and/or THF. The amount of solvent is
normally 10 to 30 wt.%, with respect to the amount of polyetherpolyol being
prepared.

20 The catalyst concentration is chosen so that good control of the polyaddition reaction
is possible under the given conditions of reaction. The catalyst concentration is
generally in the range from 0.0005 wt.% to 1 wt.%, preferably in the range from
0.001 wt.% to 0.1 wt.%, with respect to the amount of polyetherpolyol being
prepared.

25

The reaction times for polyaddition are in the range from a few minutes to several

days.

The molecular weights of polyetherpolyols prepared by the process according to the
30 invention are in the range from 500 to 100000 g/mol, preferably in the range from
1000 to 50000 g/mol, in particular in the range from 2000 to 20000 g/mol.



10. . The 9‘t/)oléaddl tion reaction may be perfornmed conti nuousl(é
a batch processV§? seni - bat ch process. 5 PEHERP(E
according to the invention generally reqgpre an induction period of a few
m nutes to several hours. The induction periods for

pol yet her pol yol preparation using the new catal ysts according to
the invention are generally shorter than those produced when using the 10
previously disclosed DMC catal ysts. As a result of the greatly

i ncreased cat al j.nq the
now catal yots aiiPaBRdlibt Yoty BORARANR T ABRILIEA baich progest SRR
the previously déemcbaigteprobesghl y active DMC cat aI yst s. 15 Thi s

| eads, for exanple, to a shortening of the overall reaction tines (sum of

t he i nducti on and al koxyl atl on tines) by about 25 - 60 % as

conpared wigh t s .S_descri bed 5.482 90 US.5 536
583 and EP 00 gez?&‘%e%“&?é?ﬁﬁ" b Sveition g?“eraﬂt’ore%‘?tl? %WBB gHo 8&?“8&%%8“’1 1).
20 Cat alrﬁiaﬁtgsﬁ,%%rg]mrgo the invention may be used with no

probl ens in such concentrations (15 ppmand | ess, see exanpl es

7 - 10), due to the| r greatly increased activity, that removal of
the catal yst fr th olyol . is pot generally required for n
pol yur et hane apg‘ﬁ?ﬁc pdfiee Do oG w%@%fmwtpraa%tﬁt%uﬁegn%eat%rcg@ww
g;ﬁ;f gg' according to the invention are generally shorter than those produceé'avhen using the

10 previously disclosed DMC catalysts.

As a result of the greatly increased catalytic activity, the alkoxylation times when
using the new catalysts according to the invention are much shorter than when using

the previously disclosed highly active DMC catalysts.

15
This leads, for example, to a shortening of the overall reaction times (sum of the
induction and alkoxylation times) by about 25 - 60 % as compared with the DMC
catalysts described in US 5 482 908, US 5 536 883 and EP 700 949 (see examples
7 - 10 and comparison example 11).

20

Catalysts according to the invention may be used with no problems in such low
concentrations (15 ppm and less, see examples 7 - 10), due to their greatly increased
activity, that removal of the catalyst from the polyol is not generally required for use
in polyurethane applications, without the product quality being adversely affected.



Cat al yst preparation 5 Exanple 1 Preparation of a DVC

cat al yst usi ng VP et hyl ene gl ycol with a number average PCT/EP99/01203

mol ecul ar wei ght of 2000 (catalyst A). 1110 A solution of 12.5 g (91.5
mmol ) of zinc chloride in 20 m of di stiilled water i s added to a
solution of 4 g (12 mol ) of potassi um hexacyanocobaltate in 70 m of
distilled ﬁter, wWith vigorous stirring (24000 rpm. Imrediately
afterwards, a of 50 g of tert.-butanol and 50 g of
distilled water is added to the suspension produced and the m xture
Is then stirred vigorously (24000 rpm) for 10 mn. Then a mxture of 1 g 15
of a pol yet hyl €aealgst peephrativhh a nunber average nol ecul ar wei ght of 2000, 1

g of tert.-butanol and 100 g of distilled water is added and
stirring is continued for 3 mn (1000 rpm. The solid is isolated.
by filtratd on, Eggﬁlgﬁirred (10000 rpm for 10 mn with a mxture
of 70 g of  tert= ol, 30 g of distilled water and 1 g of the

pol yet hyl ene gl ycol nentioned above and filtered again. Finally, the
product is 20 stirred (10000 rpm for another 10 mn wth a
m xture of Preparatib@®fp DMQ eatalystusirgnopolyettiylons ghycalf with @ nuoibge averagene

gl ycol nentioned above.  Aft Iltration the catalyst is dried to
constant wei ghtm%l?c"g%["iéﬁlg}]t@?é%p (SptAlysimkr i ¢ pressure. Yiel d of
dry, powdered catalyst: 5.97 g 25 El emrent al anal ysi s,

t hermogravi metric anal ysis and extraction: cobalt 10.0 % zinc =

22.0 % tH¥t. - Dusalatidn of 12.9g 091. einmol)esfeimchiteidp i Y@tdhef distilled waterié hdded%
30 to a solution of 4 g (12 mmol) of potassium hexacyanocob%l%ate in 70 ml of distilled
water, with vigorous stirring (24000 rpm). Immediately afterwards, a mixture of 50
g of tert.-butanol and 50 g of distilled water is added to the suspension produced and
the mixture is then stirred vigorously (24000 rpm) for 10 min. Then a mixture of 1 g
15 of a polyethylene glycol with a number average molecular weight of 2000, 1 g of
tert.-butanol and 100 g of distilled water is added and stirring is continued for 3 min
(1000 rpm). The solid is isolated by filtration, then stirred (10000 rpm) for 10 min
with a mixture of 70 g of tert.-butanol, 30 g of distilled water and 1 g of the
polyethylene glycol mentioned above and filtered again. Finally, the product is
20 stirred (10000 1pm) for another 10 min with a mixture of
100 g of tert.-butanol and 0.5 g of the polyethylene glycol mentioned above. After
filtration the catalyst is dried to constant weight at 50°C and atmospheric pressure.

Yield of dry, powdered catalyst: 5.97 g
25
Elemental analysis, thermogravimetric analysis and extraction:
cobalt = 10.0 %, zinc = 22.0 %, tert.-butanol = 4.2 %, ethylene oxide polyether
=41.1 %.

30



Example 2 Preparation of a DMC catal yst using an et ene oxi de
pol yet her, st ar Y6494 ear y! al cohol, with a nunberl’%%? WPd203
mol ecul ar wei ght of 2470 (catalyst B). %o The sane procedure as
described in exanple 1 was used, but: An et hyl ene oxi de

pol yether, started on stearyl alcohol, with a nunber average

nol ecul ar wei ght, of 2470 was used instead of the ethyl ene oxide polyether
in 10 exanpl E—i‘—“’i Yield of dry, powdered catal yst: 6.06 g.

El ement al analysis, t her mogravi metric analysis and extraction: 15 cobal t
=9.1% zinc =21.0 % tert.-butanol 3.9 % ethyl ene oxide polyether =
31. 0% Prefpaztiph @f 3 DM2(catalyst Bﬁlﬁg af athylene @kide polyietieftstdriedtonUgdang an
et hyl ene oxi de polyether, started on a m xture of fatty al cohols
(Clerr]), withalsohqlnwih aaymbseaverage malecalar weighhof 270fcmalyst B). © (cat al yst
O . The sane procedure as described in exanple 1 was used, but:
25 An et hyl ene oxi de pol yether, started on a m xture of fatty

al cohol s (C[err]rhesmébroaedmeasdescﬂ&méxmé@%slmédesﬁtl ar wei ght of 720
was used instead of the ethyl ene oxide pol yet her in exanple 1. 30
Yield of dry, powdered catalyst 5.40 g. El enrental anal ysi s,

t
thermogravi metri,g gtﬂafexg oxide' €p 1}(?éltmerra(s:ta{'tgci1 on stearyl alcobol, with a number average

molecular weight of 2470 was used instead of the ethylene oxide polyether in
10 example 1.

Yield of dry, powdered catalyst: 6.06 g.

Elemental analysis, thermogravimetric analysis and extraction:
15 cobalt = 9.1 %, zinc = 21.0 %, tert.-butanol = 3.9 %, ethylene oxide polyether =
31.0 %.

Example 3

20 Preparation of a DMC catalyst using an ethylene oxide polyether, started on a
mixture of fatty alcohols (C,,,s), With a number average molecular weight of 720
(catalyst C).

The same procedure as described in example 1 was used, but:

25
An ethylene oxide polyether, started on a mixture of fatty alcohols (C,, ), with a
number average molecular weight of 720 was used instead of the ethylene oxide

polyether in example 1.

30 Yield of dry, powdered catalyst: 5.40 g.

Elemental analysis, thermogravimetric analysis and extraction:



13.- X 0.7 % zinc = 24.1 % tert.-butanol 4.8 % ethylene
oxi de pol yet her&'ﬁl)gtg/‘“m]2 = 29.3% Exanple 4 5 PCT/E W@b@?at I on
of a DMC catal yst using a pol ystyrene/ polyet hyl ene oxi de AB bl ock

copol ymer (nunber average nol ecul ar wei ght of each pol ystyrene and

pol yet hyl ene oxi de segnment 1000) (catal yst D). 10 The sane

pol y<tyr anet pol JREIVT A 3 A ch S netlantingRer & B tmEbyicns SRAS LUMTRE LI ar

wei ght of each qu)gs%yr ene and pol yet hyl ene oxi de segnent 1000; Th.

Gol dschmi dt AG was used instead of the ethyl ene oxide polyether in
exanple 1. 15 Yield of dry, powdered catalyst: 6.36 g.

El emrental analysjs rm)graw netric anal ysis and extraction:

cobalt = 9.1 %hﬁﬁé’i‘ﬁe 4 % tert.-butanol = 4.6 % ethyl ene oxide

pol yet her 5 20 27.5 % Conpari son exanple 5

Preparing a DMC catal yst using a pol ypropyl ene glycol with a nunber average

25 ol ecul aPrepetagibi ofifa DD chaBbvhsing aﬁ)ol)%méﬁeQﬁlﬁem;ﬂe@cmwmelmt h
EP 700 949). A solution of 12.5 mrol ) of zinc chloride in

20 m of distil Ferelyperdpumberaygeage molecular vwm of/eagb polystysenierand pglyethyizno
rpm to a solutj pot assi um hexacyanocobal t at e
in 70 m of di s?ﬁpf"g%%‘?m&ogl(%ﬁ)tﬁely afterwards, a m xture of 30 50

g of tert.-butanol and 50 g of distilled water is added to the suspension

pr oduced
10 The same procedure as described in example 1 was used, but:

A polystyrene/polyethylene oxide AB block copolymer (number average molecular
weight of each polystyrene and polyethylene oxide segment 1000; Th. Goldschmidt
AG) was used instead of the ethylene oxide polyether in example 1.

15
Yield of dry, powdered catalyst: 6.36 g.

Elemental analysis, thermogravimetric analysis and extraction:
cobalt = 9.1 %, zinc = 20.4 %, tert.-butanol = 4.6 %, ethylene oxide polyether =
20 27.5 %.

Comparison example 5

Preparing a DMC catalyst using a polypropylene glycol with a number average
25 molecular weight of 2000 (catalyst E, synthesis in accordance with EP 700 949).

A solution of 12.5 g (91.5 mmol) of zinc chloride in 20 m1 of distilled water is added
with vigorous stirring (24000 rpm) to a solution of 4 g (12 mmol) of potassium
hexacyanocobaltate in 70 ml of distilled water. Immediately afterwards, a mixture of
30 50 g of tert.-butanol and 50 g of distilled water is added to the suspension produced

and then the mixture is stirred vigorously (24000 rpr) for 10 min. Then a mixture of



<r3]11n)(:<it LPgnO]E he m %85&/4&04512 stirred vigorously (24000 rpm for 1%@%@99/&%3” a

g of a pol ypropyl ene glycol w th a nunberjgaverage nol ecul ar wei ght of 2000,
of tert.-butanol and 100 g of distilled water is added and
Stl rring (1000 rpn) IS continued for 3 mn. The solid is isolated

by fil i h f 70
0 of tert. - but aro O SBORERYIE EeP L Aot aroriag e aesﬂfxﬁf%& Te
pol ypropyl ene glgfcgls ﬁ?c%dl%ﬁdloﬁbg‘b? cﬂé%ﬁ’lefi I hdt&' 8 hdReRahd s 411000 'rbmb ?rs

H

stirred again (10000 rpm ~for mn wth a mxture of 100
tert.-butanol anmnfinkedgfonf3 mive The solid is sz“odmgd hyiéilbmtmncdndrm nhemstﬂrrbda(dﬁ()@ﬂ
After filtration the catalyst is_dried to constant

50[err] C and at rfpERrE#h & nﬁ?‘@é%ﬁﬁ'éo g of fggt.-butagpl 3 go‘?f ‘B?t},lkdpﬁﬂ}ﬂ'e#r@dl Sé)cféh%/st :

Sotz)gl'? = 11 6 %pol rgﬁgﬁgr%?élg 10 ed %(éyéa%#HR&é@éé%?t%% 9’33@% enea%j']1 ycol

25. 8% (18800 rpm) for lm&ﬁi‘cﬁﬁﬁnﬁtﬁﬁ@'ﬁf 206 g of tert.-butanoPaB@AAEiFRKOT a
DI\/C catal yst using a poI yet hyl ene qg_ ycol with a nunber avera

mol ecul ar wei ghtprgpylsmﬁOgly@‘atraw@ne yboveOAfter filtratiomithe eatalyst is 30@5@( eonstant

descri bed in exa A pol yet hyl ene glycol wth
a nunber average%ﬁ@%é&%ﬁ%@&ﬁ‘ﬂfﬁﬁf‘cgﬁﬁm\‘% drich Co.) was used

i nstead of the ethyl ene oxide polyether in exanple 1. 25 Yi el d of
dry, powdered catalyst: 5.63 g. El enrental anal ysi s,
t her nogr avilOret r i ¥iekhafl drg,i owalertdeatatyat 6123rg.

Elemental analysis and thermogravimetric analysis:
cobalt = 11.6 %, zinc = 24.6 %, tert.-butanol = 3.0 %, polypropylene glycol =
25.8 %.

15

Comparison example 6

Preparation of a DMC catalyst using a polyethylene glycol with a number average
molecular weight of 300 (catalyst F).
20

The same procedure as described in example 1 was used, but:

A polyethylene glycol with a number average molecular weight of 300 (Aldrich Co.)
was used instead of the ethylene oxide polyether in example 1.

25 '
Yield of dry, powdered catalyst: 5.63 g.

Elemental analysis, thermogravimetric analysis and extraction:
cobalt = 10.0 %, zinc = 24.0 %, tert.-butanol = 3.8 %, ethylene oxide polyether
30 =132.3 %.



cohalts= 10.0 % zinc = 24.0 % tert.-butanol = 3.8 % et hyl ene_oxi de

pol yet her 30 WO 9961, PCT/EP95/01203
15 Preparing pol yetherpolyols 15 General procedure 5
50 g of polypropyl ene glycol starter (nolecular weight 1000 glrmol ) and 3
ng of catal yst (15 ppm wth respect to the polyol being produced)

were initially

pl aced in a 500 m pressurised reactor under a
protective gas CAERAIME hgrpolyols 105[err]C with stirring. Then
propyl ene oxi de (about 5 g) Is added in one portion until the total
pressure has risen to 2.5 bar. Mre propyl ene oxide is added only when an
10 accel er at knefaPprocédup €ssure i s observed in the reactor. This
accelerated drop In pressure indicates that the catalyst has been
activat ed. Then t he remai ni ng propylene OX|de (145 g) i s added

ti | t
S?gpbrgggs | de Sﬂzﬁsotrt}?i’fprg@gr i3 tsﬁgerr%é pr odgge%ﬁal } and 3 rt her
5 hours g%@ék pkd, %thvx%@u f0Sh& pOIGHI e&@]ir%dtﬁfe@) db@tmlluhnyd pmf:éd at

90[err]C (21 rrbar) dt e reactor is 15 then cooled to roomtenperature.
The pol yet her pola@0snlqireszimised rmm unferragprotectieegas kargedtand heatethiy 103eC @ith

| th doubl b d th t
Progr es. of 1 he SHEiE: (5FR EPOTOF SR ] A1 BHFELIE S8R PETPELEt 26 fPne

oxi de PRt BRE prddly b NiddMig'lalided only when ahhe
I nduction ti rres%v\e;sre dﬁz}ge?%ﬁgl]neoggﬁr %rﬁnltt eP"‘.C:ﬁ‘% 1ser(relctlcl)n of thee toangevnt?ré at
the 10 st eapesdératpdidbp dm prdseurt iisr@bsspvedeinsthenreaatory & adcelerated dtapnuied

base Iine for the 25 curve.
pressure indicates that the catalyst has been activated. Then the remaining propylene

oxide (145 g) is added continuously at a constant pressure of 2.5 bar. When all the
propylene oxide has been added and the reaction has proceeded for a further 5 hours
at 105°C, volatile constituents are distilled off at 90°C (1 mbar) and the reactor is

15 then cooled to room temperature.

The polyetherpolyols obtained were characterised by determining the OH values, the

double bond contents and the viscosities.

20 Progress of the reaction was followed on time/conversion curves (propylene oxide

consumption [g] against reaction time [min]).

The induction times were determined from the intersection of the tangents at the
steepest point on the time/conversion curve with the extended base line for the

25 curve.

The definitive propoxylation times for catalyst activity correspond to the time
between catalyst activation (end of the induction period) and the completion of
propylene oxide addition.

30

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



The definitive

time

PR e

t he conpl etion of

propyl ene oxi dggaddi ti on.

| ation tinmes for catalyst activity correspond to the
 al yst activation (end of the inducti BET/EBI¥W2D and

The t ot al

reaction tine is the sumof the induction and propoxyl ation tines.

16
A (15 ppm

mn Pol yet her pol yol :
Doubl e bond cont I
25[err] C (nPas) _E?&En
pol yet her pol yol

475 mn Pol yet her pol yol : OH val ue (ng KOH g)
Doubl e bond contPesraripgapplyetbgipolyodwith catalyst A (I5 ppm)
25[err] C (ndPas): 944 20 Exampl e 9
pol yet herpdl yol with catalyst C (15 ppm
Total reaction time:
Polyetherpolyol: OH value (mg KOH/g):
Double bond content (mmol /kg):
Viscosity at 25°C (mPas):
10
Example 8
Preparing a polyetherpolyol with catalyst B (15 ppm)
15 Total reaction time:
Polyetherpolyol: OH value (mg KOH/g):
Double bond content (mmol /kg):
Viscosity at 25°C (mPas):
20 Example 9
Preparing a polyetherpolyol with catalyst C (15 ppm)
Total reaction time:
25 Polyetherpolyol: OH value (mg KOH/g):

Exanple 7

reaction tine:

OH val ue (nmg KOH g):
/kg): 11

5 10 Exanpl e 8

with catalyst B (15 ppm 15

Tot al

Double bond content (mmol /kg):

Viscosity at 25°C (mPas):

Preparing a pol yet herpol yol

Tot al

wi th catal yst
395

29. 8

Vi scosity at

Preparing a

reaction tine:
29.2
Vi scosity at

Preparing a

395 min
29.8

11

935

475 min
292

944

655 min
29.8

950



Tot'al r.eaction tine 655 min 25

Pol yet her pol yol 099/4@42val ue (my KOH g): 29.8 PCT/EP99/01203
Doubl e bond content (mmol /kg): 7 17 Vi scosity at
25[err] C (nPas): 950

17 Exanpl e 10 Preparing a polyetherpolyol with catalyst
D (15 ppm 5 Tot reaction tinmne:

595 min m&—ﬁrpol yol : OH val ue (nmg KOH g): 29. 3

Doubl e bond content (mmol /kg): 10 Vi scosity
at 25[err] C (nPas): 958 10 Exanples 7 - 10 show that the new DMC

catal ysts accor @repgringa pbietherpelyol witheaalyeeD (15 ppm) used at such | ow
concentrations, due to their exceptionally h| gh activity for

pol yet her poI on pr eparation, that separation of the catalyst fromthe

pol yol is ] red 15 Conpari son exanpl.e .11

Preparing a poI ye al%léeraﬁ%?rﬁ/ “with catal yst E (15 ppm % Tot al
reaction time: Polyetherpolyol: OH value (mg KOH/g): 895 mxp 0

Pol yet her pol yol : OH val ue (nmg KOH g)- 29.8

Doubl e bond content (mmol /kg)Doulle bond content (mmol /kg): 10 Viscosity at
250C (mPas): 955 Viscosity at 25°C (mPas): 958

10 Examples 7 - 10 show that the new DMC catalysts according to the invention can be
used at such low concentrations, due to their exceptionally high activity for
polyetherpolyol preparation, that separation of the catalyst from the polyol is not

required.

15 Comparison example 11

Preparing a polyetherpolyol with catalyst E (15 ppm)

Total reaction time: 895 min
20 Polyetherpolyol: OH value (mg KOH/g): 29.8
Double bond content (mmol /kg): 6
Viscosity at 25°C (mPas): 955

A comparison of example 7 with comparison example 11 shows that the new DMC
25 catalysts according to the invention, which contain an organic coordination ligand
(tert.-butanol) and a polyethylene glycol, are much more active than the previously
disclosed highly active DMC catalysts, which contain an organic coordination ligand
(tert.-butanol) and a polypropylene glycol (with the same number average molecular
weight as the polyethylene glycol used in the catalyst according to the invention).
30 Polyetherpolyol preparation with the new catalysts according to the invention is

therefore possible within a much shorter total reaction time.



A ‘E:‘orrpafri son of exanple 7 with conparison exanple 11 shows th w DMC
25 cat al ysts“gb@?f}%mzng to the invention, which contain anr%ﬁ%ﬁ)&{bg

coordi nation |igand (tert.-butanokg and a pol yethyl ene glycol, are
much nore active than the previously di scl osed highly active DMC
catal ysts, which contain an organic coordination |igand

(tert.-butanol) and a pol ypropyl ene glycol (with the sane nunber average

nmol ecul ar wei ght as the pol yethyl ene glycol used in the catal yst
according to th‘tuix v@@t_u %g%%mh:?eolz Pol yet her pol yol preparation with the new
catal ysts accordrn ion is t herefore possible within a

much shorter total reaction tine.

18 Conparison exanple 12, Preparing a pol yet herpol yol
with catal yst FPremripggjpolystherpolyol withcatalystR k5 st i ne:

> 900 mn 5 (catal yst was deactivated during the course of the
reaction). Conpari son exanple 12 shows that the DMC catal ysts

di scl osed i n US1%tf 2dactiadtide: and WO 97/ 40086, whi ch =900 mih a

pol yet hyl ene glycol with a nunber average mol ecul ar wei ght | ess than
500, in additi orfcatalystiveasdeadtivatedduzing thy aourdeoftherraciian). and t he

organi c coordination ligand, are nuch |less active than the catal ysts
according to the invention. Polyetherpolyol preparation is therefore again

only POS CdMfiriBln Yekntp SRS R HRUDACS etk PotP BIELIORA MUY 62t Bloyst s
according to th? n§$r|1 ﬁve tliég%v.Sﬁ fd ¢ §S oS
19 10 and WO 97/40086, which contain a polyethylene glycol with a number average

molecular weight less than 500, in addition to the double metal cyanide compound
and the organic coordination ligand, are much less active than the catalysts
according to the invention. Polyetherpolyol preparation is therefore again only
possible at very low concentrations (15 ppm) by using catalysts according to the

15 invention,



1. Double netal cyanide (DMC) catal ysts conpri sing 5 a)
a doubl e net al % corrpound and PC'1"151’5'9/01203b)

an organic coordl nation |igand, 10 19 whi ch are characterised
in that they contain 5 to 80 wt.% with respect to the

anount of final catalyst, of an ethyl ene oxi de poI yet mummm

aver age nol ecul gr vvei(’qh,t greater than 500. ’ m
according to d acterised in that the doubl e met aIL "

cyani de conpound is Zi nc hexacyanocobal tate(lI1l).

catal ysts according to Claim1l, characterised in that the orgam C

coordi nation |idand Dbubbrmetaltnyamde(DME)catalysts comgrising DMC cat al ysts
according to Clainms 1 to 3, characterised in that they contain

10 to 60 wt.% of an ethyl ene oxi de pol yether with a nunber average

nmol ecul ar i ght gre 0 DMC cat al ysts accordi ng
to dains to 4, ch iactérl seg%eﬁalﬂﬂ%?det%mf%cont ain

et hyl ene oxi de polyethers with hydroxy term nal groups and hydroxy-
functionalities of 1 to 8 with nunber average nol ecul ar wei ghts between 500
and 10[err]. and

b) an organic coordination ligand,

10
which are characterised in that they contain 5 to 80 wt.%, with respect to the
amount of final catalyst, of an ethylene oxide polyether with a number

average molecular weight greater than 500.

15 2. DMC catalysts according to Claim 1, characterised in that the double metal

cyanide compound is zinc hexacyanocobaltate(III).

3. DMC catalysts according to Claim 1, characterised in that the organic
coordination ligand is tert.-butanol.
20
4. DMC catalysts according to Claims 1 to 3, characterised in that they contain
10 to 60 wt.% of an ethylene oxide polyether with a number average

molecular weight greater than 500.

25 5. DMC catalysts according to Claims 1 to 4, characterised in that they contain
ethylene oxide polyethers with hydroxy terminal groups and hydroxy-
functionalities of 1 to 8 with number average molecular weights between 500
and 10,



according to Cains 1 to 5, characterised in that they
contain 99146042 ot hy| ene oxi de pol yet hers gy g am 2%
functionalities of 1 to 3 and nunber 20 “I!I)&MIIMWHH“}' ar
wei ghts between 500 and 5 x 10[err]. 5 7. * cat &l yst s*accordi ng
to Clains 1 to 4, characterised in that they contain bl ock

copolynmers in i ch bl ocks .of pol yyi nyl conpounds_ are l.i keg‘ﬁ{‘ .

pol yet hyl ene 08-de mtﬂy%gmgﬁ&& o&,lgllmasg]ewgpgga?tgpseaép ghf‘@[rfé’ataé}

t han 500. 10 8. ot q,?,ﬂlr' FuldMona Y$4S 328 Hufibeg to
Claim1, characteri seéhadexé&ﬁ §etﬁ&£% a??(g}rret al sg{etglso |§n excess are
reacted with nmetal cyengemotahlasweightdetween 500 and 5 x 10* solution, in the
presence of the organic coordination |ligand and the ethyl ene

oxi de pol yether, and the catal yst obtained is isolated, washed and then

dri ed. 1 : catal yst, accor dj 1 Q. ' to.. .

pr epare po?yet h’TgrpolIg/o sca?%ly%é]&c%g% y splo ygcfélglialagﬁéegflgﬁﬁe&ncgg%aﬁ des
to starter conmpoundslesknésholynidts & tWhiéh blocks of polyvinyl cOMf6Gde reliaREd to

polyethylene oxide blocks with number average molecular weights greater
than 500.

6.7 -“DMC cat alvé/gts

10 8. A process for preparing DMC catalysts according to Claim 1, characterised
in that metal salts in excess are reacted with metal cyanide salts in aqueous
solution, in the presence of the organic coordination ligand and the ethylene

oxide polyether, and the catalyst obtained is isolated, washed and then dried.

15 9. Use of the DMC catalyst according to Claim 1 to prepare polyetherpolyols
by polyaddition of alkylene oxides to starter compounds containing active

hydrogen atoms.



