s e3em&lj,, -4.:/060T&1JISCVWO 00/ 15336 PCT/ EP99/ 06473 1 Doubl e netal cyani d&
catal ysts for the preparation of polyether polyols The invention rel ates t%

novel doubl e nebalo/orapi de (DVO) |y&t grfpn t:he prepar atpcomeEpdo/ped et he
pol yol s by pol yadditi on of al kyl emlyg;s ‘to-Starter 5 conpounds

containing active hydrogen atons. @@t@eg shdl cyanide (DMO) catalysts for
the pol yaddition of al kyl ene oxides tb sfarter conpounds cﬁi ’ﬂ”@ﬂﬂﬁlﬂﬁ@l ve
hydrogen atonms are known (see, for exanple,” US 3 404 109, '\ US
3 941 849 and US 5 158 922). The use of those 10 DMC cat al yst s*ibaom+ t he
preparation of polyether polyols brings about in particular a reduction in
t he proporti oDawblermetsl ¢rianide eatalysts for thepreparationgo thett pelyolsl e bonds,

so-cal l ed nonools, in conparison with the conventional preparation of
pol yet her polyols by neans of alkali catalysts, such as al kali hydroxides.

The pol yet her el ¥ibiciO rARed! 19 bvef UolBlePHREPSYARAL AOMOS dAlifsd Yor the

pol yuret hanes (e.g. 15 elastoners, foans, coatings). catalysts are
usual | y obt ai mpegpatationeaf tpohgthen miydo by polyadditon aff @kplenaloxsdest towstattert he
aqueous sol ution of (g met al. cyani && salt in the presence of an organic
conpl ex 13 gandOMPEHNGS,CORiaEng Actyeyfrogematemsy i cal catal yst preparati on,
for exanpl e, aqueous solutions of zinc chloride (in excess) and potassium
hexacyanocobal tate are m xed, and di net hoxyet hane (glynme) is then 20 added
to the suspenDaubld aietitdyatilié¢ €DMC) atalydto forathe potsidiition st dikdeababysio W t h
aqueous glynme solution, an active catal yst of the general fornula

Zn3[ Co( CN) 6] 2 staxtey gonpoungdsizrontaining petvedtydregeniniemn ere knnoen (seorfoegsarpble, EP

% and v 07/ 00dl4 18 B51 Bl - a ey O T8,y P deg b
L@t . - buf@nol RYCOEBAPItE f&QH@?g%{)afajtigﬁ%g\B() caief elg/oisrbrﬁ%@taba@ctihmum A

pol yether (EP 700 949, 30 EP 708, 7/40086)), further reduce the
proportion of redetpunstthe padportion YONEMOfiBEAGAPEDIERESY DEViTS ternipdl dasibleer s
havi ng term n%IL? &oubl e ggnds iq the preparati OE ?lf ol yet he{ EOl 0l s.

Mor eover, t he 4988 of0-Fali5e eMPRROIS alla FOBPETISOB JYHB sE He@NVRRIRDR] PReraration; of ¢ he
pol yaddi tion r, i f i i t p h:a :

conmpounds and p?’%%ﬁﬂeegg)eogy%ligﬁ ng[eg'f@yg? edgg‘%ﬁl \g/iﬁ'f§ 19/1.%’5 eg%)(éjﬂ{eaz:lt ngrﬁ%lﬁést' gi:}leesent
i nventi on was pobyeftrk otyods scabbtainkd chh &k progessedad H-qaalitalpybiusethares (fig.

pol yadditi on of al kyl ene oxi des to_appropriate starter conpounds, which
catal yst5 exhielﬂsfom‘?’%r@a@édc‘?,aélﬁlﬁﬁyQMgc‘fqt%lV%t@ aggs uglathy eskingd P repdingaatal yst
types known hi r i he.al l.atd i this to
a0 1 mpr overbgou ol e S SR G BP0 36408 bEF TR bk SAF Dy e
of econony. | de@pleyencasf an bRGEHictcofipldxNzahfcloe atdehlash bkt Yn a kiR ablyyst
can then be used in such | ow concentrations (25 ppmor |ess) that the very
expensi ve sepadrenaraiionofior rxawateal aayeoysr splutions Of b tchiagidgo(inoerysps) and

d_the.. t d di.rectly for . th ti
ol yur ot hanes PossiBfY BFdey fRRabRAHE fie MK ot & FlsticdTeRat® TrEheSon e o
tg bta conm@i N adasd YR ttey$iRp&stHny forine8 OAREL Alradidh ]fhhda\ﬁasﬁﬁiﬁpéieﬁlé dafd v&zagﬁsess

tly increased activity in the preparation of polyether polyols.
Accordi ngly, tdquequsedyane solntianan actiyeraatalyse of thegondrhlforretlal cyani de (DVC)
catal yst containing a) one or nore, preferably one, double netal cyanide

conpound(s), 25 b) one or nore, preferably one, organic conplex |igand(s)
other than c), and Zn,[Co(CN)], » x ZnCl, o YELO « z glyme

25 is obtained (see, for example, EP 700 949).

From JP 4 145 123, US 5 470 813, EP 700 949, EP 743 093, EP 761 708 and
WO 97/40086 there are known DMC catalysts which, by the use of tert.-butanol as
organic complex ligand (alone or in combination with a polyether (EP 700 949,

30 EP 761 708, WO 97/40086)), further reduce the proportion of monofunctional

IRy
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c) one or nore, preferably one, polyal kyl ene glycol sorbitan ester(s). The
cat al yst, according to the invention may optionally contain d) water,

preferably 30 Womwisigg 10 wt. % and/or e) one or nore wat erspbodhbes et al
salts, preferably from 7 WO 00/15336 -3 PCT/EP99/ 06473 5 to 25 wt. % of

formula (1) MX)n fromthe preparation of the double nmetal cyanide
conpounds a). In formula (1), Mis sel ectéd fromthe netals zZn(11), Fe(ll),
N (), Ma(ll), Co(ll), Sn(ll), Pb(Il), FECIIT), Mo(IV), M(VI), A(IIIl),
V(V), V(IV), Sr(ll), WIV), WVI), Cu(ll) and Cr(lI11). Zn(l1), Fe(ll),
Co(ll) and Ni(Il) are especially 5 preferred. The substituents X are
identical or golyetreenhavipg edreriadl| Joubltebdridsah, thaptepaegpioasaipolpethanpapols.
preferably selected fromthe group_consisting of halides, hydroxides,

sul fates, car Boprspes, th@%%t@sthoﬁmlm%?aﬁﬁﬁlﬁgs re@wathat@éucu@oﬂmeoay&wat es,

car boxyl at es, (P é%ld@lttl%ﬁ r@a!lqogl H %) ?lgy ethu eg vly?ln ?p&x@p aa?e %t S%Zr A %un%soand €

doubl e net al e conpounds IR s according to

t he |nventlonlﬂﬁamebgwwgaggtQﬂwﬂyoducts of water-soluble netal salts and
wat er - sol ubl e netal cyanide salts. Water-soluble netal salts suitable for
the prepatration of double netal cyanlde 15 conpounds a) preferably have the

| f | df
2o N heldbbact btng pitlsh Sigholtbn Svabip FRAC patislh R EGrovefling
ALCLET) V(YY) catdlyst for Bhd pblyaddlfidnvbs al\Qf'Mhé ’onéé kd hpB Tﬁr 146 Glaktey corfPéurdl,

Fe(l1), Co(ll) and N (Il1) afe especi al preferred. substituents Xare
i dentical or dvHiflercetatystspexilst amdryascdjeaitalysalactl\atydas epmpa;re(htwmln theen catalyst

f bl | ect f h t f halid d d

S at 65, car %ﬁ&mﬁrﬁ%&% By Hiastepaa es AlkpLuayam A, ThisolAfosy Ak e,
b I I

of S::.I)IX%/a es ﬁ\%ﬁ%ﬁﬂﬂxﬁ&%& ‘%g? t%r-gg @ﬁgetgéllgbrlyﬂe, zti&gic%r romﬁﬁﬂgpz?ac

25 acetate, z |Idea11@fpsﬁ a/i‘eaﬁlebﬂﬂlatlﬁicre%bcﬂl actbatyz hateatalyst tun then batieed ih sadh(loby)
sulfate, iron(ll) bromde, iron(ll) chloride, cobalt(ll) chloride,
cobal t (11) t hicoBSRaatiens (RSqwa o1 lgss) tiab thedecrs rapenisiveesepatajioniof 1the satalyst

Mxtures of Vad ng) i }y\r%al?crt i§ 80 o%ggr %%s%arysz%ld fhe prc}/duct can be used directly for the
preparation of polyurethanes.

15
Surprisingly, it has now been found that DMC catalysts that contain a polyalkylene

glycol sorbitan ester as complex ligand possess greatly increased activity in the

preparation of polyether polyols.

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

containing
a) one or more, preferably one, double metal cyanide compound(s),

25 b) one or more, preferably one, organic complex ligand(s) other than c), and
c) one or more, preferably one, polyalkylene glycol sorbitan ester(s).

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

30 from 1 to 10 wt.%, and/or €) one or more water-soluble metal salts, preferably from



al so, be used. WO 00/ 15336 PCT/ EP99/ 06473 -4 \Water-sol uble netal cyanide
"salts suitable for the preparation of double netal cyani de conpounds a)
preferably hawgotdoeisgegeral fornula (I1) (Y)a M(CN)b (A) ~POWEPS/064M3 i S
selected fromthe netals Fe(ll), Fe(lll), Co(ll), Co(lll), C(Il), C(IIl),
ML), Ma(hir), tre(Chinr), Ni(Ctr), rRa(iir), rRuCll), V(I'V) and V(V). M is
selected 5 especially fromthe nmetals Co(I)l), Co(lll), Fe(ll), Fe(lll),
Cr(lrr)y, Ir(l1l) and Ni(Il). The wat er - s6Publ e net al cyani de salt may
contain one or nore of those netals. The substituents Y are identical or
different, preferably identical, and represent an alkali netal ion or an
al kal i ne eart 5 toeSakt.%pof formelayIMA{X), fioni thedrepaeatiodarfthecddubbe meiaf &yamédet |,
preferably identical, and represent. an ani on sel ected fromtheg&éog@m

{ i

consi sting of comppundscsIn farmuln(Thdd s selestad deom he meteds £a(lDcl
o ' . ; | ,
htratos o ai@HreadbySanh Boah AP NEILYS MAIL A, v Mg Vi PE SR

being so sel ewvgv%,t Baw Ty, feu (B taad CaD)i Zﬁ(l?@'P%(I'I),S CRA(EY bii® DRI ﬁE;esﬂedizﬁly
preferably 1, 2, or 4, bis preferably 4, 5 or 6; c preferably has the
val ue 0. Exanpreferred. Ehe sulistibientst ¥rare alerticel nreidifferentapreferablyl dentagad and

t ' 15 h baltate(l]]l), t ' h ferrat I
pot assi um hoxdBY AT it VB Frotcrek) sed et LR oB BUI TRPBLTE 151 Afes
lithi um hexac%fﬁﬁfb%ﬁi%@,' tg‘:flﬁfa{és,l ) - cBh&aeds! edcpipifel e %io%ka&a)(&[“ dEsoEuHRRENdS

a) contained the catal ysts according to 20 the invention are conpounds
of the gener alisdtlipoyanate,|dathoxibifds] okaldbid) dldAitrdtes. dha vhlue of ass tef ored i n
formula (1) and 25 M is as defined in forrmula (I1) and x, x', y and z are
ighdegers and are so selected that the double netal cyanide conpound has

S 2n(1 1010 Fey e dolppethaC Aol B ShialER AR gy ek e M

Lr(rnn). invention are the reaction products of water-soluble metal salts and water-soluble

N/ =

metal cyanide salts.

Water-soluble metal salts suitable for the preparation of double metal cyanide

15 compounds a) preferably have the general formula (I) M(X),, wherein M is selected

from the metals Zn(Il), Fe(II), Ni(II), Mn(II), Co(II), Sn(II), Pb(Il), Fe(IIl), Mo(1V),

Mo(VID), Al(IID), V(V), VAV), Sr(I), W(IV), W(VI), Cu(ll) and Cr(III). Zn(Il),

Fe(II), Co(II) and Ni(II) are especially preferred. The substituents X are identical or

different, preferably identical, and represent an anion, preferably selected from the

. 20 group consisting of halides, hydroxides, sulfates, carbonates, cyanates, thiocyanates,
isocyanates, isothiocyanates, carboxylates, oxalates and nitrates. The value of n is 1,

2or3,

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

also be used.



PCT/ EP99/ 06473 Exanpl es of suitable double nmetal cyani de conpounds a) are
“zincg 5 hexacyanocobaltate(lll), zinc hexacyanoiridate(lll), zinc

hexacyanof er r ave(doyi1s33and cobal t (11) hexacyanocobal t at e(l | IPCT/ER99/b0e473
exanpl es of suitable double netal cyanide conmpounds will be found in, for
exanple, US 5 158 922 (columm 8, lines 29-66). The use of zinc
hexacyanocobal tate(ll11) is especially preugrred. 10 The organi c conpl ex

| i gands b) contained in the DMC catal ysts according to the invention are in
principle known and are described in detail in the prior art (see, for
exanple, US 5 158 922, especially colum 6, lines 9-65, US 3 404 109, US 3
829 505, US 3 Wdttr-8slthle BRefaAD@yaide skl B6itabl®Jor Jie @répéfatibﬁ?bf dsitde 41d€al813,

EP 743 093 and WD 97/ 40086). Preferred organl c compl e gands are
wat er - sol ubl e SY3de gampeunds ) dusfgebaavsghn gensrdl f&ffBHlé (Hé & MLy ke,

t h I th
doubl o met ol canuine 3 bbb From b e P, e, LOUTE PO iy T2,
exanpl e, al colvh(@l), Ms(Emy degir), kNi(IImeRh(IH) hRﬁ(&II) 851y and a!tl\/deM' 14r edeted
nitriles, sulfides and m xtures thereof. Preferred OI‘%I’IIC conpl ex |igands

I

are wat erd sol @Bp@laéll}’l fomatthe metalo Fe(1D, Co(iEh, Be(Ily FaiHb) GIHbﬁf(&thm Ni2o.

n- but anol , tert.-butang but
cspecially pr At -<obfEe gl ds 30w Fhuam PR e o AR TS
preparation Ofsutasﬁi@u&r?st elays ldeﬁﬁcdl mﬁm&&l Yrefdriy 1d€hﬁ6&lphﬁ@$eb%§erﬁfantém€’ah
doubl e metal cyani de conpound a). The 25 organic conplex |igand is usually

enpl oyed i n exugslson dhan Eﬂdﬁhmmd:aaﬂhymtsl iau.CHhreciubsgtitbents Aeare mnamalon ddfen¢ray n

t he doubl e net al nldec ounds a) in anpu f fram20 to 90 w
p‘f erably fr @8t 9@¥@oldgetl d repEeseit A9 aien a%ﬂﬁf from fhensrgﬁwoeafta}gygfqt

am® t he qf gani np i

prefer abﬁ{/ frg%hq&f oh%o%/\lkh%; legagégd é(;hrﬁt}t i %ﬁ%t&f E 8‘%)8? zitg%3gso§gan%es
PCT/ EP99/ 06473scmﬁloéjranh&b,&drhb&§'&|tgs$6xaléfbﬁ3arﬂ\ﬁtrﬁta§ al asiell ack andle ag 1théﬂ§e
i nvention usually contal n froml to 80 w. Ereferabl y froml to 40 wt.

based on the dhpurucss fori i Shaef catsingsso S@ec g1 that iihe emetal|oyapide swltpis an
ester. 5 Pol yae{lééYJoﬁé]ﬁrag' ﬁcf}ret%ﬁ%@ 1.3 38 tﬁrbslsi)&’éé@i?fry éfsoér epr@feg%%ﬁ{i%

of the catal ysts accordi Moenti on 3 Xa

mono-, di- or thé lvalastoerss(a@lble%csztyu&am& wutértsoﬁwl@ﬁféwllcgaﬁae delts MR pitdssinm
(rmnoanhydr osorbitols) are tetrahydric tetrahydrofuran al cohols which are

10 fornmetb by thesaqyenepehhltasé¢(lldhe nopefessiwnof whexacydnoferrate(ildi t ol ,potassinmas,
for exanpl e, 4-sorbit

6-sor bi t an, sorbjt ro allte
275 anhyar o LICGRYBTOT RS o Slefirhp! e bty RaPcob BB ¢ dy oien
aryI , aral kylhexgdg,gn@éolsmltatg@qpoxyl ic acids having from 2 to 30 car bon

atons, preferablyfrom4 to 24 carbon
Preferred double metal cyanide compounds a) contained in the catalysts according to

. 20 the invention are compounds of the general formula (IIT)
Mx[M'x'(CN)y]z

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

compound has electron neutrality.

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



1 S atons and especially from6 to 20 carbon atons, preferably aral kyl- and
“al kyl carboxylic acids, especially alkylcarboxylic acids. There are

suitabl e as theorplyakkyl ene gl ycol conponents pol yet hyl enecat/gpod/se4md
pol ypropyl ene glycols having from2 to 40 al kyl ene oxide units. 20

Pol yal kyl ene gl ycol sorbitan esters that are preferably used are the

pol yet hyl ene gl ycol sorbitan esters (polysorbates), which are generally
obtai ned by esterification of sugar al cohols, such as sorbitol or sorbitan,
by fatty acids, such as butyric acid, isovaleric acid, caproic acid,
caprylic acid, capric acid, lauric acid, nyristic acid, 25 palmtic acid,
stearic acid, MFAIxEHA]), Cold) @i Ni(Hyardl or |inolenic acid, in the presence
of acids, and reaction with ethﬁggne oxi de. Special preference is given to

pol yet hyl ene @fycoPHdAs(HBCiHher Ir(HI- and tri-esters of fatty acids

having from6 to 18 carbon atons and from2 to 40 noles of ethylene 30
oxi de. WO 00/ 15336 _7_ PCT/ EP99/ 06473 Met hods for the preparation of

pol yal kyl ene @x¥plesS060i LidtabRSt 86 §HI&T SndfNCEyanide WEdhpdih@¥N F3Nhr@! &inc
described in detail, for exanple, in "Kirk-Q'hner, Encycl opedia of Chem cal

Technol ody", Wekacyadcohaltate(tll), izone, hx@eFanopridatedlI)f Zzinc" IRoapyanofessaiekdh &nd
Chem e", 9th edjtion, Stuttgart/New York, 1992 p. 3570,,4217, "U Il mann,
Encycl opedi a GPoRsbeSaBrH D) Rybher Asbmbles oo, condls mER 415
f 11 s al SO ReaRhDLEmbo.E SviRllbe MR 1S doPbrkiEsusts 1eombaysnrra! likged
pol yal kyl ene glf'ycol sorbitan esters. 10 Analysis of the catal yst

conposi ti on i 29u)aTheyuseaf vine thexadtyaimeohs tatek 110} is espeniatly atefanal. ysi s,

t hernogravi nmetry or renoval by extraction of the polyal kyl ene gl ycol

sbbi tan ester content, with subsequent gravinetric determ nation. 15 The
c

P Y2 o 2000 B8y cORSITNGRN BT -TAEE SHCERE Ao PRI 4 oo
out by powder inven@iyn did infpfilcipdknown and are described in detail in the prior art (see, for
example, US 5 158 922, especially column 6, lines 9-65, US 3 404 109, US 3 829
505, US 3 941 849, EP 700 949, EP 761 708, JP 4 145 123, US 5 470 813, EP 743
093 and WO 97/40086). Preferred organic complex ligands are water-soluble
15 organic compounds having hetero atoms, such as oxygen, nitrogen, phosphorus or
sulfur, which are able to form complexes with the double metal cyanide compound
a). Suitable organic complex ligands are, for example, alcohols, aldehydes, ketones,
ethers, esters, amides, ureas, nitriles, sulfides and mixtures thereof. Preferred organic
complex ligands are water-soluble aliphatic alcohols, such as ethanol, isopropanol,

. 20 n-butanol, isobutanol, sec.-butanol and tert.-butanol. Tert.-butanol is especially

preferred.

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

25 organic complex ligand is usually employed in excess.

The DMC catalysts according to the invention contain the double metal cyanide
compounds a) in amounts of from 20 to 90 wt.%, preferably from 25 to 80 wt.%,
based on the amount of finished catalyst, and the organic complex ligands b) in

30 amounts of from 0.5 to 30 wt.%, preferably from 1 to 25 wt.%, based on the amount



Preference is given to catal ysts according to the invention containing 20
“a) zinc hexacyanocobaltate(lll), b) tert.-butanol and 25 c) a polyal kyl ene
gl ycol sorbitapoapyey33cPreparation of the DMC catal ysts aceidipgobeuishe
invention is usually carried out in agueous solution by reacting a) netal
salts, especially of formula (1), with nmetal cyanide salts, especially of
formula (11), Vii) organic conplex |ligands b) other than 30 pol yal kyl ene
gl ycol sorbitan esters, and vy) polyalkyleﬁe gl ycol sorbitan esters. WO
00/ 15336 _8 PCT/EP99/06473 In the preparation it is preferable first to
react the aqueous solutions of the netal salt (e.g. zinc chloride used in

st oi chi omet r i ofeEHes co@lyst. ABIDMC oMhlydls abaszeidgad thdivemtic uhiwBicostamal t))
and of the nmetal cyanide salt (e.g. potassium5 hexacyanocobaltate) in the

presence of t@%ﬂgarﬁocwt%npt@(ablygfmm 18p 40ewh%, based ontthe amolnt of firiskedvei ng
formed a suspens nta ns, t he doupl e nmetal cyani de conmpound a)
(e.g. zinc hexX&& bgﬂgf@g@ﬁ%gfgﬁgy\x,gwf l&nesgfmess netal salt e) and the
organi c conplex ligand b). 10 The organic conplex |ligand b) may be present
in the aqueous solution of the netal salt and/or of the netal cyanide salt,
or it is addedotiatlgdtrey glyoolt barbrars psmﬁsi suitablet &irnthe @kparatiq e€ithe teatalysts of

t he doubl e net al cyanl de conpound a). It has proved advantageous to mx t he
aqueous sol ut %6 ‘élﬁototth%uﬁ’tea'é?ﬂ érecfﬂfﬁxéﬁlplq gaedygied mpngy, di-gBrtgrsters of

stirring. The JIST ol g;( then usually treated with the 15

pol yal kyl ene g?ycoﬁ sor bfn{ban estc(lla(rE c). The polyal kyl ene glycol sorbitan
ester c) is preferably used in a mxture with water and organlc conpl ex
ligand b). The catalyst is then jsolated fromthe suspension known

t ‘h ni q ues s URORDIEpgS &I@ﬁmqrwérsﬁqrbﬁolé} arg mttahaémbwtrahwrafupane"ﬂ@? bighiaent |

isol wi.th. a agueo utign of the
organ o Fompl SR s R o BR0ARIES ol er&a%a%f 1R SEsse B R
i sol ated agai n PYorbitdd, 3ad-s2bitdH, 1(569&15&&%9 o )5 ahiRfdromNfARbL i t 1S
possi ble to renove, for exanpl e, water-so y products such as

pot assi um chl oride, fromthe catal yst accor d| ng to the invention. 25 The
anount of organic co | i n.t he, ueous was ion_i
preferably frg%effbaf n'g%‘ggf’\]/ﬁ a&;tﬂﬁaf?éﬂ’xéﬂhc taﬁ %‘PB?“%‘BIW ’o% ﬁthj ?‘Pfgraﬁﬁ'i'e,
I's advant ageousrioRyRAkiliOniVify ABHED ¥ 3RABbAGRE, Brdabl £3MR4 todHPRorf
15 atoms and especially from 6 to 20 carbon atoms, preferably aralkyl- and alkyl-

carboxylic acids, especially alkylcarboxylic acids.

There are suitable as the polyalkylene glycol components polyethylene glycols and
polypropylene glycols having from 2 to 40 alkylene oxide units.
. 20

Polyalkylene glycol sorbitan esters that are preferably used are the polyethylene
glycol sorbitan esters (polysorbates), which are generally obtained by esterification
of sugar alcohols, such as sorbitol or sorbitan, by fatty acids, such as butyric acid,
isovaleric acid, caproic acid, caprylic acid, capric acid, lauric acid, myristic acid,

25 palmitic acid, stearic acid, oleic acid, linoleic acid or linolenic acid, in the presence

of acids, and reaction with ethylene oxide.

Special preference is given to polyethylene glycol sorbitan mono-, di- and tri-esters
of fatty acids having from 6 to 18 carbon atoms and from 2 to 40 moles of ethylene

30 oxide.



pol yal kyl ene gl ycol sorbitan ester, preferably in the range of fromO0.5 to
5 wt.% based on the total solution. 30 WO 00/ 15336 -9 PCT/ EP99/ 06473 It
i s al so advantwgamussite wash the catal yst nore than once. PgT/BRO9/06Ub3 t he
first washing procedure may be repeated, for exanple. It is, however,
preferred to use non-aqueous solutions for further washing procedures, for
exanple a m xture of organic conplex |igand and pol yal kyl ene gl ycol
sorbitan ester. 5 The washed catal yst, opt'ionally after pulverisation, is
then dried at tenperatures of generally from20 to 100C and at pressures of
generally fromO0.1 nbar to normal pressure (1013 nbar). 10 The present
invention relates also to the use of the DMC catal ysts according to the

invention in a _process for the preparation of polyether polyols b

pol yaddi ti on dYicthedsdop e regpagrion;of pelvalieydine sdyrob sorltan estera it srgemtly el
hydrogen at O”Emom%g & ?g&giﬁgd ﬁ%a&h#yfo‘?’éﬁang@%dﬁs"la% g éngwéﬁ]e‘a&%f
e, utyl e . e

oxi de, propyl ene oxi ne oxi1 de and hixtures ereo

synthesi s of tdtenficdl YRich@slog2iVisl. DY, adhkedtidbmt 1997, BRI 0D EF.CRdrhSs] ekikonf OF
exanple, with only one nononeric epoxide or in a random or bl ock nmanner

with 2 or5 3 diGhesnent Sthoadiioni StegaxiNex. Yedst he92, dpt 3576, W2LT; BPllmeand in

"U | mnns Encycl opadig d i nd riellen en.e. i an edition,
1992, Vol . A2T™® Q&%%‘ﬁ%‘}ﬁné‘?s??ﬂ%‘e?ﬁﬁ%’é’%g ‘@Pe?@regﬂr}ﬂ?’ EQ%‘% Pot &ty ¢ er
conpounds contai ning active hydrogen atons conpounds havi ng nol ecul ar

wei ghts of from 18 to 2000 and having from 1l to 8 hydroxyl groups. There
may be nenti odeth diso pesgibld tocusarapl elesieddnmixtures gf theabpvairentigncdnmolygdlydere,
triethylene gl coh, [1) 2-&rﬁoﬁyl ene glycol, 1, 4-butanediol, 25 hexanethyl ene
glacol , bi sphéhyol 2oToHan ¢8isThy | ol propane, gl ycerol, pentaerythritol,

sWbi t ol ;5 cane sugar, deconposed starch or water. Advantageously, the
starter conpounds containing active hydrogen atons that are used are those

whi ch have beeAnayséaf thd, catadyst @smppsidon by uanlly eatricdnalt 1Bl kains of elemental

analysis, thermogravimetry or removal by extraction of the polyalkylene glycol

sorbitan ester content, with subsequent gravimetric determination.

15 The catalysts according to the invention may be crystalline, partially crystalline or
amorphous. Analysis of the crystallinity is usually carried out by powder X-ray
diffraction.

Preference is given to catalysts according to the invention containing

. 20

a) zinc hexacyanocobaltate(III),
b) tert.-butanol and
25 c) a polyalkylene glycol sorbitan ester.

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

30 polyalkylene glycol sorbitan esters, and y) polyalkylene glycol sorbitan esters.



WO 00/ 15336 - 10 PCT/ EP99/ 06473 catal ysis fromthe above-nentioned | ow
nol ecul ar wei ght starters and which are oligoneric al koxyl ation products

havi ng nol eculwwp ogeighgs of from 200 to 2000. The pol yaddi tpcomeposabed msed
by the catalysts according to the invention, of alkylene 5 oxides to

starter conpounds containing active hydrogen atons is generally carried out
at tenperatures of from20 to 200C, preferably in the range of from40 to
180C, especially at tenperatures of from50 to 150C. The reaction nay be
carried out at total pressures of fromO to 20 bar. The pol yaddition nay be
carried out wthout a solvent or in an inert organic solvent, such as

tol uene and/or THF. The 10 anmount of solvent is usually from10 to 30 w. %

based on the ampunt of pol yether pol éol to be prepared. The catal yst
concent r at i on 1t $hesRyeparption ik & RiRierable Best kusestdhe aqueppesolwions @diths watal @dict i on

215 goner al 1 ARk aepde RE b BTl gnBAT S (o 18Ry 5 Aol o, RRC AT, "

the range of ficvih Ocyddidet sa¥)} Oaftl 1o (Re @fReCi Ghhidel Msaltheelp@NGRtAREiuf OM
0.001 to 0.0025 wt.% based on the anount of polyether polyol to be

pr epar ed.5 The hewacyengcabaliasé)gin sthef presemce odfy shehorzanid yomplex diganddb)bye.ghe
process accordi 0 20 the.inveption are in.the .range af fro 0to

00, 000 g/ ol erbehutipy G el ot o B PRiA D0 Cant8ns Ghio Spp et
especi al |y i n cyhfdé andpodid 4y @ 2 thekfeyafo dBRtAE) W ater SRSy REA] 4108 MaY
be carried out continuously or discontinuously, for exanple in a batch or
seni - bat ch pr eonédws orgdniOnomplenligand®). t hei r nmarkedly i ncreased activity, the

catal ysts according to the invention can be used in very |ow concentrations
(i ppm and bel ow, based on the anount of pol yether polyol to be prepared).
| Yt

ne. PR} et il RRANOLSmPREMBLED) hal B8 RERACRGRC Budolle sGtid SPIR metal

according to venti o used e preparation o polyure

( Kunst st of f haralpaedior Mtthe métal Eodnyde @ithemieis adided didéedtlyas thel@8gension obtainedNO
00/ 15336 -11 PCT/ EP99/ 06473 32 and 57-67), it is possible to dispense with

renoval of théfteatraegpitationopf tthe deubleemessl pyAnids cofmppend 2)hét hesdueved
qualities of t S Lng. pal yuret hane .bein dversely affected. .5 The
Leanpl o wni cROTATREHIL IR e b & RRoEh B FeFae Lo ERiadtr b wl
vigorous stirring. The suspension formed is then usually treated with the

15 polyalkylene glycol sorbitan ester c). The polyalkylene glycol sorbitan ester ¢) is

preferably used in a mixture with water and organic complex ligand b).

The catalyst is then isolated from the suspension by known techniques, such as
centrifugation or filtration. In a preferred variant, the isolated catalyst is then washed
. 20 with an aqueous solution of the organic complex ligand b) (e.g. by being re-
suspended and subsequently isolated again by filtration or centrifugation). In that
manner it is possible to remove, for example, water-soluble by-products, such as

potassium chloride, from the catalyst according to the invention.

25 The amount of organic complex ligand b) in the aqueous washing solution is
preferably from 40 to 80 wt.%, based on the total solution. Furthermore, it is
advantageous to add to the aqueous washing solution a small amount of
polyalkylene glycol sorbitan ester, preferably in the range of from 0.5 to 5 wt.%,
based on the total solution.

30



limting. WD 00/ 15336 -12 Exanples Catal yst preparation 5 Exanple A
“PCT/ EP99/ 06473 Preparation of a DMC catal yst using a pol yethyl ene gl ycol
sor bi t an nmonooyeaig 3gat al yst A). 10 A solution of 2.5 g PEIT/EP9Ir064730f
zinc chloride in 20 m of distilled water is added, with vigorous stirring
(24,000 rpm, to a solution of 4 g ( 12 nmmol) of potassium
hexacyanocobaltate in 70 m of distilled ter. Imediately thereafter, a
m xture of 50 g of tert.-butanol and 50 g“of distilled water is added to

t he suspension which has forned, and vigorous stirring is then carried out
for 10 mnutes 15 (24,000 rpnm). A mxture of 1 g of polyethylene glycol (20)
sorbi tan nmonodt sadleo Bl wptaggousSHOvAsAGhe Idetakyst nord tignafnce.€Td thavehdnthk fasd 100
g of distilled water is then added, and stirring is carried out for 3

M nutes ( 1000vasPiRg Pragrdutsompy bedepsateds forsexagmplelyds, @ywr%%mreé?rrqq fo Psgt i on,
then stirred fy ARR, T X

tert.-butanol, 856131 dHfSn%ﬁlgtﬁ)PFIfélg vvat(rarmgl\énﬁ %j?p%shg&{i 1%8) ﬁrgt yI ene
gl ycol sor bi t@mgammmlﬂat Egaxﬂrwldfpblyaﬂma@emonsorb“itméstey, the i xt ure is
stirred for a further 10 mnutes (10,000 rpm) with a m xture of 100 g of
tert.-butfanol and 0.5¢g of t he above pol yet hyl ene gl ycol sorbitan

nonool eat e. er fbcL on tthe11 agal st |.st.drie atd50 tatnd no £
pressure untll 80%%9 ShERGREPy Rpuenally alte Hlve’é%?l? ’ells hegy drigd B‘@Rﬁ% ‘EFO
catal yst: n&hl@}”ﬁ@hﬁho @&@bw and 5t§ﬁé§§9&% %‘f'g’éﬁérﬁl'l}ﬁ ﬁ%ﬂﬁb)i Srhﬁar% qlormal
extractlon co alt = 10.1 % zinc = 5 0% tert.-butanol =

pol yet hyl ene g@lrgssake ($@Ir3bmbah nonool eate = 23.5 30
. 10 The present invention relates also to the use of the DMC catalysts according to the
invention in a process for the preparation of polyether polyols by polyaddition of

alkylene oxides to starter compounds containing active hydrogen atoms.

There are used as alkylene oxides preferably ethylene oxide, propylene oxide,
15 butylene oxide and mixtures thereof. The synthesis of the polyether chains by
alkoxylation may be carried out, for example, with only one monomeric epoxide or
in a random or block manner with 2 or 3 different monomeric epoxides. Further
details will be found in "Ullmanns Encyclopédie der industriellen Chemie", English
language edition, 1992, Vol. A21, pages 670-671.
. 20
There are preferably used as starter compounds containing active hydrogen atoms
compounds having molecular weights of from 18 to 2000 and having from 1 to 8
hydroxyl groups. There may be mentioned by way of example: ethylene glycol,
diethylene glycol, triethylene glycol, 1,2-propylene glycol, 1,4-butanediol,
25 hexamethylene glycol, bisphenol A, trimethylolpropane, glycerol, pentaerythritol,

sorbitol, cane sugar, decomposed starch or water.

Advantageously, the starter compounds containing active hydrogen atoms that are

used are those which have been prepared, for example, by conventional alkali



‘WO 00/15336 -13 Exanpl e B PCT/EP99/ 06473 Preparation of a DMC catal yst
using a polyethylene glycol sorbitan trioleate (catalyst B). 5 The

procedure of By idswas foll owed, but pol yethyl ene gl yced2B8prosos47t an
trioleate (TWEEN 85, Aldrich) was used instead of the polyethyl ene glycol

sor bi tan nonool eate from Exanple A. 10 Yield of dry, powdered catalyst: 5.5
g Elenental analysis, thernogravinetric apalysis and extraction: cobalt =
11.4 % zinc = 24.0 % tert.-butanol = 670"% polyethyl ene glycol sorbitan
trioleate = 12.1 15 Exanple C Preparation of a DMC catal yst using a

pol yet hyl ene gl ycol sorbitan nonol aurate (catalyst C). 20 The procedure of
Exanpl e A was chualylsiswiom fhetabpod-yehtiyiedniowgmotaelila? eigtar drarteas and vdlicuast e
(TVWEEN 20, Signma) was used instead of the polyethylene glycol sorbitan
nonool eat e f r GHEERgHHpkkoxylatyon producis baving moleslarweiehtscfttomy 300 tos2(H0g

El emental analysis, thernogravirnetric analysis and extraction: cobalt =
11.9 % zinc = 24.9 % tert.-butanol = 3.6 % pol yethylene glycol sorbitan

nmonol aur at e =Te.foly@ddition, catalysed by the catalysts according to the invention, of alkylene

5 oxides to starter compounds containing active hydrogen atoms is generally carried
out at temperatures of from 20 to 200°C, preferably in the range of from 40 to
180°C, especially at temperatures of from 50 to 150°C. The reaction may be carried
out at total pressures of from O to 20 bar. The polyaddition may be carried out
without a solvent or in an inert organic solvent, such as toluene and/or THF. The
amount of solvent is usuvally from 10 to 30 wt.%, based on the amount of polyether

polyol to be prepared.

The catalyst concentration is so selected that good control of the polyaddition
reaction under the given reaction conditions is possible. The catalyst concentration is

15 generally in the range of from 0.0005 wt.% to 1 wt.%, preferably in the range of
from 0.001 wt.% to 0.1 wt.%, especially in the range of from 0.001 to 0.0025 wt.%,
based on the amount of polyether polyol to be prepared.

The molecular weights of the polyether polyols prepared by the process according to
. 20 the invention are in the range of from 500 to 100,000 g/mol, preferably in the range
of from 1000 to 50,000 g/mol, especially in the range of from 2000 to 20,000 g/mol.

The polyaddition may be carried out continuously or discontinuously, for example in
a batch or semi-batch process.

25
On account of their markedly increased activity, the catalysts according to the
invention can be used in very low concentrations (25 ppm and below, based on the
amount of polyether polyol to be prepared). If the polyether polyols prepared in the
presence of the catalysts according to the invention are used for the preparation of

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



WO 00/ 15336 -14 Exanple D (conparison) PCT/EP99/06473 Preparation of a DMC
catal yst using tert.-butanol w thout a polyal kyl ene glycol sorbitan ester
(catalyst D, syotdwesizzeaccording to JP 4 145 123). 5 A solpgi/ppo®ied3 9
(73.3 mol) of zinc chloride in 1 Sm of distilled water is added, with
vigorous stirring (24,000 rpn), to a solution of 4 g (12 mml) of potassium
hexacyanocobaltate in 75 m of distilled ter. Imediately thereafter, a
m xture of 50 g of tert.-butanol and 50 g of distilled water is added to

t he suspension which has 10 fornmed, and vigorous stirring is then carried
out for 10 mnutes (24,000 rpm. The solid material is isolated by neans of
filtration, tB2nast 57468Y itas pbesibie ot dispendd wahOrangovhl of tthe T2talygt dlona the

m xture of tert,-butanol and distilled water (70/30; ww, and filtered
agai n. Fi nal | yolyether pokiol mathoyt thej prediect rayalitiest of theaesulgngrpplyteethane deomo
rpm) with 125 -butanol. After filtration, the catalyst is dried
at 50C 15 and aﬁ‘é%%%l#%g%cetg@ure until constant weight is reached. Yield of
dry, powdered catalyst: 3.08 g Elenental analysis: 20 cobalt = 13.6 %
zinc = 27.4 % tert.-butanol = 14.2 Preparation of polyether polyols
General procediceEzanples gvineh gollgw rexpldimthe ghyandipn shwdrarernat ninteaded de heei ght
= 1000 g/ nol) lan? from3 to 5 ng of catalyst (from 15 to 25 ppm based on
the anount of P88t her polyol to be prepared) are placed under a
protective gas (argon) in a 500 m pressurised reactor and heated to 105C,
with stirring. Propylene oxide (approximately 5 g) is then 30 netered in in
a single batch until the total pressure has risen to 2.5 bar. No further
WO 00/ 1S336 - 15 PCT/ EP99/ 06473



propyl ene oxide is then netered in until an accelerated pressure drop in
the reactor is observed. That accel erated pressure drop indicates that the
catal yst is agyvOwaled3eThe remai ni ng propyl ene oxide ( 14Sp@T/EB99/H6473
metered in continuously at a constant total pressure of 2.S bar. Wen
metering in of the propylene oxide is conplete and after a S subsequent
reaction time of 2 hours at 10SC, vol atilg, portions are distilled off at
90C (1 nbar) and then cooled to roomtenperature. The resulting polyether
pol yol s were characterised by determ nation of the OH nunbers, the double
bond contents and the viscosities. 10 The progress of the reaction was
noni t ored by Bxangpled tine-conversion curves (propyl ene oxide consunption
[g] vs. reaction time [min]). The induction tine was determ ned fromthe
poi nt of intersection of the tangent at the steepest point of the
ti me-conver si %tgﬁwﬁe&;ﬁ!&nhe extended base line of the curve. The
propoxyl ati on are of decisive inportance for the catal yst
activity, correspond to the period of time between activation of the
cat al yst éend of the induction tine) and the end of propylene oxide
net eri ng.> The Bx@mple Acaction time is the sumof the induction tine and the
propoxyl ation tine. 20 Exanple 1 Preparation of polyether polyol using
catalyst A (15 ppm) induction tinme:280 m n2S propoxylation timne:S00
mntotal r eaCtPréﬁhrétio‘i’i%ﬁﬁQ)M‘G‘B&hbj@tt Gﬁﬁ ROpNPEth{Hehd1 ¢RSB! s6B8a® imonooleate
KOH g) : 31. 6doubl'e bond content (mm % 9vi Scosity 2Z2SC (nPas): 864 30 WO
00/ 15336 -16 RGIAIFERIY. 06473 Wt hout reanaI of the catal yst, the netal
content in the polyol is: Zn = 4 ppm Co = 2 ppm Exanple 2 5 Preparation
pol yet her polyol using catalyst B (15 ppnm) induction time:375

0
propoxy! at i tﬁb@h | Bbridl t .
pol yol : dﬁy nunt)ldggol gk ? 81%(%% éQ’SQ. o)u%fgﬁgocn r%:df):%eino:5 'Hfo}%}LlYe)ﬂ ‘ggtl‘[:rs%:sosi ty
25C (nPas) : 10@8ddh \Exlawp)gcﬁm,& Emipgr(anjooo mfn),pcd yeddhetionpof wog (UZimaodasfal yst
C (25 ppm induction tinme:265 mn20 ro oxylation tinme:175 m ntot al
reaction t|nep@K@“W@ﬂﬁﬁP@@Pﬁ@wabﬁFW%ﬁ dﬁﬁ@k OWﬁmbﬂnKEﬂW@#Y§Eﬂ?@@ﬂﬁle

bond content (fyphlkB3o BE RO MNoPRT S0 8FdistR AR5 MBI (3 the suspension

which has formed, and vigorous stirring is then carried out for 10 minutes

15 (24,000 rpm). A mixture of 1 g of polyethylene glycol(20) sorbitan monooleate

Disponyl SMO 120°, Henkel), 1 g of tert.-butanol and 100 g of distilled water is

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

isolated by means of filtration, then stirred for 10 minutes (10,000 rpm) with a

mixture of 70 g of tert.-butanol, 30 g of distilled water and 1 g of the above

. 20 polyethylene glycol sorbitan monooleate, and filtered again. Finally, the mixture is
stirred for a further 10 minutes (10,000 rpm) with a mixture of 100 g of tert.-butanol

and 0.5 g of the above polyethylene glycol sorbitan monooleate. After filtration, the

catalyst is dried at 50°C and normal pressure until constant weight is reached.
25 Yield of dry, powdered catalyst: 5.8 g

Elemental analysis, thermogravimetric analysis and extraction:
cobalt = 10.1 %, zinc = 23.5 %, tert.-butanol = 3.3 %, polyethylene glycol sorbitan
monooleate = 23.5 %

30



‘Catalyst D (15 ppm) exhibits no activity under the reaction conditions
descri bed above. 30 WO 00/15336 PCT/ EP99/ 06473 - 17 Exanples 1 to 3 show

that, on accouwmp qof1a3Beir markedly increased activity in tipePERPROS4A30N Of
pol yet her polyols, the novel DMC catal ysts according to the invention can
be used in such | ow concentrations that it is possible to dispense with
separation of the catalyst fromthe pol yo}‘ WO 00/15336 -18 Patent
clains 1. Double netal cyanide (DMC) cata %/'st containing 5 a) one or nore
doubl e nmetal cyani de conpounds, PCT/EP99/06473 b) one or nore organic

conpl ex ligands other than c), and c) one or nore polyal kyl ene gl ycol
sorbitan estefxamipe B. DMC catal yst according to claim1, additionally
conprising d) water and/or e) water-soluble netal salt. 3. DMC catal yst
according to claim1 or 2, wherein the double netal cyanide 15 compound is

zinc hexacyan%‘.‘%ﬁ%ﬂtfoﬁt Sf IaI BMC4cat% ﬁﬁf‘lg;y ﬁ)}oé}geﬁl@ﬁ%r%i gg/rc%)f)_s v ttaﬁ) iofgﬁ{f 5

clainms 1 to 3, erein the organic- conp anol .

DMC cat al yst gqes4alyetiB)g to any one of clainms 1 to 4, wherein the catal yst
conprises from1l to 80 w.% preferably from1l to 40 w.% of a

pol yal kyl®ene glycol sorbitan ester. 6. DVC catal yst according to any one of

clainms 1 to 5, rein th | yal ne glycol .s iLfan, es | Si.:
pol yet hyl ene élih%\tbgf’gés(l (@F Pfg%gggge)f(.w%syk@ro nggsgutf %orly%{h_@elﬁar §B’§Pg?(l5)o%or%1?ana DMC
cat al yst accongblesiet @ WBENOBS® 0 Idrich) Wasl ubd Pnst&a@NBf ithd 1yl 1&ice PRicol

sorbitan monooleate from Example A.
. 10 Yield of dry, powdered catalyst: 5.5 g

Elemental analysis, thermogravimetric analysis and extraction:
cobalt = 11.4 %, zinc = 24.0 %, tert.-butanol = 6.0 %, polyethylene glycol sorbitan
trioleate = 12.1 %

15

Example C

Preparation of a DMC catalyst using a polyethylene glycol sorbitan monolaurate
(catalyst C).

. 20
The procedure of Example A was followed, but polyethylene glycol(20) sorbitan
monolaurate (TWEEN 20°%, Sigma) was used instead of the polyethylene glycol

sorbitan monooleate from Example A.
25 Yield of dry, powdered catalyst: 5.6 g

Elemental analysis, thermogravimetric analysis and extraction:
cobalt = 11.9 %, zinc = 24.9 %, tert.-butanol = 3.6 %, polyethylene glycol sorbitan
monolaurate = 14.6 %
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30 i) reacting in aqueous sol ution WO 00/15336 - 19 a) netal salts with
metal cyanide salts, PCIT/EP99/06473 Vii) organic conplex |igands other than
pol yal kyl ene gi®aol153a6bi tan esters, and y) pol yal kyl ene glpgwEpemoei3an
esters, 5 ii) isolating, washing and drying the catal yst obtained in step
i). 8. Process for the preparation of polyether polyols by polyaddition of
al kyl ene oxides to starter conpounds cont ﬂini ng active hydrogen atons, in
the presence of one or nore DMC catal ysts“atcording to any one of clains 1
to 10 6. 9. Polyether polyol as prepared by the process according to claim
8. 10. Use of one or nore DMC catal ysts according to any one of clains 1 to
6 for 15 the [ExangplaD (@ompharisat)yet her pol yol s by pol yadditi on of al kyl ene
oxi des to starter compounds containing active hydrogen atons.

CAA2.A LA LALLA AT UA LLLALLA9ALLAA2 A LA .9%A 9. A A . .AAL A
L.A .Le. 9mn \ - .

+} ! hex{vql gb] %r ‘%,pzf]r %tlg]nc%tj %zﬁ %Ia g%tfl&sit] %%T%éﬁr%é (t:aé]]o %:z‘ﬁlﬁhggﬁ 8£0é%ajlléyéf%eaf%’§?lca] ca
] ca] cRa] ca] calseitankaad @atBai Dadyaftkis @addrdiab 36904 H4Yen3Y84 xsni d_Z] ] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca
] ca] ca] cd ca] ca! 984 & &

af cal cal cay calb el el LG5I ¢ ayeeh Ssvis priaf B8 By U BT SRS 6 cal ¢
a! / BOEOO) 11118212 Jorsd 3pAmb BB Am); Yo 9:sblution of 4 g (12 mmol]) of potassium

. <}xsni d_Z]]ca] caJca] ca] ca] ca] ¢ca] ca] ¢a] ca] ca] ca] ca] ¢a] ca] ca] caJ ca] ca] ca] ca
] ca] ca] ca] ca] dekaxyhueroballatajrcaj odjof distifed water SlannabhaBlgtAdvaHBBRBBOTTEAGA HHHH
aj cal ca

NJZJ _JInJdJ id Z (

oK 0] caq o 2Oy G abeatal 2pd 2D el Rl S RIS LY RN Pt P
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U] c*a] ca] ca] Zé? ngﬁdég{\ %ﬂ%@aﬁ%ﬁgéﬁ télg ¢ ceg]oélztst %raiq:a r(l:ué chgg]ogg tpm). The

U] c*a] c”a] ca] cali¢ ahartislafLadotsted by means of filtration, then stirred for 10 minutes

RR\ RRRSSSSSTTTTT- UUUUUUUU! VeVdVf VYYYYZ- Z~ytoj e Ynid_Z]

U] c”a] ca] ca] c4] @80 apwayith] ] & A camixtateced] tH]-butpeel] aw) disfilded wajee 47¢aPca] ca

]cha

w/w), and filtered again. Finally, the mixture is stirred for a further 10 minutes
(10,000 rpm) with 125 g of tert.-butanol. After filtration, the catalyst is dried at 50°C
15 and normal pressure until constant weight is reached.

Yield of dry, powdered catalyst: 3.08 g

FElemental analysis:

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

Preparation of polyether polyols

General procedure

25
50 g of polypropylene glycol starter (molecular weight = 1000 g/mol) and from 3 to
5 mg of catalyst (from 15 to 25 ppm, based on the amount of polyether polyol to be
prepared) are placed under a protective gas (argon) in a 500 ml pressurised reactor
and heated to 105°C, with stirring. Propylene oxide (approximately 5 g) is then

30 metered in in a single batch until the total pressure has risen to 2.5 bar. No further



‘U cna]ca]ca]calca]ca]ca -Z?ZBZ[[[\]u*x"_" " ", aaa
‘bbb{bbbbbcccccddeezt oj e_ZU] ca] ca] c™a] ca] ca] ca] c”™a] ca] ca] ca] ca] ca] c™a] ca] ca]
ca] ca] ca] ca] cayo"mleabeal ca] ca] ca] ca] ca] ca] ca] ca] ca] cMa! eepeeBpddybpigf uf f

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cae. a?!. M 10

%W/& ()-10% & ()-9 10% & ()-9Y 10% & ()-?510%&' ()-1s9&10% /& ()-J 9

z[ 9! +95#10% / & () -&S2Z10% & () -/-10% & () 1M 10%¢#/ #/ & ()-!'3M 10% /& ()-!. M

"10% /& ()- mnopaqr _@+s10% & ()-!>0&810%4 % & ()-F 10/ 10/

10/ " =10% & ()-*-10% & ()-&95#10% & ()- YAWMI6_@Q/'10% & ()-!),*" 10% /& ()-!3

"T10% 1 & () - ! propylédoxéde(iy tHenPhetert@ U Guftil(ah-akdelerattQ Yrésire )irdp in the reactor is

uV79LS10% & ()-'10% & ()-M 10// 10//

10/ /1 +999#109gobgerygd- Thabageeleratedgpressueg drop)indifatpyithat/the Icg@lysb ig &tiyyted 10w & ()
104 & ()-9 remaining propylene oxide (145 g) is then metered in continuously at a constant total

pressure of 2.5 bar. When metering in of the propylene oxide is complete and after a

5 subsequent reaction time of 2 hours at 105°C, volatile portions are distilled off at

90°C (1 mbar) and then cooled to room temperature.

The resulting polyether polyols were characterised by determination of the OH

numbers, the double bond contents and the viscosities.

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

time and the propoxylation time.

. 20 Example 1

Preparation of polyether polyol using catalyst A (15 ppm)

induction time: 280 min
25 propoxylation time: 500 min
total reaction time: 780 min
polyether polyol: OH number (mg of KOH/g): 31.6
double bond content (mmol/kg): 9
viscosity 25°C (mPas): 864
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15 Example 3

Preparation of polyether polyol using catalyst C (25 ppm)

induction time: 265 min
. 20 propoxylation time: 175 min

total reaction time: 440 min

polyether polyol: OH number (mg of KOH/g): 30.2
double bond content (mmol/kg): 8
viscosity 25°C (mPas): 926

25
Example 4

Catalyst D (15 ppm) exhibits no activity under the reaction conditions described
above.
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. c) one or more polyalkylene glycol sorbitan esters.
10

2. DMC catalyst according to claim 1, additionally comprising d) water and/or

e) water-soluble metal salt.

3. DMC catalyst according to claim 1 or 2, wherein the double metal cyanide
15 compound is zinc hexacyanocobaltate(III).
4. DMC catalyst according to any one of claims 1 to 3, wherein the organic

complex ligand is tert.-butanol.

. 20 5. DMC catalyst according to any one of claims 1 to 4, wherein the catalyst
comprises from 1 to 80 wt.%, preferably from 1 to 40 wt.%, of a

polyalkylene glycol sorbitan ester.

6. DMC catalyst according to any one of claims 1 to 5, wherein the
25 polyalkylene glycol sorbitan ester is a polyethylene glycol sorbitan ester.
7. Process for the preparation of a DMC catalyst according to any one of

claims 1 to 6, comprising the steps:

30 1) reacting in aqueous solution



& (10%&& ()- ' & (10%&R& () - & (10%&& ()- & (109&& () -

-' ddddddddn™44&l (10%&& () - ' & (10%R& ()- & (10%&R& ()- & (109%&R& () -

' & (109%8&' () - wideeeesgsevUsd | "L10%RS& () - , 9LS10%RS& () - 1081 pITIBES/08473
109%&&' ()- , 710%&R& ()-g , LFAGLO%&R& () -, e2e3eRf Sf Tf Uf Vf bf | obU4

, 9LS10%&& () - 10&10&10& ,, L*Z10%&R& ()-m& ,9 109%&R& ()- ,, LZ10%&R& () -

, 810%&& () -bfgfufffflg|[:bW4 , ,,10%R& ():.,"L1I0%&R& ()- ,109&& ()-& , LI
c109&& () - ,9010%&R& ()- , &10%&R& () -! nggZh%[i i|[:bU4 , ,0&0#10%&& () -

, ¥T109%R& ()-F 9% 109%&& () -& , &&H109&R&' () - 9 109%&R& () -

[,109%&R& ()-gi[j~jjjijijvud , =10%&R& ()- , &10%&R& ()- , 9LS10%&R& ()-10&10&10&
, & Z10%&&' () - CL5 109&R&')) - j jokdDilisalts withwmdal cyadidd 8L () -, 8, @ 109%&R&' () -, ,
10%89& ()- u 1098 +1& ()-. . O5 109%&#& ()- ., "L109%&R& ()-1 U [:vU4

,L:109%&& ()-, 8, @ 10%&&R)) -, orsanippqgnplex ligands gthgr ﬁla#mb)ﬁgﬂ&ens glyso!

#109&&' ()-3 Normal " "Headi ng S&g% " c;tgxkég 1Ng 23] c" "Heading 33]c" "Heading
43] ¢c" "Headi ng 53] c¢" "Headi ng ']&6 ading 73] c" "Heading 83]c" "Heading
93] c" A "Defaul t Paragraph polyalkylene glycol sorbitan esters,

Font g~$) +0p8?MEHNRX"bUcgj nprt vxz| ~% <I§R¥ ZemJKLMNOPQR h7"x& ) R+-1.0) 2358k;
<, >NABAEHZJr KK' LbPGRSTUGSOVBING, ashing baiNdrytgtiel catelystiabitgingdSmgtep¥Z[ \ | ~ " abcd
ef ghi j kIl mopqgr st uvwxyz{|}~6Ti mes New RomanAri al Couri er New'h Root

Ent r yWor dDocunent &1 I"H#$UR' () *+,-./0123456789: ;

<=>?@\BCDEF GHig) KL MICRARSTIAMK R hdfion 8PEIGEEIE bt 8T MG MAHAZSH Ay lene

oxides to starter compounds containing active hydrogen atoms, in the

presence of one or more DMC catalysts according to any one of claims 1 to

’ 10 6.

9. Polyether polyol as prepared by the process according to claim 8.

10.  Use of one or more DMC catalysts according to any one of claims 1 to 6 for
15 the preparation of polyether polyols by polyaddition of alkylene oxides to

starter compounds containing active hydrogen atoms.



