;e3eP}Pxxy, {4 {}6D}T}muG 1 23 July 2004 DMC COVPLEX CATALYST AND PROCESS
FOR | TS PREPARATI ON The present invention relates to a double netal cyanide
conpl ex catalyst and to a process for its preparation. Double netal cyanide

(DMVC)- conpounds are well known catal ysts f epoxi de pol yneri zat| on, i.e.
for polymnerizing al kyl ene oxides |ike propyfene oxide and et sz gy4i de to
yi el d pol y(al kyl ene oxi de) polyners, also referred to as polyeth pol yol s.

The catal ysts ar%M@QHH(FﬁE%IaﬁTpﬁ?ngééﬁyg§§¥ﬁ§§gr&gfﬂégéfrthat ha%§alow

10 unsaturation conpared with sim
catal ysts |i ke potassi um hydroxi de. Conventional DMC catal ysts are prepared
by reacting aqueoth% éutlo of ne&ﬁ salts and netal cyanide salts to

€

form a precipitat Jﬁ%s SOHFEIHER BEdRFE S G0 theda@bbe gpatati on of
pol yet her pol yolanide cohplyst sacanybe used to é*%i%@eé@lrf@éylﬁ pol yrrer
products, incl udggeacgir%)ol ester pol yolys and pol yet herester polyols

pol yol s can b& %reparlng polyurethanes by reactlng them . mnth

pol yi socyanat es Ufﬁﬂbe@Rﬁ@@él%?aﬁ@&Q't{bﬂ@S} R ﬁqu 56s that
can be_made i ncl ude pol yur et hane” coati ngs, el ast rrers oa and
adhesives. DMEat&lH Sytﬁsf%¥eeBQiiaﬁPyPQléﬂalrédaltnOtﬂhe 1pree-sel?me of a Iow
mol ecul ar wei ght o} i,call such, as
dlnethoxyethage I%ﬁﬁgfh%rgggfgﬁﬁg %%EB% g%%h g ﬁ?f% { ?éﬁﬁ%
conpl exi ng ag@ity Mr%M%lmamslthOéyﬂaMWeah tch:e.dmt qﬂqﬂs_,tmém,
epoxi de poly a K xin nts ncl ude ket ones
esters, amd g‘gﬁ.gﬁd?&ﬁ%&g ﬁg%ngg\é\% \f/gg?lg’gna 8%¥§§§ra hS"n ag:tﬁ}é’ are
sol uti ons of BOdhilyc acttliore dearah dg pos aqsslymhexapysagangalhtaett @ B 1low
conbijped. The rggglu ng preci Itat‘ﬁ of _zing hfxac§ano 3 2 23 July 2004
cobal tate i's conbirnEd With SR LERI & Tonpt Bk 7 BELHOlsARasiecasdns net al

salt is oftenstisedgi basuch qrefaysis o k&EOfot ASE 20GEhyHR &R WA~ 555053 a
process for klngH aS|I¥tf|IterabIe DMC catal ysts is di sclosed, 5 wherein

the order of rRAGEAEIEEAN iITBIT FFHeR resict i Dre tRFPRRrALEr BY &REctHE

st oi chi onet rigquabi:e eblite JrRAAMS: A 6 £ONd r&’ﬂn&eﬂetgﬁ’ £y Qﬁ%@?’ s‘%‘l%%' Oses
that at |least a 100% stoi chionetric excess of the netal P( relative

the netal cyan? deC5@l @ BRSHIP Pt QL the (BHC 1@0%®Rnﬁg Braipeesor the
di meuBoxyet haneep Sr e ednas o« B 1G/HHUC AR x| il @5951§§£9C

hexacyanocobal tate catal ysts preéepared by t'his procedure gener aFPy Rave zinc
chloride to A%RIheRal§iRocoralrigty i @crla/tmam mldeilb@tls Oifchndinge. 15

DVC cat al yst £ 15 O Sof ofody Those e Ry St or HETARFY vhad BRTHGIE™S

DMC catalysts is disclo hese ¢ s are pr
wat er - sol ubl &ait |%a‘tﬂ?edalf@@hvlremmph@xpmgyagmﬁhamhb;aSréattibgt yhem

al cohol . Agal t _of taI salt i.s .uUs t 0. 20 make_t he

cat aI st . ‘J}h @%gfgggéf?gﬁéggsssgﬂ | SERACRR S s%‘??glﬁ’e?%f' c?SEVae

sal t2@nd conmr@ahﬂ;x@g;enodacem ruhlanmt:ahybm xedie ergzlbye H@Physheakagki rring
or honogeni z tol Qn, . conve gn rrechanllcal st |fr ing is insufficient. Zinc
hexacyanocobdl tate ©at af %? °fe&éri pggrants, foams, and adhesives.

DMC catalysts are usually prepared in the presence of

The

a low molecular weight organic complexing agent,

typically an ether, such as dimethoxyethane {glyme), or
25 an alcohol, such as tert-butyl alcohocl. The complexing

agent favourably impacts the activity of the catalyst for

epoxide polymerization. Other known complexing agents

include ketones, esters, amides and ureas.

In one conventional preparation, aqueous solutions of

30 zinc chloride and potassium hexacyanocobaltate are

combined. The resulting precipitate of zinc hexacyano



25 therein have nore than 0.2 noles of netal salt per nole of zinc
hexacyanocobal tate present, typically nore than 0.5 noles of netal salt per
nol e of zinc hexacyanocobaltate. EP-A-755716 di scloses two different

met hods for 30 preparing crystalline DMC conpl ex catal ysts. In one nethod,
the catal yst is nmade by using an excess anBunt of the netal §?'wa2‘665 t he
excess is less than a 100$ stoichiometric excess relative to the anount of
metal cyani decsahiitatle il NgeCakat ¥Skncopyanie lesfpidaingbaghbaut 0.2
nol es of the petal salt per nole of DMC 3 _ - 3 23 July 2004 conmpound in
the catal yst.#Pne¥c8&Sorf Mk, Salt at HePLESBelsesf ithSYRtal salt can be

used, but thepkepuhbingnCat®yysindsasebsepyepply-vashed W th-a-aixtpgre of
wat er and an organl c conplexing agent in a manner effective to 5 produce a
DMC cat al yst PR&ENgoRREAAY ITddsatrinl abdlf ©abahigpes o tHeqkrsgdsalt per

ol e gf DMC CQHBQHPQ LAt e eat %ﬁ%ea%ﬁ%’%ﬁ%iéﬁ?%h@ ’If‘eta@éju%;g:l ons of

preparing DMC conpl'ex catalysts 1s dis erei n aqueous SO
10 excess net bémpakatand, menal thears delical emateiceasted iof titre presence of

an organic co Lng_agent i.ng ef ficient, ndXi ta.forma slurry,
conbi ni ng thegg%ag?%i}g% g%gac%o tye JT?"‘eera'haE\E;I:?nAgnéag(%g %cg asr%‘.L S'|(="‘gsht4‘-'L}fae €Y han
SO0 i sol ati ngléhstcat abPst stwdsthiingrdthel cadadeyss aft hhanmdS adgueqalts

sol ution cont ai ni addi tional qrgani c conpl exj n~ ent. and fi nal
recovering th%eg%P?}ﬁeDg/ﬁ Egﬁpfn a%‘at%%ﬂﬁ?ﬁ‘bof@%?ﬂgr %&sélcf%ﬁi tHbisPs s a
pol yeoher polyetkisgcoxaappeby atimdtensagiticole Heuéknahbssehied Mzt al yst

contains 5 to 80g by wei ght of paqlyether polyol 20 In EP-A-700999 a simlar
met hod as in YRR 73AGOREBENE - dildEicodEF 2 PIREIF IR 2t bRER BEILAGYSHR a

pol yether (p _y@fbar@@vzbﬁgtﬁigvb%@e@w@elg@?kﬁﬁ%%waeﬁeodhadﬁ% I'n
the met hods di scussed the initral DMC conplex is 25 forned in an aqueous
reaction neditnzime kerarysapesbadéad tendalise i io$ opfreabauti By & e -
conpl ex formgtion reaction are well soluble in water and hence will be
present in the aqueous phase. Since these salts are generally detrinental
to the activity dfimhleai DM conpEExA365da0dl psoradwss nted pueberdengoved
before the St Ly _u far si hg LLkoxyl.ation
reaction. For traraniet L BibHBRphe BHE ettt £ MR Ee S B Bl
salt and pot assiaipdexaayanocebakthile asdehesieigala oyane dessabhblet he

unreacted zinc chlar.ide 35 and the potassiumchloride forned in.the
onee T oot a1 5 120805 BORSRELIRR! BT ordih 4 CF gk tobiin
hexacyanoc?bedrfia}rmjy\?mglam,sya? ékﬁblseﬁ‘ama&n}i]:h@)f ar?:atetﬁﬁnegial used PO‘It@
actiyvity of t inal DMC cat al yst. nce, ese salts nust be_repoved a:
ol verkes T gafalvafy Lihi th 8 EREhAG dona Dye S eRbAE Ll EREE he DVC
catal yst par tretd8s faam ther aguepusi BBagel t Al dmeidydse € sgusgedtsarlar

have in commun that the separation of the DMC conpl ex catalyst particles
fromthe sal tCHRGYH My ERFeoBsIphB¥ehighr sRREF Shier SR%eCT For 10

instance, inHRARMRIKANG SXATPSeseRE 1 ¥0 A RLEARRBE dihes separaLi g9 of DMC
conpl ex catal yst fromthe aqueous phase involves centrifugation and:
decant at i on, {SaHfiigied vhinarkendEyYsRPyoPR ACRItCaNIaE AEHE § odBECHEBE DN

an iylustri a;pecalie ne SRR AL 2R §S8dnbleL5he rexam S £f « Bfe £ nges:
of zinc hexacyanocobaltate present, typically more than
0.5 moles of metal salt per mole of zinc hexacyano-
cobaltate. |
EP-A-755716 discloses two different methods for
30 preparing crystalline DMC complex catalysts. In one
method, the catalyst is made by using an excess amount of
the metal =alt, but the excess is less than a 100%
stoichiometric excess relative to the amount of metal
cyanide salt. The resulting catalyst contains less than

35 about 0.2 moles of the metal salt per mole of DMC



15 involved filtration using a horizontal basket centrifugal filter and a
| i ght weight nylon fabric filter nmedium Separation of the fornmed DMC
catal yst particles in the working exanples of EP-A-659302 involves either
centrifugation or filtration, while in the exanples of 20 EP-A-755716
filtration is used. It will be understood tfar filtration is al E&Mh
optimal for use on an industrial scale, inter alia because o? HI ter

pl uggi ng probl empbhat arne thiskelataiyocculn dbseoved, meh@osgpayr aid}er

t echni ques used. i he .prior _art .processes 25 di scyssed _above are |likely to
result in sorreg%%% gﬁdthgng'eets?olrresasarrtcsa‘?e i AP R ’iﬁuf:hg%ﬁr FRELEF s i s
undesi red. Thecpteiesnt isvenbiserquaintel { ovdipyd deiennet hesthee PreRaHdly a
DMC conpl ex catalyst, in which the separation 30 fromthe aqueous phase of

the DMC cat al y3?9pait PEPEE*Fol Bl ‘& 15k 351 or HRd2 ePRPERENERT Ta oy
and cl éanly onpasdiigdust pMal caeaheg s Ul dast HonanYe§at ahyhi Graghi vity.
Accordingly, the nethod should result in a highly active DMC catal yst, or
in other words?:-¢hB°HefEhed 8he megalyzajl pepowdbt ¢hHellFeserPoumdedmi on
shoul d have nocpedatiye,gffect of the activity of the DMC catal yst. These
and ot her objects have %een achi eved by a nmethod wherein a specific liquid
is added after thel™ ¥orim?7 6A08F 5t re MBMbcshifaty rqrating eBMCwhbehlekqui d

effect a phase. r@{éOfsrmL}iaegdi nwh%&ea%u%%ggeeéﬁgé@ﬁtEQﬁée

contai ning the salts and a catalystcontaining p ating on tﬁg aqueous
phaselOAccor digitfgss tiet pt eseht endemeited rolaatiete tar bt 19rer neessetiodnt he

preparation of yst, _which_process gaonprises the steps of (a}
conbi ni ng an e{:qrﬁeegus %‘%ﬁ%i%ﬁ of grﬁgﬁg—f §é}lnip§vﬁr;tplrpgar?%edbtéoﬁ§l 8lution of a
met al cyani de esfaf icizntt et nggtbhfsemsal wlluans,, whedsinieg teasslparty of

this 15 reaction.takes place in the presence of an organi c_conplexin
agent, thereby fot M MPH UFHper B2 BANET 2278 FF&IBWCWﬁﬁéh%Xl¢%5aﬁhéaugggs

medi um (b} camdinitind hﬁné“@@@éﬂz@ﬂ,ohhéhﬂﬁg itheStRR d18)stM R bhquid,
which [s essentially insoluble in water and 20 which is capabl e of _
extratting th&BHEIP OVE Horht exCR bR #RENEn 28845 1R Y [ 5iaaHES age@plexin:

medi um  and aldRWng i tﬁ%ﬂ@ﬁ?xé&‘é%ﬂh%ﬁef QTG -m%&ﬁgfaxpf a first
aqueous | ayer and a | ayer containing the qonglex.and the 71 quid added,;
25 (c) renovi §¢ ‘PR 54 Sthaaquekistheyepsednguigpblacdverd mplretie

catal yst from. i diay ! St miln &t ( eous
sol ution of gbrre?g: 'sgslruth-ipsﬂdts'(il %dﬁﬁ'%&aﬁggghgdughsem%n%n %‘%lg@ng@(gl
cyani de salt 3@taddsthesmtsging i Drise af @% rencvedghtherdeipplatetiremstpphydl ol

e Aot o0 20, BRE AR B ESETEF AR JULS SO S ARET
i n an aqueous igedismlosedqerndraldi f ferexpe essing tagteaupaindithdr as used
in 3 {polyol) Having a molecular weight greater than 500 is
used.
In the methods discussed the initial DMC complex is
25 formed in an agueous reaction medium. The metal salts
used and the salt formed during the complex formation
reaction are well soluble in water and hence will be
present in the agueous phase. Since these salts are
generally detrimental to the activity of the DMC complex
30 catalyst, they need to be removed before the DMC catalyst
1s actually used for catalysing any alkoxylation
reaction. For instance, assuming that zinc chleride is
used as the metal salt and potassium hexacyanocobaltate
as the metal cyanide salt, the unreacted zinc chloride

35 and the potassiuvm chloride formed in the reaction betweer



- 6 23 July 2004 this connection refers to water and any additi onal
subst ance (e. g. conplexing agent) dissolved therein. Step (a) can suitably
be perforned by mxing the netal salt solution with the agueous sol ution of
metal 5 cyanide salt, while sinmultaneously adding organi c conpl exi ng agent
either as a separate stream (e.g. as such_og iLn adm xture Wiﬁ@J\ng%ti or in
adm xture with on or both of the aqueous reactant streans, e.g. dissolved
in the aqueou a . solution., In this node of 10 operation the
conpl ete r eactszl%?rral& b‘lé}t-l\?\gge:?id?'ﬁstag?ldl ?éittasa%ﬂu%lf%faﬁkjgﬂ?‘a%b@gFf't?ak’é’éﬂﬁ RSB n
the presence of progahem, canpkexiyng mganitrBhéetant iyetye bbeiaddit ian (of
organi ¢ conpl efﬁﬂx{‘ lagﬁ t i§ gnlxé started i mmedi atelé/ after both aqueous
reactant streans favd Be8ATEoMSined Sy orfdf c5a5t ¢ IRt BxPRgragevEdray
sui tably be adfethtistsuchedy BB KNS WHICNBL roehd-d iy 'HB@!% f!’f

e

operati on the conplexjng agent wll be present during only part o

reaction bet wWwERPEA P eattanPMst Fésre.y Nama st i ake sobrrmast et akusalts and
met al cyani depg@ide are contacted the 20 formation of the DMC conpl ex
starts. This can be seen fromthe instant formation of a precipitate upon
startinr the addi #ildn RFtRes rébecunsest searfiapo have ditherorriidust hahenhthe
addition of o i : | exi a t t - diately, after the full
anount s of netggﬁr&sﬁltﬁﬁlﬁi%?e ZEﬁgnggmaeI& ?;?Efrﬁld/regzgﬁatrtsjb‘%ﬁu??oﬁrﬂﬁvghbeen
conmbi ned, par 82t stiserING Tionp | @guéonsaphasehds alateady ke $base. FEon

t he purpose of esent J.nventipn_it was found very useful when the
conpl exi ng agéﬁttstglgél%;eddgg% iénr?r%d‘fﬁgf‘?ga]ef{gfnp &ioici ﬁ&xlp’ﬁ}%réqtgaqaga??e

sol ution wi t hsehermetiain AF dMMi cemsabk sekuliyer. ot ablee JRIHuSapkssand
met al- cyani de, sal ﬁ% are foil.é%'r nstance, described in EP-A-755716. Thus,

sui tabl e netal "E3ME SarE i Eot 1DT e284 1 FECARTRABPY - h&RCHG 4IHEF Iriitla

MX)n, in whizheMhbs selsctrtdronaibhe gredPt35ne00skat bRY a6f inI}(dFé% ia’
Fe(ll), N|(II%, (II%_}, Co(ll), 3 23 July 2004 sn(Il), Pb(lIl), elﬁl),
M(1V), M(VIJTEARCI PP, SEPPE\IV)USEE (1) Lhey pyproley) I BHHA3S WAl
Cr(118). Moreimpveierably 1 tMaits 3! r u ISt -
zn(11), Fe(l Lﬂ)dl Co(T I, étnStNi (I |“)eﬁr?‘% %hlgg}f%?rs}ﬂ%? RaskEE %treélfr{gcr%{n‘f%/a'an
ani on sel ect & }¥ 8k ERE §r dapghdormsiisghhgnpl omaféldeic hfilk brirdmedsuirf at e,
carbonate, cysdphLe | atce ¢ plhi y.@é]?t [ e._lLsothiocyanate

car boxyl ate, anc n?%r?gtae.akTﬁgtevaf%ﬁre 0 @%a@?ﬁ%ﬁggﬁt%‘%}:géﬁ:gﬁéy ?tgtrbé of M
and typical | WeBkirgneiamples Bfami-@s ©F4302 t abvel ves abiflBesgal ts i ncl ude,
but are not IdJd{ Lhc .chlQni zinc brom de, zinc acetate, zinc
acet onyl acet eftéeﬂ,élglgﬁ%{g%%%lz)ga?g, fgilr?gf%rﬁ érr{;’t ewf}“r%nﬂ ISh%h‘Fﬁ?’i“Hz,esi P?n(l 1)
sul f&l e, iroFB13-1rom defitobalttiEnl )ischisxd delt cotml td | \ndbireeyarat e,

ni ckel (1'1) faqn .nickel (11) _15-nitrate, and the |ike, apd m xtures

t hereof . Zi n% r%t ?fcf'ei;%r%ﬁ%lg%a%ﬁ EarP&r AP Z iR M bri e, USH ©BraPerred. The
metal cyani dérshigtisah sahbe; Sohuklre aTatalbar@an de sat 11 95 £f g1 abhy navi ng
t he general form,il)a %QaM (%biA}(c- in which M is selected fromthe 20
group consi sEFTY ST 11y FER(LEFFLYCEQA PECSto( Maneov@highecr (111),
MI(1T), M(l skpadatidd )tedhfidhesRa6kd Jin RH IDni M 10 ﬁ{@lﬁé@é’é Mor e
pre% rably, IE{I is selected fromthe group consisting of Co(ll), Co?lll),
Fe( ?‘) Fe( | PRPCYGTRY 132079 (3F¢) 1 1 5Rd YNEQ FRsulite iRatsme 3 st nbeadnet al
cyani de sal t healeC @t s ONes OF MR R RE tiRe Byt N formula, Y is
an alkali metal ign oz alkali neeeartgﬁmr%e%'gI %ﬁgﬁr‘sﬂ:&%ﬁta.s Tltk!lalfu)%n sodi um
pot assi um anHNE&ISETAA- A is an anion sel ected fromthe group consisting of
hal i de, hydroxid S te._cyani xal at e hi ocyanat e,

i socyanate, isot %ihgcysznegsieg-ft C%Lg}‘ﬁ%(g?{g‘?e?l%%d%%i gr%gﬁfgfdeBgt ﬁieé-‘tré%cg Chre
integers greBreparbay ¢ Wjuadonmwldx catahybe,0iar wadchntegersepdieasuer of

thesgharges pf_a P‘ ¢ hal ances the _cha of I\/Ir.J1 guitabl,e
» the y .
wat er - sol ubl & Het a cy%g'lletfé“ssf%saaﬁso nEﬁﬁdégEf 6P RAEPENEET HHALRS I um
hexacyano 3 formed can be performed efficiently, smoothly and cleanly
on an industrial scale without losing any catalytic
activity. Accordingly, the method should result in a

highly active DMC catalyst, or in other words, the methoc



- 8 - 23 July 2004 cobaltate(ll1), potassium hexacyanoferrate(ll),

pot assi ui hexacyanoferrate(lll), calcium hexacyanocobaltate(lll) and

| it hi um hexacyano-iridate(lll). The organi c conpl exi ng agent used shoul d
general |y b< 5 reasonably to well soluble in water. Suitable conplexing
agents are, for instance, disclosed in EP-A-555053 and i~ gepengl 2868

wat er - sol ubl e het er oat om cont ai ni ng organi ¢ conpounds that can conplex with
the doubl e met@ EYanPa8SEBipIMTRITHATS Shartdntaveonpl eRBAEL ugertSechc] ude

10 al cohol s, & flefiydescrkotenes.s atherue esfefsys@m des, ureas, nitriles,
sul fides, and m xtures there0f. Preferred conpl'exing agents are ethers |ike

di met hoxyet hane anthe$gl §ne afdewardlesdisubdliayalbetat 4chid¢cotioby, asuch as
et hanol , i sopr. I » . Nn=b | ..ad, | 15, (1:b I i SO yl

al cohol (2- netnﬁé;‘%/‘-ol?p‘?g%glﬁép) ,a %%—Cﬁgtl%oq%%%]h%l% Zy%%l?gn%) S%J?aﬁgé
tert-bhtyl al cohotaflenetcfiybh- pMEpaadla)ly s paesiesles nevihbxly et hauiedand
tert-butyl al ceoé]%_[c@rae nﬁgt preferr%d. Conbium ng both aqueous react ant
streams may be condul eaebﬁeg(%ﬁ\?eﬁﬂnoﬁﬁs 5 Jtréc%i%]%%%oﬁl?lcl udi ng
mechani cal sti(ldingrandphbséasontaifinignghaAlddighmp i catd Bystt is not

required that intimate mxing techniques |ike high shear stirring or
honogeni zat i off AFe U %‘%g?egg’?’%ﬁnﬁef’\ﬂeéﬁ’%‘ﬁ}e% tPRARF net al cyani de

25 salt may be camd&shk@uighy, arpeepsukendf ihremtl.dn et Lartamnd a
tenperature of fromO to 80 C However, it is preferred that the reaction
be cattied ouPIRCERT FFeBnEiei BR&P2FaEioR mfeds BME siatmlysto 2ibkFh and a

tenperature offg@md AdRADs&s ngAg{._ngt ke reaction has taken place and -a
DMC conmpound has been formed the extracting liquid is added to the reaction

product of stédg!(&CMbiypinglay 2@ecensractufgon ¢f @ metadde@ inadeith a
stirring and stirr, [,Se C L tLl I i.Qui a e i -

di stributed throu&f@%&ﬁesoéﬁe%{;%?gng% étﬂ%gglsf:g’lrérnﬁ#gé %al%gt ir%snlaqno{eoe{:érg Tecal
and 3 g _ 23 lilepse0fiutnionsi tehéyeinketf AemstO psedomnds tiyds o 2 hours.
It i onsi der ed fi.cial,_ fro cess opami_c _view.to k t he

sti r?Llsﬁg tinme as 2%% tlaosn ptoas}gs?%]l@l%%% 1 ng ongsgtnicrer ior?g% i%r’e%p%%c

typi cally be fromconddeseicandsy4rot 30t nebesfoAmntay theispersiing kds a

st opped the reacti Og' 'ﬁgtﬁgee is%fl lowed sufficient tine to settle, i.e.
sufficient tine t8° ég]a GRS Fho- hHAk eBIUERUS qIEFE & ot t om | aye: and a
| ayer fl oati ngbthhepa®intoni aiHd ngi édher Mh cabahyakdl@ndisseer §ed iwithhe
extracting liquid,_ The anount of_ the ext racii ng.li gL_ﬂl d_added shoul d be
sufficient to effadlUs & ehrid i STHetdr 4 ndPyO LHBEfakPy WAL SFe 40E 106 by

wei gizto, pref erabl yhath gastca¥%ule Wof Odit+ 286t IRGetpeekenabl yuat cloﬂ%itex3$ by
wei ght based or 15 total weight of the reaction product of step (a) of
extracting |iqui dfar@egddéd s oo tkt EAREPHE MPEdFE: aBSde t he.

m ni'mum anount regui QA O LR HNASS ystem to be formed consisting
of a first aqueous layer and a layer containing the
DMC complex and the liguid added;
25 (c) removing the first aqueous layer:; and
(d} recovering the DMC catalyst from the layer containine
- the DMC catalyst.
In step (a) an agqueous solution of a metal salt is
coﬁbined with an aqgueous solution of a metal cyanide salf
30 and these solutions are reacted, wherein at least part ol
this reaction takes place in the presence of an organic
complexing agent. The product obtained after step (a} is
a dispersion of a solid DMC complex in an agueous medium.

In general, the expression “agueous medium” as used in



separation can be used. The maxi num anount will usually be determ ned by

hardware constraints |ike volune of the 20 reactor. Typically, however, the
anount of extracting solvent added will not exceed 50s by weight, suitably
30" by weight and nore suitably 20% by wei ght based on total weight of the

reaction product of step (a). The addition iPs”suitably carri %@Jﬁﬁtmﬁh a
tenperature of fromDto 25 80 C, suitably 10 to 50 C. The pressure nay the

sane a: during fhé FERAETH- I ZRE9rs ale Sateabradertyactiddig idmeud ds used
in step (b) sheubdtizpckagl neet L r » Jkirstly jt  should be
o 0 ey A e SIRIET iSRG R o

essentially insoluble in wat'er and sec

extracting the DMCSEBRpl{ex FRomautd ariuedus phasermbeblakiali nleGud enent
inmplies that thetQfgan lL.exing .agent. used nust have a preference for
interacting with thi gateL?(t rggg}[&itﬁ“é)q %dﬂ%ﬂ%ﬁeracﬂlﬁ%oﬁﬁuéﬁégtﬁﬁé‘sé’fc@l@tteﬁlni ng

the di Ssol ved ®pdnsdeNagbky, whii lies ﬁ&ﬂdar@mﬂslp%dabﬁgceagéﬁ&i ng agent
' 1d and in fact

I nteracts thrh5{§%€Xi“- 10 - .23 July 2004 extracting liqu

drags al ong the cHiPI BIFPENPEE g ddo s SkRakatat dtraampiasg.f esmed by
the extracti ngudtlgubd. iThedexkeagti vd thi Gt 9an  fo g’;&ﬁi?ggge P& 3 on.
ester, a ketonoe anthet hﬁr, a diester, an 5 al cohol, a di-alcohal, 5

(di)al kyl car BEmEIeEE i thT1 8IBROHA APR&SENPrsefraamts y, et he dxbsalyieny

l'iquid used cAMPrirseSaEOIPOHLEs of sLh ral._f oraul ). R1
(O myg~—R (I vvher,ei% 10 RL errgseEt 5623 ?ggén,f%n&a%ﬂm%&%uﬁf a
substi$ ut ed oPRETAFIAN ttheCePLabe aF RyEL §oou P edmes rymosis Ris bt . aid

represents hydieegan, ; i I o] ed Cl-dt alkyl group, a group
R3-NH, a groug - R4-C:C'Y,?E‘C?l)):L%:lqc'tRSé)glo“?E a&l%g%%li ggggrgoﬁﬁl, Jﬁf@ Iﬁferse%}%ge‘ﬁf s°hgaidgen
or a Cl-Cl0 aFRyPlgecing aRentepribentsatisaby) i theedder tinsbst i &y o8ic

2{]‘6%’{ ?[‘& géog?oﬁ%\gﬁ%gﬂ%t La%eegﬁ: Cal bc?rpl}?t so‘ggi:teRg E%Rg%igr%tesiyhyadfrtoegrenBo‘?h
aqueocus reactant streams have been combined. The ocrganic
15 complexing agent may suitably be added as such or in
admixture with water. In this mode of operation the
complexing agent will be present during only part of the
lreaction between said reactant streams. Namely, as soon
as metal salt and metal cyanide salt are contacted the
20 ﬁormation of the DMC complex starts. This can be seen
from the instant formation of a precipitate upon startinc
the addition of one reactant stream to the other. Thus, “
when the addition of organic complexing agent only start:
immediately after the full amounts of metal salt solutior
25 and metal cyanide salt solution have been combined, part
of the DMC complex formation has already taken place. Foi
the Rurpose of the present invention it was found very
useful when the complexing agent is added immediately
after combining the metal salt solution with the metal
30 cyanide salt solution.
Suitable metal salts and metal cyanide salts aré, for
instance, described‘in EP-A-755716. Thus, suitable mefal
salts are water-soluble salts suitably haviné the

formula M{X)pn, in which M is selected from the group

35 consisting of Zn(II), Fe(II), Ni{(II), Mn(II), Co(II),



Cl1-C10 al kyl group, and 20 n and mindependently are O or 1. In a first
preferred enbodinent in the general formula (1) Rl represents hydrogen,
mel, n=0 and R2 represents a group -R4-OH with R4 representing an al kyl ene
group having 3 to 10 carbon atomnms. A specific 25 exanple of this preferred
conmpound i ncl udes 2-butyl.-2ethyl -1, 3- propaﬁearol In a secong g %bﬁed
enbodi nent invention in the general formula (1) independentl e resent an
al kyl gro 30 &&r{ddn ratfénel I e 1F el h=0. M@r“é‘f'er r@d(é’ﬁﬁodlﬁri‘e(ritllar,e wfwt hyl

ether, methyl 3:qfy the se t of this
tent-butyl et hzr b l(rlirl-e) QJJR; %54 di —| s gby% Otocgr&;[g[gpdr

ether. O theQéErfetrhﬁvll}t,eri‘-t mtqﬁl&a:ttmi f:sorpatmecglramby cprefierried: olf.n a
third preferr odi h ener a 1) epre ents an

al kyl group hggrgg? g%ﬂgﬁg (i%@%gdtdﬁﬁélﬁhngL EgnﬁﬁﬁZ tpepw §"“entx'sl's
hydrodgen or apralfkeykb@rowm GMMdngébﬂdtﬁbdxﬁﬁmm ﬂh@ngr@bpac@hgﬂﬂtlng o:
-R4-C(0)O- RS W ein a substltuted or unsubstituted al kyl ene oup

having 3 to 18 iéPSOn XF 185 RS gG Yy SRERKBR CEr oGP aRddeng Oxala

carbon at ors. tﬂr@oapengteupl%dmae@t ii's'bt@h sf«éﬂl&teal b@?gbkgle%ky'a)mor
pol ar substrtuents i ke C1-C9 al koxy groups. Suitab is a

1, 3- propyl ene"§FBapewi £ heoN@Lloe Oko fs Figstiiier sthm Fﬁéeﬁﬂﬁldﬁéaear bén Mat om

Preferred ex e t e e a tye,
oyl D 15" et Y LRI S Pneacie o 3 el L] BE oL ik ehiELaN®

2- cy@llohexyl - 2& pEBpyhchafenaber ﬁﬁeanﬁeuﬂqu&ﬁﬁe#¢edzenbodhhenlden t he
gener al fornuggnglgrg%lggénggnhngggegq%ntEg %h|§§§£ f a{kglthégg havi ng

1 to 5 carbon atons, nF hus o reh npound
added in stedmiwyOaseanzahkanethatengl&poﬁﬂz)t@Hmbxzm@pnlﬁb@nszjkbptane_

was found to |cularl fuI f.or th r e of . the, present

i nventi on. Iﬁgg $§§% é??g 5ﬁgéglﬁeﬁPgaﬁ%ﬂ gt F1%% formula (1) RL
representsznn@bqltgIDupthSUCyabhyea phergl (JTOUE o a6, ahkykeD(DUP having
1tog car bon ons, R2 repres s a_cyanid roup,, M0 and_n=0. Preferred
exanpges of thi a% = 2hbodt Adn Ehﬁrg E8nzﬁﬂ tW?Fg g |£nﬁﬂ%ﬂ$tr?%%g

(tert-butyl nitaiiegs, 3¥ndnparsisthapl of einedcanbedidenta Rl srdrf2re

i ndependent |y represent a groug R3-NH-- with R3 being i drogen or a Cl C10
al kyl group, nme0 A ¥ietdedsakhnpFe’d BRLEHS MHiahare buty

car banat e, didyaryldé:agémﬁ & AOEle PEOPY| hERLRGMBRE. gRneral
formula (Y)gM'{CN)p(A)s in which M' is selected from the

20 group consisting of Fe(II), Fe(III), Co(II), Co(III),
Cr(IIl), Cr(III), Mn(II), Mn{III), Ir(III), Ni(II},
Rh(IiI), Ru(IIl), V(IV), and V(V}. More preferably, M' is
selected from the group consisting of Co(II}, Co{(III},
Fe(II), Fe(III), Cr(III), Ir(III), and Ni(II). The water-

25 soluble metal cyanide salt can contain one er more of
these metals. In the formula, ¥ is an alkali metal ion o1
alkaline eafth metal ion, such as lithium, sodium,
potassium and calcium. A is an anion selected from the
group consisting of halide, hydroxide, sulfate,

30 carbonate, cyanide, oxalate, thiocyanate, isocyanate,
iscthiocyanate, carboxylate, and nitrate. Both a and b
are integers greater than or equal to 1; c can be 0 or ar
integer; the sum of the charges of a, b, and ¢ balances
the charge of M'. Suitable water-soluble metal cyanide

35 salts include, for instance, potassium hexacyano-



- 12 - 23 July 2004 In a seventh preferred enbodi nrent Rl represents

hydr ogen, R2 represents a hal ogen-substituted Cl-CS al ky group, m=0 and
n=0. Preferred exanples of. this enbodi men are dichl oronet hane,

1, 2-di chl or oet hane and tetrachl oro5 ethane. In step (c) of the process of
the present invention the aqueous |ayer forgyred is renoved. Sj :
aqueous | ayer forns the bottom | ayer of theéTTtEV\/O phase syste%:?‘g'mrg@@thi S
could e.g. be easi i shed .10 drai ning the aqueous |ayer via a

b
valve in the Bot %irﬁ%g‘%??gmthgox}:@%élu’q g‘%ﬁﬂ% R PAeeprase ($épar Botessiw

occurred.iln madméﬁemwemue}aw&m&dnamxauénéwiﬁ@twe???m n the
excess conpl exi r(ltgﬁggclnl used (i.e. that anmount of conpl exi ng agen ichis

not attached £& PV bRpYeRp - it aket &Ikl ubl e salts |ike the
unreacted netal saldHe (®rafni &l Lde - 50l t
e (Brgdhié Bémﬁmﬁgﬁhg ég%?ﬁé%§%ﬂM§§%uf8 ?gégggfiy(gﬁ g

formed during the reaction between nmetal s nmetal cyan
pot assl um chl dERFETERRL ¥ obral Yo shl 69} uhAe possiatier a Skt dbberocotpbéx i he

extracting 20 efg.in; eo s Normal |y ueous,
| ayer r ermveda\%'g:ﬁ}%%go%%sét'i t%ct)fe Jfr?%%af%gﬂf oagéeg%l%ﬁerge%no;?% h% gf%f%?gvﬁ%n’e‘ of
liquid plus caeakystl pare iwdesrpsedeblei hetbeowdsselcortuidiey whydmigati o

of aqueous | a tract ng conpound | a LS Nno ritical for 25 the
wor kabi lity o%g%lﬁggg%sécn%q n%aer?ltg‘grﬂz?f%ewggécf:%reatqto %Wiel IS et y3n e

det erm ned bycbmpdwade Gonst,r asudisab¥étesmpieRyaly @fgelte agueqis phase the
remahRi ng pha ntai ns .t solid DMC catal yst particles, which are

di spgr%sed or %?ﬁéﬁ?aai'vi c}ég%lyr‘iﬁ:ﬁ're SATRN nétESEﬁouﬁ&t%San@WQﬁ? are
subsequent |y ueeaxer adtiri 1sts6p ()£i e, rLeQVRL%LSERR Cdk M) be carried
out in vario %?%EFSAS is alsqg described in the patent specifications

di scussed her Fe COBRER . D\AISN It ReeluR BDhRIES| Lademdiime thovol-ve

m xi ng the DMzicatal ¥a8 Wikh aRMAHRxing i3 <ORY & iy, i i.xt ure
with water, and separati nébsyﬁ%— 13 23 %iggb}gﬁeﬁiggggﬁﬁ?&gﬁg‘@ﬁ’
conpl exi ng ageHil? was eethgarh, ésepruspyfl lakeehoh, n-butyl alcohol |
centigfugati ony deca. pon; lL.ashi s, pr ure,nay be repeated one
or nore ti mesd Even%gﬂi/, 1?%5(1(1:: talayrl%toh;gsl d?él)e'ggg}g ir%c8¥8F’88°§ *a solid.
As 5 di scl os&RGTPWMEY A-97£9D086 (EmihuERNAII00949] téetfbnablsaltdheat al yst

can al so be r eLay. as_ it lL.so containing 5 1o 80a by weight
of pol yet her haweﬁ%}%gl rr%lgléﬁﬁgggi i'g%{}' %Pefseegpe %T?/{élf‘g’w%égaf‘ﬁaﬁnéoo_and
great er thant80C-1Stigpl (al)cohol herpr esent ppedueassed0 suitably conpri ses

adding a water/c exi ent to th< DMC catalyst |ayer and adm xi ng
catal yst |ayer ang Wt Jis{e‘{r}gg g%g?eiﬁﬁﬁogﬁeﬁfaa(:éa’bg W%‘%/’F‘f‘ rM#%)2®al | owi ng a
two Jhase sysbemitardie ¥proetvendibaamviniginke wreousud 2y eic1d8l fg

procedure may, b repeza’ttjed one.to five tines after which 15 the renai ning
catal yst | ayerecﬁ%f&pltﬁ:ea rS etF B t ABAcHEEFFSOYRE Weimt okl Eerwahsol i d form

(as a powder hppil)i caltiles natt ves yno@ Legui deBOkyaihen ol fRY; be added to
t he catal yst Iaéer_ and a catal yst suspension in polyethe~ polyol~is forned,
whi ch can” be™G§88 188 it k900 igh oplkeerhBBi AEAN G Q¥ dfarasah i zxbiven yast ep

(d) conprisegsthe shePSfcdidn B, NisG 1GomRl £ . yater
andzgpti onal | ; addi ti onal cext racti ngé%?g’ﬂ%g% f%lﬁhgﬁogyeé&%c%%%}%% t he

DMC4Cat al yst S&h8 BRMoWenFaF tikd 231 phatea spseemue lod fiorared .Contsd sti ng of
a second aquegu a n nt Al B h ,oCAat st: (d2
RueousaraNe Al an A B DIRTHD 2 AR ) ana

renovi ng the second aqueous d3 ronal I'y repea S
(d2) one to ifversderirmess that tdid yreonetiontbe thareded @t addisigldr gani c

conpl exi ng 6%981@&1‘:9011§¥eri.(\éqntaaipnriensgs&glg P, catalyst b\ghri la%dStai rring; and
temperature of from 10 to 40 °C.

30 After the reaction has taken place and a DMC'compounc
has been formed the extracting liquid is added to the
reaction product of step (a). Typically the extracting
liquid is added under stirring and stirring is continued
until the liguid has been uniformly distributed through

35 the reaction mixture. Stirring time is not critical and



(d5) renoving the conpl exing agent (e.g, by flashing or stripping) and
recovering the DMC catal yst as solid 35 particles. 3 23 July 2004 In

anot her enbodi nent the recovery step (d) conprise: steps (dl) to {d9) as
defined above followed by: (d5) adding a liquid polyol to the product of
step (d9), thereby forming a slurry of DMC3catalyst in a Ii%@ia;%dgpiun1of
pol yol / organi ¢ conpl exi ng agent; (d6) renoving the organic conpfeX|ng
agent; and (diipyr ecdwessilng ttdies DM at @l ystoadsaupuspedsin@ursn tihe id quid
pol yol . The anpunt of %g er_ u ed.if teﬁ édl% shoul d be 1Q sufficient to
form an aqueof§" FaF&EFe §Qﬁ€%ﬁﬁ% cohPf eXi RH°Hga Rt 573 WaCer” 1510 t°
optional ly addetpondle exttiraGiig:imeuke smyrbeaadgdedsasisepagate streans or
as a mxture ig a iin%Ie st.ream Additionfl extrac;ing Ii%uid may be added
to conpensat e fBF SARY Ss mEI5L Totfht S HBS | ¥ 1 i hPhE2 Ad¥eBEs SpREse. I f added,
it wigl be inzgnmakkeoamBuURLS.30The yvetaht ratio of conpl exing agent to water
suitably ranges from5:95 to 50:50, nore suitably from 10:90 to 40:60. The
total amount of wWAfEETak#ec&iditesding entterred tRenseactiencalxgsdecoul d,
for instance ;20;¢opLESPANG AlcLflriip E:ﬂngutc%/o%%;g@fe 0k e, o295 fhan the
amount of aqueous [ayer rained 1n step (c). fer’ and conpleXi'ng agent are
ef fectivel y adbixetowsehatrhé eDND toattaty sthd syer | af oaqiastanbetbpmndelyzni ca
stirring. Aft ef f Lve [ Xi t n e. the resul tj,ng i xture
is all owed toaelgs%t%l gg;g% F?&t tgg}%snp%%s(og‘ scsés earﬁrgcg‘ﬁgbgﬁFobﬁgd?%gﬁg‘é’é{thi s
has hé&ppened diherafguedusn( hbkt et daayeimg S iremioved in step (d2). This can
take place in the_sane way. as_described supra for step ., The pr.ocedure
may be repeated o et%m?Fgé PFWE%F SHTEY %0 orf o ?égg?iﬁgg?gﬁnggtep
(d9) pure organ£i€oapt exbngragent phasaddegd e divn DMreatalyglyl ayer while
stirring in an anmount which corresponds with the ambunt of aqueous_| ayer
drai ned in t HPPreELYi Ay sEEpE &ﬁtﬁ@h&ﬁ%ﬂ?qnﬂﬂﬁﬁ£?§ﬁ9%¥3%to}eFégszﬁnéld
Still be accqpiaphe add mordSpr2¥elubil VA4 b sbepayp e 200 bdSkal b

conpl exi ng agent” may be renoved by stripping or flashing, us recovering

the BRC cat alyatahsvelghbtiaf the ceqpitd@m@asumt mily, step (aktahce, be
fllashed off bl meperi £q6ondkLORRARG 5 MRS BHIOCH BLEPSLE EngFl 2SN NG

under reduced pressure”is preferred, because“this enables separatidon at a

| ower t enper atifrel dhilebive etlieeninhaum skoghtt eavel reféconposiedonpbésehe
DMC cat al yst. i arly fe d di-e, L | exi ng
agent is 10 FE#%V§% yﬁf?%éh%%gugﬁgér%&gcﬂﬁgpgk a Egﬂ%gfégﬁggn%guggf?o 80
C. Toget her st Iatterrciongd elxy njaadent et caces refi niat erl kndveimeace f nghe

liquid, which were stiJl bpr nt Ln. the_m xtur re.alsor ved. The DMC
cata gst IS rréacaocvte?%d ié%pjgcggﬁld QHH%E‘%%&‘ 'bgkéu%f%c%é:d cf% ea)?tsn}tj Cgéeiquﬁ%nt 15
drying treat meritverAl tadded iwel Yy, nstepxddll EOfpbiys e iapdth noswai patbypl 300 an

medi um of  poRYo SRR T GRORG SHERPBLELCDADPY, TEHE HhmRRE b SR | s
such that theeight of the reaction product of step (a). The addition
_ is suitably carried out at a temperature of from 0 to
25 80 °C, suitably 10 to 50 °C. The pressure may the same a:

during the reaction in step (a). _

Suitable extracting liquids used in step (b) should
in fact meet two requirements: firstly it should be
essentially insoluble in water and secendly it must be

30 capable of extracting the DMC complex from the agueous
phase. The latter reguirement implies that the organic
complexing agent used must have a preference for
interacting with this extracting liguid over the agueous
phase containing the dissolved salts. Namely, it is

35 believed that the complexing agent interacts with the



20 solids content of slurry fornmed is from1 to 50% by wei ght, nore
suitably 1 to 30% by wei ght and nost suitably 1 to 10% by wei ght. The

pol yol added may be any liquid polyol which is suitable to serve as a
liquid nediumfor the DMC catal yst 25 particles. Gven the application of
the DMC catal yst catalysing the pol ymerisati on of al kyl ene xj; 4Nt 0

pol yether polyols- it is preferred to use a polyol which is Conpatible with
t he pol yether polyols.to be produced and which will not have any negative
effect on the %%%‘?cébngo?ﬁggﬁéjr ¥ vdl R FhRhOBBI RfjepPiSe siomptier ei n

in trace anourisom Thiee ekqueouist phs searidtelaid Yok & eféfﬁle&obgs% 2
pol yether polyol simlar to the polyether polyol to be produced Qy t he DMC
catal yst. Exarfpies?ofIR%i taBPedpoVE SAHFEFGITT bbbl yorr, sfioh as

pol yethyl ene gingxincdp Bt R eketred ;¢ are. t ly(a Lene oxi de)
3 - éG 23 July 2004 pol yols based an€¥g%§Teﬁ§’d£?%£Pan /é?gé?ﬁgreﬁg

oxi de i ni | ar FEMHose @ndisagedhprdr pr dpdnatlikyl Ui ropmdiee DME natabyst .

-1n the subseguentn stgp,{4d6) the organic conplexing 5 agent is renmoved from
the catalyst slurry. This can be achieved by any neans known in the art to
be suitable for |ifqefetdhiyd skepaeatrentiAgpiefgerirediswt hoshpt sébea

purpose of the, ?§ﬁﬂg 4ﬁn%%giog&%§?igg§£%3 Fg&& t he conpl exi ng agent at

at nospheri c condrtions oOr unde rre. Flashing under reduced
pressure is preferred, becau is enabl es separation at a | ower
tenperature which reduces th f ik of thermal deconposition of the DMC
catalyst. In a pan§§43qtggﬁgL_ QLf rred enbodiment the organic conql Xi ng
agent is 15 renoved by flashitAg—tinder vacuum at a tenperature of 50 to 80

C. Together wth the conplexing agent traces of water and extracting
liquid, which weré still present in the mxture are also renoved. Finally,

in step (d7) the DMGrealalosthjfrdaopvered 20, rgFgl ugr%uggtaw?éodr Jpe

advant age of such a slurry is“that” i1t is storag bl € and “cam,

i nstance, be storedsiubsaituwed My-enMeralidesi ggooh bheacatalysikangiits
di stribution through the polynerization mediumis greatly facilitated by
using a catalXst BEeRrepents hyderdaan hermn agpeitnshbyphedegeniameentdlorcial so

relates to a cataliﬁtlobtainable by thezfrocess as descri bed here;% bef ore.
In a final aspect®tHe*pFESERr PnP&MURoR a6t a383uP o~B* pFdee&sRroron he

pol yneri zati on ofaagyahkykegreupxi de,
15 R3 represents hydrogen or a Cl-C10 alkyl group,

R4 represents a substituted or unsubstituted alkylene

group having 2 to 15 carbon atoms,

RO represents hydrogen, a substituted or unsubstifuted

Cl-Cl0 alkyl group, and

20 n and m independently are 0 or 1.

In a first preferred embodiment in the general
formula (I) Rl represents hydrogen, m=1, n=0 and RZ2
represents a group -R4-0H with RY¢ representing an
alkylene group having 3 to 10 carbon atoms. A speéific

25 example of this preferred compound includes 2-butyl-2-
ethyl-1l,3-propanediol.

In a second preferred embodiment of the present
invention in the general formula (I) Rl and RZ
independently represent an alkyl group having 1 to 5

30 carbon atoms, m=1 and n=0. Preferred examples of this

embodiment are diethyl ether, methyl tert-butyl ether,



30 which process conprises polynerisir_g an al kyl ene oxide in the presence
ef the DMC catal yst and a hydroxyl group containing initiator. Preferred

al kyl ene oxi des are ethyl ene oxide, propyl ene oxide, butene oxides, styrene
3 AMENDED SHEET. 17 23 July 2004 exid=, and the like, and r"fixtures

t hereof. The process can be used t o nake hbnopol yrers, ranq2§3&955¢yners
or bl ock copolyners. The DMC catalysis of the invention are very active 5
10 15 and henchl e ¢pil ght pekymeti sabuaylr ateser .They wiessukbiayent|y

active to allqwtheir e at very low concentrations, such as 25 ppm or

| ess. At such%?ﬁﬁéﬁﬁﬁiﬁt?gf?ﬁnégtBaétéﬁP§P§éW 52144 be left in the
pol yet her pol yol wid houih id agvereerelif egboaimphneduet tHialddyerIhe ability
to | eave catalysts i.”". the polyol is an inportant advantage because
comerci al polfgsimileur fEntkY reguesentscabakysylr gnowad Istweing Pbl yet Ber

pol yol s prepared using the DMC catal yst prepared in accordance with the
presem i nventGedRHa Qﬂﬁﬁﬁ@Flemﬂﬁ%sﬁﬂﬁrE?i§ﬁPrﬁ§ﬁ@WW cOrT*Fent Py #@sSS

than about 0.Q0% PG/ 61ty eny| £58ot BaBa PoBASEBHE ozouch | OW

unsat uration of férs "advant ages for pol yurethanes nade with the polyols of
t he i nventi ongrBapye®ferc mlg<ns wate »ftheihe sakabystizwafed her 20 25

I nvention suitably have a pomn average functionality of froqm2 to 8;
nor e suitablquF8§F§Hﬁ¥9§Jtéi¥ 501 $° Raving AukBer SaFE A bt IR ar

of 200 10 12, 808, more bl taty ¥} o3 00 678, DobS The RGNS | | be

further illusthatedoly Riefl) | XAt 81 i BOWRY ¢hnaWilchow k1 td g
the invention to these specific enbodi nents
polar substituents, like Cl1-C4 alkoxy groups. Suitably R

is a 1,3-propylene group with one or two substituents on
the middie carbon atom. Preferred examples of this
embodiment are ethyl formiate, ethyl acetate, ethyl-2-

15 ethyl-3-methyl butancate, di-ethyl malonate and di-ethyl
2-cyclohexyl-2-propyl malonate.

In a fourth preferred embodiment in the general
formula (I) R} and R? independently represent an alkyl
group having 1 to 5 carbon atoms, m=0 and n=0. Thus, in

20 this embodiment the compound added in step (b) is an
alkane having from 2 to 10 carbon atoms. Heptane was
found to be particularly useful for the purpose of the
present invention. |

In a fifth preferred embodiment in the general

25 formula (I) R! represents an aryl group, suitably a
phenyl group, or an alkyl group having 1 to 5 carbon
atoms, RZ represents a cyanide group, m=0 and n=0.
Freferred examplés of this embodiment are benzonitrile
and pivalonitrile (tert-butylnitrile}.

30 In a sixth preferred embodiment Rl and R2
independently represent a group R3-NH~ with R3 being
hydrogen or a C1-C10 alkyl group, m=0 and n=1. Preferred
examples of this embodiment are butyl carbamate, dibutyl

carbate and propyl carbamate.



3 ~AAC-1f2C1 CLCCT - 1 B - p3 duly 2004 Exanple 1 - Preparation of DMC
catal yst Procedure A: An aqueous zinc chloride solution (30 grans in 100 nil
water) was added to a one litre glass reactor equi pped with a nechani cal
stirrer. An aqueous 5 solution of potassium hexacyanocobaltate (12 grans in
225 m water) was added under stirring in__39 m_nut es. | mMmedi 25%5( foher all
pot assi um hexacyanocobal tate was added a nixgure of water é@) and
tert-butyl alcohol (117 granms) was added under stirring. Stirring 10 was
continued for anotHé&r BEevewutespaaleredmextamrdimerst akt oredreeestand

overni ght resul tl§{‘lr% in a viscous, white col qured, stable dispersion of DMC
conpl ex parti clFe¥ETH9SRat 67 tEFREBIEYFSaPc HRIO Fiseub ¥ beebed eCB-CIoal ke

di spersi on obt gz ,afd-ay 2khy Rioged qg5$ - .et her
(70 grans) undglr rEbgﬂ]i‘rri ng. Sti rf?ngp&ggég\g%t%i %ued flor@;g awn%tiﬁ%ESQ#éét@%p
After the stir Riffgdhsdlsiamaddan®, di s2radchlayarethviere 4t neelt rachl ghby

vi scous, Wwhite.¢@l.gured upper layer and a transparent, water-thin, bottom

| ayer. 20 After draining the bottomlayer (337 grams), 337 grans of a 2S/75
mmtert-butyl alcéholstwst dciwast aduedpnndes ssbifr tihrg prAfdeatt stnvémbgoh or

an additi onal 1 f ol.l_owed settling _during 30 m nuytes the
t ranspar ent bo??%h?ﬁg§§P%M%§iﬁﬁﬂ%ﬁ&ﬂ%éﬁﬁﬁ.g?ﬂPgePaygﬁqﬁﬁjEP?WESP%F“§5 355
grams. Subsequéayky, £85hsgrtaues baft o2 S Fpe AT BF MeKeUk&OfpHaesd -Hpd ¢dm al cohol

and water was fgd%d tog ther. wi.th 15 grams of pethyl tert-butyl ether under
stirring. Aftef 8FFfri §lFoF°é1& §aidi drfal ©BS HiHueES e Ry settlinc

during030 ni nuttesithegt easspaueRlu DAL R | ayeraves138 dnaiched RO Jhe
dr ai ned | ayer rans. Then, 308 grams of tert-butyl " _—

hgd a nmass oﬁ 308 %_ ) :
al cohol was added imdERsSSelr Aing iGN ikl B2 2890S §PaRs téPra oscantisshe] Toxi de

adduct of gl yces®lthayi pg aaeu@fb%ea\é%ﬁ&ﬁjmg é'!:a&%%i Q?Fi%falgl Dal ton

(G670). After stirring for a further 30 mnutes the te butyl® al cohol

and residual VERRF2iRrehg excesg CPBPIARL TROCHg ¢ RFrOV eEdbY iseri fiyhiatg under
mxtire we | eenbin ot oopPeeting Sasns (IR IRE, Sotelbat S hme,
whitel® col our®f dismetekbn that aetemgs®lwbiS DM cat Al kst thar undle@st ed
di spersed in &l salt (e.g. zinc chloride) and any water-soluble
salt formed during the reaction between metal salt and
metal cyanide salt (e.g. potassium chloride and cobalt
salts}) and possibly a smali amount of the extracting
20 compound left in the aqueous phase. Normally the aqueous
layer removed will constitute from 10 to 90 volume% of
the total volume of liguid plus catalyst particleé
present in the vessel, but the volume ratio of aqueous
layer to extracting compound layer is not critical for
25 the workability of the present invention. The exact ratic
will normally be determined by hardware constraints.
After removal of the aqueous phase the remzining phase
contains the solid DMC catalyst particles, which are
dispersed or finely divided in the extracting compound
30 and which are subsequently recovered in step (d).

The recovery step (d) may be carried out in various
ways. As 1s also described in the patent specifications
discussed herein before, such recovery procedure will
nermally involve mixing the DMC catalyst with complexing

35 agent, opticnally in admixture with water, and separatinc



Example 2 - Pol yol preparation A one litre mechanically stirred reactor was
charged with 89 grans of G670 and |60 mlligrans of the DMC 10 catal yst

di spersion prepared in Exanple 1 (corresponding with 20 ppm DMC cat al yst
based on endproduct). Traces of water weresrenoved by heating the resulting
m xture to 130 C at S nbar. The pressure was subsequently r 5%,?%%050 50
nmbar with ni tl_rll\?%en' a;t eg whi,ch ﬁrg% l.ene oxir&:a/waé 15 added until _the
pressure was 1.1 tfhafa’?tofPdshBRE: él\ﬁgt PE /AR DF PFOR eheJoxPile) .
Then the renmaf nltigaB805ngr aght ol fpgapybeneletnde: vie addetihihg. thgis
pressure was ke(gi%\gt 1.1 tiara. After all the propyl ene had been added,the
reaction m xtRFe SRS RSNYY aPe 130PBAGHAE PIENE Tpred<Surtel BR° 1 datdeBualignst ant

val ue. The reaed iyhtyl{stdeli nedeasahie iR er@lidLd tH, Propoxyl ate G670
to a gol yol with a nol'ecul ar vvelght of 3000 %GBOOO at 130 C and at a

propyPene oxiHes pFesadirtn of012197/ 4P ABRI eRI26 Fydm IORH Ysttibabiuabn end
product). 25 sHne; § eactd Vi iy &Qnth§oe%@”EE%oW%§é%.dE'Hﬂégﬁﬁéggg@% tive

Exanple 1 Exanple 1 was Tepeated except that the viscous, white col oured,
st abl e di spersissh @fn DM Eodpd eko p@P b i bYeweighwatodr odntediary | hay togok
phase obtain r_ Proce e : suyhj.ected t e extraction
treat nent (P?%clzédéu@ea!g)&é;ls des%%i%%%g\?%gtgg%ﬁl ggf% tt%u A0 %50:025 <:\é(/vere

subj ect ed t o grecgray ifhegat @h. t$esd medl 650@hepmre4@od @Erdaerssl. 5 hour,

foll d by decantation. The catalyst cake_ obtained.was subsequently
resllﬁquei ed i ﬁutlerattb-alﬁrutcycfm%%lsaefsco do%%t%rwfgﬁfzﬁoﬁbp\;v)exﬁinﬁt &rggth%}o the
centrifuged ot Ratzl Z: -1 Iy 20841 desgntadaagaicn lathe seid wdrer,
material was re-slurried inrguGee tert-but%/\llEl al cohol centrifu%ed and
decanted. Fi ASPRY-S¥AS AR mel® rfht 7Y of ChEEI e8! s| AHAPHATEN 213G B2 5t s

anount of C6EQstAt elo Hd rfdieed Und FandPengStBE BLOULES, 1bRR 1 ertrpatyl
al cohol and residual water were renoved by stripping under réduced pressure

(300 nbar) aPrEGeCUFf Ma% ke WaRS2t@shtemt ©p fhee es7efker ot Glas | ess

than 0.5 W ~nEhe Bt i+ghl j SRS , [ 10 col oured
di spersi on cgnt ai%r??‘r?g'%g%\tﬁt %%&?%%g& 33? ilg eggg%gpg}r@e ﬁien &70. The

met hod used FALERYStcomyabst ings eint ssehideformnibassenpoadegr) or,
particularly i 0 i t uj tab r
application 8%@%:?%‘&%%%% r’cirAaI%rlg}cua deg%o};rr%% ?%%9%23;”%%2 %SE%;&rcripelde 50 was
repeat ed, buthehicetelystudiangrt laecDNMC il yst siispension dh Codpyatdteve
Exanple 1. T cti_vi S 1 nut es.. 20 en_co ring Exanple 2 with
Conparative S%ikg)?eaf, f}:’%m\éégh %z%%ggqe%%%:ﬁe t“f“ls’eé/é?)l\g5 c%ngﬁyst pr epar ation of

t he2i0nvent i on asIexenpl efbedimenExamplre fk mesil tscove ay DMpat{dyst whi ch

IS even bettermt b_gn thg DMC cat al yst prepared to a conventional nethod as
exenpl i fied TRB5CERpaPSt PVEPExSMpl e 1. Accordingly, the nmethod of the

i nvention inyelyi agmskeps whigahieasohe lapiliedhamen watwstshal scal e
(contrary to the decantaiignF gd filtration treatnments jllustrated in
I

Conpar ati ve ExanpPBti§7P FhLAR3dx EHYTERE M At yRrd with the

layer containing the DMC catalyst and allowing a twc
25 phase system to be formed consisting of a second
agqueous layer and a layer containing the DMC
, catalyst;
(d2} removing the second aqueous layer;
{d3) optiocnally repeating steps (dl) and (d2) one to five
30 _ times, suitably one or two times;
{(d4} adding organic complexing agent to layer containing
the DMC catalyst while stirring; and
(d5) removing the complexing agent {(e.g. by flashing or
stripping) and recovering the DMC catalyst as solid

35 particles.



30 Exanple 3 - Extracting liquids In each of the experinents |listed below a
certain anount of extracting liquid was added to the aqueous di spersion
obtained in Exanple 1, Procedure A, at roomtenperature. The anmpunt of
extracting sol vent added was 3 - 21 - 23 July 2004 5, 10, 15 or 20% by

wei ght based on the weight of aqueou di spérision to which it 4ag,34dgd. It
was investigated at what anmount phase separation occurred wth lyhe DMC

conpl ex_bei ng extIacamdtheametted rdGite otise PRAEEVERLO st QX aghig Jd.qui d
phase. The anpunt aL M}i ch tge occurrence of phase Separation at Foom:
t emper at ure VBE ObsEPvedtPs (Addi &t &f5inerdimieore foldawedphase separation

occurred at a(dieyviaddiggtenpegatvr @hRicy 1% exph L%EEBécgeB!Ei QUER, ?jq)From
Table | it can be seen that several di'fferent conpounds are sui ad e’
extracting |iqui dsshorekSel PANERE BMVSlomzy i DMEpasteilpatnenhedlafutibe

preseht invention plablgy o EXLERAGH LGy :Eﬁ?l CcLi Li qui dPhase
separ ati onldi chl ormomet h_an%l Yo (gé}oigtgrgsq}licd% E%H]& gbggt’

C) 22- but y| - 2-{&fy|cemBigip peine dP o598 ¢ eompllentiord Od¢emt hyhndert - but yl
et her 10% ( 5%af7,4Q - yl . .

et her 5%6di - i s(opr)opf%oﬁ\egﬁgg% gﬁggoﬁfg&yastt f7 @ suspension in the
C) 8benzoni tri | 5%9gilvalichigal ¥&Pd 0et hyl form at e20%1et hyl

acetatelb5%d2' eth 2- et hyl.- 3- et hyl but anqat eS%d.3but yl _ car bamat e10% 3 22
23 July2004 C L ﬁhjle I@P@%‘.t ﬁ%ﬁ‘é%‘é?o?s?ﬁelﬁr & at &%ﬂn’ ofhepriPeat al yst,
whi @® pr ocessufdiprienes ticher st psn oiq(laa;ugom‘a:y@rn,g e solution of a
netal salt wi_th itt a%ueous solution of a netal cyanide salt and reacting

these sol uti GRST~wHerdi A9 Y YL of NEhPR tieAGt Ioh adddesi gnake in the
presence of artepagenng qaYieXimgy, @@néddéaeégb)é_efp%rﬂﬁ%ﬁ & A Spersi ops of a
solid DMC conpl ex_in an aqueous nedi um (b) conbining the dispersion
obt ai ned in StBp*Fafewitfh %a SER Il it eathi chddd tdosent iealtinadtniga ubl e in
AR Dt ek i i A
: . , in small
amounts. The weight ratio of complexing agent to water |
suitably ranges from 5:95 to S0:50, more suitably from
10:90 to 40:60. The total amount of water and complexing
agent added is not critical and could, for instance,

20 correspond with up to 20 volume$% more or less than the
amount of aquecus layer drained in step (¢). Water and
complexing agent are effectively admixed with the DMC
catalyst layer, for instance by mechanical stirring.

After effective mixing has taken place the resulting

25 mixture is allowed to settle, so that a two phase system
can be formed. Once this has happened the aqueous
(botgpm) layer is removed in step (d2}. This can téke
place in the same way as described supra for stép {c).

The procedure may be repeated one to five times, suitably

30 one or two times.

In step (d4) pure organic complexing agent is added
to the DMC catalyst layer while stirring in an amount
which corresponds with the amount of agueous layer

drained in the preceding step, although 20 volume% more

35 or less would still be acceptable.



all owi ng a two-phase systemto be fornmed consisting of a first aqueous

| ayer and a | ayer containing the 15 DMC conplex and the |liquid added; (c)
renoving the first aqueous |layer; and (d) recovering the DMC catal yst from
the |l ayer containing the DMC catalyst. 2. Process as clainmed in claim1,

wherein the organic 20 conpl exi ng agent Tsl?er't-butyl al cohobsoi1y 2004
di met hoxyet hane. 3. Process as clained in claiml1l or 2, whereln ghe I'i qui d

conpri ses a conpo@ﬂj%#b$%@ugéheﬁéﬁpfdﬁ@ﬂl&WH)Cqmﬁﬂﬁximgrﬂifhﬁ~m§ﬁdbe
wherein: (1) S ogen, I , ubstitute r
Unsubst t it ed ST CH0! Ay Bt ey 08" e aabraied  RHE SRR YT Ble o,
R2 represent s chydddtien, aainz opei bdal Thehabogdratioty GlgGlt atdy,) fFoOup, a

roup R3-NH, . r - R9- : a_cyanide group, R3 r.epresents
%ydrggen or algfgé%%nedl g‘? %%%&58E§ F pf’gglé’rﬁpg‘eils%&cﬂc{ﬁf’éﬂl%ror
unsubst i t ut eduabieyl eresdupredipphavinge? FQathinar henict aadudRl TR ASER S

hydr ogen, a substit%ted o nsubstituted Cl1-Cl0 al kyl group, and n and m

i ndependent | y*&r BXG 6 IE A1 P2 B QcbRESa€NEPAEFe F AR IAHOR BE \iherieX i n

the genera: foempkaath)rRWwHiEMH esetbse Bydregenskmok izl @nd R2 represents
a group -RO-OH with R4 representing an al kyl ene group having 3 to 10 carbon
atons. 5. ProW8SSMROSAtHiGed s Fhe PWY 3catmeYEtn IR eh@agénsndarly for mul a

(1) Rl and R2piadeperderilnsdigiiasette a0 §hky L Qﬁﬁﬂﬂeaaﬁbngg%n%oi% carbon

atonms, n¥l and n=0. i
10 removed by flashing under vacuum at a temperature of 50

to 80 °C. Together with the complexing agent traces of

water and extracting liquid, which were still present in

the mixture are also removed. The DMC catalyst is

recovered as a solid and may be subjected to a subsequent
15 drying treatment.

Alternatively, step (d5) comprises adding a polyol in
an amount sufficient to form a catalyst slurry bf DMC
catalyst in a liguid medium of polyol and complexing
agent. Suitably, the amount of polyol is such that the

20 solids content of slurry formed is from 1 to 50% by
weight, more suitably 1 to 30% by weight and most
suitably 1 to 10% by weight.

The polyol added may be any liguid polyel which is
suitable to serve as a ligquid medium for the DMC catalyst

25 particles. Given the application of the DMC catalyst -
catalysing the polymerisation of alkylene oxides into
polyether polyols- it is preferred to use a polyol which
is compatible with the polyether polyols to be preduced
and which will not have any negative effect on the final

30 polyether pelyol produced when being present therein in
trace amounts. Therefore, it is particularly preferred to
use & polyether polyol similar to the polyether polyol to
be produced by the DMC catalyst. Examples of suitable
polyols thus include polyols such as polyethylene glycol,

35 but preferred polyols are the poly(alkylene oxide)



6. Process as clained in claim$S, wherein the conpound of general fornula
(1) is selected fromdiethyl ether, methyl tert-butyl ether, di-isopropyl
et her and di butyl 20 ether. 7. Process as claimed in claln13 wherein in
the genera. formula (1) Rl represents an_al kyl group having 1 to 6 carbon
atoms, mrl, n=1 and R2 represents hydrogen~or an al kyl group,Dayi bgos to 6
carbon atons or a 25 group -R4-C(OO-RS with R4 being a substituted or
unsubst i t ut ed PakAA len %ﬁ?ﬁmp%aEFﬁﬁvaeﬂé % ik il e onetanteRS beiidg an

al kyl group h ng 5 oQ o2 ess, as clainmed in claim?7,
wherein the c%\r'{nlr)‘loun(jfr Lt?g gceff\%% g;%uglggd gjq:sé:fae%?%lac? r'ofrBEhyie DMC
formate, 30 ethyllyacetate, ethyl-2- ethyl nethyl but anoat e, di - et hyl

nmal onate and di-ethyl - 2-cycl ohexyl - 2- propyl nal onate. 3 - 24 23 July
2004 9. Process aéncF§Fm&¥Q%ﬁ%ﬁ%ﬁﬁ1%Lemhéﬁéﬁnthﬁ1ﬂﬂgqﬁwﬂnQ¢mpbenuhg (1)

R1 R2 d k 1 5 b
AL om0 AndURS0. T0” BrAceee S2 o AF nea TR B e Mt ki B For i RE

general 5 forauhasfel By mepr eseans @mOamyLngtﬁ@paQ& &@i£AQ@u£F§wPeh§$kn9
1 to 5 carbon_atons, R2 represents a cyani de %rou mF0 and n=0.
Process as CI%}ﬁhad ﬁlapéﬂmﬁ?PﬁMﬁﬁ%ﬁﬁll% PRE QéﬁéﬂamﬂﬁMQﬂn&pxlyhﬁu and R2

|ndependently e a,10 i dr ogen_.or
Cl - C10 al kyl gro %sé g h #@égéﬁgxﬁﬁﬁé%ggégsgglgﬁn&%lqﬁ rﬁ%@ mhereln

in the gener atorfpteniag( la);eR&: ra&praeﬁmﬁ;ﬂuéwﬁtogeﬂdlﬁioh%pbesﬁzm@e@
hal ogen- substi t ted Cl1-C5 al kyl group, m=0 and n=0. 15 13. Process as
clai néd in amFoRe29f PERSSHE €1- %Mﬁﬂ%ﬂWP%?Epr?ﬁycé§n§¢ﬁ§é§HQK¥%teps of

dl) adm xin LL4CO i t t ayery tainin
(dl) O 05 B8Pk S CORRLSKISRT (RGN emg@tgﬁgﬂg%% Re S g

the DMC catalyst and allow ng a twc phase sys orme con sting of
a second 20 apmpesatayer whndha reayere scdritaimi sy ¢HetPbEmaat al yst; (d2)

renoving the second a ueous l.a 3) optionally repeating steps (dl) and
(d2) one to fg%&3W? est-93 ?54¥%§d5) gt CoﬁﬁléxPﬂﬁtéﬁéﬁﬁrﬂd’Iayer

containing t gﬁggg@@aéﬁggdmﬁbhg %h%rwﬂghnfguk5ﬁgaé§ggglQ%ehg 1Gonpl exi ng

agent and recoverln the DMC catal yst as solid particles rocess as
clai¥ed i n amersrieedfbyl élmhlngzunmh@r eiaTBin stteps (Bmpenptiises otfth& st eps

o (1), o NG Ga £ SBURLEX, 00, AN LA ML LB LS o
consi sting Ohdléﬁﬂaﬁuiéktractlng liguid, which were still present in
the mixture are also removed.
Finally, in step (d7) the DMC catalyst is recovered

20 as a slurry in polyol. The advantage of such a slurry is
that it is storage stable and can, for instance, be
stored in a drum. Moreover, dosing of the catalyst and
its distribution through the polymerization medium is
greatly facilitated by using a catalyst slurry.

25 In & further aspect the present invention also
‘relates to a catalyst obtainable by the process as
described herein before.

In a final aspect the present inventicn also relates
to a process for the polymerization of an alkylene oxide,

30 which process comprises polymerising an alkylene oxide in
the presence of the DMC catalyst and az hydroxyl group-
containing initiator. Preferred alkylene oxides are

ethylene oxide, propylene oxide, butene cxides, styrene

AMENDED SHEET .-



- 25 - 23 July 2004 aqueous | ayer and a Dyer co:a w ning the DMC catal yst;
(d2) renoving the secor_d aqueous |ayer; (d3) cptionally repeating steps
(dl') and (d2) one to five times: (d?) adding organic conplexing agent to

| ayer containing the DMC cat al yst whi1I e stirring; (d5) adding a liquid

pol yol to the product of step (d4) thgreby formng a slurry ok BVodeat al yst
inaliquid medymO- pgkyekkorngan c é%@cﬁrpﬂnfﬁtﬁgeég@'ﬂte;rejcpf(d%er gylag the
organi ¢ conpl exi ng agent; and (d7) recovering the DMC catal yst as~a
suspensi on in tdenlbguidedokyoma kS h@atmt yste obt araakicen hyopo prasess oas
claimed in any one of clains 1-14. i5 16. Process for the polynerization of
al kyl ene oxi de+%hf cROBPoEBES Sconpri ses pol ymerising an al kyl ene oxide in

the presence of the,,DMCgata as Ll ned. in claim 15 _and ydr oxyl
group-containing inifia @? “é}fékﬁfﬁslcl\cﬁl% Nﬁ%ﬁv%b;lhf%\%?hh é%\%’ﬁ/ NJ
INd /& N ¢/ Nardd N d8/ BlhbNoY ENpig® pelymerisation rates. They are
*WK/ 016<!'! | wr mhc™Y] ca] ca] ca] ca Qa]ca]ca]ca]ca]ca]ca]cAa]ca]ca]c§£§?]ca]ca]c
a] ca] ca] ca] ca] e ehgch} capeal ] &8 Gkl | L1 VSUSR- 2555 F) Kby X;

r <w<} <V\#s=>>??&%§a?efﬁfbﬂ%qpc“¥b?ﬂ] cal cad cal, atl,caj_%g]scah{;ca] cal.cal C‘]a;:_] ca] ca]

ca] ca] ca]ca] ca]t caJcal ¢a] ca[cafcalcal’cal ca] cafcaJca nEqEEhF

FF+GCChGGHAI | | le PPV {84 ¢y she” ¥kealloal icadoa] sat €3] g2l calma] cal epal cal

a] ca] ca] ca] ca] ca] ca]'ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! *eee+mOnvV mmm
+n0qooDpppBar x PEshEEETEE RWM Yo 1 t FMERRELY|adn|at e ai 5SS ca] qafedijca] calc
' N . ‘ Tttt
e S A s N AL Sy
Cg} K/Ia] ca] ca] cakgalie sl o cadeaheabealealealc i £at ealicalealsad cal caj cal
XJ! 7%/ C'. . | } xseheremicyX] Jeal £8g ca] calrely|sca)usa)aed taftapeal ca] ca] ca] ca] cal
c"a] ca] e"al cal cal cal g3 chal eql el 3l 0] gl el Galep ACIGHLAIL) o1 yee
prepared in accordance with the present inventidn have a

very leow unsaturation, namely consistently less than
Y ¥ Y

(=]
n

about 0.007 mec/g and even less than (.005 meg/g. Such
low unsaturation offers advantages for polyurethanes made
with-the polyols cof the inventiomn. | |
- Polyether polyols macde with the catalysts of the

20 invention suitably have a nominal average functicnality
of from 2 to 8, more suitably from 2 to 6. The polyols
may have a number average molecular weight up to 50,000,
but typically the molecular weight is within the range of
500 to 12,000, more typically from 2,000 to &,000.

25 The invention will be further illustrated by the
following examples, however, without limiting the

invention to these specific embodiments.
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}wr mhc”Y] ] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] calca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! (. 34w#NP| }

}wmhe”Y] ] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c
aJca] ca] ca]cal] ca]ca] ca]ca]ca]calcaHcB \L&10% /& ()- L&O0% i & ()- ks

10% u- u&' ()- #10% u& ()- #10% u& ()-10% u&8()-B5 WU3! A&10% ? 9@;;@0054?&10% >
>& ()-!d&10%0=0& ()-! M&10% -& ()-!, &L0%rY& ()-! P&L0% u- u& ? ~ =IAI'TY
V$109&' () - V1@Aashg ) e VP10Y@Reblr= t.i2H0% &MO -ZadO1 ys20-u 10-up>s10% u&' () -
[W3~_=! 9% &10%0&, (] - +1  ZEIQWVE () - FTT #ZZI0V& () - T X0z&109& () - +! 2&10%& ()
S+ TY V$109%& () - [MM%%&' %)quﬁ‘ﬂqf@fm thipride7sedytion
10Jp>s10%& ()30 EGRML { - 107 FAOURIE ) weBMBrde & “FEBLO0YEe( ) 3T LFE@RLQMKX&
() -=7 UF@L10%& () - =7! BUF@10%& %—z?!fNF@&lO@bO 0& ()-=7"T1F@10%"

" ()-=7*~\ =IF® @ﬁgigu}pgg@@weé_ fomeghanical stirrer. An aqueous
10p>19% ()~ RO o =74 CELBLIUE blrc ity CEL0YED (yzLh G§10% 1 & (
)=/ C&LO%& () -/ ! 8C&LOYE ()-/!] C&LOYGH#& () -/ cC&LOY%

& ()-1/ T1345@i’(5wrﬂ4 WoRooh was) agdrdd0mdRr stirring in 30 minutes.

Immediately after all potassium hexacyanocobaltate was

added a mixture of water (95 grams) and tert-butyl

alcohol (117 grams) was added under stirring. Stirring
10 was continued for another 30 minutes and the mixture was

allowed to stand overnight resulting in a viscous, white

coloured, stable dispersion of DMC complex particles in e

water/tert-butyl alcohol phase.
Procedure B: To the dispersion obtained after

15 Procedure A was added methyl tert-butyl ether (70 grams)
under stirring. Stirring was continued for another
5 minutes. After the stirring had stopped two distinct
layers were formed: a highly viscous, white coloured
upper layer and a transparent, water-thin, bottom layer.

20 Rfter draining the bottom layer (337 grams), 337 grams of
a 25/75 m/m tert-butyl alcohol/water was added under
stirring. After stirring for an.additional 5 minutes
followed by settling during 30 minutes the transparent
bottom layer was drained again. This layer had a mass of

25 355 grams. Subsequently, 355 grams of a 25/75 m/m mixture
of tert-butyl alcohol and water was added together with
15 grams of methyl tert-butyl ether under stirring. After
stirring for an additional 5 minutes followed by settling
during 30 minutes the transparent bottom layer was

30 drained again. The drained layer had a mass of 308 grams.
Then, 308 grams of tert-butyl alcohol was added under
stirring followed by 240 grams of a propylene oxide
adduct of glycerol having a number average molecular
welight of 670 Dalton (G670). After stirring for a further

35 30 minutes the tert-butyl alcchol and residual water were
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10 catalyst dispersion prepared in Example 1 {corresponding
with 20 ppm DMC catalyst based on endproduct). Traces of
water were removed by heating the resulting mixture to

130 °C at 5 mbar. The pressure was subseqﬁently released
to 50 mbar with nitrogen, after which propylene oxide wa:

15 added until the pressure was 1.1 bara (corresponding wit]
& grams of propyléne oxide). Then the remaining 305 gram:
of propylene oxide were added while the pressure was kept
at 1.1 bara. After all the propylene had been added, the
reaction mixture was held at 130 °C until the pressure

20 reached a constant value.

The reactivity is defined as the time required to
propoxylate G670 to a polyol with a molecular weight of
3000 (G3000) at 130 °C and at a propylene oxide pressure
cf 1.1 bara .with 20 ppm catalyst (based on end product).

25 The reactivity in this example was 91 minutes.

Comparative Example 1

?xample 1 was repeated except that the viscous, white
coloured, stable dispersion of DMC complex particles in ¢
water/tert-butyl alcohol phase obtained after Procedure ?

30 were not subjected to the extraction treatment
(Procedure B) as described in Example 1, but instead wefe
subjected to a centrifugation treatment (500 rpm, 4800 G)
for 1.5 hour, followed by decantation. The catalyst cake
obtained was subseguently reslurried in tert-butyl

35 alcochol/water (70/30 w/w) mixture and centrifuged and
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1% times its amount of G670. After stirring for a furthe
5 30 minutes, the tert-butyl alcohol and residual water
were removed by stripping under reduced pressure
(300 mbar}) at 60 °C until the water content of the
DMC/G670 mixture was less than 0.5 wts.
The product was a highly viscous, stable, white

10 coloured dispersion containing 5 wt% DMC catalyst
particles dispersed in G670.

The method used in this comparative example is rathe:
cumbersome and particularly the decantation and
filtration are not suitable for application on a

15 commercial scale.

Comparative Example 2
Example 2 was repeated, but this time using the DMC

catalyst dispersion of Comparative Example 1.
The reactivity was 109 minutes.

20 When comparing Example 2 with Comparative Example 2,
it can be seen that the DMC catalyst preparation of the
inventicon as exemplified in Example 1 results in a DMC
catalyst which is even better than the DMC catalyst
prepared to a conventional method as exemplified in

25 Comparative Example 1. Accordingly, the method of the
invention involving steps which can be applied on an |
indugtrial scale (contrary to the decantation and
filtration treatments illustrated in Comparative
Example 1) results in an excellent catalyst.

30 Example 3 - Extracting liquids

In each of the experiments listed below a certain

amount of extracting liquid was added to the agueous
dispersion cobtained in Example 1, Procedure A, at room

temperature. The amount of extracting solvent added was
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1471] &10% room temperature was observed is indicated in Table I. I:

case phase separation occurred at a deviating temperatur:

this is explicitly mentioned.

10 From Table I it can be seen that several different

compounds are suitable extracting liquids for use in the

DMC catalyst preparation method of the present invention

Table I Extracting liquids

Exp.| Extracting liquid Phase separation
1 |dichloromethane 10% (5% at 40 °C)
2 2-butyl-2-ethyl-1, 3-preopanediol | 5%
3 |diethylether 10%
4 |methyl tert-butyl ether 10% (5% at 40 °C)
5 tert-amyl methyl ether 5%
6 |di-isopropylether 5%
7 | heptane 10% (5% at 40 °C)
8 benzonitril 5%
% f{pivalonitril 5%
10 jethyl formiate 20%
11 tethyl acetate 15%
12 | ethyl 2-ethyl-3-methylbutanoate | 5%
13 | butyl carbamate 10%
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(a) combining an aqueous solution of a metal salt with ar
aqueous solution of a metal cyanide salt and reacting
5 | these solutions, wherein at least part of this
reaction takes place in the presence of an organic
complexing agent, thereby forming a dispersion of a
solid DMC complex in an aqueous medium; ,
(b) combining the dispersion obtained in step (a) with a
10 liquid, which is essentially insoluble in water and
which is capable of extracting the solid DMC complex
formed in step (a) from the agqueous medium, and
allowing a two-phase system to be formed consisting
of a first agueous layer and a layer containing the
15 DMC complex and the liguid added;
(c) removing the first agueous layer; and
(d) recovering the DMC catalyst from the layer containinc
the DMC catalyst.
2. Process as claimed in claim 1, wherein the organic
20 complexing agent is tert-butyl alcohol or dimethoxy-
ethane. ‘
3. Process as claimed in claim 1 or 2, wherein the

liquid comprises a compound of the general formula (I)

R-l—(O [”:L-—Rz (1)

wherein:
25 Rl represents hydrogen, an aryl group, a substituted or

unsubstituted C1-C10 alkyl group or a group R3-NH-,
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RO represents hydrogen, a substituted or unsubstituted
Cl1-Cl0 alkyl group, and
n and m independently are 0 or 1.

10 4. Process as claimed in claim 3, wherein in the genera.
formula (I) R1 representé hydrogen, m=l,rn20 and R2
represents a group -R4-OH with R? representing an
alkylene group having 3 to 10 carbon atoms.

5. Process as claimed in claim 3, wherein in the genera!

15 formula (I) Rl and RZ independently represent an alkyl
group having 1 to 5 carbon atoms, m=1 and n=0.
6. Process as claimed in claim 5, wherein the compound
of general formula (I) is selected from diethyl ether,
methyl tert-butyl ether, di-isopropyl ether and dibutyl
20 ether. _
7. Process as claimed in claim 3, wherein in the genera:

formula (I} R! represents an alkyl group having 1 to 6
carbon atoms, m=1, n=1 and RZ represents hydrogen or an
alkyl group having 1 to 6 carbeon atoms or =

25 group -R4-C(0)0-RI with R4 being a substituted or
unsubstituted alkylene group having 3 to 15 carbon atoms
and R being an alkyl group having 1 to 5 carbon atoms.
8. Process as claimed in claim 7, wherein the compound
of general formula (I) is selected from ethyl formiate,

30 ethyl acetate, ethyl-2-ethyl-3-methyl butancate, di-ethy:
malonate and di-ethyl-2-cyclchexyl-Z-propyl malonate.
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12. Process as claimed in claim 3, wherein in the general

formula (I) Rl represents hydrogen, RZ represents a
halogen-substituted C1-C5 alkyl group, m=0 and n=0.
15 13. Process as claimed in any one of claims 1-12, whereir
step (d) comprises the steps of
(dl) admixing organic complexing agent and water with the
layer containing the DMC catalyst and allowing a twc.
phase system to be formed consisting of a second
20 aqueous layer and a layer containing the DMC
‘ catalyst; '
- (d2) removing the second aqueous layer; _
(d3) optionally repeating steps (dl}) and (d2) one to five
times;
25 (d4}) adding organic complexing agent to layer containing
the DMC catalyst while stirring; and
(d5) ‘removing the complexing agent and recovering the DM(
catalyst as solid particles.
14. Process as claimed in any one of claims 1-12, whereir
30 step (d) comprises the steps of
(dl} admixing organic complexing agent and water with the
layer containing the DMC catalyst and allowing a twc

phase system to be formed consisting of a second
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(db) adding a liquid_polvcl to the product cf step (d4),
thereby Zforming a slurry of DMC catalyst in a llquld
medium of polyol/organic complexing agent;
10 (d8)  removing the organic complexing agent; and
{(d7) recovering the DMC catalyst as a suspension in the
liguid polyol.
15. Catalyst obtainable by a process as claimed in any

one of claims 1-14.

-
w

16. Process for the polymerization of alkylene oxides,
which process comprises polymerising an alkylene oxide in
the presence of the DMC catalyst as claimed in claim 15

and a hydroxyl group-containing initiator.



