1 25" July 2006 *166166* 1 PREPARATI ON OF A DOUBLE METAL CYANI TE CATALYST

The present iny i es to a process for the preparation of a double
nmet al cyani de ﬂ@‘mma%mm‘@ﬂ zi nc hexacyanocobaltate catalyst, and to a
process for t tion of alkylene oxides with theSHEhp2096 a
doubl e netal cyani d&¢¢%t al yst. Background of the Invention Double netal

cyani de (DMC) conpounds are well known catal ysts for epoxide

pol yneri zati on, PREFARATIONIOF XNBOURLIEMHTM, EYANRKIEIEA TIATKES Pr OpY| ene
oxi de and ethylene oxide to yield poly(alkylene oxide) polyners, also

referred to as pol yether polyols. The catalysts are highly active, and

gi ve pol yether p ol I un ratiqQn conpared with simlar
pol yol s nmde us?hé sqsrr%%egﬁtbats}'%’%ggﬁ'\gpys?%i%%e %& agsi%rrﬁc?ﬁﬁdr(%)?ffde.
Besi des f orthéeppeppaaatioan off paytilermetol yoyanidle catalysts e€an be used

to make a variety of polyner products, _i ncluding pol yester polyols and
pol yet heresFéFcpgﬁiféFé’:an‘?ﬁggﬁélt%les R lyetus &g dro %rEESFFﬁ@ or

pol yur et hangge byoli GREkH BELEBEMOH 1N ARG IBEHANRLES HNERE ﬁ@@%OBEi ate
conditions. Polyufethane products that can be made i1 nclude pol yurethane

coatings, ehadouhbesmetadl gyapideogatalyand adhesives. Al though active
catal ysts cggcfger regar d W’t n thg.gelp of the prior art processes, there
i's mterest—;—ng-'—grgr—gagfﬁg—ﬁhg—xg&—%—&y further. In WD 98/40162 a process
i s described forpsakleg méoabl ecyamisde CyaMale eampoitids burecagking an
AqueoUs S0 " catalyete for epexiae polymesization, 1 Ve. for
polymerizing alkylene oxides like propylene oxide and
ethylene oxide to yield poly(alkylene oxide) polymers,
also referred to as polyether polyols. The catalysts
are highly active, and give polyether polyols that
have low unsaturation compared with similar polyols
made wusing strong basic catalysts like potassium
hydroxide. Besides for the preparation of polyether
polyols the catalysts can be used to make a variety of
polymer products, including polyester polyols and
polyetherester polydls. The polyols can be used for
preparing polyurethanes by reacting them with
polyisocyanates undexr appropriate conditions.
Polyurethane products that can be' made include
polyurethane coatings, elastomers, sealants, foams,
and adhesives.
Although active catalysts can be prepared with
‘the help of the prior art processes, there is interest
in increasing the activity further.
In WO 98/40162 a process is described for making
double metal cyanide catalysts by reacting an aqueous
gsolution of potassium hexacyanocobaltate, tert-butyl

alcohol and an aqueous solution of zinc chloride in

which the alkalinity of the aqueous solution of =zinc
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al cohol and an aqueous solution of zinc chloride in which the alkalinity
aof the aqueous solution of zinc *@0002* 2 25 July 2006 chloride is about
0.-2to 2. 0 Ww of zinc oxide based on the anmount of zinc chloride in
the sol ution, nnst preferably from aboyt 0.4 to about 0.9 % ﬁpyzq?annunt

of zinc oxide 9&m¢ (Example 7) onsi de t oo hi_gh; pol yol s
obt ai ned hadQﬁi %r%t?oﬁoaﬁd% ca %+%%09¥%9g ?a 8@&& of

zinc oxide egr r&s@oaﬂéumt 0. Lk nehEopiagi Re PHAEsPRAL iOR] emBELMEt Al
salt. Summary of the invention Contrary to the teaching of WO 98/ 40162, it

has now beePredferabliyatf nesr @bt Ve L i@l gkt cdnd be wir ebar &mopuntt he
presence of I&'fgmza{rtxé‘”BWﬂiﬁ s ab kaki rgqﬁvt ”?é Qerﬁf of s et %ﬁ.%?@?m
a et al

i nvention relates rocess for t |on of
cyani de (DMEpccat alight:, whheh ppdmynﬁs(anhﬂayned (ahadonbincergaardaqueous
solution of a netal salt wt ,an aqﬁ¥fus solution of a pmetal cyanide salt

and reacti ngPERESEALIOH | r¥&§ﬁR§%9ﬁ;t¥m§%ﬁk¥Ea9£l i rom the

reaction mghube borbksn®s 0GaLs Lhie DICreakal st zhacpr@:pf&@dﬁe&lth_e
presence of fromO0.03 to 0.4 nole of nmetal oxide and/ on netal hydroxide,

based on ampmeleobfrpesalssalt.it has been found that the catal ysts
obt ai ned by S%Qp Ero%§§%gacgo%%5?ac}o the present invention have unique
characteri st creased activity, it was found that
the nolar rati o otoftralry to the teaching of WO 98/40162, it has
now been found that more active catalysts can be
prepared in the presence of higher amounts of alkaline
metal.

Therefore, the present invention relates to a
process for the preparation of a double metal cyanide
(DMC) catalyst, which process comprises:

(a) combining an aqueous solution of a metal salt with
an aqueous solution of a metal c¢yanide salt and
reacting these solutions; and

(b) recovering the DMC catalyst from the reaction
mixture,

in which process the DMC catalyst is prepared in the
presence of from 0.03 to 0.4 mole of metal oxide and/
on metal hydroxide, based on amount of metal salt.

It has been found that the catalysts obtained by
the process according to the present invention have
unique characteristics. In addition to an increased
activity, it was found that the molar ratio of metal
derived from the metal salt to metal derived from the
metal cyanide éalt was higher than observed in
catalysts prepared according to known methods.
Therefore, the present invention further relates to
xinc hexacyanocobaltate catalyst obtainable by a

process according to the present invention, and to



derived fromthe netal salt to netal derived fromthe netal cyanide salt
was hi gher than observed in catalysts prepared according to known nethods.
Therefore, the present invention further relates to xinc

hexacyanocobal t at e catal yst obt ai nabl e gy a process accor di2idulyc200fe
present invention, and to 3 25 July 200 Xi nc hexacyanocobaltate cat al yst
prepared fromidcrdenacyanqcohad tatifeteat et derepared nfanch MRE2Mo| ar

ratio of xingto Gebal fndesiale)Bagie 22h: leewgu&l; L] Hbl4rOLathp Present

catal yst makes it possi o opera e at much Tower cat a
concentrati ooft kAmorvas ewbadagdaes wtt ileastw?2 .Ré&t.ai | ed descrl pt ion of the

I nvention The process according to the present invention
preparation of thg%ﬁwél aP§ Eg ViR if  preseres &Ff??ﬁﬁ%y F%i684 nol e

of metal oxide askeibIE®t al:ohyfb’pfé&*ad:% baeedneeharmlttmelef patalysal t.
Thi s conpound can be present in any part of the preparation. Swtabl e

net hods conpiaosieeaddiang onh&hagetvals SavdSaged swtiddt A%y dr oxi de to the

netal salt slutihly 3Rd95 42N BRI jexadesalt solution. A further
met hod conprrses—aggLﬁg—é%eﬁ%Oﬂpound—fo——so+g¥+on-mhlch contains the DMC
catalyst while it The peooagsoramtbrding heol ather pretdeod, uheeaddohl on of
nmet al oxi de and/on netal hydroxi,de ca% be carried out _at ang ggﬁduring

prepar ati on GPMPRESES aPFEP2TEGART a®Lshbhel yPYft eFAEREYEGUEST utions

have been addedgeheget Ber, redmi g, dﬁf%t'@r.‘wfméi@ P e T 65&"15@9 t he
further treatnent of the COE| ex has been fornmed. Furthernore, the

conpound canabd/aadeetal dwisronideli fhagsehtontageuntfof huetalabpdt -
pr epar at i on. b1 OYefly AR VLLY YB3 PSELESE SN dily {8t Al Ofiyde and/ on

preparation. Suitable methods comprise adding the
metal oxide and/on metal hydroxide to the metal salt
solution and/or to the metal cyanide salt solution. A
further method comprises adding the compound to
solution which contains the DMC catalyst while it is
being formed. In the latter method, the addition of
metal oxide and/on metal hydroxide can be carried out
at any time during preparation of the catalyst, such
as shortly after the aqueous solutions have been added
together, during formation of the complex or during
the further treatment of the complex has been formed.
Furthermore, the compound can be added at several
different stages of the catalyst preparation. Improved
activity was observed even if the metal oxide and/on
metal hydroxide was added when the complex had already
been formed.

Preferably, the metal oxide and/on metal
hydroxide is present during reaction of the aqueous
solution of metal salt and aqueous solution of a metal

cyanide salt.



met al hydroxi de was added when the conpl ex had already been forned.
Preferably, the netal oxide and/on netal hydroxide is present during
reaction of the aqueous solution of netal salt and aqueous sol ution of a
metal cyanide salt. 4 25 July 2006 Al kaline conpounds are26dA&iZ98ped

conpounds that wh added to pure ter give a_solution havi H
e hany O RANIRE (e SradtReaR et oA BrBh et a
hydroxi de whiygni SidiRBeRd . phibe ¥R PlvesUghactQEREHNhaRI@REE pA

starting conmpounds such as zinc chloride, should also be taken into
account. Thegdwepserafbamt 7of .netal salt is considered to be the total

ol ar amount of Tkl SANIRLIRENnd NG S NiIpt Aol deaapgd et

hydr oxi des. Prefera , thé amo I's nore  preferably at
| east 0.04. meeadmiydrcdidetwhicki de apyrdguntet ghe hgabaxtdef ssuongl y

depends on the kind of cor’%)ound present, It wll|l be appreciated,that the
amount wi || GERBPHPAY BerseRfuefl? SEATRIRG SOMBOURES ST hAF | F1BCnet al

hydroxi de iscH3$edigeenaghalhy, aiie BavedkeW hhcbBeakessntt han. 0.4 nole, nore
specifically less than 0.3 nole. A large variety of conpounds have been

found to be suit Zbee rr@wsaMoRnt hefpmedalt salentiBoreonsAdiingdntPly, the
e e B8 BB AL T iSRS " T5EE,0 BEPACG BRahe b
use in the fataldongde thed/ artzRt alodidloxidel armetel al sydtoxgdesp | a, 2a,
2b and 8 of %nggﬁgkﬁgic E%E(aégoégga is at least 0.035, more
preferably at least 0.04.
The amount of metal oxide and/on metal hydroxide
strongly depends on the kind of compound present. It
will be appreciated that the amount will generally be
lower if a metal oxide is used than if a metal
hydroxide is used. Generally, the amount will be less
than. 0.4 mole, more specifically less than 0.3 mole.
A large variety of compounds have been found to
be suitable for wuse in the present invention.
Additionally, the metal oxide and/on metal hydroxide
does not need to be added as such but can be formed
in-situ as well.
Metals which are especially suitable for use in
the metal oxide and/on metal hydroxide are metals of
group la, 2a, 2b and 8 of the Periodic Table of the
Elements of Handbook of Chemistry and Physics. More
specifically, the hydroxides and/or oxides of one or
more metals are preferably chosen from the group
consisting to group la, 2a and the metal present in
the metal salt and/or the metal cyanide salt.

Preferably, the alkaline metal compound is one or more

compound chosen from the group consisting zinc oxide,



El ements of Handbook of Chem stry and Physics. More specifically, the
hydr oxi des and/or oxides of one or nmore netals are preferably chosen from
the group consisting to group la, 2a and the netal present |n t he net al
salt and/or the netal cyani de salt. ferably, the al kal i 8] 6

conpound is one or pppound chose t he rou consi sting zinc
oxi de, 5 25 f&ﬁ& gé%ﬁ g%i péYgggﬁb T EELBPum oxi de

and/ or barlughgybgeba&quhh%xﬁ@@cess of the |nvent|on aqueous solution of
a netal salt and aqueous solution of a netal cyanlde salt are conbi ned and
reacted. Generall §n ttes prugdgssheofddrke | nnvmtp@@semeeoﬂSaﬁOéugannc

coml extng agent. fheafetaly pal dngr L IARY I IRLEI, Seluible. Rl

general ly has™t hée genéral Tormul whi~¢ch i S }ected
fromthe gr Oupaﬁﬁﬂél §allrtg aﬁfe Zd’bmk(:dnéd anEEréé.ctl:éd Gllanéi:‘ally, Is/hlé| 1)

Co (I |), ﬁ {/& Fe (111), Mo (1V), M (W) (L), V(W)
vV (IV), } bﬁN??WB in b?l?reseﬁc@HQf aQuﬁFQ?“{?IF?mpl fBre
preferably, y?bgtselected from the group consisting of the netals of group
2b and 8 of t Periodi c Table of the El enents of Handbook of Chem stry
and Physics, 63rdTEegi thepal Peeflér aprgferably ziiencwatenn slofizle and/ or

ni ckel . Nbre S eC| cal I s_selec fro up c S|st|n of Zn
(11) , Fe ?‘ 5:3Y(|1?§/9 ¢ d%i?n?’Fﬁ h‘? gferably

an ani on sel Qﬁ'&@ﬂ fM ot R IdcHEA cgﬂémsttlﬂw gﬁéu@abbagashuﬁgomﬂemsul fate,
car bonat e, cyanlde oxal ate, thiocyanate, isoc anate | sot hi ocyanat e,

car boxyl at e, éﬁﬂlmﬂﬁwﬁki)ﬂTﬁﬂvéIhb oMnn (@dher 49 y(IL) s $®nfillp BPand
satisfies theryql enqy sipfg, OfioM(Iv), Mo (VI), AI (III), V (W), V

(Iv), Sr (II), W (IV), W (VI), Cu (II), and Cr (III).
More preferably, M is selected from the group
consisting of the metals of group 2b and 8 of the
Periodic Table of the Elements of Handbook of
Chemistry and Physics, 63rd Edition. Preferably, M is
zinc, iron, cobalt and/or nickel. More specifically, M
is selected from the group consisting of 2Zn (II), Fe
(II), Co (II), and Ni (II). In the formula, X is
preferably an anion selected from the group consisting
of halide, hydroxide, sulfate, carbonate, cyanide,
oxalate, thiocyanate, isocyanate, isothiocyanate,
carboxylate, and nitrate. The value of n generally is
from 1 to 3 and satisfies the valency state of M.
Examples of suitable metal salts include, but are not
limited to, zinc chloride, =zinc bromide, zinc acetate,
zinc acetonyl- acetate, =zinc benzoate, zinc nitrate,
iron (II) sulfate, iron (II) bromide, cobalt (II)
chloride, cobalt (I1) thiocyanate, nickel (I1)

formate, nickel (II) nitrate, and



Exampl esof ‘sui t abl e metal salts include, but are not - limted to, zinc
chloride, zirnc bronide, zinc acetate, zinc acetonyl acetate, zinc .
obalt (11) '

benzoate, zinc nitrate,. iron (I1) sul fate,  irton (1) bron1de f

chloride, cobalt (I1) thlocyanate ‘ni'ckel Ulé f-or mat e, J“(ZWW

nlérate and 25 ?uly 5006 6 e.: s thereof. chlorlde"is nDst the "lik. .
an m xture: pre erre t he Kne_ a | cyanide.salt fe I S ter
sol uble P:. and Q@néﬂ-&]elryaﬁé’sm%%?er e’??ﬁ#rul ngy?hﬁ £ %5 gl) e
sub.. b . (A gre§ rr@ ‘this salt' M is on.e. or. more C . netal sel ected .
fron1group 5b -6 E “of . the Periodi Table of the El-ements .of andbook;,-ﬁ

of Che{n st ry and t. At[‘heehecthe.d cyaiiy cssal*d%mfeﬁsaiﬁ):yly Vils swaber soluble ne.
consi s n.g., i:rén, bal t on1un1 om 10 manganese,.
i ridium nickel, aPﬁ‘o@ie@tﬁraSﬁt%é’rﬂ%rﬁ '{Rﬁm'fﬂa Egge PRs? ancgs M. .

usual Ly wasi -f oupd (bR)D&us bprmeruuas; 'iqu(ﬂﬂ:)s Reaft i) is Conélé ﬁ@féll); s

O (1.1) 11.). . R (L) RO N (IN) . =~ ndl 6r .V
specifically;" N1mﬁ$adn@e@ecqﬂ§ ﬁﬁﬂmrﬁﬁQﬂPsﬁﬂfxﬁhxi?boﬁ%tﬂ% EF%uBerl°dlC

herances. M LABEYRy SN FRP R o Aot 108 OhefEbery| dpance

(11), Fe(ltl), PE@S&bS')PreﬁdraHBy,fMWMidmonéJdrih@resmetalcgehedEedalt

can obtaln :ohe~ar_.nore of: t hese netal s. I'n - :the for lan .. s
al kali. metal |onf69ma¢M£|QQQQRnQQF515tln9 of’ 1ron, coba chromlum, o
5'1O?f,f manganese, 1r1d1um, nickel, rhodium,'ruthenlum and
ro ._.4_-,:.._._._-;\_,_\..\}.'.1'.',; R

.H.”H::t: Present as Fe(II), Fe(III), Co(II), C°(III)' Cr(II), C
S 'hiII)r Mn(II), Md(III), Ir(III). Ni(ID), Rh(ITT),
TR(TT), VIV @nd/ér ViV). More specifically, M'is one or

Co1s 7 fffmore metal selected from the group con51st1ng of iron,”

__i'}cobalt, chromium, iridium and nickel In these 1nstances,*;j
‘ \ﬁﬁﬁM'usually ‘was" found to be present as’ Co(II), Co(III),uG
1“Fe(II),_Fe(III), Cr(II),,Ir(III), ‘and Ni(II). The metal *

"Vanadium In these 1nstances, M' usually was found to be T

- cyanide salt can- contain one‘or more of these metals.-In R

. defeﬂﬁfthe formula, Y 1s an alkali metal ion or alkaline earth
| E Tmetal 1on. A 1s an anion selected from the group
conslsting of halide, hydroxide, sulfate, carbonate,
,:ffkcyanide, oxalate, thiocyanate, isocyanate, isothio—
____’J'f;cyanate, carboxylate, and nitrate Both a and. b. are
-iéSr‘t'nl' ntegers greater than or equal to. 1, the sum of the f'“v
.Jilfgcharges of a, b, and c balances the charge of M' ' ' ;
.i“'Su1table metal cyanide salts 1nclude, but are not limitedf]”
"nto, potassium hexacyanocobaltate(III), potassium R
ER ::;_hexacyanoferrate(II), potassium hexacyanoferrate(III), ;ff_ff
i;lV3Qi,'jf7calcium hexacyanocobaltate(III),_lithium hexa--f' P
b cyanoiridate(III), and the like. Alkali metal

"°?fthexacyanocobaltates are most preferred



metal ion. A“i ‘s an: anion selected fromthe group consisting~.' O hilide,

hydr oxi de sul f at e, carbonate ~late, thiocyanate, isocyahate, isothio-
byani de,. oxa' cyanate b Iate --and nitrate- Both a-and.b.are car oxy e
25 integers greater. than -or-. "equal - 1; . qtfie sum of tAdulyli@bqges; f
~b -charge bf .M ‘0-a, j.and c. ballances t he * Sui't abl e- net al sc~ani de

't | ud- er--but..ake,-not _- | t fom
ﬁgxaiyanoggbuAlfateu(9§¢$FggﬁoY§gg}ﬂﬁg ﬁxxﬁﬁgaﬁ§$8§g§t85| ?e ip EE%?%nt

hexacyanof er rat e(s'yiil)geﬁéf»:ﬁﬂ?”ESﬁBi‘iEéf So(blbinit! Cohplehens agent.: cal ci

cyan0|r|date (1l Al kali -
hexacl i-ano' cobal t@éregadiy, ke pompéemdg agept gl yGMGVBW soluble in

catalysts made by the prgc f the nt| l...0 3l 1% i.se an
i%@PgPaFP? ngO%gthy'hre %ﬂ?s@ QR

or gani ¢ coaneX|nUaﬁﬁ§nt Xing agent is relatively:

sol ubl e ing. WﬁterEp§Hht§B|%h@OEEt?XaBQt&ﬂghts Foe e&ﬂmpleonumnDySau@ht, for -
exanple in uUS .. known 1n the art as t No 58, 22 The

conpl-exi:ng agent Ne. a&dééBQBBRerThGuFPmﬁlﬁﬁéﬁgrQQFBﬁ éﬁ i :
ool et ag mgent PELB8 pYeriE i i ymeutidny, 0y ‘t‘?té‘i%ﬁ%&?ﬁét’i‘e
het er oat om cont ai BFNgheocatlyst .cUsnallys ah- telmesa:amquﬂjt @& iheh the -
o et oy O e s PSP IE SNl Ueri, e
“re?$*<”i£6it¢5 WEEEELQ%EMHTEjHetégdﬁt%middﬂﬂaﬂﬂlng organic. compounds:;,--
o ~that can complex with ‘the double metal cyanide compound.
'Suitable complexing agents include, ‘but are not limited
to, alcohols, aldehydes,_ketones, ethers, esters,_amides,
ureas, nitrites, sulfides, and mixtures thereof.
.'ls .~ preferred complexrng agents are water—soluble aliphatic
) “ alcohols selected from the group'. con31sting of ethanol,
: isopropyl alcohol, n—butyl alcohol, 1sobutyl alcohol,
'-'sec—butyl alcohol, and tert—butyl alcohol Tert-butyl
'alcohol :1s most preferred '
t20;; . T Examples of" double metal cyanide compounds that can
| .':'; be made by the process of the 1nvention include, for
‘example, zinc hexacyano~coba1tate(III), zinc |
hexacyanoferrate(III),:Zan hexacyanoferrate(III),
e -"nickel(II) hexacyanoferrate(II), cobalt(II) _
253; _'hexacyanocobaltate(III), and- the like Further examples
- y of suitable double metal cyanide compounds are listed in
. U.S. Pat. No, 5, 158 922, the teachings of .which are : |
I-incorporated herein by reference._Zinc hexacyanocobaltaten
ST __t is most preferred | f_. _ f' . . j o
v:'l:,éoﬁffdt?];. In a typical process for making DMC catalyst, an .
sl aoueous Solutlon of the metal salt (e. g., 21nc chloride)‘.i
o is first prepared Next, " the adjusted metal salt solutionf;

h is combined and reacted w1th an aqueous solution of a.



15 Preferred conplexing agents are water-sol ubl'e aliphatic al cohols

sel ect’ed from the. group* consisting of- ethanol ;. isopropyl alcohol,
n- but yl aIcohoI i sobut .yl .al cohol, y sec- butyl al cohol, and tert butyI
al cohol.'1 Tert-butyl alcohol 1s rrost pref erred. 20 ExaanQéSTubT 2098ubi e

nmet al : cyanlde .conpounds - that can -be made’ by tﬁe process of the |nvent|on

i nclude, for . exanple, :zinc hexacyano- cobaltateru(lll) zi nc, '
hexacyanoferrate (metalzcyanhdsasaanoﬂsuchtaslpbtassnumkhbxabwhnocobaltate)
hexacyanof er.rate, (J|)., cobalt %FZS hexac anocobal t at e II

i ke. Further exanHF e Breseq ?a eaﬁoﬁﬁgén t §PMPy-&A-GY - % nﬁgcgrés

listedin. - US Fi?értl\ﬁutyi &2c8hb1§: aslnt;hefﬂe@eh&gmst&n\ghtehpreaace a
|ncorporated ‘herei.n by refetence. Zinc-hexacyanocobaltate 'is

most, preferred. Ccatalysh aluryybcﬁhepcotesystoslﬂﬁmwn@ODWBeaﬁatyst An.
"inc-chlori.de*' ueou ol ut i,on, of .t S £
prepared Néxt- gr ﬁ%?ﬁdpﬁﬁﬁaFtsaFtQ§8|ﬂ%ﬁ%ﬁ % Sﬁg’éggai 5 gcted

with an -aqueous S@élltJOﬁhQEha135tﬂ§|MoaBQG thaasuohtpaes: p(Aﬂ.&bepurmsent are ..

hexacyanocobaltate) metal cyanide salt in .the 'pretence of .an organic .
conpl exi ng. agent (%%ﬁ%ﬁ%smega@eﬁﬁlbutVPteﬁléBﬁoPFgaﬁéFn§°@Pﬂﬁ§%§Htaﬁﬁﬁtng
to produce. a..cat taky I 0 ction
product . of. the met-al éXﬁggggtggyghlgbmé.B§§¥nﬁ H&hkﬁ% %gﬁﬁhg%ﬁoubte
met al conplex Alsmtmmetane. are excess netal salt, water and organlc

conpl.exi'ng._a ent
P ? ¢ The réactants are combined at . any ‘desired -

i'ﬁtemperature‘.Preferably, the catalyst'is prepared at a
”;temperature w1thin the range of ‘about ‘room temperature to
7T80 C,'a more" preferred range is. from room temperature to
B __““"60 o N : : L | .
15 i“'f_ The organlc complex1ng agent can be 1ncluded With :
o -either or both of the aqueous salt. solutions, or lt can
A;ffbe added to the catalyst slurry immediately following
'prec1p1tation of the DMC compound It is generally ' o
_ o preferred to pre-mix the complexlng agent with either_._q:
.201:1,; agueous solution, or both before combinlng the |
- :7”reactants. o o '.' S
E q“ ‘.:"'t17jf ‘The 'initial DMC complex is formed in an aqueous o
o Vreaction medium ‘The metal salts used and the salt formed;ﬁ-
. during the complex formation reaction are well soluble inVT'
_“éﬁ.;q;l:water and. hence will be present in the aqueous phase.,ff'
B Since these salts are generally detrimental to. the_; o
“-fact1v1ty of the DMC complex catalyst, they are usually

:removed before the DMC catalyst 1s actually used for

catalysing any alkoxylation reaction. The catalyst can beﬁf?

'f,jOT:.s?ﬁisolated from" the catalyst slurry by any convenient |
':_means, such “as filtration, centrlfugation, decanting,_or ffp
'jthe like. Further, the . isolated catalyst can be washed

'iw1th an aqueous solution that optlonally contains organicqf;



each is |n00rporated to- sone'extent |n the catalyst structure. io0o conbine
any desired . The reactants t e np- r, "ai u:r e Preferably, the
catal yst is prepared at a’ tenperature wi thin the range of about room
tenperature to. 8 O. C--.a - nore p. . refegred range |s f25dmMy 208
tenperature to 60 |5 7"he organlc conpl exi ng agent ca . n be included

with -Tr '"Cexing either or - both of a a | ut g0 4kt --
can be added to Fﬁ@Pe9¥aﬁgng§PGrr@ftﬁﬁnggﬁagéﬁﬁﬁygi hﬁ ggeﬂpk§§58|ta%lon :
of the DMVC! COWPOHgg pkt ak-$elefanak! Yachiff ahted thepcatailystheeacheeai ng
agent with either aqueous solution or both, before conbining the

reactants. The- IncbnataENCwedghtexSustﬁbine@ephnaﬁuééuéﬁﬁsWﬂﬁhﬁngtﬁédSatt
formed. -reaction medium Th

t |
f or mati on. reactlohsaiétﬁégltESIEB%@1§% 3 %QEF%#%Q%%dLg%g?@%ﬁignﬁg%éfggent

in the~ aqtgs‘ous phase. pp réfeeeeahﬁéeheal tara&eogemehgt lthed ®MG matbdlystohas
t he; activity -of ? DMC conpl ex~cat al yst they are usual | r.enoved
before the DNC cabab;zsdessrabedallhyWQSQé/I726r13 cabdisy HAFeER) €%ti on

reaction. The cat alo%%%nft Et ke d:.s@%rsi %’ub%d pMc’ ttat]_ é@tﬁ_ﬁfsta 1$_|d.ﬁl‘1@/ by__ '

any. convenl ent ratl on ntri gat I on ant [ ngJ freans.
such n the like.  Guitheis eheenrdbaﬂgdimsmampme<rm1wa;ewa§uu¢rwnmqn1rs1

aq”9°”$ setutron Egggbﬁgtb%“%§t¥a%%?%% %% % d:Dﬁ% complex formed from
16' ' the aqueous medlum, and allow1ng a two-phase system to be
eformed con31st1ng of a flISt aqueous layer and a. layer '
-contalnlng the DMC complex and the llquld added,_:.
-subsequently, the flrst agueous layer is removed and the
. _ DMC catalyst is recovered from the layer conta;nlng the
:,lS_nt"'DMC catalyst. _ IR |
) The DMC catalyst as used in the present 1nventlon,
._ preferably is accordlng to the follow1ng general formula

an[Co(CN)G]Cl nC.mH20. pA

'whereln C is a complex1ng agent and A 1s a compound of

R 20fh' 3general formula S L -
| ?.whereln R T .

ﬂ R represents hydroéen, an aryl group,-a SUbStltuted or
-'unsubstltuted C1-C10 alkyl group or a group R3—NH—

_t;és.. T;ihﬁ?; represents hydrogen, ‘an. optionally halogenated Cl"Clof~g
ol o 'ealkyl group, ‘a group R3-NH-' a group -R4—C(0)0_R5 0?:;?

- a cyanide group, . - dl S
'R3fyrepresents hydrogen or ‘a C1—C10 alkyl group,

l_R4.:represents a substituted or unsubstituted alkylene

.56 nj:f:,. 'group havlng 2 to 15.¢a:b°n,at°mstff'



25 July 2006 conplexing agent. After the catal yst has been washed it. can
be dried under vacuumuntil the catalyst reaches a constant weight.
Sui t abl e techni ques, for washing and are described in-US-r-A-5, 482, 908.

i solating the catalyst 5 A preferred mephod for isolating t haS JoRC2Q0%t al yst
has been described in WD 01/72418. Thi'S process conprises conbining the
di spersion of DMC catalyst with a liquid, iwhich is essentially insoluble
in water and which is capable of extracting the solid DMC conpl ex forned
from 10 the agueous medium . and allowi ng a two-phase systemto be forned
consi sting ofR"arepresentaebydrbgger andubskagstedcont ungibgtiligtBRC conpl ex
and the liquid adeg'. ﬁﬁpégggfntly.. he first aqueous |l ayer is renoved
and the DMC catalﬁsF“i?’ 2cover el f B t he | ayer containing the 15.

DMC-cat al yst. TherDMs ot af ¥6h astgsed,i f tike dF e 0 "Y€NR00ANd p
preferably is.according to the follow ng general formula . 2Zn2 1CO (CN) 61
Cl. nH20- pA Wfetdi frem & t® déhwl exi ng agent and A is a conpound of 20

gener al forHU|a"§ﬁ€CR-Bé%ﬁf%?dag&égftéwgpr%5@Pﬁg?§3rgﬁ@§?ﬁnE$’h¥%5°geh’

an aryl group,.a stitute r. unsubst al’kyl“group or.
a group . NH pro2essRofr dyreesemtent inymritdgenbeen afioundptoi braling gual.ogenat ed

G1TCL0 alkyl groupy 2 aroup, i R3-Neha garoup ~REG (Re2iRa 8L the
process according to the present invention have
improved activity. Additionally, it was observed that
these catalysts had a higher molar ratio of zinc to
cobalt than previously observed.

Therefore, the process according to the present
invention further relates to zinc hexacyanocobaltate
catalyst obtainable by a process according to the
present invention.

Zinc hexacyanocobaltate catalysts prepared
according to the present invention were found to have
a molar ratio of zinc to cobalt of at least 2.25. Such
high ratio was not observed for such catalysts
prepared with the help of conventional preparation
processes. Therefore, the present invention further
relates to zinc hexacyanocobaltate catalyst obtainable
by the present invention in which the molar ratio of
zinc to cobalt is at least 2. 25,

The molar ratio of zinc to cobalt more
gspecifically is at least 2.26, more specifically at
least 2.27, more specifically at least 2.28, most
specifically more than 2.28. In principle, there is no
upper limit for the molar ratio. However, in most

instances the molar



a cyani de group, R3. represents' hydrogen:or a C.-do alkyl. group,,.

R4

represents -a substituted..or un6ubstitu.ted dlkylene 30 group having 2 to
at6nms,. 10 25 July 2006 R5 represents hydrogen, a substituted
or unsubstituted -G O al kyl group, aﬂd nis of fromO to 20July200 of
fromO to 20 and p is of fromO to 10." Zi nc hexacyanocobal tate catal ysts

15 carbon -.

made by the

process of the invention have been found to be uni que.

observed t hat.fhese,gat st epar e t ﬂﬁgf ac i t he
pr esent i nvention hgée a%%p#@ﬁﬁ% gdti@??é. %éﬁﬁf#ona.?&ﬁ ﬁ?ﬁﬂagg%%gérved

that these aatdloystas hbeisa hhgheB , nulcare repie i foifcadilne 4o moebalt. 8t,han
previ ously observed. Therefqre, .the rg@ s according to the present

i nvention fufthé&r SP&C é“scatl Yziarjl:c"l’? a

It was

anocobal tate catal yst obtainable

by a process accom@ ngndrx iidied pr agent tAVENEON. adbBedhayacyanoeseal tate

catal ysts prepared according to the present

i nventi on were found to have

a nol ar rati GTEESACIAERGIH t SBPWEL d EPTA NI Ig)chighi gREANELY -was not
observed for gguch, « ea$¥§%§it rGRRES cWhth chiee NGld tcg?ﬂeﬂ | aRaly

preparation

processes erefore, the present invertion

urther Trelates

t o zi nc hexaeyawegybdlowatcencardlrngsti oolst.ai nabl e by the present invention in

t o cobal is at least_2. 25. Th

nol ar

rati o

which th | ' f zi

oflginc ?ongoggl[ﬁ%kgg%cgﬁécggﬁ%aPFVSFQ att Vo8 JRUTHReE §ﬁ§@FFFcaIIy at
RRY @ gRetiddcaldy @ie | $8Bymer 28at 108t of SRERY T baal bkideke than
2.28. In principle, there is no

| east 2. 27,

with the help of a catalyst according to the present
invention, more specifically, a process comprising
reacting initiator with alkylene oxide in the presence
of at most 15 ppm of DMC catalyst. The amount of DMC
catalyst is based on the amount of end product.

Due to the activity of the DMC catalyst, the
polymerization of alkylene oxides can be carried out
at very low concentrations of DMC catalyst. The
concentration can be as low as less than 15 ppm of DMC
catalyst, more specifically at most 14 ppm, more
specifically less than 14 ppm, more specifically at
most 13 ppm, more specifically less than 13 ppm, more
specifically at most 12 ppm, more specifically less
than 12 ppm, more specifically at most 11 ppm, more
specifically less than 11 ppm, more specifically at
most 10 ppm, more specifically less than 10 ppm.

Polymerization of alkylene oxides is typically
carried out by reacting a mixture of hydroxyl group-
containing initiator with DMC catalyst at a
temperature of from 80 to 150 °C, more particularly
from 90 to 130 ©°C. The pressure can be from

atmospheric pressure



upper limt for ‘the molar ratio. However, .in nost ' instances the molar 25
July 2006 ratio was"at nost 3. Nore speC|f|caIIy the nolar ratio was

| ess than 3, nore specifically at nost 2.8, - or e speC|f|caII at nDst 2. 7.
As mentioned, the catalyst according to the_ ‘present inventi

surpri5|ngly hi gh .activity. The hlgh activity“makes that the catalyst can
be used ' at veryalom/concentratlons Therefore, the present invention

further relates - ttpeb%ﬁ(ﬂhﬁﬁluﬁﬁrtbﬁ#?ﬁﬂ@@my¢§ﬁihhﬁhd?r%#%w¢%neu%&¢8kkr
b e helD of il yal e Y ol Sl lEed! S0k | ERLLERLy e

speC|f|caIIy, a pr conpri si'ng g |n| ené OXIde
in the presence Qredsumstislodpniad @I\Kaacaal@éqm*ceThe anount of DMC .

catalyst is based on -the anpbunt of end product. Due to the activity of the

DMC catalyst, the poll%ﬁ%ﬁqrzreﬁq Grllerleng eeiies F e susenihthe presentt  at

very |ow ancentr%ﬁ%}&% e ;{»&@y e dHfde g;g#iéﬁé%kféé bsueénéov_v

as |less. than 15 ppm o nor e speC| ly at nost 14 ppm.
nore. - speci'fi cal | yoxiadess t I’satw:dehqamxiah@.r eamﬂ)ebhé [ l::akéy and mibxtusés ppm - '

nor e. speC|f|caIIy l.ess than 13 ppm -more specifically at- nost 12 ppm - nore. . .

speC|f|caIIy Iesstq 2 ppm - nore specifically at nost 11 ppm nore ..

specifically |less tham Jhﬂa.déprﬂarigé' EPRrififedty Gdn HOUsdd PRMhéThLocess .:
speC|f|caIIy |l ess.than 10 ppm Pol ynerization of al kylene oxides is :

typically . carri ediQSmrddwg‘ de thihRy Presenturinventien oxpigiaters cohiahnarg |
skt “f IS AT L o
hydrogen “Pretérred initiators’ 1nclude polyfunctional |
alcohols, generally containing 2 to 6 hydroxyl groups.--I
fld'iExamples of such alcohols ‘are glycol, such’ as diethylene
_ _”'*#'glycol, dipropylene glycol, glycerol, di-~ and
15 ffﬁ:upolyglycerols, pentaerythritol trimethylolpropane,'
o ;”'triethanolamine, sorbitol and mannitol

The process according to the 1nvention can be used t0'

f;make homopolymers, ‘random copolymers or block copolymers.3_7

Polyether polyols made with the catalysts of the .
@f,lZO_V'Hf invention’ suitably have a nominal average functionality ._:w
o Cof from 2 to 8 “more. suitably from 2 to 6. The polyols _“
may have a number average molecular welght up to 50, 000
' fbut typically the molecular weight ‘is- w1thin ‘the range ofwﬂ
_ -~ 500 to 12, 000, more typically from 2, 000 to 8,000. _ l
.f*i25r';* ~ The present 1nvent10n is further 1llustrated by the
R f*follow1ng examples I SRR T

By Examples - “.'
'Vf'Comparative Example 1

R N At room. temperature,_technical grade zinc chloride :
lthO?f . (30-g) was dissolved in de-ionized water -(100. g)° and ﬂjlffl-
B ..i_ﬂ'charged to al litre. glass reactor equipped wrth a triplef;;
."'pitched bladed turbine Subsequently tert-butyl alcohol - l?l

",(TBA) (117 g) and de-ionized water (95 g) were added Theizi



at nospheric pressure 25 July 2006 . 12 (0 bar absolute,, bara) to very high
pressure. Usual ly; wll not exceed 20 bar. Preferably,, the. t he
pressure 1 pressure is of 0 to 5 bar absolute. Preferred aIkerne oxi des
for use in the present. invention are ethyl_eqq oxide, propy?ehdy2iitde,

but ene. y. oxi des, styrene oxide, -and the like,.and m xtures thereof. A

w de range of: i nitiators can be used in the process-_acc to.t.
present invention. technicabrarags ing «h h@%&%???&%ﬁa&g&gbb |%J°5nc
“having a plural ity fq eG4 VE, 2 *}?ﬁHPQﬂﬂ z NS GHIQE widd tprddist | MBS tislesium

pol yf unct'i onal -al c gener al containing 2 to 6 hydroxyl groups.
Exanpl-es of  such d’lexrmya‘nm@:@lt;m (b&c@) a@aﬁldaimb‘n%d ip ydetionized

dlpropylene egcoI y d 0ol yaly. ' pent Yy '
trinethyl.ol pr opane’ ‘#r%e &é%%l% %"rs}b? bY7'S *ps%n rr%ﬁnﬁ%%?tgihegﬁné oéc%éés(;&é
according o the Iﬁwﬁ&snﬂnmiwawbﬁﬂtawes@mmnw saddeantonhe
copdlyners or bl'eck copol yrmers.. .~ Pol yet her. polyols nade with -the

catal'ysts of the 2oincichieride solutiey. HBhe Jéﬁ&@)‘hﬁ’ﬁa‘[‘o‘a%@ilﬁg‘éas well

functionality of from2y e T, .
may. - have. :a nunbe?tla%?d %‘gr%bq aarkd;i;\gtlt'% t° uzi‘)]t'#é)fn %%&g‘bjgon Eﬁe plﬁ%‘}\é&llf%e )
mol-ecul ar "wei ght - 'vigs vt it fed hfox anmnér otminptes &0l ovea, ﬂﬁOstmnd :
typi-cally from 2, 000" to 8.1000. 25. The present . |nvent|on i's further_

illustrated by trmPV¢¥ﬂ4QRan ~exanpl es. Exanpl es. |
10 -~ .- The next day, tert-butyl methyl. ether (MTBE) (12 swt -

on reactor content) was. added and the reactor contents |
" was mixed for 5 minutes. After 30 minutes settling the .
: liquid layer was removed
_ ‘To the reactor a-25/75 (m/m) mixture of TBA and de-
15 - ionized water was added The mixture was stirred for
| 5 minutes and after 30 minutes. settling the liquid layer
:was removed. . o .
' “To the reactor a 25/75 (m/m) mixture of TBA and de-
) - ionised water and additional MTBE (2.5 $wt on initial
.26 d. reactor content) were added. The mixture -was stirred for_;i'
L . 5 minutes and after 30 minutes settling the liquid layer-
-, was removed.. a ' _
. Subsequently TBA was added and the mixture is stirred
for 30 ‘minutes. e | L
25 ..f”; The solids content of the suspen51on was measured by
| weighting a. sample and subsequently removing volatile
, components by stripping w1th the, help of. vacuum and a
L "_nitrogen purge at 50 C until a constant weight is
.“';ti-_f ﬁ.Vobtained Based on this solids content, a polyether L
;-SOt ﬁ;d-:polyol (propoxylated glycerol having an. average molecular
T 'weight of 670): was added to- obtain a 3 %wt zrnc ' :
B hexacyanocobaltate complex in polyether polyol

suspenSion (After mix1ng for 30 minutes, the MTBE, TBA



Conpar at i ve- Exanpl e | At room tenperature., -technical grade zinc

chloride.: .30- (36 9) was.  dissolved in. delonized ."water, (100 g) and.
charged to a |I.litre..glass reactor eqU|pped with Atriple, pltched bl aded
tur ine. Subsequently tett-butyl alcohol ]f% a (TBA) ( 1257uly3006and
~de-i oni zed water (95 g) 'were added. The 13 July 2006 technical grade
zi nc chlorlde cont ai ned 0. 6.9%.-of Z|nc oxi-de, 'so, 2.2 mpl of zinc oxi de
was present. Pot asthdiiWatRReeER cERRRTeGtRY (3DTiPPing ats§6|deamﬁ 50 mbar.
de-ioni zed. .  waterp r t o

pot assi um hexacyanolé%gjf@?ceéso#gﬁlg%&vgésga de%‘c')‘?£n ?ﬁﬁggp% ﬁg cﬁ#g E@%n_

sol uti on. Thereaclauscamtent was well “stirred during the addition. After
addi tion. the mixture was, stirred for anot her 30, mputes a allowed to -
stand overni ght. 1Tma?&&tafﬁﬁlysﬁeﬂqt%&ﬂ9¢ het hgFeEng E?r(ﬁﬂ%%ir? 4otoy@s
on reactor contehqj,ﬁg§ ?gg h%@ {eactor contents was mxed for. 5 -
m nutes. After 30 mnutes seft ng quU|d | ayer- was renmoved. ., To the
reactor a-25/75 (r@onparative Example add de- . 15 i oni zed water, was added

The m xt tirred for 5 mnutes and af ttl -
el ayer st criie Stodethit'$8 EREhALIELyS e ikRH &1 PFhd u#sﬂsﬁm -
and -de- i oni sed- Wﬂh%%ép% PHBE pli2e. Bift chDBrifkt (8bneRineagt O

content). wer eadded. - The nmixture was stirred for. 5ninutes-and after 3
m nutes settling the0 T i %k o f %) msuaecﬁms«eatead ofubeehniaal yoradenainc -

added-andy phe 11 X2 g SULALeoL 0! 6% Tl °Sr 2nd"Gx28b! #25°BELERhE

of the SUs penS|on mas neasur
e The catalyst ‘Obtained: is herelnafter referred to as )

'Comparatlve Catalyst 2.

- Example 1. (accordlng to the 1nvention)

P - The procedure of Comparative Example 1 was repeated _
15“ *a?”'w1th the exception that 1nstead of 30 g technical grade -
L Zinc chloride was used a mlxture of 30 g pure 21nc - |
*chlorlde (220 mmol contalnlng 0. 2 mmol zinc oxlde) and.”
;f'7 4 mmol Zno. L o ' | |
_ _ The catalyst obtained is herelnafter referred to as;f-:'
20 7' catalyst 1. R | L

”-jExample 2 (accordlng to the 1nventlon)

_ The procedure of Comparatlve Example 1 was repeated L
w1th the exceptlon that instead of 30 g technical grade
'21nc chloride was used a mlxture of 30: g pure zinc. ":
eésif_.*_ chloride (220 mmol, contalnlng 0.2 mmol zinc oxlde)and o
- 14.7 mmol KOH is used. ~ - = ”“ o
___.'._ The catalyst obtalned 1s herelnafter referred to as;id 5
. Catalyst. 2. ' ' h ' e

'P-_Examples 3 and 4 (accordlng to the 1nventlon)

.30 jf‘d;*pa- The. procedure of - Comparatlve Example 1 ‘was repeated;[?Vf
- .'pw1th the exception that 1nstead of 30 9. technlcal grade?wfﬂ,
"e;‘21nc chlorlde was used a. mlxture of 30 g pure zrnc g

" chlorlde (220 mmol, containing 0. 2 mmol 21nc oxlde) andh;f;i



wei ghting.a sanpl e and subsequently renoving volatile conponents by
stripping: with the:help of -vacuum and. a ~ nitrogen purge at..50 *C until.a
constant weight is -obta A.-er ined. Based.on this solids contentr: a.
po.yeth .30 polypl (propoxylated glycerol haviyyg an.average 2folubc2006r .

wei ght of 67 0) was added.to obtain a 3 %u Z|nc hexacyanocobaltate

it cs. e’ ey aRebes 90 SBEREAEse ") ot B2 TLe Patoue by

stripping at 80 *Ciedeh fﬁg gy . The product obtalned had. .a water content
of l'ess'than 0.5 % . The catal yst obtained is herelnafter referred to as
Conpar ati ve Catalyﬁxa@plﬁbn&arétan@ Exhaprerdingete, bheqinaeREiCRNpar at i ve

Coontai ning. 0. 07 ome it AL E L0 e HPash O Be MkfmPLE 1 VAT Pecey
chloride'. sTher ef bﬁﬂth Qhe Zeg0@bt Dbn ZtRat oxhgeendsopr 88egt techaﬁ.eaftegrade

as: n e. catalyst "‘obt ai ned%.i s hereinafter'’ Cbnparatlvs Cat al )
accordi n4 to the . | aieat¢Fiyride Kuxpl BsedTReMpKEEERUPE P BoRY PaFFPE

Exanpl e | was. repeg}£gl.4 thnbie E35€R54L9A tba? hmoln§gﬁadogﬁd§9_9nd'

technical grade zinc ¢ %orl mas usegéa n1xtu g pure zinc
chl.oride (220 nnnlllcbn@mohlngOO(QahabystlEt,oiné)mmn& Znp. (CatriystzRO,

The catalyst obtaln g ég gerelfaéngr(&§L§i§gg 5? oas. 20.ctalyst 1.:

10 _”_ ‘Table 1. contains an overview of the 21nc to cobalt

.. molar .ratio of the double metal cyanlde catalysts.
.obtalned The amount of the different kinds of metal: was :
determlned as follows w1th the help of a. Phlllps PW1480
:xfray fluorescenceu(XRF) spectrometer! About 4 grams~of.
15 ' .'lthe'homogenised'sample-wasvpoureduinto a polYpropylene_ 
L and measured.immediately affer'pouring The XRF intensity
.measurements were ‘made at llne and background p081t10ns._
A blank: correctlon ‘was made using net 1nten51ties
measured on polyol sample A serles of carefully prepared
"20_ .:_ high- dllut;on:glass-bead was nsed for oallbratlon of the

elements Zn, Co and K.



Exanple 2 (accordrng t.o the .i nvention) The procedure of Conparative
Exanple 1 was repeated with the exception that instead of 30 g technical
grade zinc chloride was used aj:Uxture of 30~. g pure zinc .25 chloride
(=20 ol containing 0.2 mol zinc'Oxide)and.161 4.7 ol KZHUlE208ed. The

‘catalyst. 'otained is hereinafter referred. to as.. Cata.lyst Exanples.
3.and 4 (accordrnd to. -the. |nvent|on) 30:TT§€p@ocedure of - Conparative
Exanpl e. 1 was repeated mnth t he ' exception stead 'of .30 .

g: technical g' radg. |- - zinc. chl Ofaﬁkﬂlﬂn@ﬁéﬂaﬁ ebmpBuRHr eJ Zn”PCo raticS]e
s 'sed -chloride~ (20 mol, containing 0.2 nmmol..zinc oxide-) and. 15
July 2006...7. 4=61 -pf ~CaO (Cat al ye® 139tahdsaltr rmgl/mplaaao (Catal yst 4)
Exampl es 5, 6. and, &L i e nventtom—fhe—proc Of '
ConparativegEXaaneC?ﬁggg%ﬁégg 6d015 with the exception tu%thnstead of 30
t echni cal. grade -z Getaﬂysmrde nvas used a nrxture of 30'.(g pure zinc

chl'oride (220 mMvl |~—co - _ J—and- U1 1 ool 7n0O
(Catalyst.5), 18.4f fAbRLIFE ACa At 93t 6) ‘and 36. 8 mol ZnC?(%%Ialyst .| -
10, ~Table 1 cont LV F—ttre—zrnc—tocobatt— r—ratt+o—of.
t he double netal cyanrgg %§t§|y§¢g§7___“ obt ai ned. . The anud%;é%f t he

di f f erent. ki-nds of Oetallysas 3 ded 031 ned- as folloms w th tlhe, el p of- _
a- Phili ps PWL480 - YAV, fluoresicence (YDIZ\ anrfrnm:\'r or Abont 4 grang of] -

15 the. hormogenj sed géﬁﬁﬂ¥sﬁe§ Rr@Y into a polypropylene %wﬁpneasured /

i medi at el y after p@élt‘lall St”Se }?BF F ICETIST Ly IMEasSturener S rece—at
i ne and'backgnou1g posi t1.0ns.. -;%r%lank'correction;mas_ned%?using net

intensities - = Catalyst'67 o.o8 - - " 12.55°

;jf:. o l A l 25" litre stirred tank’ reactor was charged with
U 89 g of propoxylated glycerol haVing an average molecular
: weight of 670 and 0.4 g of suspension containing 3 %wt of
5_ _DMC catalyst (35 ppm catalyst on end product) |
o The reactor was heated to 130 °c at a pressure of

0 1 bara or less with a small nitrogen purge. The reactorr.'

was evacuated and propylene oxide was added at a' rate of gvv'

_ h-_,3 25 grams per minute until the. pressure reached
.10 . 1. 3 bara. As soon as the reaction of propylene ox1de made*‘

_:the pressure drop to less than 0. 8 bara, the addition of

__propylene oxide was started again and was continued such.'_:

:_tthat the pressure was kept between 0 6 and 0.8 bara
(N After 311 g of" propylene oxide were added, _
'f15_-.h rpolyether polyol having a molecular weight of: 3000 was .

B :obtained and the addition of glycerine was'started at a'

rate of 0. 1 grams per minute.-The addition was stopped

" when . 698 7 g of propylene oxide and 12 3 g of. glycerineikéﬁi

- had’ been added The difference between the pressure:h-;”:"V“

20f.a;“,during addition of propylene oxide and ‘the pressure when- .

”:'the addition of propylene oxide had been stopped, was



measured on pol yol sanple. A series of carefully prepared 20.

hi gh-di lution glass bead was used, f or calibration of the elenents Zn,.Co
and K 16 25 July 2006 Tabl e al kal-ine netal conpound Zn /Co ratio on netal
salt (nol/nol) Cbnparative 0.01 2.20. Catalysi71-Catal yst 1 25 Judy 200629
Catalyst 2 0. ..2.29 Catalyst 3 0.03 2.29 Catalyst 4 0.03 2.30

Sti frod-taik ?ﬁié%%ﬁ?n%%ﬁ%&g RPEBABIE & & hhlid B one

having an aver age agliogthaiof iRiegitiatefl et and.oﬁkeﬁi: s surspehisiference
containing 3 %t of 5 DMC catalyst (15 ppm catal yst aon end product). The -
reactor was heat eFepsesemteCamire Rctdsia €agplyst hahe rasHdss ajq Wiyen
snal | nltrogen pu eTaEH% @gactor was evacuat ed-and. propyl ene oxi de was
added- at -a, rate. of- 5 grans per mnute.until the pressure re.ached
.10..- 1.3 bar'a. As soon as the reaction of ' propyl ene oxide nmade the |
preSSure drop to | €ss than 0.8 ba.ra, the apgﬁtlg? of .  propyl ene oxide was -
started -again and was contlnued .such. tH pressure was kept betmeen o

0..6 and 0. 8. bafa. . ATter 3IL g O propyl| SISl Jer forahiad, (Bara- _
poI yet her polyol {having a nolecul ar weighfl of. 3000 was-. obtained and|the
addi ti on of gl ycel Compaas tsiva taat adty st 1 1f&.é&2of .0.1 grans per, m nut e}
The addltlon was $i-opped : -

Comparative catalyst 2 > 2

CatalySt;l- R eﬂlh_-0;4l

# ;CatalySt"Z“f”f“f~”“"'~ 0.42 -
| Catalyst 3 B 0.52
Catalyst 4 .~ [0.51
Catalyst 5 0.41
5. Ex ample 9

To a 1 25 1 continuously stirred tank reactor
equipped With a level control system and filled With
B0O g reaction product was added:.
. . glycerol at a rate of 5:39 g/h =
'Idl 1, 2-propanediol at a rate of 1. 72 g/h
propylene oxide at a rate of 226 g/h.
| ethylene oxide at a rate of 32 g/h and .
.fO 5 %wt catalyst suspension at a rate of. 1 60 g/h
P The catalyst suspenSion was’ obtained by diluting a -’
-'15_g ;' suspenSion containing 3 swt of DMC - catalyst in-
o .f propoxylated glycerol haVing a molecular weight of 670
"With the same polyether polyol until a 0. 5 %wt suspensionsif
- was. obtained. '__ "__f I L :' _
The actiVity was measured by. stopping the addition ofl.'f

20j"-' the feedstocks and measuring the pressure decrease A



when 698' .7 g of propyl ene -oxide and' 12.-3. g of glycerine.'........ had
been added. The difference between.. the pressure. 20 during addition of
propyl ene oxide. and' the-pressure when. the addition f propyl W had been
stopped was'..' . 0 ene.ox3.:17 25 July. 2006 _dggerni ned. Thi% [eddere
difference is. a nmeasure for the activity of the catalyst. A lower pressure
di fference represEnts.a nmore .actiye catalyst.. The results are given in
Table 2 Table. 2 LPPSLoRFESSRFFe ialE ERSFAT PESRERES: Ay BOTE AEFUVeL 0 62
Conparative<cataly§gtgl?gg;‘Catalyst»1 01.41 Ca. - tal y'st'" -2" 0.'42
Cat al yst 3. 0.52 0-.51 ta'yst 4 Catalyst 5 .. 0.41 5 Exanple 9 To.:. a
1.2511.continrously,sthddétipanleEa&herpregulppedowﬁdh songeatt. ofortheol
systemand filled w.t 00,9 t-ea.ction. product.was added:. gl ycerol at, a
Pire of b ao grn hebduct Bolaingl, bk ReBs0EER., B3 RET Doyl Ched cxiinel
oxi de at Agate. otoReénf®/ BepebBiheBeaOnbse akttavedicat@fydz.g/h and 0.5 %
catalyst suspension at_a rate. of-.1.60 g/hm The catal yst suspension was
obt ai ned by:-dil uting aThe5reg4pERsPER. IéBANaiAi Rgb3eostt: of DMC-catal yst in.
pr~opoxyl-at ed glycerol having a nol ecul-ar weight of '670 with the same.
pol yet-her. polyol .. until. a 0.5 % suspension. - L ' N

- L ) Table 3 |
':Catalyst Pressure difference prbpylene oxide
D -.'(bara)-'_”_ . congentratibn in
| IR S 'pr':'o'c'i'uéi:“ (ppm)
[Comparative | 0.60 ~5.534
|catalyst 1 | -
[Catalyst 1. | .~ 0.46 | 3,678
[Cataiyst 5 | 0.45 3.440
[Catatyst 6 | 0.45 | 3,166



was ‘obt ai ned. The activity was neasured by stopping the addition of

t he. f eedst ocks and neasuring the pressure decrease, A 25 July 2006 18
| ower pressure difference represents a nore active catalyst.

Additional ly,, the propyl epe oxi de cot®ent of the product 3biuly A% was
measured. A |lower propylene oxide, 5 content represents. a nore active
catalyst. The results are given in Table 3. Table 3 Catal yst Pressure
di fference propyl ene oxide (bara) concentration in product (ppm

Conpar ative 0.60 5.534g £a}af Wtg Ip Catgygt 1. 0. 46 1, 3 67§y £Lat al yst 5
0.49 3.440 Catalyst 670245371060 1925 Jufy 2006 REV I SEDSETOF

CLAI MS1 Process for the preparatlon of a double nstal cyani de (DMO)
catalyst, whicCh prerssss£ FBY ihes) r%is)a Ge¥Bh N, gaarfb aio'ééia nQye0f @
e sa

nmetal salt with an aqueous solution o a neta cyan reacting
t hese sol uti ondDM@hdegdhsl ystoomwhiichg prieceBsCcompaigas: f rom t her eacti on

m xture, in whi a r n Iy ce of
fromO.03 to. 0(§5] 8&{&93@%% QM(%(E% % gégﬁtiénp%‘?%tﬁ# (ﬁ‘OXI (Yq %bgged on
anmount .of mnet akgeedts R1WrigressE asmetkRai nvelnmecwltma]__ndam#amtlzw,g i n which

5 ‘these solutions; and

{b) reco#ering the DMC catalyst from the reaction

mixture,

in which process the DMC catalyst is prepared in ‘the

cresence of from 0.03 to. 0.4 mole of metal oxide and/or
10 metal hydroxide, based on amount of metal salt.

2. Process as claimed in claim 1 and/or 2, in which

process the DMC catalyst is prepared in the presence of

from 0.03 to 0.3 mole of metal oxide and/or metal

hydroxide in step (a). '

15' 3. Process as claimed in claim 1 or 2, which process
comprises combining an ‘aqueous solution of zinc chloride
with an aqueous solution of:a cobalt cyanide cyanide.

4. zinc hexacyanocobaltate catalyst obtainable by a
process as claimed in any one of claims 1-3 in which the

20 molar ratio of zinc to cobalt is at least 2.25.

| 5, Zinc hexacyénocobaltate catalyst according to
claim 4, in which catalyst the molar ratio of zinc to
cobalt is at most 2.8.

6. Process fof the polymerization of-alkylene oiides,'

25 which process comprlses reactlng inltlator w1th alkylene
oxide in the presence of a double metal cyanide catalyst

.prepared by a process as clalmed 1n any one of clalms 1

to 3.



—

process the DMC catalyst is prepared in the presence of fromO0.03 to 0.3
nol e of nmetal oxide and/or netal hydroxide in step (a). 15 3, Process as
clained.in claim1 or 2, which process' conprises conbining an-aqueous )
solution of zinc chlorlde wi th an aqeeous sol ution of a coléliulyegemi de
cyani de. 4. Zinc hexacyanocobaltate catal-yst obtainable by a process as
claimed in any one of clainms 1-3 in which the 20 molar ratio of zinc to
cobalt is at.least 2.25. 5. Zinc hexacyanocobal tate catalyst according to
claim4, in which, caprdaesis hbecnaiﬁédraﬁlcnaﬁmzﬂrﬁn whichopabtess tlhe nOSt
2.8.. .6. Process,for,the polynerizatiqn e OXId

process conprise® ’r%%ﬁ:t[‘?’hg ﬁl FP‘&?BP“% ??lmé?ﬁ‘/%/ g %S E@dFﬂXYﬁegﬁ?‘é%%nce

of .a double net aéndcyém;diﬁédcﬁrainyaietﬂyﬁéﬁé e@h.ydm, aupﬁ:epgsssnaSgryebmed in
any one of clains to 3. 25 July 2006 rogcess t

Process 'as in cl%}ﬁ???ﬁ%ﬂéP@Fngrﬁﬁd EB%Y%&¥E$&?%?1R§“§gﬁ§aFB§¥F°§roups and 

sel ected §rom di etiwéena Qlbreghne i PF 0BYhENGL A1) sorBi¥6er #hd di glycerol ,
polyglycerolf pentaerlthrytol- 5 trimethylol propane, t ri ethanol ami ne,

sorbi'tol and rmﬁﬁﬁ@%ﬂ l8 Process as clainmed in claim®6 and./or. 7, mhlch

process conprisgs tﬁlQ)st%SQBcélQimé'& IRSé1 i e ranel/ oBMVE, cahﬂdzb{sxbroc&ﬁed
on anount of product. 10 9.. Process as _clained in any one of claips to 8,

whi ch . process |%PTER##QﬁjFBBtPIE%ﬂPFﬁuBGS?S'm°5t 15 ppm of DMC catalyst,
based on amount of product. '

10 o 9. Process as clalmed.ln any oné of claims 6 to 8, which

process is-carried out.qontinuously{



