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The i nventi orypel/eiees to an i nproved process for the preparapcorpafosgubl e
nmetal cyanide (DMC) catal ysts for the preparation of polyether polyols by
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catal ysts, such as alkali netal hydroxides. The pol yether polyols obtained
In this way can be processed to high-quality pol yurethanes (e.qg.
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salt (preferabhyentibnal prieparagen of pslyethenpokyoly. by inreang bf atkatiemetahdataly®ts, net al

ot gani o compekingki B WHRES RS TORReD nlralfel RN £ i ner

ligands in a3bdekdeddo high-quality polyurethanes (e.g. elastomers, foams and coatings).

DMC catalysts are usually obtained by reacting an aqueous solution of a metal salt
15 with the aqueous solution of a metal cyanide salt in the presence of an organic
complexing ligand, e.g. an ether. In a typical catalyst preparation, for example,
aqueous solutions of zinc chloride (in excess) and potassium hexacyanocobaltate are
mixed and dimethoxyethane (glyme) is than added to the dispersion formed. After
filtration and washing of the catalyst with aqueous glyme solution, an active catalyst

20 of the general formula
Zn3[Co(CN)¢]2 ® x ZnCl; e y H,O ez glyme
is obtained (see e.g. EP-A 700 949).

According to the prior art, DMC catalysts are prepared e.g. by mixing aqueous
solutions of a metal salt (preferably of a zinc salt, such as e.g. zinc chloride) and a
25 metal cyanide salt (e.g. potassium hexacyanocobaltate) in the presence of an organic
complexing ligand (preferably tert-butanol) and optionally further ligands in a stirred
tank to form a dispersion. The catalyst is isolated from the dispersion by known

techniques, preferably by centrifugation or filtration. To achieve a sufficiently high
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tank-to forma dispersion. The catalyst is isolated fromthe dispersion by
‘known techniwoessooms ef erably by centrifugation or filtrationrcT/Eeolambizeve a
sufficiently high WD 01/80994 PCT/EPO1/ 04342 2 catal yst activity it is
necessary subsequently to wash the catalyst with an aqueous |igand
solution. Water-soluble by-products, such.as e.g. potassiumchloride, which
can reduce the activity of the catalyst, are renoved fromthe catal yst by

t hi s washi ng step According to the prior art this washing step is carried
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filter cake is subsequently was ter ng an shed
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I solation, r %hﬁs%%fqﬁézﬂlgﬂ'cgﬁlytspc&'&? the profitability of the DMC-catalysed process of

15 polyether polyol preparation is therefore considerably impaired.

It has now been found that highly active DMC catalysts can be obtained by a
considerably simplified process in which aqueous solutions of a metal salt and a
metal cyanide salt are first reacted in the presence of an organic complexing ligand
a) and optionally one or more further complex-forming components b) to form a
20 DMC catalyst dispersion, this dispersion is then filtered, the filter cake is
subsequently washed by a filter cake washing and the washed filter cake is finally

dried, after optional pressing out or mechanical removal of moisture.

This improved process for the preparation of catalysts avoids the several
redispersions of the catalyst, with subsequent isolation, required according to the
25 prior art to date for the preparation of highly active DMC catalysts and therefore
leads to a considerable shortening of the process times for preparation of DMC
catalysts. DMC catalysts which are prepared by the new, improved process have a
comparable activity to DMC catalysts which are prepared in a significantly more

expensive manner according to the prior art to date.



25 prior art to date for the preparation of highly active DMC catal ysts and
‘therefore | apd91/8®of consi derabl e shortening of the processptimes/fass
preparation of DMC catalysts. DMC catal ysts which are prepared by the new,
i nproved process have a conparable activity to DMC catal ysts which are
prepared in a significantly nore expensijve nmanner according to the prior
art to date. WD 01/80994 PCT/ EP01/ 04342 3 The present invention therefore
provi des an inproved process for the preparation of double netal cyanide
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i s chosen fr aftei ficopriinal sressidd dytor heChdnical Mnjdva) of dbisturg., Co(11), Sn(l1),
Po(11), Fe(lll), M(IV), M(VI), AI(lIIl), V(V), V(IV), Sr(ll), WIV),
WWVI), CQu(ll) and C(Ill). zZn(I1), Fe(ll), Co(ll) and Ni(Il) are
particujgrl y_mfeed&fbleeﬂ}etam?aaid@rcsmpb&ﬁﬁtdo@ledinesar intHht f BNRN batalp 58 fveriat lave
identical anions, preferably chosen fromthe group 20 consisting of

hal i des, hydrsuitaldeor theipfogessaccarding do theagyentipaaeg e reactipw pieduets of water-
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Water-soluble metal salts which are suitable for the preparation of the double metal

cyanide compounds preferably have the general formula (I)

15 M) (D),

wherein M is chosen from the metals Zn(II), Fe(Il), Ni(Il), Mn(II), Co(I), Sn(II),
Pb(1), Fe(Ill), Mo(1V), Mo(VI), AI(IID), V(V), V(IV), Sr(l), W(IV), W(VI), Cu(Il)
and Cr(Ill). Zn(II), Fe(Il), Co(I) and Ni(Il) are particularly preferred. The X are
identical or different, preferably identical anions, preferably chosen from the group
20 consisting of halides, hydroxides, sulfates, carbonates, cyanates, thiocyanates,

isocyanates, isothiocyanates, carboxylates, oxalates or nitrates. The value for nis 1,

2 or3.

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

also be employed.



,Exanpl es of suitable water-soluble netals salts are zinc chloride, zinc
brom de, zi nowvoarsused e, zi nc acetyl acetonate, zinc benzoat e, PeT/BBOMI4B42at €,
iron(ll) sulfate, iron(ll) 25 bromde, iron(ll) chloride, cobalt(ll)
chloride, cobalt(ll) thiocyanate, nickel (I1) chloride and nickel (1)
nitrate. Mxtures of different water-sol.yhl e nmetal salts can also be

enpl oyed. WO 01/80994 PCT/ EP01/ 04342 -4 Water-soluble netal cyanide salts
whi ch are suitable for the preparati on of the double netal cyanide
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are integers e values for a c belng chose

el ectroneutr eﬂr¢ FS’flbb’f chogen ﬁéﬁhﬁhemmd@(ghl(ﬁo( Ji £e@D), Be(ld), Sﬂ@ﬂéﬂ%{ﬂ»&@ 2, 3

or 4, bis has the va | es of
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hexacyanoferrate(ll1), calcium hexagg/anocobal tate(l11) and |ithium
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defined in fQymHe, (ﬂhic)c,ya@di!é’s Xisodyanates, isothiocyanates, carboxylates, oxalates or

nitrates. Both a, and b and ¢ are integers, the values for a, b and ¢ being chosen such

that electroneutrality of the metal cyanide salt exists; a is preferably 1, 2, 3 or 4; b is

preferably 4, 5 or 6; ¢ preferably has the value 0. Examples of suitable water-soluble

15 metal cyanide salts are potassium hexacyanocobaltate(Ill), potassium

hexacyanoferrate(Il), potassium hexacyanoferrate(III), calcium

hexacyanocobaltate(II]) and lithium hexacyanocobaltate(III).

Preferred double metal cyanide compounds contained in the DMC catalysts are

compounds of the general formula (III)
20 My[M'x(CN)y]. (I1I),

wherein M is as defined in formula (I) and M' is as defined in formula (II), and x, X/,
y and z are integers and are chosen such that electroneutrality of the double metal
cyanide compound exists. Preferably, x =3, x'=1,y =6 and z = 2, M = Zn(ll),
Fe(II), Co(I) or Ni(II) and M' = Co(III), Fe(IIl), Cr(IIT) or Ir(III).

25 Examples of suitable double metal cyanide compounds are zinc

hexacyanocobaltate(Ill), zinc hexacyanoiridate(Ill), zinc hexacyanoferrate(Ill) and



y and z are integers and are chosen such that el ectroneutrallty of the
‘doubl e netal weypgisde compound exists. Preferably, x = 3, X'perironods426 and
z =2, M= 2ZzZn(ll), Fe(ll), Co(ll) or Ni(Il) and M = Co(lll), Fe(lll),
Cr(ll I) or Ir(lll). 25 Exanples of suitable double netal cyani de conpounds
are zinc hexacyanocobaltate(lll), zinc _hexacyanoiridate(lll), zinc
hexacyanoferrate(lll) and WO 01/ 80994 PCIT/EP01/ 04342 -5 cobalt(ll)
hexacyanocobal tate(l11). Further exanples of suitable double nmetal cyanide

conmpounds are to be u n US-A 5 158 922. Zin
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doubl e netal cyanide conpound. Suitable organic conplexing |igands are
e.g. alcohols, aldehydes, ketones, ethers, esters, am des, ureas,
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organi c conplexing ligand a) is usually enployed in excess
catal ysts V\/nlad'ﬁh:h& %, memw,r@hers,opstcm;a apndﬁSeslseaa,comn@S,ngllﬁdeSt hAad immixemes on

are those dd| tion.to t an exi
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conmpounds as conplexing’ ligand a). Component b) is preferably a pol yet her
pol yest er, pdey-Batdnohmtpartiqylarkyi migferred et her, gl ycosi de, carboxylic acid
ester of polyhydric al cohol s, pol yal kyl ene egcoI sorbitan ester, a bile
acid or salt, ester or amde thereof, a cyclodextrin, organic phosphate,
phosphi t e, phidepogasitecongiedphdigand a) phadiddd naber duringhtheppreparatéion af the

catalyst or directly after formation of the dispersion of the double metal cyanide

compound. The organic complexing ligand a) is usually employed in excess.

15 DMC catalysts which are preferred for the process according to the invention are
those which, in addition to the organic complexing ligands a) mentioned above, also
comprise one or more further organic complex-forming components b). This
component b) can be chosen from the same classes of compounds as complexing
ligand a). Component b) is preferably a polyether, polyester, polycarbonate, glycidyl

20 ether, glycoside, carboxylic acid ester of polyhydric alcohols, polyalkylene glycol
sorbitan ester, a bile acid or salt, ester or amide thereof, a cyclodextrin, organic
phosphate, phosphite, phosphonate, phosphonite, phosphinate or phosphinite, an
ionic surface- or interface-active compound or an o,p-unsaturated carboxylic acid
ester. DMC catalysts with such ligand combinations are described e.g. in EP-A 700

25 949, EP-A 761 708, WO 97/40086, WO 98/08073, WO 98/16310, WO 99/01203,
WO 99/19062, WO 99/19063 or German Patent Application 19905611.0.



Jdonic surface- or interface-active conpound or an a, 13-unsatur at ed
carboxylic aovdore®ber. DMC catal ysts with such |igand conbi pat/Epoizi4ase
described e.g. in EP-A 700 25 949, EP-A 761 708, WD 97/40086, WD 98/ 08073,
WO 98/ 16310, WO 99/01203, WD 99/19062, WD 99/ 19063 or Gernman Pat ent
Application 19905611.0. WO 01/80994 PCT/.P01/04342 6 The DMC catal ysts

whi ch are suitable for the process according to the invention can
optionally al so conprise water and/or one or nore mater-soluble netal salts
of the for a (l) fr n1th .atjon gf the doubl anl

compound. The TBRME¢ yﬁgi SRl Sifiblethr MearpiosiepuioginRe SRGaRYS a1 y
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of the fornul W th tal cyanide salts, In particular of the fornula
(11), organi dommip(I@fiongthe ipgepacksioa)of tlwnizbubbtmcmladyhlyldenmnpoumbr e further
conpl ex-form ng conponents b). The aqueous solutions of the netal salt
(e.g. zinc chloride, enployed in stoichionetric excess (at |east 50 nol %

based on the Thet BIMC y@dlgkts sabdriiingand thef itveetidi0 aretcahvetyianaltie piphied( i 9.
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it is added dmd@ptlbnalltymnteroendirsﬁ@thsi &impléd-ferhiing @tpaicheb)pr eci pi tatl on of
t he doubl e netal cyanide conmpound. Preferably, the dispersion forned is
then also treated with one or nore further conplex-form ng conponents b).

The further cpplagiedus’ BdlaGorms0MPORRN MM isglt @RIef eimabtMoAad) @M@Q‘)y@@rﬁl ina
m xture with water and organic conBIeX|ng l'i gand a). The DNMC cataly
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shear in-line mxer
dispersion formlng.

The organic complexing ligand a) can be present here in the aqueous solution of the
metal salt and/or other metal cyanide salt, or it is added directly to the dispersion

15 obtained after precipitation of the double metal cyanide compound.

Preferably, the dispersion formed is then also treated with one or more further
complex-forming components b). The further complex-forming component b) is

preferably employed here in a mixture with water and organic complexing ligand a).

The DMC catalyst dispersion can be prepared e.g. in a stirred tank, optionally by the
20 process variant described in US-A 5 891 818, in which some of the catalyst
dispersion prepared in a stirred reactor is circulated and sprayed into the reactor
headspace and the circulating stream here is passed though a "high shear in-line

mixer".

However, the DMC catalyst dispersion is preferably prepared using a mixing nozzle

25 (e.g. a smooth jet nozzle, Levos nozzle, Bosch nozzle and the like), particularly



JHowever, the DMC catal yst dispersion is preferably prepared using a m xing
nozzle 25 (av@o1/80934rooth jet nozzle, Levos nozzle, Bosch noeel/P@ndis2he
like), particularly WO 01/80994 PCT/ EPOL/ 04342 -7 preferably a jet

di sperser, such as is described in German Patent Application 199 58 355. 2.
In a smooth jet nozzle a first educt strrgamis first accelerated in a
nozzle and atom zed at a high flowrate into a slowy flow ng second educt
stream Mxing of 5 the two educt streans then takes pl ace via t he
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di fferences qapshggshnoken down significantly faster in this nmanner, since
significantly higher and nore honbgeneous output densities can be
achi eved. 10 However, a jet disperser should preferably be enpl oyed for the

process aCCOfIH'a{‘QmBch }eb%okﬂ!%h&é?%du@ﬂ"‘@tréa% 19'ﬁ§sﬁe£c%Qha NiP§ IRt ict ed

such that two nozzles are arranged I n series. first uct streamis
first accel eranimided ot dhiph ftlegrae into atshewlyi fisting mntieddmestx'eamt Mixiray sfow ng

in cross-sectjon. The accel erat ed j.et sucks, up the sec nd conponept. here
because f t {@€ Avghequehwirpame thepm keg iadei g ﬁ?stturlzu FHed isipteerptionedf fheom t he
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direction of t rst e uct stream tance between the nozzles will
pref erably beark)oaoemstatbn tdifferehessacae bofbroken dbant sigificatelyc éaster rig, thénl y
seed formation but not crystal growh _takes place in the m xing chanber.
The rate of dJeawer, fws%ﬁcw Ythﬁ&h% @nd angrs homegenrous SUiRIL eRsitigsecad iy mum
desi gn of the E?ge&jl sperser. A 20 residence tinme of 0.0001 s to 0.15 s,
preferably O. § Ss'to 0.1 s is favourably established. The crystal growth
takes place only in the outflow The dianmeter of the further nozzles

i ed efibet - SRriek RIS MBS BPero A A G ey midBundf o1,

addi tional | y (B¢ GiWentibn.t hPhé a@tt digperstd Zdanebe @adnsrucREUduch thhetwd HozIed are
honmpbgeneous m Xxing 25 is achieved by a faster eddy disintegration in a

shorter tinme asigngeskiaderips hA dirsfrasloetrstream is first accelerated to high degree in the first

nozzle due to the narrowing in cross-section. The accelerated jet sucks up the
second component here because of the high flow rate. The resulting jet is then
15 passed from the mixing chamber through further nozzles arranged perpendicular to
the direction of the first educt stream. The distance between the nozzles will
preferably be chosen such that because of the short residence time, only seed
formation but not crystal growth takes place in the mixing chamber. The rate of seed
formation of the solid is thus decisive for the optimum design of the jet disperser. A
20 residence time of 0.0001 s to 0.15 s, preferably 0.001 s to 0.1 s is favourably
established. The crystal growth takes place only in the outflow. The diameter of the
further nozzles should preferably be chosen such that further acceleration of the
partly mixed educt streams takes place there. Because of the shear forces which
additionally occur in the further nozzles as a result, the state of homogeneous mixing
25 is achieved by a faster eddy disintegration in a shorter time compared with a smooth
jet nozzle. As a result, even in precipitation reactions with a very high rate of seed
formation it is possible to achieve the state of ideal mixing of the educts, so that it is
possible to establish defined stoichiometric compositions during the precipitation

reaction. Nozzle diameters of 5,000 pm to 50 pm, preferably 2,000 pm to 200 pm



jet nozzle. As a result, even in precipitation reactions with a very high
rate of seed whorB®bion it is possible to achieve the state pETEHE434% Xi Ny
of the educts, so that it is possible to establish defined stoichionetric
conpositions during the precipitation reaction. Nozzle dianeters of 5,000
mto 50 m preferably 2,000 mto 200 m \\g 01/ 80994 PCT/ EPO1/ 04342 -8 have
proved favourable at pressure losses in the nozzle of 0.1 bar to 1,000 bar
or output densities in the range from1 * 107 Wn8 to 1 * 1013 Wn8. n

nozzles (where n = 1.-.5 n be arranged i n. successi.gn, ., dependi on the
foer 1 oq {one e arayied davaughiii gt Desoip Mesek b Pegtg ce ot bty oY Bar e
The additi On%'utlﬁﬁﬁé’r&‘it?&q%ﬁleQBnééﬁ&ﬁq f’SREhBEM1S* 1§ tat3 particl es which

M
have already formed can be comm nuted nechanically by the high shear
forces in the nozzles. It is possible in this manner to prepare particles

or ces is nr
rrangea 1 Sareiet (B e 115 Ton bRSEARAT: oDt SEHEIGH o L HeRleo

circul ating tpagick Sipers6itlein a nllti dpe jetdispersar Brobanted! MhetddditiohgpAr aitagen of

di spersions, such as are described 1n EP-A 101 007, WD 95/30476 or GCernman
Pat ent Appl i CAtwdher dispersgrsiis thag pargicles sing haveiabgadsoformpd san b somginsiegans
can al so be A hE f I rsi K 1ot ener gy
i ssi pat i on e el SPAE nlth fleqs 8Feelv T RET 010 T BEEHAs fFisafarndFiohc
tenperature Gadpahapertiales Onish dRmdKre of M0l URANGE0.159.uaN InbRad by Hading fseveral i on
process, a heat exchanger can be installed downstreamof the m xing organ
for an i sot havwpges grreagessimpeiesdhpwevarr el epmmimtioncednealap tesaghigysiliye, for
exanpl e, by the use of relatively |arge nunber of bores, arrangenent of
several m Xi HECBI?E%@eiCﬁSpﬁgr‘%'I el or enlargenent of the free nozzle area.
However, the latter is not achieved by increasing the nozzle 20 dianeter,
si nce t{he pos&' bility of emefrg ence of g core streamexists in_this pmanner,

t

the rest of | BHxing oteans1oF ity BrepaRRtiPR of HUSHSTSIONSg SHehs A pre dgseibedyit b an
appropriate %?xgé@ D0Y eV 6T €4/504765 £ RN PAtRE APRLAYR] 166 BN LRSE: Of

nozzles wth ree’ nozzle areas.
combinations of these mixing organs can also be employed.

Heating of the dispersion may occur due to the energy dissipation in the nozzles and
the crystallization enthalpy. Since the temperature can have a considerable influence
15 on the crystal formation process, a heat exchanger can be installed downstream of

the mixing organ for an isothermal process procedure.

Problem-free scale-up is possible, for example, by the use of a relatively large
number of bores, arrangement of several mixing organs in parallel or enlargement of
the free nozzle area. However, the latter is not achieved by increasing the nozzle
20 diameter, since the possibility of emergence of a core stream exists in this manner,
the result of which is a deterioration in the mixing result. Slits with an appropriate
area are therefore preferably to be employed in the case of nozzles with large free

nozzle areas.

The catalyst dispersion is now subjected to a working up process, the aims of which
25 are separating off of the catalyst particles, washing, mechanical removal of moisture
and thermal drying of the catalyst. A large number of processes and apparatus

conversions exist for each of the individual process steps. A single apparatus in



The -catal yst dispersion is now subjected to a worki ng up process, the ains
‘of which 25woes®@parating off of the catalyst particles, WaehVER@/04342
mechani cal renoval of noisture and thermal drying of the catalyst. A large
nunber of processes and apparatus conversions exist for each of the

i ndividual process steps. A single apparatus in WO 01/80994 PCT/ EP01/ 04342
-9 which the steps nentioned can be carried out in their entirety is
preferably enployed in the process according to the invention. To separate
of f the catal yst particles fromthe dispersi O%{g‘i{al |. the known processes for

filtration orviighiheetapamestoratcagdesaprcdy in Ygknttehpisprelewdl gariowdy. in
"Ulmnn's 5; ﬂ%yr#b%gggécgﬁcg&%#&ﬁ%‘@h% Chemistry", vol. B2, chapter 9 and

10, VCH, Wi nhe der industriellen
Fest-Fliissig-Trennung”, eds.: H Gasper, D. QCechsle and E. Pongratz,

est -l g’ Gasper, and |
of 1 can be an TR koAt B BEAPH] e DRpoRRR R MRl B frpRRgla )1 10

el ectrical fdlessorodr pdRsEHRNGah be Pl sd,(wak apaeiesiribediclgl & @NtBannlO
hydraul i c pressure, nechani cal Br essure). The apparatuses here can operate

cont i nuous| y Ecydapestimpt dugipisht hernisty”, wel- &b, spaptat @ apdd h¥Ce Weinhgim
sedi nentatio e, Jf.onex e, tube .centrifuqges with or, Withgut.inserts
h the cent rPRgand i nEESARTer M GuieleR sl etk S4B G o <
with a high thi ok@Riesn®Ef Pehgradp PRila)-Vees VeHlhe 'WekhheRe! 2009. bate uvagy by
filtration are, for exanple, suction filters (vacuumor pressure suction
filters), pl aotenppkiosthesepirpting off cambriapplied by apass fredsi(Perdrifugpldorassiorder amre,
chanmber, nenprane. filter .presses, rAutopresse fraom BHS Sont hof QGr1hH,
537527 SonthoRantysSaib B3G50 ot BRARC Terr 8T QAT araaus uifr-ares
paring py rewtfiulle prlebdube! meeitnidal UstleSurefPParat upmgatudisC here PedtoPerate
continuously by filtration are, for 20 exanple, vacuumbelt filters, drum
filters (presontiruaslyaabatehyvisedi sc filters (pressure or vacuuny,
cross-flow filters or dynamc filters, and al so decanting centrifuges.
Di scontinuously operating filters or filtering centrifuges are preferably
enpl oyed. Mehgyprasateses iwlich opemgsbatclivase oprbyvedimentdmnpar) farudxample, tube
favourabl e. For the : . : . . .

centrifuges with or without inserts in the centrifuge chamber. Continuously

operating variants are separators with a high thickening effect. Apparatuses which

15 operate batchwise by filtration are, for example, suction filters (vacuum or pressure

suction filters), plate pressure filters, candle filters or filter presses (frame, chamber,

membrane filter presses, "Autopress" from BHS Sonthofen GmbH, D-87527

Sonthofen (see GB-A 2282977), press filter machines) and also paring or reversing

filter centrifuges. Apparatuses which operate continuously by filtration are, for

20 example, vacuum belt filters, drum filters (pressure or vacuum), disc filters (pressure

or vacuum), cross-flow filters or dynamic filters, and also decanting centrifuges.

Discontinuously operating filters or filtering centrifuges are preferably employed.
Membrane filter presses have proved to be particularly favourable. For the
separating off, charging of the membrane filter press with a fine-pored filter
25 medium, preferably multi-thread fabrics based on polypropylene, since these are

resistant to solvents, such as tert-butanol, is required.



Separ-ating off, charging of the nenbrane filter press with a fine-pored
filter 25 nedvoini/soesef erably nmulti-thread fabrics based on pedwpramysene,
since these are resistant to solvents, such as tert-butanol, is required.
WO 01/ 80994 PCT/ EPOL/ 04342 -10 The separating off is in general carried out
at tenperatures of 10C to 80C. The prespyre differences applied can be
0.001 bar to 200 bar, preferably 0.1 bar to 100 bar, particularly
preferably 0.1 bar to 25 bar, the pressure difference enployed depending
on the device_enployed. This results in filtration tin%s nutes 5

f a few m
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by- pr oduct s 160 was hpatticubriygabfeeablya 0fli bar @o 26 Hae, thevpsdsurg differehcepdna eyaent
washi ng) or a conbination of the two i.s possihble _in 10 principle for this
purpose. | n dRRENGINSCIsthe dexise smpleved: tTE‘%es nesilsrinfdmationdiney ol INWgESs hi ng

i s prefeyably, %@Jg&él%u%?t THE %i&r@te%aﬁ%ﬁmﬁlg%%%é@h&lt &18f§§4|r9fcoﬂt9§t of
conpl exing ligand a) and optionally one or re further conpl exing
conponent s bB0%Hoed5khi st filter cake is particularly preferably first
washed wi th an aqueous solution of the organic conplexing ligand a) (e.g.

tert-butanol). Water-sol uble by-products, 15 such as e.g. potassium

chloride, cain kg fRIFNEEL pfdcesy $t&F tHeadadlyst twhith hi BediBRpSated ofhBupADMMt Of
organic conplexing ligand a) in the aqueous wash solution here is

preferably 4Gontem@mied by,waterswdutde bytpsodustsiis weshedi o mash jog & fiteheakeor e
preferable to %de (%o thfe agueoys hvvas)h sol utibontan agt&imt[ of. furt.@gr.

conpl exi ng C(W'?ﬁ Hen 835p acgﬁ?? i COTAM yorpl"le‘foé[? ARHP00% % B0 Wb RPSIB&s®d on
the tot@ solpdhtiph fofhikpaMpobdr BUAB preei Adoiding etht iinveRfioRBRMpckmert f er s
advant ages in respect of the tine required for the working up conpared
with mash wagtdshigg snprdaably osarriedhout iwitheone cark more aghgasly soduitvamat ofathiser es
does not have to.be r erred into another

appar at us, a§°wpi%‘ﬂ%d§%?m§§§ﬁ‘;‘{fgp%t{}ahﬁ¥ é\rlhelt ére%?r%;ﬁ;% tricﬁ'?% @‘H‘&S&é‘fﬂ%&’“&ﬁft he
menbrane filter press preferably enpl oyed

The moist filter cake is particularly preferably first washed with an aqueous solution

of the organic complexing ligand a) (e.g. tert-butanol). Water-soluble by-products,

15 such as e.g. potassium chloride, can be removed from the catalyst in this manner.

The amount of organic complexing ligand a) in the aqueous wash solution here is

preferably 40 to 80 wt.%, based on the total solution. It is furthermore preferable to

add to the aqueous wash solution an amount of further complexing component b),

particularly preferably 0.5 to 5 wt.%, based on the total solution.

20 Flow-through washing in the filter apparatus offers advantages in respect of the time
required for the working up compared with mash washing. In addition, the filter
cake to which solvent adheres does not have to be removed from the filter and

transferred into another apparatus, as with mash washing.

Variants of flow-through washing on the membrane filter press preferably employed
25 are gap washing and washing through the entire cake. In gap washing, the chambers
of the filter press are not filled completely with filter cake, so that a gap remains
between the two halves of filter cake in the filter chamber. The wash liquid is added

via the suspension channel under a sufficiently high pressure, is distributed in the



25 are gap washing and washing through the entire cake. In gap washing, the
‘chanmber s of Whgoﬂmbyer press are not filled conpletely wth pet/krsI/0asdee, SO
that a gap remains between the two halves of filter cake in the filter
chanmber. The wash liquid is added via the suspension channel under a
sufficiently high pressure, is distributed in the WO 01/80994

PCT/ EPO1/ 04342 -11 gap, flows through the filter cake and | eaves the filter
press through the fiItrate channels. In the case of displacenment washing

through the entife ¢ after t he f|| t|o e two hal ve f {he cake
are brought ®8Retlpws yu%mﬁ?ﬁ ehﬁalﬁen%n ﬁweglt%fpr@%%m@rﬁlﬁe&met er
press. ConpaghloRiof if fife dast %?rdl%gé%%qlhﬂﬂ(%%ﬁgﬁﬁoué‘l feP&ffl @Q(eO'&ftEPﬁle
nmenbrane pressing pressure a ne pressing pressure |

mai nt ai ned dddfratipnt te mmah@s ofththewaekie dtmqlumdg}prtegsuhexebysmpnmﬁgnmbﬂ;e to
be chosen | ower than the nenbrane Pre55|n pressure, shing is

preferably emATRRARFSiH hhBemomnEdUies pEsd AEpeerianRf thﬁ@@ﬁw&ﬁ talgeﬁ REgS, | t

requiress | es u gh
qual i tySS 10 ﬁf)éarmﬁ?ﬁ] tgé \/\Ytgeg%&ﬁﬁéh ‘lﬂ%i C Qﬁg‘g&@gg@ef al{n%%g I%orrg'{get e as
possi bl e an pwsmmgmaﬂi&alhé'lﬂdlﬁmguhé wafhihg. qUhelwhsh Kdwgd presglire & préfetdby tocake
is enployed in the washing. The volune of wash |iquid enployed, based on
the filter c&Reh %pd%erth@lthﬁml@%bfémeawreﬁﬁnyme%sarcl 000/ 1, preferably 1/1 to
500/1, particularly preferably 1/1 to 50/1. 15 The gap washing is in
general carried out at tenperatures of 10C to 80C, preferably at 15Cto
60C. The pr e@pr\éanimgrlémeqf@r@blyypmlm@d in &he Preces @oordiag to &ezowermm since

preferably 0.1 bar to 100 b artic r referab r 25 bar.
The waani g itietes o ttte o iy @ Yak e o BeSC 2ol ol i b7 P
washi ng step can be fol |l owed by further washing steps with aqueous or 20
non- agueous sol uti ons t onpl exi | i gand a) and optj.onally
one or Tore T‘Atﬂlaﬂ’é’flntCBﬁﬁYaéﬁ% ‘gd{hﬁﬁh eof%p%h‘?tlc ﬁ?@p?efq(é%vipgg“lllﬁr% ed
out accordi ngx&&nﬁéfb@th@vaﬁmuhp%fqaufd kﬁ ?He 6 1?1a1WﬁﬁE&' Béke ﬂ;h&ngﬁged/s YheOf the

catal yst can be increased further by th ans. However een
found t hat asvashingl &he wilumgd ef wasthliqgd (efnployed based on the filter cake volume, is
in general 0.5/1 to 1,000/1, preferably 1/1 to 500/1, particularly preferably 1/1

to 50/1.

15 The gap washing is in general carried out at temperatures of 10°C to 80°C, preferably
at 15°C to 60°C. The pressure differences applied can be 0.001 bar to 200 bar,
preferably 0.1 bar to 100 bar, particularly preferably 0.1 bar to 25 bar. The washing

times are as a rule a few minutes to some hours.

This first washing step can be followed by further washing steps with aqueous or
20 non-aqueous solutions of the organic complexing ligand a) and optionally one or
more further complexing components b), which are likewise carried out according to
the invention as filter cake washing. The activity of the catalyst can be increased
further by this means. However, it has been found that as a rule a single washing of
the filter cake with an aqueous solution of the organic complexing ligand a) and
25 optionally one or more further complexing components b) by filter cake washing is

already sufficient to obtain DMC catalysts with an exceptionally high activity.



the filter cake with an aqueous solution of the organic conplexing |Iigand

'a) and 25 optwooakdeys one or nore further conpl exi ng conponenpeTrpolmssdai | ter
cake washing is already sufficient to obtain DMC catal ysts with an

exceptionally high activity. WO 01/80994 PCT/ EP01/ 04342 -12 A significant
reduction in the total amount of wash sgllyt_i on to be enployed is often
possible in the process according to the i1nvention conpared with the
processes of the prior art, so that the process according to the invention

also leads to a reduction jn, the terial costs of the DMC catalys
preparati on. ‘ASSIBB‘rﬁc@ﬂFtﬁg‘éFﬁ‘PPdP thetatal amoynt qfijxa ﬁ’tllopdﬁibﬁ emfﬂwg H%Of%qq ter
cakes for th I i: the. i I

consunpti on Goroe o BedroscEREHAEI e LRI AR PRI AR AR,
cake i s redugeidr aft, so that tHeepropsse @aessdiag P theFmveitiunSalsd Rads ar £ rdduetion in
possibilities of reducing the &E)Cre volume of the filter cakes by pressing
out by neans thy mafeaiaksasts of ShasDMIC ptalystamearation. of renoving the noisture 10

fromthe filter cakes by a gas pressure difference or by centrifugal
forces. This can take place in the same apparatus as the prior working up

(for exanpl e Hoewabsiantigl famavat of ghenwasht kigrid dromyehentilierecakey fozthppepeye off i n
an additional, apparatus (for exanpl.e xtruder press.or tubular filter
press). The Ilf_naﬁf%/&flgei}beaf}‘érétyt?f} off CIg_gstBF R ?qQHSPf&P“OWTé*BFH%‘%E%ﬂ}&%w ane
filter press drfinplthé RE@AIYnBAIMANSHItbrtakd R BARLE TS a RGARE Pidesssistept he _
invention. Pressing out in the nmenbrane filter press with nenbrane pressing

pressures of between 0.5 bar and 200 bar, preferably under the highest

possi bl e - DY G%P W6 therd)aR (RE BURififesST rBENAN AU HBHSvoTRE SF BRYIRG chpld gied by

a renoval of noisture by a gas pressure difterence under the ne
pressi ng pregsessimgapp by ekans 30prEkeng) smnporassubmncsor b raniosgntheansistutehan

the ne ane pressi pressure. The DMC catal yst is then dried i

t enper at'ur es ﬁﬁoﬁ&“f@ﬁ?%bﬁﬁﬁﬁ? Bﬁ‘?ﬁs%ﬁ’g renﬁ¥85 by F‘é%trlg'fgag%ﬁﬁs' gflﬂs far to
nornal press : S)
and con\eecti gé\l&aél%/%:l g tl?@f)%?ﬁeea;?gﬁ%lhg%%éﬁﬁrﬁr%c&rfg@%ggﬁﬁ%{é@%ﬁp@%?ﬁé;ﬁgg9}6{??{5 are
sui tabl e for cehrifugeuopasenbrakey fittgr pass)abisin e additionel appiiratds (e tdxymiple

extruder press or tubular filter press). The liquid escapes through a suitable filter

medium.

15 A membrane filter press is preferably employed in the process according to the
invention. Pressing out in the membrane filter press with membrane pressing
pressures of between 0.5 bar and 200 bar, preferably under the highest possible
pressures, has proved to be advantageous. This can be followed by a removal of
moisture by a gas pressure difference under the membrane pressing pressure applied.

20 The gas pressure can be chosen lower than the membrane pressing pressure.

The DMC catalyst is then dried at temperatures of about 20 to 120°C and under
pressures of about 0.1 mbar to normal pressure (1013 mbar). Contact dryers (for
example paddle dryers) and convection dryers (for example belt dryers) and also
spray dryers are suitable for this purpose. Drying can also be carried out directly in
25 the devices for mechanical separating off of liquid. The latter is preferred in the

process according to the invention for safety and industrial hygiene reasons.



25 t-he devices for nechanical separating off of liquid. The latter is
preferred i nwel/sgspcess according to the invention for safpCYERN4342

i ndustrial hygi ene reasons. WO 01/80994 PCT/ EPOL/ 04342 - 13 Exanples of
filter apparatuses in which products can be dried by convection are
candl e, plate pressure, drum disc or belf_-filters. Suitable filter
centrifuges are centrifuge dryers or reversing filter centrifuges.
Exanpl es of conbined filter apparatuses and contact dryers are stirred

pressure 5 ction filters and candle.filters, in.which the cakes are
Phrown on +o taemelase! EcAraRis RoamistopoRaih vl HErredebt FeNGF i gDy « ne
candie. A heghahl Cphid badd C, ift! 6f SeRANCrEMIAMEH fifter BmRRgECER. Thi S
is constructe |k% a conventional filter press wth a nmenbrane package.
The menbr ane ceiteifige dryerber revarsohgdilfef eentofuged.r ucti onal Iy from conventi onal
menbrane sheets in that a heating 10 medi um can flow t hrough the space

behi nd the nenbrane. Liquid-tight (so-called "drip-" or "gas-tight")

menbr ane fil tBxamphsedfsScaneingd dfler appararng aykdontddteddyest &d dteet i prgssoeedi um
flows on to the reverse of the pressing penbranes,  conpletel se(ﬁ)%rat ed

fromthe fil sestiangfiléers apdgyuile Fliersy wswhich thepakes aee Beryvy AR to pihested baseqi um
past the fil ?%ﬁaﬁ pressing nediumis 15
under a suffitag{igﬁ y R?dggh%ﬁgésrgE%%’pﬁ@%%ﬂ;ﬁgﬁgﬁnﬁzécont act of the menbranes

with the filter cakes. The filter cakes can be heated on one or both

si des. Heati on .bo sides is favourable.ipn respect.of.the duration of
the drying.  TonGUEfilerdaas pirderpRanipioved it fewfners Tobid So-Birete” ©
filtrate sideg.cohbbfion8CHHER preWhE aQ8B8bAhE PackaE. THR R Rbraldy siketd @Wed ring

punp. The stream of vapours sucked 20 off is cool ed before the vacuum punp
in order to ceetdiffee copstructienallyl froinl eonventigal mesrhrane shegts inethat deating and

out - {9 pr o dug i AR divat P el SooBTAREL B eeriirius " EiHEh GRRE Care
t enper at ur e. "YApI' e "gogsq%ﬁ? eSS er shE@s A8 HasfaRBlyRINGsISYdAY Pressures are

preferably 0.1 bar t O bar. Tenperatures of the pressing and heating
medi um are 30C to 80C,

The heated heating medium flows on to the reverse of the pressing membranes,
completely separated from the filter cake through the pressing membrane and the
filter medium, past the filter cakes and thereby heats these. The pressing medium is
15 under a sufficiently high pressure here to ensure contact of the membranes with the
filter cakes. The filter cakes can be heated on one or both sides. Heating on both

sides is favourable in respect of the duration of the drying.

To assist the drying process, a vacuum is applied on the filtrate side. This vacuum
can be generated, for example, by a liquid ring pump. The stream of vapours sucked
20 off is cooled before the vacuum pump in order to condense out the volatile
constituents (e.g. tert-butanol and water). The measurement and control parameters
are the amount condensed out, the pressure in the filtrate system of the press and the

filter cake temperature.

In the process described, the membrane pressing pressures are preferably 0.1 bar to
25 10 bar. Temperatures of the pressing and heating medium are 30°C to 80°C,
preferably 40°C to 60°C. The pressure on the filtrate side is preferably less than

100 mbar. The flow rate of the heating medium here is to be chosen high enough for



prefrerably 40C to 60C. The pressure on the filtrate side is preferably |ess
‘than 100 nbawo ofBw@9e4 | ow rate of the heating nedium here is poOT/EROIIIBREN

hi gh enough for WD 01/80994 PCT/ EP01/ 04342 -14 a good heat transfer to take
pl ace between the heating nmedium and product. Drying tinmes are in general
some mnutes to several hours, conventiopglly one to ten hours. Residual
noi sture contents bel ow the specification |imt of approx. 5%are reliably
achieved with this type of drying. 5 The product isolated and freed from
secondary conponents | i S rran?er can be round and pa ka%ed i further

in th
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this i nproved prepa I on process DMC cataly . Since DMC catal ysts
whi ch are pr &zaided myisture costents ibajomothe spiifipatmadasit lndapprax c iYipeae adiiably
activity in the preparation of polyether polyols to that of DMC catalysts
whi ch are pré’ﬁ]é‘F‘g"deBHﬁgnﬁﬁ’ﬁgiogé 4y nore expensive manner by the prior
art to date, this leads to a considerably increased profitability of the
DMC- catal ysed process for the preparation _of polyether polyols. The

present J nverltiegioducs asqlated pad dreed dromy secopdary copponenis & (s Jagperpeandze by
the 15 proc r di I I in a process for the preparation
of pol yet her%@Tn?gﬂggpggﬁ%s{l&a@g@ﬁ%}ég%%'Stgpi'yl ene oxides on to starter
conpounds containing active hydrogen atons. Because of their exceptionally
hi gh activity, the. DMC .catal yst repared b e [ OCEeSS di o the
i nvention can: Slﬁgf’ghcaﬂtes}@ﬁﬁf" eoci$ tpg &Ry ﬁ%\ﬁgegﬂbeeﬁ‘tgpﬁrﬁl%rhgfl%\?{:ﬁp%ﬁ and

| ess, based QBniphRdarRNhe PlioPaltyigtpdsibiRObyY is ifipfeed peiparidh- prbest IF6r

pol yether polyols prepared in the presence of the DMC catal yst's prepared by
the process [MEoeatalpgist Sindee DM evatalysts whishuare grépared: be ther spar snprovedof

pol yur ef hanes r eppval of tl’lﬁc t al y.st fromtge | yet her pol,yol .can. be
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adversel y i nfiypenc@slystWhich are prepared in a considerably more expensive manner by the
prior art to date, this leads to a considerably increased profitability of the DMC-

catalysed process for the preparation of polyether polyols.

The present invention also provides the use of the DMC catalysts prepared by the
15 process according to the invention in a process for the preparation of polyether
polyols by polyaddition of alkylene oxides on to starter compounds containing active

hydrogen atoms.

Because of their exceptionally high activity, the DMC catalysts prepared by the
process according to the invention can often be employed in very low concentrations
20 (25 ppm and less, based on the amount of polyether polyol to be prepared). If the
polyether polyols prepared in the presence of the DMC catalysts prepared by the
process according to the invention are used for the preparation of polyurethanes,
removal of the catalyst from the polyether polyol can be omitted without the product

qualities of the polyurethane obtained being adversely influenced.

25



MO 01/ 80994 PCT/ EP01/ 04342 - 15 Exanpl es Preparation of the catalyst
Exanpl e 1 (covnpar/s®en exanpl e): Catal yst A (Preparation of tperepdialdysat
with a single washing of the filter cake by redispersing 5 w th subsequent
filtration) A solution of 81.25 g zinc chloride in 810 g distilled water
was circulated at 45Cin a |oop reactor{yhich conprises a jet disperser (1
bore of dianeter 0.7 mm. A solution of 26 g potassi um hexacyanocobaltate
in 200 g distilled water was netered into this solution. The pressure | oss
in the jet disperser here was 2.5 bar. Directly 10 after the precipitation
a mxture ofggﬁsﬂégiert-butanol and 325 g distilled water was netered in
and the dispersion was circulated for 80 mn at 45C under a pressure |oss
in the jet disperser of 2.5 bar. A mxture of 6.5 g cholic acid sodium
salt, 6.5 g taeparatignofthe eptalvstso g distilled water was then netered in and
the dispersion was subsequently circulated for 20 mn under a pressure

|l oss in the jet disperser of 15 2.5 bar. The solid was isol ated by
filtration o@é@EHL&A&QMBEEM&M!SHM@DJ&E@E@bﬁhé;nnlst filter cake was then

o 05y o efpiatonaP e Syt POl & s el YRS %‘SJt ter ke, B resfrbis e o o

45C undey a RfiftsaMsQueRSHtrhflor)he j et di sperser of 2.5 bar. The solid was
filtered again over a vacuum'suction filter and the noi st filter cake was

then dried atA d@oi®n Gi08Y.2¥ g3ire chimdisle in 8h) ghdistidled water Bxasrgpicelazd(at 4Hf6aini son
w t.h . washi

exanpl e): rati on of .the catalys of th
Tl tor bake. vIoUE TP oRPERC oAt dsHsGeohre dt SRaF b Ay B Wol G i on
of 81.25 g zispRtieh Io@ms %epdtaks&mh&aeya%b&daﬁéte%tz% fl Hstflledoiiat @Qs RAbtefedC I N a
25 | oop reactor which conprises a jet disperser bore of dianmeter 0.7
m). A sol utllﬂbrthmfsoh@og pdicgssisure lhwmdhanﬂc:bsmrseaheeiwasm@ bgr. dDaedtlyl ed
wat er re into this solutiaon,.The S
di sper s he'a K/\g@ pﬁe%plfﬁlron aljn}xélérpﬁﬁr}% g tert- u ano d 58? dlStlllteH a{ter was
metered in and the dispersion was circulated for 80 min at 45°C under a pressure loss
in the jet disperser of 2.5 bar. A mixture of 6.5 g cholic acid sodium salt, 6.5 g tert-
butanol and 650 g distilled water was then metered in and the dispersion was
subsequently circulated for 20 min under a pressure loss in the jet disperser of
15 2.5 bar. The solid was isolated by filtration over a vacuum suction filter. The moist
filter cake was then washed with a mixture of 13 g cholic acid sodium salt, 455 g
tert-butanol and 195 g distilled water by circulation in the loop reactor for 20 min at
45°C under a pressure loss in the jet disperser of 2.5 bar. The solid was filtered

again over a vacuum suction filter and the moist filter cake was then dried at 100°C

20 for 5 h under a high vacuum.

Example 2 (comparison example): Catalyst B

(Preparation of the catalyst with washing of the filter cake twice by redispersing with

subsequent filtration)

A solution of 81.25 g zinc chloride in 810 g distilled water is circulated at 45°C in a
25 loop reactor which comprises a jet disperser (1 bore of diameter 0.7 mm). A

solution of 26 g potassium hexacyanocobaltate in 200 g distilled water was metered

into this solution. The pressure loss in the jet disperser here was 2.5 bar. Directly

after the precipitation a mixture of 325 g tert-butanol and 325 g distilled water was



after,the precipitation a mxture of 325 g tert-butanol and 325 g distilled
‘wat er was WOwWAhB8R84 PCT/ EP0O1/ 04342 -16 netered in and t he PCHEPII4BN WaS
circulated for 80 mn at 45C under a pressure loss in the jet disperser of
2.5 bar. A mxture of 6.5 g cholic acid sodiumsalt, 6.5 g tert- butanol
and 650 g distilled water was then neterggl.in and the dispersion was
subsequently circulated for 20 mn under a pressure loss in the jet

di sperser of 5 2.5 bar. The solid was isolated by filtration over a vacuum

suction filter. The np filter cake m xtyre of 13
o Chol T e hoi G L dishsog wasaEU SR B PR Shaet b rNt 10k or by
circulation i t far 0SS in
the jet di spé@gﬁeep@tég%?%&%grgs%r e%slgf%&d{@d%a%c?@? %W%déﬁ%ﬂ@%@ﬁy q‘\;’/rlélcuum
suction filt dutaaod ahdhesSHog stistiliett water akas thvers rhéterat | iy ammis theddispersiod Ovasgai n

with a mxture of 4.8 g choljc acid sodiumsalt, 650 g tert-butanol and 65

g distilledshesearensly @rqu&wdatf?rnao iTping wRder GoPrepsuag dess lflothezet ﬁisneraqr a5 C

under a ressy g, 'ﬁ%ssoh@v&ap%ala%dgﬁwa&%ﬁ vafaeacﬁu@%cu&r i, MERHEY.

filtration over a vacuum suctl on the washe NoI ilter cake was

dried at 100Glfeocake Wasjthéﬁrwahbﬂ elithvaatixtare &XE3Tplcholic addtsaliyiat salt, @515

(Preparation of the catal hasig gle filter cake washing)_ A solution
y

of 81.25 g zi ‘i‘{&'bE‘ﬁP‘blr%“éel @lmﬁegi Vtex Pléwlwelfl tb@@%ﬁ?@@tﬂf&%@ BN A5C i n
a | oop react ] lof( e 7 .
A sol ution of @“Eﬁhgé}pﬁﬁé%é‘%fﬁﬁnéﬁé;‘a@% AR o g B ogRe e R el O
was netered apaih@veha sacohugicdon filtbeapt ths swoist files gakmwadﬂﬁnaltytwshhsqbeﬂ&er
here was 2.5 bar. Directly 20 after the precipitation a mxture of 325

tert-butbanol agwa veifly agn@mg@ iof Aeki2 ek agid sodigm aale @50 & grdbutans! and e esi gn
|
oS or ot ot bl B RhARE o R BEEP R A5G 451 B | e

tert- butanollosand tB&Rt dispesti bf 26 bant Alftewe@etvb@ il tiEioRr @er lanvadién tshi&ion
di spersion was subsequently circulated for 20 min under a pressure |oss in

the jet di spdiisprthewasiedomgishiiter cakewgs dried afi 190U &3k prsder adigh Yacpuer ed i n

a pressure suction filter under an

Example 3: Catalyst C

15 (Preparation of the catalyst with a single filter cake washing)
A solution of 81.25 g zinc chloride in 810 g distilled water was circulated at 45°C in
a loop reactor which comprises a jet disperser (1 bore of diameter 0.7 mm). A
solution of 26 g potassium hexacyanocobaltate in 200 g distilled water was metered
into this solution. The pressure loss in the jet disperser here was 2.5 bar. Directly

20 after the precipitation a mixture of 325 g tert-butanol and 325 g distilled water was
metered in and the dispersion was circulated for 80 min at 45°C under a pressure loss
in the jet disperser of 2.5 bar. A mixture of 6.5 g cholic acid sodium salt, 6.5 g tert-
butanol and 650 g distilled water was then metered in and the dispersion was
subsequently circulated for 20 min under a pressure loss in the jet disperser of

25 2.5 bar. 350 g of this dispersion were filtered in a pressure suction filter under an
increased pressure of 2.0 bar. The moist filter cake in the pressure suction filter was
then washed under an increased pressure of 3.0 bar with a mixture of 2 g cholic acid
sodium salt, 70 g tert-butanol and 30 g distilled water by a filter cake washing. The

washed, moist filter cake was dried at 100°C for 5 h under a high vacuum.



Increased pressure of 2.0 bar. The noist filter cake in the pressure
‘'suction filteaevowesn9d hen washed under an increased pressure PET/BPQ/daad2 Wit h
a mxture of 2 g cholic acid sodiumsalt, 70 g tert-butanol and 30 g
distilled water by a filter cake washing. The washed, noist filter cake
was dried at 1 00C for 5 h under a high.ypcuum WO 01/80994 PCT/ EPO1/ 04342
-17 Exanple 4 (conparison exanple): Catalyst D (Preparation of the catalyst
wi th washing of the filter cake twi ce by redi spersing with subsequent

filtration) solytion of 1.625 k inc chloride in 16.2 kg distilled water
was circul at M@éﬂww&éégé@&&ﬁhi ch conprises a jet disperser
(110 bores ofplhLadBRbEbS &e%ﬁﬁw}st with waShiHE bPheQ{lte? cal e @&ﬁb&t g ;vith

hexacyanocobaltate 1n 4.0 kg'distilled water was netered into
sol uti on. Theulpegesn filtrdtoay in the jet disperser here was 1.2 bar.
Directly after the pﬂr}g

cipitation a mxture of 6.5 kg tert-putangl and 6.5
kg distilled” jpinen 136235915%70@8 Chlﬁflg]ﬁbp {Qékaid F%WGF?YMCHF‘FI@G&&E @ﬁcf or 20
mn at C under r N & i i . . AA
Tt ar e ot 01194 répeipt GREHCEmpASES o B diferk ) (U508 Sebiahict o RS A% 5
kg distill edsolutien ofa® .52 Henpoeisture theikiicyanskobhleate dh @ kg distilas watdpsesguent |y

circulated for 10 mn under a pressure loss in_the %et di sperser of 0.1
bar. The sol mFtad intp|thisrselution. Jlheaprasstrreloss in e Jpf disrersendisre wps 12kareased

pressure of 25 r . : r : ' - out
15 filter caé)épevcxgg atft E‘gn e&ggﬁgfgﬂw%m;s& gnl%x?tﬁ?'g kg? E% .%%%ﬁgg%ﬁ%ﬁ@%g@? sodi um
salt, 9.1 kg wdt@rwasomet@red inand tBe QisjsersidnSiasl didlavalt for 20ymiai 4t 39t@uhdeg o N t he

| oop reactor for 20 m.n at. 35C under a pressure |l qss in the jet disperser
of 1.8 War. pressweilosy inghe jet dispsreeg of dddhan Armixtyre 9 PdAdkerqhplie acid sedigmynder

i st prsssdirant i Pisoeidhol B 359, B FRARCY AL AR frckrBFin b, "

m xture of 0.dperskg whobitseqe@ntdy Sadildedsfol 10 mia @it arpreddufealdsy intthd (j:etl- 3 kg
distilled water by circulating 1n the |loop reactor for 20 mn at 35C under

a pressure ld&psrsenof Rel hase Hhos palidswips diltenedginga memirars fifteipikey upddrtanat i on
icgkg Hﬁ(rjﬂé; az.%e)cr%z%lrec,ﬁ %[eﬁg,{r%? ‘S’Z,tb?lgja?rang pges?e%r ouqrh%dgrréﬁé %'arn IR o , I}rgs%eé-imlltt er
15 filter cake was then washed with a mixture of 0.26 kg cholic acid sodium salt, 9.1 kg
tert-butanol and 3.9 kg distilled water by circulating in the loop reactor for 20 min at
35°C under a pressure loss in the jet disperser of 1.8 bar. The solid was filtered
again in a membrane filter press under an increased pressure of 2.0 bar and pressed
out under 4,0 bar, and the moist, pressed-out filter cake was finally washed once
20 again with a mixture of 0.096 kg cholic acid sodium salt, 13 kg tert-butanol and
1.3 kg distilled water by circulating in the loop reactor for 20 min at 35°C under a
pressure loss in the jet disperser of 1.8 bar. After renewed filtration in a membrane

filter press under 2.0 bar and pressing out of the filter cake under 4.0 bar, the moist,

pressed-out filter cake was dried at 100°C for 5 h under a high vacuum.

25 Example 5: Catalyst E

(Preparation of the catalyst with a single filter cake washing)

A solution of 1.625 kg zinc chloride in 16.2 kg distilled water was circulated at 35°C
in a loop reactor which comprises a jet disperser (110 bores of diameter 0.7 mm). A
solution of 0.52 kg potassium hexacyanocobaltate in 4.0 kg distilled water was

30 metered into this solution. The pressure loss in the jet disperser here was 1.2 bar.




pressed-out filter cake was dried at 100C for 5 h under a high vacuum 25
‘Exanpl e 5: Cav@bysivo£ (Preparation of the catalyst with a sipgi/epéiidssaar
cake washing) A solution of 1.625 kg zinc chloride in 16.2 kg distilled
water was circulated at 35C in a |oop reactor which conprises a jet

di sperser (110 bores of dianeter 0.7 nmm) g A solution of 0.52 kg potassium
hexacyanocobaltate in 4.0 kg distilled water was 30 netered into this

sol ution. The pressure loss in the jet disperser here was 1.2 bar. WO

01/ 80994 PCT/ EP -18 Di rectl after pre re of
6.5 kg tert- Bes zs ﬁsllh cPreciRIAtNSt it 0@@?3&’ i%@@%ﬁﬁéﬂ(gﬁiaﬂ%
di spersi on ¢ t he
Tet al sperser i {RIMELRA haha il Mooy ol G Bledtor PO BRR A g1 aRadd ||
0. 13 kg tert phaskarndbssan cheljat dls;b’egse@lloﬁﬂﬁlﬁaﬁdAWﬂerewﬁQ 1Bherchotie eciddodinmand
the 5 dispersi on was subsequently circul at ?d for 10 mn under a pressure

loss in the jait 0.4 &gdeddptagpl and 159 ke distil %WaETrM t’f‘i“} fstezed ithasd Mienbr ane
filt f Kk
1 the Renor SBERlqres LIREGRAAP AEAARHIE: 10 bt 2 ot f bl B 2ok
of 2.5 bar wididpesenbkOurlearof Tke 2lidkyas fieted inag Inﬁhnﬁﬁdmwﬁltslabﬁess and):rk@l

tert-butanol .and 3.4 kg distilled water ?(Féa filter cake 10 washi ng and the
washed fi | t edneased peessureeh2 frhess The mofst fitgsakgin theanemnbiane Hitecpressevasof 5. 0

bar. The noi er a
hi gh vacuum %E ‘%ﬁ%&gg&%«;&% Flé %S%E f%%%g\g?gt%dﬁ%g %H&%gét‘g@ 2%51(% #ﬂg
single fil teracmlakcﬁhmsdaltn@ (lmg nert-dutahol afd Bt kg distilledesate) b eStﬁlltHi caie of
6.485 kg zinc chloride in 23.9 kg distilled water and 3.4 kg tert-butanol
was ci rill at arrshingzod thewashed Siler eake s thi RIBSSEd APt Wsles an incraased RpwHEer (28
bores of di { 0. t 6

hexacyanocob%?%a(féari' n%ggg)%%%%%sep T(iul?g(ljt% % éf\&}\%%ﬂ%%ﬁf@dé:? Rt 3 3 }% HP%er a

sol ution. Théig esauhe | oss in the jet disperser 20 here was 2.5 bar.
Directly after the precipitation a m xture of 0.144 kg tert-butanol,

Example 6: Catalyst F

(Preparation of the catalyst with a single filter cake washing using a "hot filter

15 press')

A solution of 6.485 kg zinc chloride in 23.9 kg distilled water and 3.4 kg tert-butanol
was circulated at 50°C in a loop reactor which comprises a jet disperser (28 bores of
diameter 0.7 mm). A solution of 0.65 kg potassium hexacyanocobaltate in 8.0 kg
distilled water was metered into this solution. The pressure loss in the jet disperser

20 here was 2.5 bar. Directly after the precipitation a mixture of 0.144 kg tert-butanol,
0.685 kg polypropylene glycol 1000 and 3.98 kg distilled water was metered in
under a pressure loss in the jet disperser of 0.1 bar. The dispersion was then
circulated for a further 90 min at 50°C under a pressure loss in the jet disperser of
2.5 bar.

25 58 kg of this dispersion were filtered in a membrane filter press (two chambers, filter
area 0.6 m?) with a constant pressure difference of 1 bar (20 min). The filtration
phase was followed by gap washing with a wash liquid pressure of 1 bar (30 min).
44 kg wash solution (65 wt.% tert-butanol, 33.7 wt.% water, 1.3 wt.% polypropylene
glycol 1000) were employed for this. The filter cakes were then pressed out with a

30 membrane pressing pressure of 16 bar for one hour. The cakes were now dried in



0. 685. kg pol ypropyl ene glycol 1000 and 3.98 kg distilled water was netered
'in under a weessswes |l 0ss in the jet disperser of 0.1 bar. TheTdpP&pasei on
was then <circulated for a further 90 mn at 50C under a pressure loss in
the jet disperser of 2.5 bar. 25 58 kg of this dispersion were filtered in
a menbrane filter press (two chanbers, fi4ter area 0.6 m) wth a constant
pressure difference of 1 bar (20 mn). The filtration phase was followed
by gap washing with a wash liquid pressure of 1 bar (30 mn). 44 kg wash

olution (65 w.%tert-hbutanol, 33.7 .Yowater, 1.3 w.% pol ypropyl ene
ol yeol 1000 ket Jylisa B (e anertirans Presne piskast s oURmEl Bldetod out
W Eh a 30 ey Hae i 0Sirail AR Sy Rl VA o i RRE IR TRSrERIRS Wer e

now dried in WD 01 PCll' 4342 -19 e menbrane filter ‘press. The
menbr ane pr esfiimigally 66 subae and sowatis dteechdt af the ldeying 3T meban evatsiapgliahan treessi ng

medi um was er with t enper at ure 60C. _.A pressure of initially 50
mbar and t oﬁﬁ&&%}e@ rgrdrying tlam%S §W°ﬁﬂ%ﬁﬁ%\}§§ld8ﬂﬁppléﬂlf%wftt% offiet r at e

side. Afger gdf¥ikadvds f2H. 5 seconds, the residual noisture content of
the 5 fil terlféagéeﬁéwa%ss @E}?‘r*oi% 3% Preparation of polyether polyols General
procedure 50 g pol ypropyl ene glycol starter (nolecular weight = 1,000

g/nmol) and 3 t al - pm based on the anmount of polyether
pol yol to beﬁ‘e tiof].of ﬂ{ ofyol ially introduced into a 500 m pressure
reactor under an inert gas (argon) and were heated up to 105C, while
stirring. 10 RI yole eeoxi de were then netered in all at once. Further
pr opyl ene oxi%@—%gg—@ﬁ@y‘—netered in again when an accelerated drop in
pressure in tspeg Ry SIPk etatRE . (mbictlad GegIfr-atiambods/a]) BndBSS sy €
indicates that the catalyst 1s activated. The remai ni ng propyl ene oxi de
(140 g) was r8talyseql Smat ppradbasad oorthé amoust of mlmbéherapot}@gm bepreperedaivere

o tor o af ¢ appEaroiER) IS oS00y Gupsstil RAGBLSEE B HE B0 pERDE er ¢
distilled of fywaé h8R&d G tdTP@ser, Mfle si8ing©a0td MBpylene oxide were then metered in
all at once. Further propylene oxide was only metered in again when an accelerated
drop in pressure in the reactor was observed. This accelerated drop in pressure
indicates that the catalyst is activated. The remaining propylene oxide (140 g) was
15 then metered in continuously under a constant overall pressure of 2.5 bar. When
metering of the propylene oxide was complete and after an after-reaction time of 2
hours at 105°C, volatile contents were distilled off at 90°C (1 mbar) and the reaction

mixture was then cooled to room temperature.

The resulting polyether polyols were characterized by determination of the OH

20 numbers, the double bond contents and the viscosities.

The course of the reaction was monitored with the aid of time/conversion curves
(propylene oxide consumption [g] v. reaction time [min]). The induction time was
determined from the point of intersection of the tangent at the steepest point of the
time/conversion curve with the extended base line of the curve. The propoxylation
25 times, which are decisive for the catalyst activity, correspond to the period of time
between activation of the catalyst (end of the induction period) and the end of

metering of the propylene oxide.



i xture was then cooled to roomtenperature. The resulting polyether

"pol yol s wer e whnarsoberi zed by determination of the OH 20 nupbBEB)/Gbe
doubl e bond contents and the viscosities. The course of the reaction was
nonitored with the aid of time/conversion curves (propylene oxide
consunption [g] v. reaction tinme [mn]).pghe induction tinme was determ ned
fromthe point of intersection of the tangent at the steepest point of the
ti me/conversion curve with the extended base |ine of the curve. The
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10 15 20 25 WOOT BUBBSIET) EP0L/ 04342 - 20 Exanpl e 7(abpar sony:
Preparation dlyedieypolyer polGidhumbeh(nepKaltygt A (25 @8 Propoxyl ation
content (mmol 7Kgy 6 i scodtaupotsiiapia (Rankmiamfl o 6 (comparison)-
o 20 min Polyether  polyol S0ty Btbar (hg KoH g): 38 o Doubl & bond_

content (mmol/kg): 5 Viscosity 25C (nPas): 893 Exanple 9: Preparation of
pol yet her po'l%&%np% k?co(‘i%ﬁliyo%t): ﬁeﬁ%?ti&%‘? pol%&l?e?%%ﬁoiig\)itﬂ%a%alyg?ﬁ (%SQp}an1
Propoxylation time: 20 min

Polyether polyol: OH number (mg KOH/g): 28.9

Double bond content (mmol/kg): 5
10 Viscosity 25°C (mPas): 893

Example 9: Preparation of polyether polyol with catalyst C (25 ppm)
Propoxylation time: 19 min
Polyether polyol: OH number (mg KOH/g): 29.3
Double bond content (mmol/kg): 5
15 Viscosity 25°C (mPas): 887

Example 10 (comparison): Preparation of polyether polyol with catalyst D

(25 ppm)

Propoxylation time: 19 min

Polyether polyol: OH number (mg KOH/g): 29.2
20 Double bond content (mmol/kg): 6

Viscosity 25°C (mPas): 832

Example 11: Preparation of polyether polyol with catalyst E (25 ppm)

Propoxylation time: 20 min
Polyether polyol: OH number (mg KOH/g): 28.9
25 Double bond content (mmol/kg): 6

Viscosity 25°C (mPas): 869



Pol yet her pol yol: OH nunber (nmg KOH g): 29.3 Doubl e bond content (mmol/kg):
‘5 Viscosity woe/gops): 887 Exanple 10 (conparison): Preparpti/epoinfsssz

pol yet her polyol with catalyst D (25 ppn) Propoxylation time: 19 mn

Pol yet her polyol: OH nunber (ng KOH g): 29.2 Doubl e bond content

(mmol /kg): 6 Viscosity 25C (nPas): 832_fkxanple 11: Preparation of

pol yet her polyol with catal yst E (25 ppm Propoxylation tinme: 20 mn

Pol yet her polyol: OH nunber (nmy KC]—I/ g): 28.9 Double bond content (nmol/kg):

6 Viscosity 25C (nPas 869 5 01/ 94 PCT EPQ1/04342 -21 Exanple
12: Prepar at .ﬁam&(‘i@ &pHatio rwet rtpﬁﬁyeﬁwgwg&am 1?555 Pr opoxyl at i on
time: 14 m npﬁﬂ#&g‘%gﬁ ol yol : OH nunber (nmgy KOH g) 3 0 Doubl e bond

cont ent (mmlf I Scosity 250 (mPas): 809 Exanpl e 113 Preparati on of

pol yet her polPpblether pblyoht al YH nEmbaS(mpKPH/Ex: opoxy! at3dah tinme: 23 mn
Pol yet her pol yol: OH nunber 29,3 Doubl e bond content (nmmol/kg):

OoH g) :
5 Viscosity 25C (mPas): 88 (gl%le'%ond content (mmol/kg):
5 Viscosity 25°C (mPas): 809

Example 13: Preparation of polyether polyol with catalyst F (15 ppm)
Propoxylation time: 23 min
Polyether polyol: OH number (mg KOH/g): 29.3
Double bond content (mmol/kg): 5
10 Viscosity 25°C (mPas): 881



WO 01/ 80994 PCT/ EP01/ 04342 -22 5 Patent clains 1. Process for the
"preparation ofoDMidegat al ysts, in which A) aqueous sol utions PET/EPSII43RAl t S
are reacted with aqueous solutions of netal cyanide salts in the presence
of organic conplexing ligands to forma DMC catal yst dispersion, B) the
di spersion formed is filtered, C) the fibjer cake obtained is washed with
solutions of organic conplexing ligands by a filter cake washing and D)
the washed filter cake is dried. 10 2. Process according to claim1, in

whi ch step Az S cgr,ri ed out in the presence of an organic conpl exing
ligand a) an L re further conplexing Iligands b) which differ from

a). 3. Process according to claiml1l or 2, in which in step C the filter
cake is washed with an_aqueous solutjon of an organic conplexing |ligand a)
and 15 opt | oHaIIyP(S?F@S%fOr Iéfew?tf%?f]w Y%ﬁ@lmw&&?ds b) which differ
froma). 4. Process according to claiml1 or 2, in which in step C) the
filter cake is washed with a non-aqueous sol ution of an organi c conpl exing

ligand a) and opthonaladyeanssofionpelametal salis arecsaged vithgdareays sektipys ofhi ch

differ froma). 5 Pro r.dLng: t i 4, in wWhich the
filter cake washing i S‘}Ee;%l %g‘gl{ralece%l olt?ttﬂgg)pezse?{eo@(ﬁﬁﬁ%é?n&lﬁ}ae%ﬂllgr‘ulbg.an%s. fo
Process sccordi ng to orern@h DM@Eicamlybt di8pdrsion) Which the washed filter cake

is pressed out or_ subjected to nechanical renoval of noisture before the
dryi ng. WO 01/ 80993 PCthedispergiagfgrmed ipfltergd, Process according to one of

claims 1to 6 in C’Yh : CQhés tﬁl?esi' I('?’keano(ti)tacl:l)leda i§ washed with solutions of organic

complexing ligands by a filter cake washing and

D) the washed filter cake is dried.

10 2. Process according to claim 1, in which step A) is carried out in the presence

of an organic complexing ligand a) and one or more further complexing

ligands b) which differ from a).

3. Process according to claim 1 or 2, in which in step C) the filter cake is
washed with an aqueous solution of an organic complexing ligand a) and

15 optionally one or more further complexing ligands b) which differ from a).

4. Process according to claim 1 or 2, in which in step C) the filter cake is
washed with a non-aqueous solution of an organic complexing ligand a) and

optionally one or more further complexing ligands b) which differ from a).

5. Process according to one of claims 1 to 4, in which the filter cake washing is
20 carried out as a flow-through washing.
6. Process according to one of claims 1 to 5, in which the washed filter cake is

pressed out or subjected to mechanical removal of moisture before the

drying.



- T S T -

carriged out using a filter press. 8. Process according to claim7, in which
“steps B), C) waodi/gdpoare carried out wusing a heatable filterpQr/Eps/045429.
Process according to one of clains 1 to 8, in which step A is carried out
using a mxing nozzle. 10. Process according to claim9, in which the

m Xxing nozzle is a jet disperser. 11. DMy catal yst, obtainable according to
one of clains 1 to 109 [sic]. 12. Use of a DMC catal yst prepared according
to one of claims 1 to 109 [sic] for 10 the preparation of polyether

pol yol s. 7. Process according to one of claims 1 to 6, in which steps B) and C) are

carried out using a filter press.

8. Process according to claim 7, in which steps B), C) and D) are carried out

using a heatable filter press.

5 9. Process according to one of claims 1 to 8, in which step A) is carried out

using a mixing nozzle.
10. Process according to claim 9, in which the mixing nozzle is a jet disperser.
11. DMC catalyst, obtainable according to one of claims 1 to 109 [sic].

12. Use of a DMC catalyst prepared according to one of claims 1 to 109 [sic] for
10 the preparation of polyether polyols.




