WO 01/72418 PCT/ EP01/03498 - 1 DMC COVWPLEX CATALYST AND PROCESS FOR I TS
PREPARATI ON The present invention relates to a double netal cyanide
conpl ex oaval/ymtis and to a process for its preparation. DpobEeomstes
cyani de (DMC) conpounds are well known -5icatal ysts for epoxide

pol yneri zation, i.e. for polynerizing al kyl ene oxides |ike propyl ene oxide
and ethylene oxide to yield poly(al kyl ene oxide) polyners, also referred

to as pol yet her mot yobspLAYecEPARY yBtANBI BROGE g8 yomCt Ty eprEPAR ST YEN
pol yet her polyols that have | ow 10 unsaturation conpared with simlar
pol yol s made using strong basis catalysts |ike potassium hydroxi de.

Conventional DMC cakabyskenar énpeapacad rby ateactbng daduvgeumesqhutions of
netal salts and netal cyanide salts to forma precipitate of the DMC
conpound. BesFY8RFEF CREPISXHCEhaLytitoRNEf tRoRy BEREESEOILPSl dtBhe cat al ysts
can be used peepakataowariety of polymer products including polyester
pol yol s and pol yet herester polyols. The yols can be used for preparing
pol yur et hanes by P@HE%Pn@eﬁﬁénPYﬂPﬂHepépgpéo€9@ﬁ8ﬁé§suﬁ6€rW&éérbﬁPWate

condi tg ons. Pehya2QsuketrBanepBioddchsihat-icanibg, mde i relude pol yuret hane
coatings, elastoners, sealants, foans, and adhesi ves. DMC catalysts are

usual |y prepaPedYPRTigangr adkndenss oxadrswlidbrepuPay 1aaieghKideganidc

conpl exi ng ag@ehylehprgahbyt@nyggﬂerpoipqalﬁ§lgh€EBQ9é$$tB%@ mEQ%y”E) or
25 an al cohol, such as tert-butyl al coho he conpl exi ng ag avour abl y

i mpacts the aéﬂ§9|F?féﬁr?ﬁet@aﬁél9§ﬂYﬁéherepéiwééSpoﬂ?ﬁepﬁiaﬂwéﬁs arker
known conpl exj,agLagents ; vkncl ngggggo e@ﬁgsr§86§ghge%h%@dh?gga§o I n one

conventional préparation, aqueous sol dns o zinc chlor
potas%@un1hexaéyah@é@bapna?@maﬁéedcUmbhnédmlThe pedubiisngapeecspngat e of

zinc hexacyan9t¥£%815g§4g8cgglﬁgg@;/9§ﬂg8pota§51um hydroxide.

Conventional DMC catalysts are prepared by reacting
aqueous solutions of metal salts and metal cyanide salts
to form a precipitate of the DMC compound. Beside for the
15 preparation of polyether polyols the catalysts can be
used to make a variety of polymer products, including
polyester polyols and polyetherester polyols. The polyols
can be used for preparing polyurethanes by reacting them
with polyisocyanates under appropriate conditions. Poly-
20 urethane products that can be made include polyurethane
coatings, elastomers, sealants, foams, and adhesives.
DMC catalysts are usually prepared in the presence of
a low molecular weight organic complexing agent,
typically an ether, such as dimethoxyethane (glyme), or
25 an alcohol, such as tert-butyl alcohol. 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



cobaltate is conbined with an organic conpl exi ng agent. An excess of netal
salt is often used in such preparation. For instance, in EP-A-555053 a
process fwoonaks ng easily filterable DMC catal ysts i s di BCcl/aBad)3448 wher ei n
the order of reagent addition, the reacti @ - tenperature, and the
stoichionetric ratio of the reactants are controlled. EP-A-555053

di scl oses t hatcoaa'raltlaet&stlsa ciordDinGhino Rt birg a@Xee somfl hgigri@intsal t
relative to t net al %nld al t should be used. In the 10 vvorklng

exanpl es di e ofﬁ&eﬁe?n St HE GEGER BSeCorl S8Ry agent . Zi nc

hexacyanocobabtr@bar@a;tl@lnysmr Arepamed by nt Rips APKECOGEr & FaRRIAld Edrave
zinc chloride zinc exacyanocobal tate nole ratios of about 0.6 or

nore. 15 Sini & Il;?g SR SEPYALA5 A2 ¢ P e s tRd Y Sheepsr iddgclogsstant i al | y

anor phpus DMCyeatrali hstcs el %r@ue&cI&sQ@ag};ms%ddq%tl%hystt%ea&%awtﬁfo%r ably made
using a water-soluble aliphatic al cohol conplexing agent, such as

tert-butyl alt€BREF2EAFSInangh thec 9 18RI ORE tEH CrERAl Os &ift the used to 20

make the catakysktahst Bire MRIReG11d.s ppSaeRbisals 3t hak . 10RLAl t%%'tt atmetal
cyani de salt and conplexi ng agent are intimately m xed, e.agg by hi gh shear

stirring or KEABEeR 280P0RtOIGINORELEAS erseRanPEalthet meftiang siad t

insufficient. rz_lllae,1K}%X%y%m1%0%%|atlafc%a%%@| )é%tl% dasaihbed %%etdhefz%' RpRave
nore than 0.2 noles of netal salt per nole zi nc hexacyanocobal t ate

preseh?, typi ¥&FKyNFoeEampdss @lgleﬁﬁloecye@haﬁ@t als sakt per timsl @rglniicnc
hexacyano- cobgly @Eﬁlngwcée%§57%§n@'%% n%@%bgﬁkg%%e@%tg§§@%gs for 30

preparing crystalline conpl ex catalys I'n one he cat al yst
is made by uspﬁgpaﬁeéx@e’szthaﬁo@riﬂocﬁﬁutrﬁegmalealaléal haveutzinke chloesslei s | ess

than a 100% $0LgRORRLLLGEXESRSILELA! bT el 2ak08aNRUALAOL Rl cyani de

salt. The resultl ng catal yst contains less nol'es "of the
netal salt pemomel-e of DMC WO 01/ 72418 PCT/ EP01/ 03498

15 Similarly, in EP-A-654302 a process for preparing
substantially amorphous DMC catalysts is disclosed. These
catalysts are preferably made using a water-soluble
aliphatic alcohol complexing agent, such as tert-butyl
alcohol. Again, an excess amount of metal salt is used to

20 make the catalyst. In this method it is essential that
metal salt, metal cyanide salt and complexing agent are
intimately mixed, e.g. by high shear stirring or
homogenization; conventional mechanical stirring is
insufficient. Zinc hexacyanocobaltate catalysts described

25 therein have more than 0.2 moles of metal salt per mole
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 salt, 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



- 3 conmpound in the catalyst. In a second nethod, a | arger excess of the
netal salt can be used, but the resulting catalyst is subsequently washed
with a mwouar/e408 water and an organi c conpl exi ng agent POT/EPOIAI3HES
effective to 5 produce a DMC catal yst thad8 €ontains | ess than about 0.2
nol es of the netal salt per nole of DMC conpound in the catalyst. In

WO- A- 97/ 40086 eom@sliod 101t epatd Dgs DMC S ORPs&Xonsahdyss s & S14jgghosed,
wher ei n aqueous sol utions of 10 excess metal salt and netal cyanide salt

are reacted i ieXEHR° pPEsehea®taancdtharre Renpreski Mgt weswyting

efficient mxidgdnydorie asbdldlen eOMDIMNG g Bl Mk ¥x e MEL Mo @ POLYEL her
havi ng a nol ecul ar wei ght | ess than 500 isolating the catal %st, washi ng
¢

the catal yst ViRt 2 q%?%t‘ﬁ%@o%@“%b‘?ﬁ%?%na‘é%‘ﬁ al mi agharrRrt | ohbecbigante
conpl exi ng ag&f@d@@é’_é'ﬂ@é|¢’aE£P§9§tl_ertI'i‘%tt@@m§z|QirﬁQ R compl expgat al yst.
ol'yo

The pol yether used suitably is a polyether polyol, such as polyethyl ene
glycol . The fithed B9 PMEhe drelidbtsabatpensnsle e BOYGycompemnd ofn

pol yet her pol ygle 20,4 B A- 700949 a simlar nmethod as in WO A-97/40086 is
di scl osed, the difference being that a polyether (polyol) having a

mol ecul ar wei ght ghediQ@rAt1haM BUF ix meshed for tiweemat oz sDMT scosskex t he

[nitial DVCcomplexds: 2 JAIRLLA, A, AUPOUSIIERE |00 ey o Jhe met al

salts wused and the salt formed during t conplex formation reaction are
wel | 38l ubl e igreRiernetril hende and Indeal preseide | 38 ther oeueoast phabe.

compl ex 30 cataly e ey nbed T o By Byl Her o T D al yer s
actual 'y used 40ficant ysingpamo af koxyd atleonry r eawth oning-orhé nstance,
ﬁZf(;(r:nyg%oE:ggglﬁa g acgtgs&%%&rée a}}auciirg%?%e%é;g %T&%a%eﬁeﬁiﬁ%ggfee Otzéﬂsﬁairll ng[’H) Oride
35 and t he potiassiamrchl re de falryed, ivedineng edod it dleisweemth an
15 aqueous solution containing additional organic complexinc
agent and finally recovering the solid DMC complex
catalyst. The polyether used suitably is a polyether
polyol, such as polyethylene glycol. The final solid DMC
catalyst contains 5 to 80% by weight of polyether polyol
20 In EP-A-700949 a similar method as in WO-A-97/40086
is disclosed, the difference being that a polyether
(polyol) having a molecular weight greater than 500 is
used.
In the methods discussed the initial DMC complex is
25 formed in an agqueous 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 aqueous 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
is actually used for catalysing any alkoxylation
reaction. For instance, assuming that zinc chloride is
used as the metal salt and potassium hexacyanocobaltate
as the metal cyanide salt, the unreacted zinc chloride

35 and the potassium chloride formed in the reaction betweer



WO 01/ 72418 PCT/ EP01/03498 4 zinc chloride and potassium

hexacyanocobal tate woul d pose a problem as they are detrinental to the
activityvbot/his fi nal DMC catal yst. Hence, these salts nPST/Eb@/03ess0ved a:
guantitatively as possible, which is generdalty done by 5 separating the DMC
catal yst particles fromthe aqueous phase. Al nethods di scussed so far
have in common trhatcHing: i e Ratdtd Ok 0f i dnbh eh e RTTR] b6 108 & M@éumf%&' es

fromthe salts-containing agueous phase is rather cunbersone. For
i nstance, in th@iRHiEhg Bxdhiest ot B HErtEdode the asddariaty ont ofhove

conpl ex cat al ysith f1r @Rd hey @aueaus mhipse iR s e dd ygati gb-and 5.
decant ation, technigues which are not very practicable when to be used on

an i ndustria: dUdlie 2t b RITHRISod W athel sexeansites of Ememp505 15
invol ved filtratdonusiPare iid zontaly haskste scandd ifugalind iddfloand a

i ght wei ght nylﬁon fabr(‘:?c filter nedi uym SepaiLrati on of the foC% rre%?%l\/c
catal yst partiRdléa&e-in the working exanpl es of EP-A-654302 invol ves either
centri fugation or afill LAl WUdEdd Whe @XAmles of A AT,
filtration is used. It wll be understoo that filtration 1s also not

optimal for useparadnon mdusihe MG e lamtatadlvst peodusd exf fridm erhe
plugging pr Ogéqr@—:%%%aﬁrngdd kcﬁinyec;u% 23%%%6 g.l\g)rr%q:\ﬁ%rr %ersseoqg.atﬂ‘{lgl y to

t echni ques us in e prior art” processes 25 discussed above are |i
resul t0i n sonmd ngdtagrceand n Heree ey osdiien & al ®agnprlermiafi MY -Ar Ahe @rssdudte  Thi s

is undesired. r.esente i i j t oVd thod for
preparing a DI\?E-Egior?p le>s<h c%aﬁt al ysﬁdm%}e%{%hiatqﬁgtsefﬁgﬁaﬁhg a ot
aqueous phase igfvalive sDMergatidlugstt igar tarnsd ek daortreed coan tee hperdwraredicl

efficiently, snoothly and cleanl.y n an industrial scale w thout .|osi.ng
any catal ytic @ actiovi tV%.ryA crc??cz}lncgalb © RS ThES SW6h & cfélulltmr%t *%i ghl y

active DMC catsalajst., Tore isepetdrari omondsd tihe thet koamples of EP-A-55505!
15 involved filtration using a horizontal basket centrifuga:
filter and a light weight nylon fabric filter medium.
Separation of the formed DMC catalyst particles in the
working examples of EP-A-654302 involves either
centrifugation or filtration, while in the examples of
20 EP-A-755716 filtration is used. It will be understood
that filtration is also not optimal for use on an
industrial scale, inter alia because of filter plugging
problems that are likely to occur. Moreover, the
separation techniques used in the prior art processes
25 discussed above are likely to result in some water and
hence some salts remaining in the product. This is
undesired.
The present invention aims to provide a method for
preparing a DMC complex catalyst, in which the separatior
30 from the aqueous phase of the DMC catalyst particles
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



WO 01/72418 PCT/ EP01/03498 5 of the present invention should have no
negative effect of the activity of the DMC catal yst. These and ot her

obj ect s hweoel/taehn achi eved by a nmethod wherein a specifiBCT/Egui/a3498s added
after the 5 formation of the DMC catal yst particles, which liquid effect a
phase separation resulting in an aqueous (bottom phase containing the

salts and a caddltyisd -peosdet Nimgephiase ShOALd NPavd Abenaguesus Phaset
Accordingly, th resent,invent%\zr}brel ates to a 10 process for the
preparati on of° LALRTYSY , Ot ¥ Py feds3l ¥¥hpri ses the steps of (a)

conbi ni ng an aquectite $&l aid W r ERIA s S e Wddh alch BapEPUS, SpI ution of
a netal cyanide salt and reacting ¢these solutions, wherein at |east part

of this 15 red®iRAF 1R £ SR phedeidel vfadfedrafaire thanpl exi ng

agent, st her ebyrd @k 16h a €i sRErMEN-Hfa By s abd Hr DMe S0P £ | 1 Ay @queous
medi um (b) conbining the di spersion obtained in step (a) with a [iquid,
which is esseffiE#y 3 RATDI LRI Mt EorMlPhngniel aqugribt e of

extracting i hesold sh DY SRS o O1IPC A 51085 (@a 14 am ey dqueous

medi um and all owi ng a two-phase systemto be formed consisting of a first

aqueous | ayer GRtF & MayRrPRBIR o Mg theon DN clipt@ys amthashe |i qui d added;
25 (c) renmoving the ddrsinpapeays |axalen@nth§d f&eoverdng the

cat al )ést fromthe layer containing  the DMC catalyst. In step (a) an
aqueodi§ sol ut iRHPeFsH fat dihesatnrenaratdarbinkd WG cat alguebusisiotlut i on of a

met al cyani de g@gges§oc i ec}@lég%’{pgso@re reacted, wherein at |east
part o] this reaction takes place 1 n the presence of an organic conpl exing

agent. The pr ochictcatigiimed aaf tasruestusp q@)utiison o fisperts orsadft avistdl ial DMC
;g”ﬁ!sg)é : 2 an aqu%é@sdis%ﬂutil& ey %etatlhecfgﬂ'pirfesséaolnc "a clnueroeuasctrrJl_srgj un
these solutions, wherein at least part of this
15 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
liquid, which is essentially insocluble in water and
20 which 1s capable of extracting the solid DMC complex
formed in step (a) from the aqueous medium, and
allowing a two-phase system to be formed consisting
of a first aqueous layer and a layer containing the
DMC complex and the liquid added;
25 (c) removing the first aqueous layer; and
(d) recovering the DMC catalyst from the layer containinc
the DMC catalyst.
In step (a) an aqueous solution of a metal salt is
combined with an aqueous solution of a metal cyanide sali
30 and these solutions are reacted, wherein at least part oi
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 aqueous medium.

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



WO 01/72418 PCT/ EP01/03498 6 this connection refers to water and any
addi tional substance (e.g. conplexing agent) dissolved therein. Step (a)
can suit abbyi/maiperformed by m xing the nmetal salt sol utiparmsPein3tdse
aqueous solution of netal 5 cyanide salt,®while sinmultaneously adding
organi c conpl exing agent either as a separate stream(e.g. as such or in
adm xture wit htiwas ecdnnect homdne ke us et o vt @n~andrabpt ddof t 1 bea BQUEOUS
reactant stre di ssol v i n_the agueous, net salt. solution. In
this node of 1 o%%?rg (laolr(fgt(g'e Cg(gnﬁ% BT 28T oh DT R AetRFretPt and

met al cyani de sal tStaketapleae sunitdiel pries gneef Ofmed gayimi x TOFPEieXi ng

agent. Alternatiyvely he dition of organic conplexing agent is only
started i m’redir%ﬁte?é %?i%rscg:glfiﬁlo%q‘ﬁe%}bst LatTETUS t T2 PRt peekal

conbi néd. The oygande sdbt compl Bxi fpnapente Myl pubd@bhy degasdded as such or
in adm xture with water. In this node of operation the conplexing agent

will be preserfORITHGDIFIEParti Ui S 3 eSRRITH Det WRRAT sHR oI r ed®t ant

streams. NamelgticlaSoS0DM adbidEied woth waek PRt O alifiecs@bd W €h on
contacted the 20 formatjion of the DMC conplex starts. This can be seen

fromthe instadf ForHedt o HraFREi HRIA I updhr 318§ 1 i P - tHeSBbvedon of
one reactant st e t@gideudtheral Tduss syhenidde Addigi dSmede agganic

conpl exi ng agent only start! imediately after the full anpbunts of netal
”pz g ag y

sal't $81 uti on P LHAE et e SRAM RS a192 S0l e i RATWRER TRdenl coidi e part
of the DMC conpdex fofamtdonsdas @ keadyr dakem pliace r£Qincd her U PAsE of

the present invention it was found very useful when the conplexing agent

i s added i medidtRSXing taFetonth Hi ¢ a thiev evet al t ikl addigt it ont v tdan he

metal 30 cyanidigsalingolddion s JHtable meial; salds and, | de
salts are, foi cq‘iepnstalnr::gz, %%scrisbed iyfrjl1 EP- A- 7551716. fI'E_jhus, rs%%ttaéa%lc%@%et al
salts are wat IS WDI A ARt sty g mearhecdrdrimad. MDY mrdanivhi ch M

is sehscted fropihe, HPWyent 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
reaction between said reactant streams. Namely, as soon
as metal salt and metal cyanide salt are contacted the
20 formation 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 purpose 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 are, for
instance, described in EP-A-755716. Thus, suitable metal
salts are water-soluble salts suitably having the

formula M(X)p, in which M is selected from the group

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



35 consisting of zZn(I1), Fe(ll), N (Il), M(Il), Co(ll), WD 01/72418

PCT/ EP01/ 03498 7 Sn(ll), Pb(Il), Fe(lll), M(IV), Mo(VI), A(IIl), V(V),

V(IV), SWoby724% V), WVI), Cu(ll), and Cr(lI11). Mor pref/epainilyys M i s

sel ected fromthe group consisting of Zn(11), Fe(ll), Co(ll), and N (I1).

In the formula, X is 5 preferably an anion selected fromthe group

consi sting o: Srhaﬂ]i d,e PhyIT oxXi Bte( I 5L f ate(I1wgr hanat®),, cyamioe,, oxahat e,

t hi ocyanat e, sot ya carboxylate, an( _nitrate. The

val ue” of n sa a%rn(emi/ éﬂw}) Q’%@f' % AR AY (T3S f MRS to 3.

Exanpl es of swrteﬂiﬁxeabw,alM 19 saldstddctride, tHutgese nedndidi tRd 4O, zinc
zi nc acetonyl acetate, zinc benzoate,

chl oride, zinc zinc acetate,

zinc nitrate, qr’r{;rﬁ 1] )FG’CH ri deP (5 orn(aPH Niglflat eln |tr}%ﬁ1(fic?’§mblr%m>8els
cobal t 61'1) chlgydfdesabicphad tdd1on tdH RcanBt@soni kel fddup fmBt s in
nickel (I'1) 15 nitrate, and the |like, and m xtures thereof. Zinc Qfldes

and parti cul amatids hfirnsife . it egedonaty n%\fad}lc%,%ﬂarﬁwas%ﬁrt is a

vat er - sol ubl e yrstaly Ly dei b fadied erialdoh iaw itk ddhe aenssal S, i 4
(YYaM (CN)b(A)c in WhICh M is selected fromthe 20 group consi st'i ng of

Fe(11), Fe(llMitxad@4)Thacoialuy of ar gadisidgs 1hhe Mﬂ(qr}gy NRYEG 19L M

Lr (1] Ni (11 Sl 4 Dom M( ! a M i
srel( ect )ed flr(()ma%nk?e tggt}if)udpa%loynsailgétﬂl%g ?)Iig t\C(Igo 3I ?;};Ck g(opzé% I ;fo eslzlg{ﬁ%réa%lee{tzlaill ), e

O (1R, 1r (1199t Niydq ) buhe igatrert 215m§dqetﬁo|te>,rre?uarc smdelssal t can
contain one or;iRr Q8 ddess retalsta dd tﬂ%é %rag%cﬁloydlaaestaa{é alkgld metal

ion of alkaline earth netal ion, such as Iithium pot assi um and
calcium A isbenzasten i treid fatem tien (Jriduphdorsida i nigeasf (Hall i de,

hydr oxi de, sulgﬂt%teso G Ponat oxyﬁady d%og&(} Ao, éﬂ%ﬁ%‘gtgnd b are

i socyanate, isothiocyanate, car at'e nitrate
i ntegers greatce:rbatlﬁa(rllfdr féqma;lyatrmtﬁ, qickelbd 10 dromwate ntreigergl ¢1He sum of

the Cﬁgrges Oﬁxfbrg%e,anuf'gﬁgéﬂ¥¥%% and mixtures thereof. Zinc

halides, and particularly zinc chloride, are preferred.

e

The metal cyanide salt is a water-soluble metal
cyanide salt preferably having the general

formula (Y)zM' (CN)p(A)e in which M' is selected from the

20 group consisting of Fe(II), Fe(III), Co(II), Co(III),
Cr(II), Cr(III), Mn(II), Mn(III), Ir(III), Ni(II),
Rh(III), Ru(II), 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 or more of
these metals. In the formula, Y is an alkali metal ion o1
alkaline earth 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,
isothiocyanate, 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-



the charge of M. Suitable water-soluble netal cyanide 35 salts include,
for instance, potassium hexacyano WO 01/ 72418 PCT/ EPO1/ 03498 8

cobal t at a¥® bi/y241p0t assi um hexacyanoferrate(l1), potassi ui PCT/EP01/03498
hexacyanoferrate(l11), cal cium hexacyanoeobattate(lll) and lithium
hexacyano-iridate(l1l). The organi c conpl exi ng agent used should generally

be 5 reasonaldgbdvcaed 150 HDbSLd s Wah B e x R4 4 bF & LONDL EXJ NG 020 ar e,
for instance, disclosed in EP—A— 555053 and ii. general are water-soluble

het er oat om corteH #F YR OF R & ( Ebhpo (FRIkC i th 8 vanRfF eba Wk te t el doubl e

nmetal cyani de a POttt THkiSa c pak & -abt £aL00pE exj hg agents i ncl ude 10
al cohol s, al dehydes, ketones, ethers, esters, amdes, ureas, nitriles,

sul fides, and mi xtUFeCRFR}ebfCOMPrt e e Wt esd r@f‘%lg]echt%fwl‘eale]méwfs
i ke disnet hoxyye £50ANS ANCh dh@iy%ﬁikﬁlé/\%r?rwasﬁflm%?ééﬁ@té&nﬂ

such as ethanol, isopropyl alcohol, n-butyl alcohol 15 (1-buta
i sobutyl al coh'ﬂtﬂel'('QS ety £or p#lb?)"emme): d%%%lm®ll%l%w5f(52053%t@rbll)l and

tert-outyl a cahiflral 2@t o2 B AR et fod i o b SENIRK VS QUG and

tert-butyl al cohol are nobst preferre I ni ng aqueo ctant
streans nmay bec@@@ordict et W%m@#&mmtmmmqu}mim@immmg

nmechani cal Stld’&rﬁé}glr@d Mﬁgas&m ﬁg(l&gnqﬁg r}ﬁqug{lb é"ir? & it is not

requi red that intinmate m xing tech ni ques ear irring or
honogéfi zat i orplardhalsed. a Ideh yaeaet |1m1tdueez3/vemmsa,l %ﬂ&rsa,nohmﬁeiaﬂ cyani de

25 salt may be, eaa[gl gglt,g%eag aﬁ%&ﬁﬁé&gea{q{d fram 0.5, t9, de11%)%b r and a

tenperature of ron’\ ver is preferre the reaction
be carri ed outP=femrteat ccmmll&xm@ agerels e esdures olflloe EthmE’cZado@r and a

tenperature of fraom 10 C 30 After the r g ctl as_tak ce and a
DMC conmpound ehtahsarbeeeanm% dynt‘ehe e(ﬁi\tret r|nSgo (aql r]Eadtdled Yo
reaction prodtmicmfast@tme(rajl, Ty ad gyl ta’me:cmdlr,aaﬂmg:yl alcohol

15 (l-butanol), isobutyl alcohol (2-methyl-l-propanol),
sec-butyl alcohol (2-butanol), and tert-butyl alcohol
(2-methyl-2-propanol). Of these, dimethoxyethane and
tert-butyl alcohol are most preferred.

Combining both aqueous reactant streams may be

20 conducted by conventional mixing techniques including
mechanical stirring and ultrasonic mixing. Although
applicable, it is not required that intimate mixing
techniques like high shear stirring or homogenization are
used. The reaction between metal salt and metal cyanide

25 salt may be carried out at a pressure of from 0.5 to
10 bar and a temperature of from 0 to 80 °C. However, it
is preferred that the reaction be carried out at mild
conditions, i.e. a pressure of 0.5 to 2 bar and a
temperature of from 10 to 40 °C.

30 After the reaction has taken place and a DMC compournc
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 liquid has been uniformly distributed through

35 the reaction mixture. Stirring time is not critical and



liquid is added under stirring and stirring is continued until the liquid
has been uniformy distributed through 35 the reaction m xture. Stirring
time is mwoodooridis cal and WO 01/ 72418 PCT/ EP01/ 03498 - 9 pamyPeuistsbl y t ake
from 10 seconds up to 2 hours. It is constdered beneficial froma process
economc viewto keep the stirring tinme as short as possible and

therefore, stimdynguitamlpitdkéypienlly Hecdr@m & 3o secppdsst o805 gi nut es.
After the stirri n has sto%[l)ed the reaction mxture is allowed sufficient

time to settle‘?or? ek therehtC1e mer ¢b FSDEPEETS | HEQNPMBC phagtstoan

aqueous bot t okl et he a@@lﬁriﬁg’etlrfléoé%'@Eof@%@_?gﬁb§§ﬂ§ﬁénéﬁ‘@ the DMC
catal yst 10 dispersed in the extractin ui d he amount of the

extracting |i qtfefF bR shobf Bl pe t%‘ﬁ?f‘t’h]rjen*fyﬁbc%ﬂiéc@e phBR® separati on.

Accordisngly, fw@readdyaatedeastnilobyswei ght, preferably at |east 2% Db’
wei ght and nore preferably at | east 3% by wei ght based o' 15 total weight

of the reaction prikhRt ©ie stepr{a)9 o1as extIRRAG i e i kRAE o Bbedre Any

amount of extractd Noowdd W e ADOME: thendr 1 nauR @punt & equ J?Pcftgn@ffe(:t
phase separation can be used. The maxi num anmount Wil usua

det er mi ned by Wa@%lv\fe@ es%léﬁ‘fé@‘?%u o | fke Rivdser: Gin t3guoous eka@tb@m laye:

Typically, ho M4 xceed
50% by wei ght Vg}s/(ﬁl tabl 305 3%&%“%%%??%%6?@2%&#%%?1’?

basedlén t ot aldlml’gﬂ}ﬁd ofn t e rexcrd ohipy odugtidf step (a). The addition
i's suitably carrieg out, at,@ $LMPeL Aty e &lrggqh i £2E0 Snopth tk?gl y 10

to 50 C. The pressure nmay the sane a: e reactironin’'s
Sui t abl e extratfihigrcldnuitds estect rpfsafeq:) %en)alsdrnmtbrd Accédadingieet tvvo

econdry Tt mikt Bt Se plR el o f I e T B b e e
aqueous phaseveildtet |atd enorequre Bemeaitl y nepd i lesadthais th;e mg@}m Cbased o1
15 total weight of the reaction product of step (a) of
extracting liquid are added. Any amount of extracting
liquid above the minimum amount required to effect phase
separation can be used. The maximum amount will usually
be determined by hardware constraints like volume of the

20 reactor. Typically, however, the amount of extracting
solvent added will not exceed 50% by weight, suitably 30
by weight and more suitably 20% by weight based on total
weight 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 secondly it must be

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

35 believed that the complexing agent interacts with the



conpl exi ng agent used nust have a preference for interacting wwth this
extracting liquid over the aqueous phase containing the dissolved salts.
Nanely, iwOobs783%8 believed that the conpl exi ng agent i nterBCT/EPoW SISt he WO
01/ 72418 PCT/ EP01/ 03498 - 10 extractingll quid and in fact drags al ong
the DMC conplex fromthe aqueous phase into the phase forned by the

extracting i qebktdraa'th:eq@xli@@idingndilMIﬂa@aMri@i al@rs?aﬂﬁ}@ DRE EhmSBier, a
ket one, an et hf aé}(‘jl ester, 5 al cohol, a di-al coh a dl2a| Ky
car bamat e, FPT IR (T IGRO%F k%%%seP‘r’étf%r%lb?yp 39 ESQFPedt?ngthe qui d used

conpri ses a conpodaei of 1heuoenernd é@ﬁf@&@ﬂé)h@ﬂlc&@ NFodCll -R2 (1)
wherein: 10 Rl represents hydrogen, an ar{@n roup, a substituted or

unsubst it ut ed ¥13 Ibc%d K5/® @?o%:bt%F' @ gF PR3- NH-ethep, repteeehes, an

hydrogen, an optédial) Va hal ogeoshed, G- (@A) &l kyl @4 Phnafe IrOUR: £3: N, a
group -R4A-C(O O R5 or_ a cyanide group, 15 R3 represents hydrogen or a

Cl-Cl10 al kyl Roud! RK3IRPresents a substituted or unsubstituted al kyl ene

group having 2 to d £ardony At Ons, o £or 4 OP1Es e $u 1y A QO8N oRp SHPsS i f ut ed or
unsubstituted d-Cl10 al kyl group, and 20 n and m i ndependently are 0 or 1.

In a first pr&%?ﬁw%rﬁ)%d‘?fh%rﬁen%r%hefﬁl@w&%l I¥ornula (1) Rl represents

hydr ogen, m=1, n=0 and R2 ents a group -R4A-OH with R4 representing
an al kyl ene group having 3 I&I car bon atom; A specific 25 exanpl e of
S

this preferred corrIQbunfio ncl 2-puatyl -2- ethyl -1, 3- propanedi o(lI In a
second preferred enbod e pr esent invention in the general
formula (1) RL and R2

wherein:

10 Rl represents hydrogen, an aryl group, a substituted or
unsubstituted C1-C10 alkyl group or a group R3-NH-,

R2 represents hydrogen, an optionally halogenated C1-C1f

alkyl group, a group R3—NH—, a group -R4-C(0)0-RY or

a cyanide group,

15 R3 represents hydrogen or a C1-Cl0 alkyl group,
R4 represents a substituted or unsubstituted alkylene
group having 2 to 15 carbon atoms,
RO represents hydrogen, a substituted or unsubstituted
Cl-C10 alkyl group, and
20 n and m independently are 0 or 1.

In a first preferred embodiment in the general
formula (I) r1 represents hydrogen, m=1, n=0 and R2
represents a group -R4-OH with R4 representing an
alkylene group having 3 to 10 carbon atoms. A specific

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

In a second preferred embodiment of the present
invention in the general formula (I) R! 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,



i ndependently represent an al kyl group having 1 to 5 30 carbon atons, nrl
and n=0. Preferred exanples of this enbodinent are diethyl ether, nethyl
tert-butwoet/mmg WO 01/72418 PCT/ EPO1/03498 - 11 di-i sppr/apylo3essher and
di butyl ether. O these nmethyl tert-butylllether is particularly preferred.
In a third preferred enbodinent in the general forrmula (I) Rl represents

an al kyl groupdhavsdigrdp$D Sthér Candoni Bl OFE, e thids . NGt el E2nE eRyESENt S
hydr ogen or an al%li_@g%[ou having 1 to 6_carbon atons or a group
-R4-C(O O R5 With- R BT ngt 25 ubStPREt e bR L kDSt E¢d ed al kyl ene group

having 3 to 15 carhom atoisd Bl &br &ei &b s Ay | i roap yavipgr 1 to 5
carbon atons. 10 The group R4 may contain alicyclic, aliphatic (alkyl) or

pol ar substit ugmtmyld i KB) Rl Clept&koxyt graupsl kBlidably Rivisgal to 6
1, 3-propyl ene group with one or two substi%uents on the mddle carbon

atom Pref err P BRANA D Tt s RRbotiteRt RTINS fRYFFagen ef hyk
acetate, et hylaﬁk%ﬁ‘\i}ﬂmlhgﬁ% hyl t bug apoatsn Hiskd hyd fml onate and

di -ethyl 2-cycl ohexyl -2-propyl _nalonate. In a fourth preferred enbodi nent
in the generalgrdur mas-¢(Q) RIRANL R Rhdepengentdybsepresedtoan al kyl

GFQUP Y1 10 118,55 CELROR: B O 0, AU e LTS 1y 20, I o o

the conpound added in step ( s an ane

atoms. Hept ane; Wass5 fiouiely ton bey par td ceharbyv usefuled of the, purposgs of the
present invention. In a fifth preferred enbodi nent in the general 25

fornmulld (1) RIThepresent®? amarydnigaoupsl seydabt y @l ighenyd gadkpl) osr an
al kyl group having 1 to 5 carbon atons, R2 represents a cyani de group, n¥0
and n=0. PrefRerad BxamplEse®Es t ht sSkenbbof frentkare Devigoni t$uieabhndR

N e L L T A
the middle carbon atom. Preferred examples of this
embodiment are ethyl formiate, ethyl acetate, ethyl-2-

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

In a fourth preferred embodiment in the general

formula (I) Rl 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) R1 represents an aryl group, suitably a

phenyl group, or an alkyl group having 1 to 5 carbon

atoms, R2 represents a cyanide group, m=0 and n=0.
Preferred examples of this embodiment are benzonitrile
and pivalonitrile (tert-butylnitrile).

30 In a sixth preferred embodiment Rl and RrZ
independently represent a group R3-NH- with R3 being
hydrogen or a C1-Cl0 alkyl group, m=0 and n=1. Preferred
examples of this embodiment are butyl carbamate, dibutyl

carbate and propyl carbamate.



hydrogen or a Cl-Cl0 al kyl group, nm=0 and n=1. Preferred exanples of this
enbodi nent are butyl carbamate, dibutyl carbate and propyl carbamate. WO
01/ 72418 WVReM1/ERDL/ 03498 - 12 1n a seventh preferred enbpdi/ErRoio3RE
represents hydrogen, R2 represents a hal dgem-substituted Cl-C5 al ky

group, mrO0 and n=0. Preferred exanples of. this enbodinen are

di chl or omet hane, 13-4 sbbor ot hadee gyt &t 8¢ hhor 0-R D f-ég@ggen{g step (c)
of the process of the present invention the aqueous |aye ormed is
renoved. SincehyfieogemeoRd répyesefios s habopet t oubseyented thectwalphase
system forned,_ this could-e.qg..be_easil cconpl j shed_by 10 draining the
aéueous | ayer $TRUR VAT eariug I?ﬁ% bott ?ﬁ%%& e}é‘%)?iﬂ%s v%gsél’l?ne’ﬁh?@hm?ﬂe
phase separ at i @ne ogietil @tométhameldi 1] DAL Eh V6t 6t &ite ASM@OLSE F AYBL o Wb L |
typically conta}ijn t he excess conpl exi ng agent used (i.e. that anount of
conpl exi ng ageRt WFch i s not attached to the 15 DVC conpl ex), the

wat er - sol ubl e sal tenlétkep t he) upf edied eslrod@ @l o sat e (Brdset NEnedhOrbgde) and
any water-solupble salt forned during the reaction between netal salt and
metal cyanide S ?ta?%?%‘?sp%? Jﬁ%‘&%‘?

B85 ot § deeBAEE Lobat R Ce sElre sTap@UPpossi bl y
a smal | amuntl®fet heo @xd raed i g 268n C nele [ edd o thiga agUSPHISeRhase.
Normal |y the agueous |ayer renpved will constitute from10 to 90 vol uned

of the total TR oF245 iR Pl 2sI ctal §331 pardsermrl isheddny in the

vessellp but theryphine ¢13d i Qqedo@SUROEST TAYed 91 fXt{RACERNGLSONPRUPL, | ayer
is not critical for 25 the workability of the present invention. The exact

ratio will nothets HRSURY ek ek byt ks e TRmEdalor soccnfred - r Ehoval
of the aqueouss@iiassod hes red®d Ni g Plasen S oM @i As, i 1e @%Maﬂ\é? catal yst
ac

particles, which are dispersed or finely divided in the extr i ng
conpound 30 arfePHid&h it SUbdTYuetittlerierdvagat ivsed epl (21) .tk recovery

step (d) may bg.&aidisd Qpl & M3 1 QWSht which is not attached to the

15 DMC complex), the water-soluble salts like the unreacted
metal 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 small 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 liquid plus catalyst particles
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 remaining 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 is also described in the patent specifications
discussed herein before, such recovery procedure will
normally involve mixing the DMC catalyst with complexing

35 agent, optionally in admixture with water, and separatinc



ways. As is also described in the patent specifications discussed herein
before, such recovery procedure will normally involve m xing the DMC

cat al yst whoh7mespl exi ng 35 agent, optionally in adm xtur BCWEPOI/08848er, and
separating WO 01/ 72418 PCT/ EPO1/ 03498 - 13 -DMC catal yst and conpl exi ng
agent/water again, e.g. by filtration, centrifugation/decantation or

flashing. Thi DMErecedurs g heonEpaates OfwdB e dddms, Evgntyial 1y,
the catalyst is dried and recovered as a solid. As 5 disclosed in _
WO- A- 97/ 40086 éﬁ&r@iw%mr% F54R1/ dGAN P I s tf l@ih il B0 Beis

recovered as PrUENHd irly B S@ptal Mg &t 80 %:ke Mveirghin Qfa po) yet her
having a nol ecul ar wei ght of respectively less than 500 and greater than

500. Step (d) 9 13 Fnedents ot Lab MFAENSA @onpy issdsi hddig a
wat er / sonpl exidig Ay tie, tite-a-DMY aafed ystq meed- A admvgn g Gat al yst

| ayer and water, conplexing agent (e.g. by stirring), allowing a two phase
system to be et @id oAy atfe RusARevsrrst asTi sompasdddire may be
repeated one t0 fd @ rdddM®si Rf t£re MY @h php JhigyHenH gﬂdlq,ect%}eaé Wfvifyel my
be dried and the catalyst nay be recovered i'n solid form(as a powder) or,

al ternati vel y mod 9qugiditd Wealghet Idr Gsoinesit il od esdd édraro 5Gthersht al yst
layer and a cat@lyslr SYSRENY PN ek Poldetdieit n DY Nle s éafr%rcrées% whi ch can
be used as such. 20 In one enbodi nént a preferre(f recovery step (d)
conpriSes the sstidigdlor qoDr i xddey oy gaad sgomsimexiend ray erge n twattert land
optional Iy adgjdd Qnala 1§d actjdlg Aéaq‘é@oqni‘ééitn@[ téégtawerlg‘i/%’li aly ng. she DVMC
catalyst and allowng a twec 25 phase systemto be forned- consisting of a
second aqueowripdyeerirand g ritayler. ccomtyaistiing infge ,DMT 1 codtral yesttw d)ase
SIVLng e SO TR o (Pl T e 0P o0
procedure may be repeated one to five times after which
15 the remaining catalyst layer may be dried and the
catalyst may be recovered in solid form (as a powder) or,
alternatively, a liquid polyether polyol may be added to
the catalyst layer and a catalyst suspension in polyethe:
polyol is formed, which can be used as such.
20 In one embodiment a preferred recovery step (d)
comprises the steps of
(dl) admixing organic complexing agent, water and
optionally additional extracting ligquid with the
layer containing the DMC catalyst and allowing a twc
25 phase system to be formed consisting of a second
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
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.



(d4) adding organi c conpl exi ng agent to |ayer containing the DMC catal yst
while stirring; and (d5) renoving the conpl exi ng agent (e.g. by flashing or
stri ppi ngyoantk4necoveri ng the DMC catal yst as solid 35 pReT/ERVBEB49S\VNO

01/ 72418 PCT/ EP01/ 03498 - 14 In anotherlénbodi nent the recovery step (d)
conprise: steps (dl) to (d4) as defined above followed by: (d5) adding a
l'iquid polyol to tihe gucatdisat cafbctieentddhe eyl fsardp n@)a Hnyddsaf DMC

catalyst in a liquic di um of po] yol / organi ¢ conpl exi ng agent; (d6)
removi ng the osrtgegiﬁ c(dégngl%ex(i% éagi}e)r‘gte?/f @PAvS eer)lv]éDr"ieﬁjg%yﬁe DMC cat al yst
as a suspensi oris)N ddind iaquiidpuae yllyolhe ARt fausat Jf Wees i Step
(dl') should be 10 sufficient to forman aqueous |ayer. The organic

conpl exi ng agent arfd'SAEPY THPIGG iBortduny Yaddi AMon&latadeistadty g Biandicd may

be added as separ atp Sty v / of gAINX U@ i) ek iSIN R ntt;r eam
Addi tional extracting Iliquid nmay be added to conpensate for any small
amount 15 | ef t{4% tFEYdagoF&SpRaFenict cogpd@ = ing widantse angt smal |

amounts. The Weightrdcdfied i9fy GHEIDRKT RG AR 1 WAlRIspetWilabliy, faRges
from5:95 to 50: 50, nore suitably from 10790 to 40:60. The total amount of
wat er and conpl exi Ag dudgemCld®ded is not critical and could, for instance,

20 correspond W t rHa 2@ WH WiRE 1MBIse 6 €38 4 han )t he o gyt of

aqueous |l ayer drained in step (c). Water and conplexing agent are
ef fectPvel y admibiddidinth tchd cmmcanc aalepsts layar,- fIdve orstaarice by

mechani cal st iddrdi®x i Y Leferf fect hise S éinwm&%ﬁq %'d%ﬁecitobl%l[)esulting

25 mxture is allowed to settle, so that at phase system can be forned.
Once this has Sdppertdda He adueddy beb@ddes) asayepairs teerdviednisn ost g ( d2) .
This can take, pliaGe,ddnthe SAlR AL 3s feseldded BUArd.fiohahe) (). The
procedure may be repeated one to five tines, suitably

liquid may be added to compensate for any small amount

15 left in the aqueous phase. If added, it will be in small
amounts. The weight ratio of complexing agent to water
suitably ranges from 5:95 to 50:50, 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 aqueous layer drained in step (c¢). 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
(bottom) layer is removed in step (d2). This can take
place in the same way as described supra for step (c).

The procedure may be repeated one to five times, suitably

30 one or two times.

In step (d4) pure organic complexing agent 1is added
to the DMC catalyst layer while stirring in an amount
which corresponds with the amount of aqueous layer
drained in the preceding step, although 20 volume® more

35 or less would still be acceptable.



30 one or two tines. In step (d4) pure organic conplexing agent is added
to the DMC catal yst layer while stirring in an amunt which corresponds
wi t h t he vaooumt41of aqueous |ayer drained in the precedi nBCHER@/038d8t hough
20 voluned nore 35 or less would still belacceptable. WD 01/72418

PCT/ EPO1/ 03498 - 15 |In subsequent step (d5) the conpl exi ng agent may be
renoved by stri ppilmg smlrbsfelmhm'tngs,tetphusisne(t(m\eerdom@lte]txlanlalvgh geeﬁ Haystheas a
solid. The conpl exi agent .may., for_ dnstance, be ashed q at

at nospheri c cgEHPngﬁgng lﬁﬁé@ﬁ Péd&?@@ @Ss&$€§ EeLSiStd "Ondde Muced
pressure is paehdystd ashecaddd d.hiTheenaiipd S xS eRA LRTeN@N ity ,a fogwer

tenperature which reduces the risk of_ thermal econposition of the DMC
catal yst. In &"S&AECEul ;ﬁ ﬁaﬁthﬁierolfféd a&nﬁ&&ior“?é’ﬁ“tertlﬁe CORGAHIOTSo M1 exi ng
agent $s 10 remoeed reyiufdeas ireg suider NMachuMoatunadre FRefld ¢ refss3Ge to 80
C. Together wi.th the conp| exi ng agent traces of water and extracting
liquid, whichlReP&S telrlﬁedpré)?&%'tusi n thiffe SRRl ESe SEPETAIL4O T @foPed OWRTe DVC
catal yst is reapeenedraswaisdl irddardsMehebe isubjogct-ad f@a1a subsequent 15
drying treatnent. Alternativel step (d5) conprises adding a polyol in an
amount sufficﬁ@ﬁPmPGSFGFﬁPa°§a¥§ﬁy§N%SFGFPQY§F-DWB ac ReEySulipgly | i qui d

nedi um of pol yek rarg ceo LI Fgn tageRt orgdint@bloymphRe 13APUREef jROI Yol is
such t@at the 20 solids content of slurry formed is from1lto 50% by
vei ght! nore SEPPYBEAY LY 230948y UREegh g™ est @ §erpaBkRyuret £16% by

wei ght. The pebygb addedogmynhke anynl iqui @oagmé%nwa%!anits rrafllallee to
serve as a liquid mediumfor the DMC catalyst 25 particles. Gven the
appl i cati on oVatRE BPRE Extapgsindcatanysi nyhikd pergnstiidat possehtalikyl ene

oxides into pakygthenROLYQl §1sbl rkhoRbal erhed pie ga%aaye@' yal which is
conpatible wth the polyether polyols to be produce
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 of DMC
catalyst in a liquid 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 liquid polyol which is
suitable to serve as a liquid 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 produced
and which will not have any negative effect on the final

30 polyether polyol produced when being present therein in
trace amounts. Therefore, it is particularly preferred to
use a 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)



and which will not have any negative effect on the final 30 polyether

pol yol produced when being present therein in trace anounts. Therefore, it
is parti ovdartyuipreferred to use a pol yether pol yol sim par/Era/dsnes

pol yet her polyol to be produced by the"DWVE catal yst. Exanpl es of suitable
pol yol s thus include polyols such as pol yethylene glycol, 35 but preferred
pol yol s are theelpothg dtdad e oxiae)l e Gl itk Eh PO EROlY 10849 x i-del 6

pol yol s based prapyl e oxli nd/ or hyl ene oxide simlar to those
envi saged for S%?nel%aa%gtéoonn&u%gl%ngeqf\ﬁe%%\ffg etfzoa AR Yhe SUs Stfe Mt ep
(d6) the orgamiacelgml exing 5 agent is renoved fromthe catal yst slurry.
This can be achieved.by a nmeans known i .t art to be suitable for

i quid-1iquid sepgrna?ﬁhoé/n.s sper%ufeé"rscreS er?et(lf?@d 1tl S (HIGr SR IS ik
presend inventdgent sid |asivwegl dffort the corledthgslagant. athiad msphsyic
conditions or under 10 reduced pressure. Flashing under reduced pressure is
preferred, be@éjﬁ‘s]ee‘iarf?sbyerﬁ.{m é%épasrbsp ‘”inorfrhttq’f Igao‘iﬁerto t Ich

reduces the rilskuafd-thernad sdencmies .t iomreffdhe DMe arialast .tHa a
particularly preferred enbodi nent the organic _co%lexi_ng agent is 15

removed by fl &SHEHST Urtfer-VFadhGRsRt 4 7t% dre i ng $ido the Toget her
with the conplexipigaigeNtaddraces ftmospRIr iaNE i NG d e Whi ch

wer e il presﬁednt iop the m xture are also renoved. Finally, in step (d7)
t he cat al FSIYCET SIRAETEEF - 20 35 2 % HRASF iGPPISFoIP T SR tdvidnt age of

such a slurryprefdhald,l tbduHOrage i andantfar st anceyr be
stored in a drum Moreover, dosing of the catalyst and its distribution

t hrough t he pdSyRSHE Ao Hedi dRdusesgridst Int stkadl itharad by using a

catal yst sluriecoddi @ dilidhahaspectcattha presant J peitiQn alige rel ates
to a catal yst obtainable by the process as "described herein before. Wen

usi ng zi nc chPgEiige red tggpodiment the organic complexing agent is
15 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.

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 a further aspect the present invention also
relates to a catalyst obtainable by the process as
described herein before. When using zinc chloride as the
metal salt and potassium hexacyanocobaltate as the metal
cyanide salt, such catalysts will typically have the

30 formula

Zny [Co(CN)glCl.nC.mH»O.pA
wherein C is the complexing agent used and A is the
compound of general formula (I) used. Preferably, C is
tert-butyl alcohol and A is methyl tert-butyl ether,

35 di-ethyl ether, di-isopropyl ether, tert-amyl methyl



nmetal salt and potassi um hexacyanocobaltate as the netal cyanide salt,
such catalysts will typically have the 30 fornmula Zn2[ Co(CN) 6] d . nC. nH2O. pA
wherei n o s1/t1ae8 conpl exi ng agent used and A is the conppondPafiodgmsner al
formula (1) used. Preferably, Cis tert-Bdtyl alcohol and A is nethyl
tert-butyl ether, 35 di-ethyl ether, di-isopropyl ether, tert-anyl nethyl
WO 01/ 72418 PEHHEROWM3UOutyll ettedtherPorfakiadiut,yin ethest Preferady, n is

of fromO to , Mmis o rom0 to an s o rom0O to 10. In a final
aspect the pr elioeo!ntm ilnsveon’{ igorno%l $0°9 eﬁa)lta‘e%éj Ifolsa Op‘lrd{:‘e%r% G dro t]f]%

pol yneri zati on of Ian alfkianeaspdadde,thedb prd L tpriopess oMl SeSelates

pol ynerising an al kyl ene oxide it th resence of the catal yst and a
hydr oxy!l grou%—o caorﬁ/ra?%ef%sg i i &Oa}&%?%zrarte]c?rhl I%%X%ﬁég&@de‘

et hyl eBe oxi desh ipitopyeres 0xddhe r g e ol i rid wrerhelkpp@r%e,oﬁr&b tihe

i ke, and m xtyres thereof. Th rocess 10 can be used to nake

honopol yners, Forfi EBPoi ﬁ&r@l%rDMCbI%?]cyosﬁoI%ras.hyﬂ@m TR ysts of

the invention came aielihActd Mei a gl encr edd bittk iidgie polidey isation rates.
They are suffi %Ié/ ntI% active to allowtheir use at very |ow 15
concentration$t ﬁted‘ LB RIAPYIERE ApidgicPUtRRe BhHdstr athwmne t he

catal yst can ofiliere baidefdhd Mk Hel yetherrLolomradd haule graduerse
effect on product quality. The ability to | eave catalysts in the polyol is
an imiBrtant E@PamEa g S5k U I8 ko ATIRE A Y531 Sy o | I TP [(FIRMYITE e i re a

catal yst remvalocit eppdiginatdier pol yols prepared using the DMC catal yst
prepared in accordance with the present invention have a very |ow

unsaturation, namélhe BfsiSttedtisFs &fs thfan nVaRdden0 a067 YRy ¢ cdrideeven
less than 0. 0Q3d"e@rte UGN AT Irﬁ\gwmwea}i!s%ﬁ{ &% Advaniages.d or
pol yuret hanes madE with the polyol s of "the I nvention.
sufficiently active to allow their use at very low
15 concentrations, such as 25 ppm or less. At such low
concentrations, the catalyst can often be left in the
polyether polyol without an adverse effect on product
quality. The ability to leave catalysts in the polyol is
an important advantage because commercial polyols
20 currently require a catalyst removal step.

Polyether polyols prepared using the DMC catalyst
prepared in accordance with the present invention have a
very low unsaturation, namely consistently less than
about 0.007 meq/g and even less than 0.005 meqg/g. Such

25 low unsaturation offers advantages for polyurethanes made
with the polyols of the invention.

Polyether polyols made with the catalysts of the
invention suitably have a nominal average functionality
of from 2 to 8, more suitably from 2 to 6. The polyols

30 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 8,000.

The invention will be further illustrated by the

following examples, however, without limiting the

35 invention to these specific embodiments.



Pol yet her polyols made with the catal ysts of the invention suitably have a
nom nal average functionality of from2 to 8, nore suitably from2 to 6.
The pol yov@ oB@Q4m@y have a nunber average nol ecul ar wei ght POpEP@/B@S000,

but typically the nolecular weight is wrthBn-the range of 500 to 12, 000,
nore typically from2,000 to 8,000. The invention will be further
illustrated bfExameld d |-oregpancanplreshf e vweitawidthout limting the 35

invention to thes sopec' fic e_nt})g_gi ments. WO 01/¢2418 PCT/ EP01/03498 - 18
Exanple 1 - Pr epa%&tﬂm PRV g dEd e %k 5&5&’&&&%‘ zi nc

chl ori de sol ut(i3mn ox3thsgriansl Ao nﬂJO@val’derWatv%I’s) MREAdded tdha 19ned idrr#s gl ass
reactor equi pped wth a nechanic stirr r AN a%ueous 5 sol ution of

pot assi um hex&&ySTeCo A RRE 1"2‘ &S TS VST s 2 sunder

stirrifg in 3Gonutdtees.of lpomw sihed yleaa‘atoe_yranaidoumtt@&% umzheygyangeobal t at e
was added a?' ture of water (95 rans) and tert-butyl _ alcohol (117
grams) was ad &0 THdeP i &5 )r MaRy. 2985 Yriss 1L @ td S idh tithuéd ey tafot her 30

m nutes and t hewddXtada ted laaweghdta sstiand r@\&@rdyagmcd&%atﬂéﬁg«déﬁ a
vi scous, white col oured, stabl e di sper sion of DMC conplex particles in

wat er/ t ert - buides) @oﬁwx%ép PREEEd e Brars tﬁélddlt%ér‘éﬁl’&rylobt ai ned
after 15 ProcedWoddA Vﬁﬁﬁ@%ﬂem dRida Ribadr eftherrihd0 Fam)inginder

stirring. Stirring was continu for another 5 ninutes. After the stirring

had stBpped t Wésdicstitidued dfpyr @npde s dohddnukas gd) thiss @dad unghivees

col our ed uppean 1loaer t@%taarkr %maﬁ%tt, el Aty Nn ROothamdayeny 3Q After
drai ning the bottomlayer 37 grams), 337 grams of a 25/ 75 mimtert-butyl
al cohol / wat er SRa®VaGde shemsign Afft SMCsdompilieg foarT tahe laddiitn enal 5
mnutes foll Q,\g%gr%esrq:ugdtqg cgqrdomlg)ﬁg)hrgs%qt es the transparent bottom

| ayer was drained again. Thi's |ayer a mass of 25 355 grans.

Subsequent | y, 355Fgegesivafe & 25"/075h|¢1 wigioetrgieon 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 After 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
weight of 670 Dalton (G670). After stirring for a further

35 30 minutes the tert-butyl alcohol and residual water were



of tert-butyl alcohol and water was added together with 15 grams of nethyl
tert-butyl ether under stirring. After stirring for an additional 5

m nut es Wb bovads by settling during 30 m nutes the transpar/entl/dsaist om

| ayer was 30 drained again. The drai ned-l dyer had a mass of 308 grans.
Then, 308 grans of tert-butyl alcohol was added under stirring followed by
240 grans of arquopyd éne mrtepimgldeeﬁf?egdlymcﬁ)ré‘@w?@ m@?lnﬂa@ir)avgrage
nol ecul ar wei ght, of 670 lton_ (G670)., After_stirrin a further 35 30
mnutes the te -bétjtli/rftjalf %ﬁ%lwaa T rE S A Wat e \A@?%@/&%ﬂ?’?ﬁ‘i@e wa

PCT/ EPO1/ 03498Less lthart ehmvedt by strippi ng under reduced pressure (300
nbar) a 60 C unti]l, the ter content. of  the DMJ G670 m xture wa |ess than
0.5 W% The produdt® LA H g i'scBisy GHSHEs . vhiakles Wottdir ed

di sper $i on conial dugd W96 PMb g ad @ ySiniars it £spul spegsegst n G670.

Exanmple 2 - Pol yol, preparation A one |litre mechanically stirred reactor was
charged with tglrcg]r%‘gocgl%%eiﬁs%%d”lb%(S {ligrams of the DMC 10 cat al yst

di spersi on prepamshd o EXargl oIl fessdespswling with 20 ppm DMC cat al yst
based on endproduct). Traces of wafter were renoved by heating the

resul ting nixtureft ©MEL30HE UM hghicalhe Prigswt & st Supstyuemryed

rel eased to 50 dayo Widndids agere RAid ere oo f5.opvd ene oxd deyenva: 15
added_until the pressure was 1.1 bara (correspondi ng WItJ 6 grans of
propyl&ne oxi dtatrhign HHP e hi BT GrigmExate In oyl erer oseerdrg e
added whil e thg i 655 Yhn Vi kePial @t balsfaréh ﬁ&gfo&iét)t her propyl gpe had
been added, the reaction mxture vias held at 130 C until the pressure 20
reached a constafir Wilfe. reRveddey iNgating W irrahldsinhentitere i red to
propoxyl ate Go7) t: &P yola W thh & Sl eqplar, yei gi é&%@ at
130 C and at a propyl ene oxiade pr essét}gr)ée of 1.1 bar aSév)\(Z{‘%% 2 plg)e(n?%ag%%?yst
(based on end QQ(ﬁﬂLﬂgqr with nitrogen, after which propylene oxide wa

15 added until the pressure was 1.1 bara (corresponding witl

6 grams of propylene oxide). Then the remaining 305 gram:
of propylene oxide were added while the pressure was kep!
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
of 1.1 bara with 20 ppm catalyst (based on end product).
25 The reactivity in this example was 91 minutes.

Comparative Example 1

Example 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 were
subjected to a centrifugation treatment (500 rpm, 4800 G)
for 1.5 hour, followed by decantation. The catalyst cake
obtained was subsequently reslurried in tert-butyl

35 alcohol/water (70/30 w/w) mixture and centrifuged and



25 The reactivity in this exanple was 91 m nutes. Conparative Exanple 1
Exanpl e 1 was repeated except that the viscous, white coloured, stable
di spersi omoof/7BMC conpl ex particles in water/tert-butyl pCTEROlO3mBase
obtai ned after Procedure 2 30 were not suBPected to the extraction
treatment (Procedure B) as described in Exanple 1, but instead were

subj ected to adsmnttred ugmion Theatarented 5@k animl 4300 B-sfwrried hour,
foll owed by decantatian. The catalysi cake _obtai ned subsequent |y
reslurried inRery %beuli)tylb%tsy al T ?1%%%\151@?“1—(5“0?% WJV%?%&%R%@ nd
centrifuged anthinAD 104/ A2 SoHRCT iR IS8 1 -w) raleciant €tk @gian n. The
settled materi was re-slurried in tert-butyl al cohol, centrifuged
and decant ed. lagi:it}fﬁeﬁl,ltt%ea%%\fré?n 4 (ﬁﬁ(g'ri t%f¥%@?ﬁ rf%la 3 ntU%tR$ nes
its anmbunt of IBHinAfder tiéd rteng-dwrya fdEl arfid 3 A BSqatdie
tert-butyl alcohol and residual water were renoyed by stripping under
reduced pressdfeere(ﬁ“%beéf)bﬁéts%ﬁl@iﬂﬂi‘fn %Rﬁé’l‘b“re%(ﬂﬁ%ﬁy’% t he

DMC/ G670 mi xt urFovasbd st hem € umt 2 thhe eraduconasm @ ck\ﬁgiﬂelv vi scous,
stable, white 10 co] oured di spersion containing 5 wt% DMC cat al yst
particles di sd@?cs/&gl% TGO T STHE Sret $o% 1l G tHi% conparative exanple is

rather cunbersomermngRarddiculad |y Hihghdecanahdon angdid)i [Hatd on are not
suitable for application on a 15 commercial scale. Conparative Exanple 2

Exanpl8 2 was GURHSH, LRARCEHE QM tGHREUGHTY the' BVEMG a3l 3/sts i sper si on of

Conpar ative Bxymlieiks thesgaardd vid oo, 109 minutes. 20 When conparing
Exanmple 2 with Conparative Exanple 2, it can be seen that the DMC catal yst

preparation of thdhq MAEMIbMsRd elerdlis iarnar ddfplesammles it srathel DVC
catal yst whi chrh\RndeltErpdhan-dhe RMe fat@l dsttation 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
invention 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
industrial 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 aqueous
dispersion obtained in Example 1, Procedure A, at room

temperature. The amount of extracting solvent added was



prepared to a conventional nethod as exenplified in 25 Conparative Exanple
1. Accordingly, the nmethod of the invention involving steps which can be
appl i ed omoan724ihdustrial scale (contrary to the decant at POIVEROIH3498
filtration treatments illustrated in Coffpdftative Exanple 1) results in an
excel l ent catalyst. 30 Exanple 3 - Extracting liquids In each of the
experinments |isted belown & tlay nwe iaghourita sofd ext ridot ivgidhtgu £l aqse added
to the aqueous,. di spersi tai,ned in Exanple 1, Procedure A at room

t enper at ur e. leéjdaerrlgsuln(%srjl 8#‘0 %&aﬂgtﬁngwa’ssoﬁ/%&rﬁae'added was WO 01/ 72418

PCT/ EP01/ 03498 - 121 wdy itOresth gatk0D%thywheei girodras gthae tdep aved gdn of
aqueou dispersion to, which it added. 1t _was investigated at at
anount phase soecpcaur%ﬁ?donmtgjcctuhrer\é@f%vi?cﬁnq & DM EDrpt e B 4199%% r%‘f‘f ed from
the b55aqueousaqphases iptasd himtexttlectdsngrddtoiigd phasied ghesanommd at whi ch
the occurrence of phase separation at roomte rature was observed is

i ndi cated in ‘IadTﬁ“HPq 29 :W%%‘%égtrb%a%cec%%rped}%eti I%baﬁﬁ rEPHA S Pvitat i ng
tenperature tdidn iterqdmind yWwaendbaneckd 1k Rrrom add e in italsed be seen
t hat several differeilnt conpounds are suita({)l e extracting liquids for use
in the DMVC cdtHiS R Ii%erditdttion HetHsd 0ict e gt st S e ftTShe T aable |
Extracting |i qiiids ixpxExitdiacty ngeddiptich Phase separation 1

di chl or onet hane 10‘%’5%%} 40 Q). 2 2-butyl-2-ethyl-1, 3-propanedi ol 5% 3
di et hyPet her 10% £ 58t AP kS rkt PutSA" eSSV e lod B et any!
met hyl et her 5% dlindsepreopyl ietdisre &%k heptrane QW dH%H A Qn e

benzonitril 5%9 pivalonitril 5% _
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-propanediocl | 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%
9 {pivalonitril 5%
10 | ethyl formiate 20%
11 | ethyl acetate 15%
12 | ethyl 2-ethyl-3-methylbutanocate | 5%
13 | butyl carbamate 10%




10 ethyl formate 20% 11 ethyl acetate 15% 12 et hyl

2- et hyl - 3- net hyl but anoate 5% 1 13 butyl carbamate 10% WO 01/ 72418

PCT/ EPO1MIG34DB418 22 CL A1 MS 1. Process for the prepperEP@m3ads a DVC
catal yst, which process conprises the stegs-of (a) conbining an agueous
solution of a netal salt with ar aqueous solution of a netal cyanide salt
and reacting 5 these solutions, wherein at |east part of this reaction
takes place in the presence of an organi A Tanpd exi ng agent, thereby
formng a dispersion of a solid DMC conplex in an aqueous nedium (b)
conbi ning the dispersion obtained in step (a) with a 10 liquid, which is
essentially insol LEbTICe:GiSrB viatert ren o repd xdt icn capablmofcapdlnant,i nghide
solid DMC conplex fornmed i % % from he aqueous nedium and al |l owi ng
a two- phase systemto cnomf?rolrsr%sdetqb tsefﬁ?%go of a first aqueous layer and a
| ayer cont ai ni fw tdtmbllﬁri@vamm’q:iamsamb]lmﬂdri @i & added L)t remmyidflg the
first aqueous Iayer and (d). recovering the DMC catal yst fromthe |ayer

containinc the U5 LU oh Qe & e o | HAREdS 1P taidRA FRARIE N t he
organis 20 corrpl etme‘sge aganitichd endhdtdid = et Yardi it hays et hane. 3.
Process as clainmed in claim1 or 2, wherein the |liquid conprises a

conpound of the geifd i Foriliss AYRCREN GhemPragengR Qf 121 OXgRdYiei n: 25
cR:%- ggresents hydr@gmexamgaraxder&r,owme@béwﬁiﬂrﬂl HELd Qfis (Sﬂéf]:%lit&‘%' f{ltaed
al kyl group or, a group R3-NH, WO 01/72418 PCT/ EPO1/ 03498

id 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 aqueous medium, and
allowing a two-phase system to be formed consisting
of a first aqueous layer and a layer containing the
15 DMC complex and the liquid added;
(c) removing the first aqueous 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)

I
RL_(0)yp—|C |—R? (1)

wherein:
25 r1l represents hydrogen, an aryl group, a substituted or

unsubstituted C1-C10 alkyl group or a group R3—NH—,



R2 represents hydrogen, an optionally hal ogenated G- al kyl group, a
group R3-NH, a group -R4-C(O O R5 or a cyanide group, R3 represents
hydr ogen wo 087318 C10 al kyl group, 5 R4 represents a substpPCDER/03198
unsubstituted al kyl ene group having 2 to2B5-carbon atons, R5 represents
hydrogen, a substituted or unsubstituted Cl1-C10 alkyl group, and n and m

i ndependent |y e ! Ss,as i i i elnin
t he genera. f%% w?%lg%?%erﬁ%gr}g%?gégﬁf% %ﬁd?%%%ﬁgﬁ]t%?h%i:%é%%twi el
represents a groupaliRdt Gitovmp h Rdgreps HAg &@ngr@hky+ehec gooorhayi ng 3
to 10 carbon atonms. 5. Process as clained in claim3, wherein in the
genera: 15 formul% (YI"R'C aft'® i ndependently represent an al kyl group

having 1 to 5 g&ar bp%pf;légé@ts nﬁ%?%%% %Sﬂ@f@s 1 leﬁél??‘gﬁﬁd inclaimb5,

wherei n the conpoun of gener is selecC di et hyl
et her, 5 net hylrR4 ertepik yénies hersuish cisopsopyt @t hess ancuekddud vyl Qe et her .
7. Process as clained in claim ,tlc\)/m]g{ein in the genera- formula (1) R

t

represents an al ky¥* YrOup A b Fons, nrl, n=1 and R2
ts h | i ; 25
st DT 1 0y P SBNP PN o108 10

group -R4A-C(O O RS g a substituted o unsu yl ene
group having 3 to A5 CE bokkat asoumnderR6 bei ng an al kyl group having 1 to

5 carbon atong, ?I% £roce e@gﬂ%% ihd;l&%ai'm 7, wherein the conpound of

general formula I's selecte ormate, 30 ethyl acetate,

et hyl 19- et hyl -8- nethyde putanoataimadl -igt hylaimed ondteraind in the genera:

di - et hyl - 2-cycl ohexyl - 2- proloyl mal onate. WD 01/ 72418 PCT/ EP0O1/ 03498 - 24

9. Process as Qﬂ%?‘h%%j PR Jf i ¥R © SfHET i Y 47P 99 gemler d)=0 fatdnRa (1) RL

?nr:]g ﬁdl zggperide%géQ’erﬁ‘ggraesgeﬂ%upan—@j—l%ﬂ wil P Y hraégrnegselnélongS a?r?r bon at oms,
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 carbon atoms or a

25 group -R4-C (0)0-R® with R4 being a substituted or
unsubstituted alkylene group having 3 to 15 carbon atoms
and RO 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 butanoate, di-ethy]
malonate and di-ethyl-2-cyclohexyl-2-propyl malonate.



10. Process as clained in claim3, wherein in the general 5 formula (1) Rl
represents an aryl group or an alkyl grout having 1 to 5 carbon atons, R2
repr esentveo ar/eamni de  group, m=0 and n=0. 11. Process as BCHER®M3M98 cl ai m
3, wherein in the general formula (I) R124nd R2 i ndependently represent a
10 group R3-NH with R3 being hydrogen or a Cl1-Cl10 al kyl group, m=0 and
n=1. 12. Process &3 odedished iclaGhaidnid, cuhereid) whetrBengeneralk ghoemsha (1)
R1 represents hydrogen, R2 represents a hal ogen-substituted Cl1-C5 al kyl
group, me0 andomm@lal5 I13R1peocess dodepansedtily aepresendsf acl ailkyll- 12,

whereir step c ise e S f admxi rgani ¢ conpl exi ng
agent and wat gfg%\)ilmpt %%él% ﬁa;tg’r 5&8%’?239% r?(gt%ﬁ?é %'I\_/Bxgglt%a?‘;g)t' and allow ng a
twc phase sydfemProdckessf asned adorsi shi kdadin 3,sebereid0 iaqubeugehayer and
a |ayer containing the DMC, catal yst; (d2) renoving the second aqueous

| ayer ;> (d3) opCr8Mad vl Ilefeatichd eSEaES € Praid IEFP Sfe a0 LKYE JEoNEs; 25
(d4) adding o ni onpl exi e | ayer__cont.ai _ni_n t he . cat al yst
whi |l e stirrinég%éﬁé ?dg% %eﬁ%%?%% E&é%%ﬁnp exil éeéégﬁf an&yﬁgégggring t he
DMC cat al yst gasugol imé-Opamnidi el=@s. 14. Process as clained in any one of

clains 1-12, %Qer &%beséoa%t% a.%%dconprises bgsg %ggﬁpggﬁ§gé£t%gg%%%qg

organi ¢ conpl €xi'ng "agent and water wﬂphcgﬁém

catal yst and abl-awing @)t Wd PRARE SYSpnlienke f Qepedse@rsissting of a
second WO 01/ 72418 PCT/ EP01/ 03498 - 25  aqueous |ayer and a | ayer

contal®i ng t hgrbMp RSaiNal-ystith( @2) breemoy hyg ricke ns econd cagaeous Likayer ; (d3)
optionally regeating g%eps (dLh and (d2) one to five
roup, m=0""and' n=1.

12. Process as claimed in claim 3, wherein in the general

formula (I) R1 represents hydrogen, R2Z 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 DMC
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



5 tinmes; (d4) adding organic conplexing agent to |l ayer containing the DMC
catalyst while stirring; (d5) adding a liquid polyol to the product of step
(d4), theoebypn4irm ng a slurry of DMC catal yst in a |iqupdI/ER@/03ess um of
pol yol / organi ¢ conpl exi ng agent; (d6) renmagi rg the organi c conpl exi ng
agent; and (d7) recovering the DMC catal yst as a suspension in the liquid
pol yol . 15. Catal yst obtai nable by a process as clained in any 15 one of
claims 1-14. 16. Catplexsts asaydniaret] d napleai radih hiaviirg dHe dvar nul a

Zn2[ Co(CN) 6] A . nC. nH2Q. pA_ wherein Cis the conpl exing agent used and A is
the conpound of géeralYYormula (1) used. 20 17. Catalyst as claimed in
claim 16, wher@) QGdmotiaid -tiutsdcalcehpleand Wyesrnet hyl tert-butyl

ether, di-ethyl. _ ether, di-jsopropyl. ether, tert-anyl yl ether or di-
butyl ether. 1(§3)Pr°é’§€s%n&f]ojryt eeo%%ﬁ%rsitzeéﬁ o{f}]o?f r%}cky e YI§ de3,f1ws
whi ch process conprdisess;pol ynerising an al kyl ene oxide it the presence of

the DMC catal yst .as clained in any one of clains 15-17 and a hydroxyl
group-contaimgﬂfilﬁq ipgorganic complexing agent to layer containing

the DMC catalyst while stirring;
(d5) adding a liquid polyol to the product of step (d4),
thereby forming a slurry of DMC catalyst in a liquic
10 medium of polyol/organic complexing agent;
(d6) removing the organic complexing agent; and
(d7) recovering the DMC catalyst as a suspension in the
liquid polyol.
15. Catalyst obtainable by a process as claimed in any
15 one of claims 1-14.
l6. Catalyst as claimed in claim 15 having the formula
Znp [Co (CN) g]1Cl.nC.mH0.pA
wherein C is the complexing agent used and A is the
compound of general formula (I) used.
20 17. Catalyst as claimed in claim 16, wherein C is tert-
butyl alcohol and A is methyl tert-butyl ether, di-ethyl
ether, di-isopropyl ether, tert-amyl methyl ether or di-
butYl ether.
18. Process for the polymerization of alkylene oxides,
25 which process comprises polymerising an alkylene oxide ir
the presence of the DMC catalyst as claimed in any one of

claims 15-17 and a hydroxyl group-containing initiator.



