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known techniques, preferably by centrifugation or filtration. To achieve a

sufficiently hi g/lh WO 01/ 80994 ) ] .
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)g)2 ® x ZnCl; » y HyO 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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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.
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process for the preparation of double metal cyanide (DMC) catal ysts, in

whi ch aqueous solutions of a metal salt and a netal cyanide salt are first
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sul fate, ironglifaple for the process according to the invention are the reaction products of water-

soluble metal salts and water-soluble metal cyanide salts.

Water-soluble metal salts which are snitable for the preparation of the double metal
cyanide compounds preferably have the general formula (T)

15 M(X), (),

wherein M is chosen from the metals Zn(II), Fe(Il), Ni(II), Mn(II), Co(Il), Sn(1l),
Pb(ID), Fe(Ill), Mo(IV), Mo(VI), AlII), V(V), V(IV), Sr(ll), WAV), W(VI), Cu(Il)
and Cr(Ill). Zn(II), Fe(ll), Co(Il) and Ni(II) 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 fornis 1,

2o0r3.

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

also be employed.



25 Bromide, iron([[) chloride, cobalt(ll) chloride, cobalt(H thiodyaAHs 2
nicket ([[) chiys pfigoand nickel (11) nitrate. Mxtures of diffpereRboingaa
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PCT/ EPO1/ 04342 4 \Water-sol uble netal cyanide salts which are suitable for
the preparation of the double netal cyani q‘e conmpounds preferably have the
general formula (I11) ( Y)S8M (CN)b(A)c (I1), wherein M is chosen fromthe
netals Fe(ll), Fe(lH, Co(ll), Co(lll), C(ll), C(lll), 5 wm(Il),
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carbonates, cyanates, thiocyanates, isocyanates, isothiocyanates,

carboxyl ates, oxalates or nitrates. Both a, and b and c are integers, the
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X', 'y and z are integers and are chosen such that e ectroheutrality of the
doubl e ndlal ewyians clmsemlﬁrpmnthd geou;sc:cmmsml@bﬁhzﬂhﬂey,,hydrom&s, sﬁlfates,lqarbormteﬁ, and
=2, M= I I I M I
|Z:e(| X ) k){zm)a?zs# r atesoqgoc anatcs 1301(.1110 yan:f’IQsd carboxylz%)s( oxalates or
nitrates. Both a, and b and c 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 (. Examples of suitable water-soluble
15 metal cyanide salts are potassium hexacyanocobaltate(IlI), potassium

hexacyanoferrate(Il), potassium hexacyanoferrate(Ill), calcium

hexacyanocobaltate(III) 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]. (1ID),

wherein M is as defined in formula (I) and M' is as defined in formula (I), 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(1l),
Fe(I), Co(II) or Ni(II) and M' = Co(Ii), Fe(IIT), Cr(1II) or Ir(1IT}.

25 Examples of suitable double metal cyanide compounds are zinc

hexacyanocobaltate(IIl), zinc hexacyanoiridate(Ill), zinc hexacyanoferrate(Ill) and
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cobalt(I1l) hexacyanocobaltate(lll). Further exanples of suitable double
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conpounds as conplexing- ligand a). Conponent b) is preferably a polyether,
pol yester, pol thempboResterredyprganiqomplexing bgandg ajec wategrsolublgrabiphatiq deeholy -
ester of ,pol yh i ol al gl r-bi.tan est.er, |l e
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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
jonic surface- or interface-active compound or an a,B-unsaturated carboxylic acid
ester. DMC catalysts with such ligand combinations are described ¢.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.
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Suitable for the process according to the invention can optionally also
conprise water and/or one or nore water-soluble netal salts of the fornula
(1) fromthe preparation of the double netgl cyanide conpound. The DMC
catal ysts according to the invention are conventionally prepared in 5
aqueous solution by reaction of netal salts, in particular of the fornula
(1), with netal cyanide salts, in particular of the formula (I1), organic

conmpl exing | i giheiDME catahistsophich e sujtablgdoothe process ascending todhpinagntianr ¢anng
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m xture with wa anic co exin cat al yst
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process variant, described in. US-A.5,891 8, Jdn_which s .of the catal yst
i Spersi on pr oBhF BN TP OF bg: B o 4 e a8t SHer Cor SYBSTILE ¢ he
reactor headspapRiontdrié BRceSs (4t Wast S0 ehoPk! BABA BRHR: hetaPDARGRIE shifYWHA ofithehi gh
shear in-line mxer". However, the DMC catal yst dispersion is gxrﬁeferabl y

pr epar ed 10si ngmatakicyanide salt £¢.8. paBss{um diexecyamasobaltate)t arn pzefewblyl Bursdseastsdz | e,
Bosch nozzle aﬂeq‘etirﬁeﬂllel lﬁr%%éncgagft %uglagraxlﬁ)é c\:/d\?mg%)/ugg 9llggdémd a) (e.g. tert-butanol), a

dispersion forming.
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*

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
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described in Geyaamseeed ent Application 199 58 355.2. In a snoptfepeiods:
nozzle a first educt streamis first accelerated in a nozzle and atom zed

at a high flowrate into a slowy flow ng second educt stream MXxing of 5
the two educt streanms then takes place via-the turbulent disintegration of
the resulting jet into eddies of different size (eddy cascade). Conpared
with the stirred tank, concentration differences can be broken down
significantly faster in this nanner, since significantly higher and nore *
honpgeneous ouPfsfRrabiEnaijel dispersar, baichcas és ddscribed HowGvrman Rafest Afipsipaicner
shoul d preferaggé(sgg gegpl oyed for the process according to the invention.
The jet disper % e constructed such that two nozzles are arranged in
series. Afirst educt streamis first accelerated to high degree in the
first nozzle due to the narr?wi ng in cross-section. The accel erated jet
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such that furt#dievgdcel eration of the partly mixed educt streans takes

pl ace there. Because of the shear forces which additionally occur in the
further nozzles as a result, the state of honbgeneous mxing 25 is achieved
by a fastlér edHpwgver ajdghspersenshaonldprefryalily be tempioyed fpathe gravessacaoslingotioh
jet nozzle. As,a result, en.in.precipitgtion reactions with a very high
rate of seed F‘Sr%?‘%{b%'i t esjebg]é%ebﬁe’é% cﬁ(i’r@%a?‘i&uegu _ zﬁﬁ\% B PeEAss @i ng
of the educts, ahgedd sdries! A fiRQeINdsked 1€8 RREdeRatEP]d MEH dSfrel e TREt | C

conposi tions during the precipitation
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 aresult, 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 um to 200 pm



reacti on. Nozzle diameters of 5,000 pmto 50 m preferably 2,000 pmZtioARDU;
m 6. WO 01/ 80996 o¥:se9d AUG 2066 PCTI EPOI /04342 have proved fromonrabiamzat
‘pressure | osses in the nozzle of 0.1 bar to 1,000 bar or output densities
in the range froml * 107 WnB to 1 * 1013 WnB. n nozzles (wheren =1 -

5) can be arranged in succession, dependlng on the desired particle size,
so that a nulti-stage jet disperser is obtained. The additional advantage 5
of further dispersers is that particles which have al ready forned can be
commi nut ed nechanicallg by the high shear forces in the nozzles. '
possi bl e. i n t Hiaye paovesdr fayourablecs pressprgr lopssh én tha norzl abBd s tofl 02)@ batrmr to

comi nuti on' ey BEe Baveraae 6% rall WARG TR B ST on. 10 Other

m xi ng organs for the preparation of dispersions, such as are described in
EP- A 101 007, WO 30476 or Gerpman Patent Applicatjon, k199 28 123.8§, .or
conbi nati ons orfn?ﬁi%s Whete ™g bor ghern W%g@%@lcé?ﬁﬁ}oﬁyé@enﬂégt@d% 3?3“15%

di sper si on_ Y, 608%0U6 e d BEREASEO BaaiR% bOnkd (HEaRAEAESeRtect e

CI‘ySt allization en nce ature can have consi dera

i nfluences15 ot fuRBercdiyserstrs fsahagiartidlePwhick have alréaﬁgtfomxedMngﬁrcomnbed
I nstall ed downstream of the m xing organ for an isothernmal praocess

procedure. Proppehenicalie bx thy kigh gheas f%g%mtibenoms ék&rﬁﬂseblebp thip magsd tof g

relatively |ar nunber of arra e ng in

paral l el or n‘%ﬁ? & RRHClgy Wi h‘é@?tglés I”én gﬁgeogf "'%bwevsg?adn{)ﬁ "Ignaé) F%é

not achi eved bﬁbzﬂéﬁrmgsw lﬁmen@pzrzd\&vzp b adbRirBiutish REE 14 beQRRiehéd by of
energence of a core stream exi sts in thi's nanner, the result of which'is a

det eri or ati on ¢ircutatisg thedispersiesul t. Slits with an appropriate area are
therefore preferably to be enployed in the case of nozzles with large free
nozzl e areas. The catal yst dispersion is now subjected to a working up
process, 10 he aDther afixidg aigan? forathe premmati;mi of) dispérsiohs,t sueh cat axk ydescribed in

particles, waspng. oTesPR W s 89 3r QlmiD! BLeh Application 199 28 123.8, or

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 approprate
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



and thermal drying of the catalyst. A large number of processes and 24 AUG 200

apparat us CONWRY Giigdssy exi st for each of the individual procesiscf,hp%oﬁﬁ
single apparatus in V WO 01/80994 9 2 4 AUG 2004 PCT/ EPO1/ 04342 I C

the steps nentioned can be carried out in their entirety is preferably
enployed in the process according to the i9nvention. To separate off the
catal yst particles fromthe dispersion, all’ the known processes for
filtration or sedinmentation can be enployed, such as are described e.g. in
“"Ul mann's 5 Encycl opedia of Industrial Chemistry", vol. B2, chapter 9 and*
10, VCH, . Wi nhehich the 88pameniionedidan dbwatriedeut imilicis entirehy is préfesblyfmplayag
-Trennung", eds.; H Gasper,,. D. OCechsle and E. Pongratz, WIey-VCH Verl ag,
Vi nhei m 20001.nq*ﬁBrQ‘fF§s\ﬁ%ﬁ‘§fd“lﬁ)tPéh?%né{me(B’r the separating off can be
applied by mass forces (centrifugal force, force of gravity), electrical
forces of pressure differences (gas pressure difference, 10 hydraulic
pressure, nechafiseraratp pficthe catplystpastielppipmtthe dispersioa, alhthespewatpeocesses for

cont i nuous!y ok gkl s ARRAE BLIBESULED ROCLALS ADALEDNL 583,01

sedi nentati on are, tor - exanp ges wWth or wthout 1nserts,

in the ceptrifBa&cldpriacdf. InesthalCiasiktyy”, 9BE B2, cR&pt&rd w1 §, ACH, TeRMednOr S
with a high thickening effect. Apparatuses which 15 operate batchw se by

filtration arel988mdyaiifauibughyder tdustrietler EegtFRidssignT snnyned s eds:eH. Sasner.on

filters), plat esgure . filgers, c I IJ{ers filter,presses (frame,
charber ) hemoPakiechf g By b8 Mintyrtk et SheahurSalior IR divind
D-87527  Sont hgdigmtidi $6ahSEehrARB237 Zan baHpBhsd by hiasy foRRs éenasthoAITarca) fofte
paring or reversing fil-ter centrifuges. paratuses which opérate

conti nuously bef fgravityat eleatricab fofags X0 pessaurp| éiffevences. gdselprespuret differende,um -
filters ressur r vacuunm), di.sc. filters (pressure r vacuu

cross- 1100 1 puradls, R mfstifisel Prévitreh G B8 otumrinG® S r by gRgate

Di scont i nuous! yoRebady BObdttAdiges or filtering centrifuges are preferably
enpl oyed. Menbrane filter presses have proved to be particularly

favourable. For the separating off, charging of the menbrane filter press
with a fine-popgfahiukdivhich operate batchwise or by sedimentation are, for example, tube

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.



25 medi,um preferably multi-thread fabrics based on pol ypropyl ene, si AdeAUb 200
these- are resygigiRbees0 SOl vents, such as tert-butanol, is reqgmeshinds? 4
AUG 2004 WD 01/80994 PCT/EPO /04342 -10 The separating off is in general
carried out at tenperatures of 10C to 80C. The pressure differences

applied can be 0.001 bar to 200 bar, pref_elroa.bl y 0.1 bar to 100 bar,
particularly preferably 0.1 bar to 25 bar, the pressure difference enpl oyed
dependi ng on the device enployed. This results in filtration tinmes of a few
mnutes 5 to several hours.” The noist filter cake usually has a residual

noi st ure. cont efhe sparaBingoafH isoBogenieral ichmriedoiuit ahitengpepatoree o 1906 po BRXC.c dhal yst

whi ch has been separgted of f buf |s stil nt am.nated b er-sal ubl e
by- products i sprﬁ%?:g{%a%fﬁeﬁem% WPB(EeJa CpR Ittlee(ll)'ogg&’ér tﬂé@ﬂi ﬁ?’(j Pk—/"f‘\gg@ﬁl %ig?ﬁ'érﬁ)
washing) or a gRingid; [ ' ' HIFE S
purpose. In the proc sgegcﬁpﬁgbmwtlE’gp?ﬁ%%ﬁ%@gégﬁ“gipﬁ%gtéﬂ&ggﬂi ng

i s preferably dependiag onuhe dévite emploged.nbh resplte G filtsadion ttinmsssof @f fetvirainutes
conpl exing ligand a) and optionally one or nore further conpl exing
corrponentg b) . toTyeerab pawrs; | Theomopsh idter sakeapgually has weisii@éé?%w fortent of
washed with arb(eégggy% solution of the organic conplexing ligand a) (e.g.
tert-butanol). ter-sol ubl e by-products, 15 such as e.g. potassium

chl oride, can be renoved fromthe catalyst in this manner. The anount of

or gani ¢ conpl exi Lgand a) in the.aqueou saol ution here L
ot o er abl y 40 PoBEolFHE Bhedsh oleh R SRR A3 w e ' PhaiBl Bef Bt stbe
preferable to copdinihtted N AHLQAURIbIABRpEQIuelsi BNwadhedMOANasH of 4l FR&T cake
conpl exi ng conponent b) - particularly preferably 0.5 to 5 w.% based on

the total sol uvashing £0 displecentend wgshings rirng combinagioni oft the typas possblefiner s
dvant i .the ti ired for,. t Ki

ot h ok e TS ROttt BB ondhe ek aerdRina s b insknde b arBFBaRER o

does not have {ghhg 1€ pPRMReblyY @BrichColt Will of1Gr hbAN&HRILE SolutioRs aFothRer

apparatus, as with mash washi'ng. Variants of flowthrough washing on the
menbrane filt esompledag ppaida)andpptimmillyyang or 2Bre furthys pompleking gompdnenishi. ng
through the entire cake. In gap washing, the chanbers

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



of the filter press are not filled conpletely with filter cake, so hal6a.

gap remai ns behweeevekhe two hal ves of filter cake in the fil tgfrcreagias .
The wash liquid is added via the suspension channel under a sufficiently

hi gh pressure, is distributed in the WD 01/80994 -11 2 4 AUG 2004

PCT/ EPO1/ 04342 gap, flows through the fi l-tlﬁr- cake and | eaves the filter
press through the filtrate channels. In the case of displacenent washing
through the entire cake, after the filtration the two halves of the cake
are brought together by punping up the mnenbranes of the nenbrane filter
pr ess. . Conpactgapn flotvsttheough| the rfilteaikeake aind Jegpeadhe fBted gpesa dhroyghihe Hdtrate

menbr ane” pressin ressure applj ed.. The nenbyrane.pressing ..pressurge i

mai nt ai ned durqhﬂ%'e?%e%\hgg%f; .Ot]'l‘ﬁép]ﬁmnlti% Hep rtbe i%gn%r‘é’?(g’r %\%ﬁrﬁ?o
be chosen | ovefirhfid) the) SwBEHANANST RAE ik Ard HRATHE Sopctda W?tﬂnﬁbﬁ}g‘ 8p the
preferably enployed in the process according to the Tnvention, since it
requires | ess rhembranexofghe esenparate filierapress. Hommpeetien of thedfiltdrcakestabés plageh

quality. 10 An_anount of wash |iquid which has the effect of as conplete as
possi bl e ain  eleesRdipe ot the HBCTRRTUA PreSINg BGFYTS apRlied. §iTPEMDIARG PESSIBEK e

the T1ver caRdraegiantdie: Hifnd B PRy, R oth A SO EProtpBBiig °F

50011, parti cWeashbyendoekethahlthe thérhbrane préddihg pidssube gap washing is in
general carried out at tenperatures of 10C to 80C, preferably at 15C to
60C.- The pressure differences applied can be 0.001 bar to 200 bar,

preferably 0. 1GHpwaiting 8GrbRfablPahploged B th p%&ﬁ@i&bfcﬁn%okh@ﬂ{veh@orﬁ Sirkar .
The washing tinmes are as a rule a few mnutes to sone hours. This first
washi ng step darequizes loby time andgives patievlap bpinagenspepeatalysthobhjgk qualityr 20 -
non- aqueous sol utions of the organic conplexing |ligand a) and optionally
one or nore further conpl exing conponents b), which are |ikew se carried
out accot@i ng Am amduat iofiveashi bguidswhichtlas thekefastofiiasgeonjiiete aast passibje eh t he

catal yst can be jncre d further . by . .t.his means wever,. it has . hee
found’ that 8 SChEEs of CEPEstiaEniRiddD D uer (Lfer ke isietpiotd dq,B6us
sol ution of thgRIHaNTie CSTREDEWHEH 1iq8RNEnAlbyé) 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.



25 optionally one or nore further conplexing conponents b) by filter 2 daklés 1004
washing is alweadwosyfficient to obtain DMC catal ysts w th anpcr/EP01/04342
exceptionally high activity. WO 01/80994 -12 2 4 AUG 2004 PCT/ EPO1/ 04342
A significant reduction in the total amount of wash solution to be enpl oyed
is often possible in the process according to the invention conpared with
the processes of the prior art, so that the process according to the

i nvention also |leads to a reduction in the material costs of the DMC

catal yst preparation. 5 For substantial renoval of the wash liquid fromthg&

filter.cakes f&ﬁlgnh*écapt:rqﬁ‘@g@orbm thg mqiﬂbmhwgltpﬁ@aphls¢lugwmmb¢@uﬂey¢cblstdf@n

ener gy consunpt rin at er t he cont ent f th
Firter care t PasaRBa Frosf ahedine f thedbionplisompged it e LSS of

possibilities giorredusitngd th@ﬁrd%@:?seac\éé‘}dﬁf?tooﬁxe 1H@enftlbhtafsb 1@@&&% abeéduafo%%ﬁ' ng
out by means of pressing ranms or nmenbranes, or of renoving the noisture 10
fromthe fil tahemkamlbgstsaofjbsﬂh’[@s:ataﬂﬁtmepmnemce or by centrifugal

forces. This can take place in the same apparatus as the prior working up
(for exanple reversing filter centrifuge or nenbrane filter press) or in

an addi ti®nal Fppabshntial (éabvalxdht evaskYigulddfompthe FHtep talles fut tie furpdserof
press). The liquid escapes through a suitable filter medium 15 A nenbrane

filter press igpppengthePurishgndyedicing mﬁee@ﬂrac@gssm@ﬂddm@a taterdermal
t P
et o0 " SEPoR b APURTARE e § HouBLER b RRBE ARG o =o' ™

possible pressures, has proved to be advantageous This can be foll owed by

| of b DI di ff d Jrenb
o essing pressraiy e Bl %e%%%ﬁéﬁéiﬁf%pa@s i e BB ot B ATEReRRE By,
the nenbrane pireaigst erﬁ§difs%f QQinDYhms 3F fle¥iHrares, diteRbi R tﬂé moisture

tenperatures of about 20 to 12 0 and under pressures of abou .1 nbar to
normal pit@ss urfeortl 10 Blteheakys bi:@rgaaqxesdmyehﬁ'er(sﬁmor taumpiﬁagqia'dnuee (Th;smas)

and convection ers or exa e belt;1 ers%}%and SO s ray dryers are
b e s or ke HEte b Sarky BiRmstuss e PHOCRONRE T Hob Sramilc BversE s
the devices chenffﬁ‘ﬁé@Bk GR¢mBRARE ek e Tor Qb dd Adiflonal NipphRhisefor §xample

preferred in th
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.



process according to the invention for safety and industrial hygiene}{ Ayg 20
reasons. A 2 o odgmedON WO 01/ 80994 PCT/ EPQJ/ 04342 - 13 Exarpkm@i/osfab
filter apparatuses in which products can be dried by convection are

candl e, plate pressure, drum disc or belt filters. Suitable filter
centrifuges are centrifuge dryers or revelgs_i ng filter centrifuges.

Exanpl es of combined filter apparatuses and contact dryers are stirred

pressure 5 suction filters and candle filters, in which the cakes are

thrown on to a heated base ~and m xed thoroughly there before drying by the
candl e. .A heatBxaAmpley pf &iltep pppasatnsespinewhichnrgdustp casy bel drigd thyecqmvertionsare Thi s

is constructed |ike conventional filte .£SSs Wt r ane..package.
e monbr e <rets pie PRSTRL AR sk ohal HERR osintee Tk nRihas She
merbrane’  sheefetriffigd B3trsdr REREIND ARG &'ﬁgﬂﬂ;%@sgan fl ow through the space
behi nd the menbrane. Liquid-tight (so-calle "drip-" or "gas-tight")

menbrane filter sheets are preferably enpl oyed. The heated heating nedi um

flows on to t ' n I d
fromthe 1111 e BHS BFeAthied Aa° St TR VoD Eibmacy ROURS Bhe SR PREBLEL
past the §ilt equctiok iftesruhdtdandlelfiitdng dh sviitle . cakécarp tRosinngh wedhesnd Basd 5
under a sufficiently high pressure here to ensure contact of the nenbranes
with the filtand rixkdghorqughly therecheforgideging &Y theecandigt ed 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 vacuumis applied on the
filtrate side.ATadtgbleddienpresempréfgrapinempliopet] infthe processp Tdys s gonstiucigdilider i ng

. The st f ked 20 off, i led hefore th
"n or der to cohtRSEIGA THikE PUSE AT & mespluens Bskee- (Lt mepbsne Hecih 9 Phing

vater). The meagd ®ARN¢omRHctiRlly Fok RoAPEEBHS memBranB Shad® Y ith4 QN Hamned
out, the pressure in the filtrate systemof the press and the filter cake

tenperat lWe. |medihm ganoflews shrdugls thehspice bhlindinh membranee slsiiqnig-tight $sucaisd ar e
Tedi um are 30C P8 RGeS RN O BBy Al D Assts sa et ROy BPIVE the 111 trat o
side is preferably | ess than
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



100 nbar. The flow rate of the heating mediumhere is to be chosen Hhi gHUG 2004
enough for WO QL ARKIYA -14 2 4 AUG 2004  PCTI EPOL/ 04342 a gopdr/Bfdindssz
transfer to take place between the heating nmedi um and product. Drying

times are in general some mnutes to several hours, conventionally one to
ten hours. Residual noisture contents belpw the specification limt of

- -

approx. 5% are reliably achieved with this type of drying. 5 The product

i sol ated and freed from secondary conponents in this manner can be ground
and packaged in further process steps. A significant shortening of the ¥
process..ti mes dgoatheaptrapsfenitoi take placiviTween theywating medijvar e protiictt Mryingi or
art is possible by this inproved preparatio rocess far catal ysts.

Si nce DMC cat aﬁl’i‘?g%lgre\)oﬂ BEReT %’%@B&‘l‘%&o SQV?HJP%,COFYFBPB%E ons 19 F%@S-have
a compar abl e agbiiilah Yndifhuld orRirEPBUI! B8 spleialive 9 f
DMC cat al ysts éIlC aré prep:ftlrél In a coﬁg{%%%%ﬁyl%?g%gg%ﬁss%\%é%gi%tr)\l r by
the prior artacheeveddtnth thisitgpd efadigingo a consi derably increased

profitability of the DMC- catal ysed process for the preparation of
pol yet her polyols. The present invention also provides the use of the DMC

cat al yst s5pr epaiiee frodyctt 136]atelSandr RERIS froRCEbEHaRY cdBpbitats MVAN nBfher kafk be
process for the preparation of polyether polyols by polyaddition of

al kyl ene oxi degrowrd gausl packagedrin demhss Prssscdemsai ni ng active hydrogen at ons.
Because of their exceptionally high activity, the DMC catal ysts prepared by
t he - process according to the invention can often be enployed in very |ow
concent r at i onsA20grifiénp shortendng of the prased thmest dfetha myeparativh @foDiEE hatalysts| yol

to be prepared). If the: polyether.polyqls. prepared in the presence of the

DMC cat al yst s %ﬂ’%ﬁﬁ?‘t&“@y&tﬂ OTmIB&gB%Qgg%%(]?E/)cfgﬁg“’i‘PH"Y??’epﬁeﬁ?fgﬁ?# BFPCS?SeI-QHsed

for the preparphj@Ra@fysRO! ¥iHce HICC Eataly &8 A aftf plelsrel Aly2ihY Stew riﬂlﬁ

pol yet her pol yol ca% gg omtted wt habuy t he produg{eB gual It ese of %‘}38

pol yur et h@ne glrbedssddvdeicompamblerasaiity imfheyeepaeation2d ®DlykthedlpalydBlo that of
DMC catalysts which 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



WO 01/ 80994 PCT/ EP01/ 04342 - 15 Exanpl es Preparation of the catal ystZ 4 AUG 2004
Exanpl e-1 conpg/d anple): Catalyst A (Preparation of the i th
a single vvashiﬁ{;dog?%?ﬁé filter cake by redispersing 5 with suﬁgfé/gtﬂeiﬁ%ﬁw
filtration) A solution of 81.25 g zinc chloride in 810 g distilled water
was circulated at 45Cin a | oop reactor | ch conprises a jet disperser (1
bore of dianeter 0.7 mm. A solution of 26 g potassi um hexacyanocobal tate
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 m xture of 3Esamplesrt-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 teplepabhfiawef thendefib&d 9 distilled water was then netered in and
t he di spersion was subsequently circulated for 20 m n under a pressure

|l oss in the jet disperser of 15 2.5 bar. The solid was isol ated by
filtration ove ' ' ¢ ist filter cake was then
washed with a Exdupiel risofl dxatnpl '%ﬂg&g%})um salt, 455 g tert-butanol
and 195 g di st (Arémlationt @f thb catalysc wlithtd singlenwdshimgl afathe fidter take ByoredRPersing at
45C under _.a pressure loss in the jet disperser of 2.5 bar. The solid was
filtered Jagai WitBywpseguepd fltaHomliction filter and the noist filter cake was

th dried at : f 5 - 12 - i | I i -
exanl )+ Cat aty SPHgh AT 2s e AL AR s g MAGHUT ol AR choda G ATRAC O
filter cake tw deopoyeactodivelieh comprivést § jetsdibseese €M thore lof rdadrhéter) 04 mai)ut Aon

of 81.25 g zinc chloride in 810 q distilled water is circulated at 45Cin a
25 | oop react oA 2oEpPlasEumpexagyagpenbaliaje in 240 plistillsd whterwasapetered

mm. A soluti - o] ' 0 e i | St d
vt er was ot etiyts Sl SRS BURERAGIE ROUR AL Therl vl Pl i

di sper sengher eafir3he plecipitationda meischiry of 325 @reettbatapbEaidod15g idasillad Waxdr Was Of

325 g tert-butanol and 325 é} distilled water was br
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 distiiled 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



2 4 AUG 2094 WD 01/80994 PCT1EPOL/ 04342 -16 nmetered in and the di s%értﬁlﬁdﬂﬂ&
was circul at edwbQ/sfdsm n at 45C under a pressure |oss in thepd©kpo1/o43az

di sperser 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 matered in and the

di spersi on was subsequently circulated for, 20 mn under a pressure loss in
the jet disperser of 5 2.5 bar. The soI|d16vvas I solated by filtration over

a vacuum suction filter. The nmoist filter cake was then washed with a

m xture of 13 g cholic acid sodiumsalt, 455 g tert-butanol and 195 g Y
di stilled wat emetoyeddn aod thet dispersion Wasdr@d@ied Eax®0ominfay 4 SEDumden a pressurs ®sander
a pressure Ioss The solid.was filtered

rser of 2.5
agai n over éh‘idﬁtglf'??lis?fngéfgg@? %ﬁ’éi‘qu‘iﬁoﬂg%ﬁ chalicagid sodivm §alk 66 & 18Ty
washed once r f 650
g tert-but anol g Gdéd%%d]gdﬁm%}lv\v/gmée}r éy%?:i&r g&%&%‘frﬁ%%ﬁ ?‘E%w&%&{r témaacgftor
for 20 mn at s%tbﬁéqnmﬂgr circglardsior 20 hrs under b hpregsete tbiss e rtlse jet odisperser udr .
After renewed filtration over a vacuumsuction filter, the Sthe i st

filter cake wadd @85 elibasolidoyes isplated by filfauen avqmagﬁcwaeamon goist
Y R o BSARE R Ml 6 3 o Bhurtdr ) % BRARY gﬁs@ GRkEss ¢

washi ng) A sollt1on of Zi nc chlor wat er

circul ated at whGutdhol and o@sagrdﬁmﬂltedr\mté“rlmlﬁzermbhsleﬁneaomefeadbsﬂﬂmanm(al
bore of diameter 0.7 my). A solution of 26 g potassium hexacyanocobal tate
in 200 g disti43"6dundst erpragssrariose i dhe jehdisperses of 8ubatonlhersrlidpyas Slfered| oss

e T 0 Sl i el bl 0 B R R L

a m xture of ngS d wat'er

and the gpspersgagnwilsa ﬁmﬁw &t £4 ¢ efioli20acid @odiﬁm”éiﬁ GSIIiFrte@bﬁfaﬁﬁlswdeﬁﬂ 8ss -
in the jet disperser of 5 bar. A mxture of 6. 8 cholic acid sodi um

salt, 6.5 gt lsullqduwnbby airenlgbeE @tbﬁhqvlmwfv@té npa gt dhénundst 8 PEFSWHA and

the di spersi o subsequent | cul ated f n e r
oss i the | aPPaR R RCRs ot ZAbE AhGush et Bifiln gPEE Bl SRS
filtered in a ﬂﬁ@smuwsﬁw&mﬁ filiek take WadBTeda 1009TCfop 3 hathdef £BigHVacim. 2. O
bar. The noist filter cake in the pressure suction filter was then washed

under an |ncreased pressure of 3.0 bar with a m xture of 2 g cholic acid
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 distifled water by a filter cake washing. The
washed, moist filter cake was dried at 100°C for 5 h under a high vacuum.



sodiumsalt, 70 g tert-butanol and 30 g distilled water by a filter Z&algb 200
washi-ng. The weshigdeos0i st filter cake was dried at 100C for ﬁCﬁEHﬂﬂﬁﬁua
hi gh vacuum 4, 2 4 AUG 200 WD 01/80994 PCT/ EP01/ 04342 -17 Exanple
(conparison exanple): Catalyst D (Preparation of the catalyst with mashlng
of the filter cake tw ce by redispersing m1 h subsequent filtration) A
solution of 1.625 kg zinc chloride in 16.2 kg distilled water was
circulated at 35C 5 in a |oop reactor which conprises a jet disperser (110
bores of diameter 0.7 mM). A solution of 0.52 kg potassium

hexacyanocobal Exampled ¢compayisdn ¢t ampis :m_b@_lwas met er ed |nto th| s
solution. The essure I t he, t dIS here was .1.

D rect |y after HBS{RE ATt W Oh PR PG DEe T e Bhie B PO an . 5
kg distilled uei‘}?ﬁl 1?red in and the dispersion was circulated for 20
mn at 35C under a 10 pressure loss in the jet disperser of 1.2 bar. A

m xture of 0.1 seiptivhalfilc2adighisochloride mala.2 k@ dikBlikdwater tvabuiradatkd aedfiC13. 0
kg distilled vvater was then netered in _and the dispersion was subsequently
circul ated foringlogpaeasiaerhieh pprarmses @ Jetolisperser (HE Yoges offliapeles@s ngn)- 041

bar. The solid f k d sed
pressure of 2. BT oh i e s HERLSaidcbRln i WM EhiRY whllE HRET
15 filter cakemmsecl iiuecnﬂﬂasdﬂaﬂom The redsuieUbss @f the j&ﬁil@rﬁh@bﬂecwﬂcl d bapdi um
salt, 9.1 kg tert-butanol and 3.9 kg distilled water circulating in the

I ?op regct or fBiregtly aites the Pfc&ﬂmaﬂﬁ@@rmafﬂﬁ'ﬁé#ﬂ églt@%@u‘iaﬁokilﬂﬁ ?étkgcﬂlﬁébﬂz er
1.8 T t
o 5.5t oo 9 ALt R GBS

noi st, pne@ssedpsturd losé BY the ftQlispRfsef bNBL hir. VA ThiRELro 8£6.12 Rgabialidacht g&un&n
mxture of 0.096 kg cholic acid sodiumsalt, 13 kg tert-butanol and 1.3 kg

distilled wat etalth.13i kg tartbutagol; and ]ri’eolk@dbsmléﬁdc‘f\féﬁer tas then meteredt ire8W theder
' & menbr ane Seprgh rubbGERR SRRk Torud B abihh st EOE Senrit B, "
?glr(e;EdﬁL dg.r chbﬁrseﬁtdfeo Dbt él‘%‘le ngoﬁﬂs\.l%is glﬂsrgg It 1h|t£meﬁgnlfﬁxewﬁﬁerd;sﬂeﬁdme&er 340C
gh vacuum anpl e al yst :
increased pressure of 2.0 bar and pressed out under 4.0 bar. The moist, pressed-out
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: CatalvstE

(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.



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

of 1.625 kg Ziwe difsbedyi de in 16.2 kg distilled water was circuh@ieshalzs35C
in a loop reactor which conprises a jet disperser (110 bores of dianeter

0.7 m). A solution of 0.52 kg potassi um hexacyanocobaltate in 4.0 kg
distilled water was 30 netered into this sgution. The pressure loss in the
jet disperser here was 1.2 bar. 4. 2 4 AUG2004 WD 01/80994

PCT/ EPOL/ 04342 - 18 Directly after the precipitation a mxture of 6.5 kg
tert-butanol and 6.5 kg distilled water was netered in and the dispersion”
was cir.cul at edermtlstcftemthe atecsﬁt@tlmmdamxauremfés% g dert-butenélrandrfe5 ketdistilled

di sperser of 1.2 bar. ture 13 k choll di.um
o Lert - but anoaEhies FeT SPRPL MU (ot LA & A5 arRHYERE 5

di sper si on Was;? et 9&'5?1% Jeq'dﬁsfFE%@ng’f’I g%ﬁx 19 ﬂué’@f’@% %Ef‘aﬁﬁ&&?ﬁt ;P

the jet dispe tered in rane
press under ansalti AdB3elas ealt-utersd Lane ta‘o&gommued Wwhter maak gherf inktesed makel tha t he

menbrane filter press was then shed ung,er an i ncreased pressure of 2.5
bar with & ni x¥iEREESIOR WRS S w@uemi pigculaied dors W mimuades a pesseurg Jossaptthgiftanol

and 3.4 kg d 480 4% P The [dolili Sl AliSred dn VPR i d e OGIES an

filter cake was pressed out ‘un an I ncreas pressure

The noist, pr exslsledseﬂtﬁres‘stdetcffrz @hie TMrsmalisi flleratakd G0Ge tgmbrate filbetgiesa wadi gh
vacuum Exarrple 6: Catal (Preparation of the catalyst with a Single filter
cake washi ng ubehyashedimder an increasqadpigpaise of 2.4 hap With omgpreaf A6 kacholige

chi-ori de 11 23,89, Kgaglhs UL €0 MPEa0ih S §9 L Ulalis 0Bl oy9oghly cikat o

at 50Cin a Ioop react or Wwh I'Ses a spers

di amet er 10. 7 Wwhshiny &l e m@h@ﬁﬁl@brﬁﬁk&@a@ﬂ{eﬁéﬁms@éﬂ oltandeydiacrebal pidseuren
8.0 kg distilled water_was nmetered into this solution: The pressure | oss
in the jet di spfe?-Qdar2@heaneistapsessedropifilteryake wasydrigd: atr100/e for &di yidensi on
a m xture of Oli“égdf tert-butanol, 0.685 kg pol ypropyl ene glycol 1000 and
3.98 kg distil er was matered in wunder a pressure loss in the jet

di sperser of 0.1 bar. The dispersion was then

Example 6: Catalyst F
(Preparation of the catalyst with a gingle 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



circulated for a further 90 min at 50C under a pressure |loss in thegenrysn

di'sperser of opikgées 25 58 kg of this dispersion were filter '
menbrane filter press (two chanbers, filter area 0.6 nR) vvithﬁgrfggoﬂzof'%{ﬁt

pressure difference of 1 bar (20 mn). The filtration phase was foll owed
by gap washing with a wash |iquid pressureb%f 1 bar (30 mn). 44 kg wash
solution (65 w.%tert-butanol, 33.7 w.%Water, 1.3 w. % pol ypropyl ene
gl ycol 1000) were enployed for this. The filter cakes were then pressed out
with a 30 nenbrane pressing pressure of 16 bar for one hour. The cakes wer#
now dried in \h\aibrano filter fes? The Ald@mRaiRpressR@TpreRtd 048 4dustbe torkrdar.ane

filter press. ﬁgéa nmenbr ane pressing pressure was adjusted to 1 bar. The
heating and pr SaHSTHRE8RY BRsHIES MRLTWR Wis Myt Wikhdemperatere of 68%E, A Rresswesur e

of initially 5: ag'bd,?jgly\g{ u;apnfs f ' I l.i ed
on the filt ra&eﬂg%yg. A tber a dryi ngt%tgiqﬁg Og?ﬂegélgﬁ%eggﬁn}gf wtgﬁépﬁ%ssﬁ %ﬁgﬂe
noi st ure cont efiltratef siid) eAftbr & A tidelkd SvBsecandy; the. resitaal HicRareadontt of the
pol yet her _polyols General procedure 50 g pol ypropyl ene glycol starter

(ol ecul a?  wei ltgr caka wapapRiP¥GI%y- and 3-5 nmg catal yst (15-25 ppm based on
t he amount of pol yether pofyol to be prepared) were 10 initially
I ntroduced into a 500 mM pressure reactor under an inert gas (argon) and

wer e heat ed upPrepagsiiom ofwilyether polvblsg. 10 g propyl ene oxi de were then

netered in all at once. Further propylene oxide was only netered in again
when- an accel erated drop in pressure in the reactor was observed. This

acecel erat ed dr@eneral ppoceglater e i ndi cates that the catalyst is activated. The
remai ni ng propyl ene oxide (140 81) vaas 15 then nmetered_in contjnuously under

a constant ovetaB| PYYRICRYIFRE ghycol Staper (molgeiHar Hisiest 089 a/medpndpieng
e U 1 SomRABIR M8k, kel B RGPS B oo
m xture Was t heitiaflpaheddiced rinena 560Al piesdue reactor under an inert gas (argon) and
were heated up to 105°C, while stirring. 10 g propylene 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.
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Propoxylation time:

Polyether polyol:

OH number (mg KOH/g):
Double bond content (mmol/kg):
Viscosity 25°C (mPas):

Prepar ati on oDopblebehdeontpmt (ymholildgh:h c@t al yst B (25 ppm
Propoxyl ation time: 20 mn Po]yether

ng KOH/ g): 28.9
.Sg%93 Exanpl e 9:
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Example 9: Preparation of polyether polyol with catalyst C (25 ppm)

Propoxylation time:

Polyether polyol:

OH number (mg KOH/g):
Double bond content (mmol/kg):
Viscosity 25°C (mPas):

19 min
29.3

5

887

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

(25 ppm)
Propoxylation time:
Polyether polyol:

OH number (mg KOH/g):
Double bond content (mmol/kg):
Viscosity 25°C (mPas):

19 min
29.2

6

832

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

Propoxylation time:
Polyether polyol:

OH number (mg KOH/g):
Double bond content (mmol/kg):
Viscosity 25°C (mPas):

20 min
28.9

6

869

ti me/ conversion curvVe with the extended base |ine of

»r



Viscosity 25C (nPas): 887 Exanple 10 (conparison): Preparation of poI2y4ehb1§fﬂm
pol yol with capg) isoed? (25 ppm) Propoxylation tine: 19 mn P%,y biRfa342
pol yol : OH nunmber (nmg KOH g): 29.2 Double bond content (mol g?: 6
Viscosity 25C (nPas): 832 Exanple 11: Preparation of polyether polyol with
catalyst E (25 ppm) Propoxylation tine: m n Pol yet her polyol: OCH
nunber (ng KOH/ g): 28.9 25 Double bond content (mmol/kg): 6 Viscosity
25C (nPas): 869 WD 01/80994 -21 5 10 Exanple 12: Preparation of polyether
pol yol with catalyst F (25 ppm) Propoxylation tinme: 14 mn Polyether ¥
pol yol : ..OH nunBzampleol 2{@ré¢mration3d polyedeb pelyblowih catalystlf (X5rppmhy | kg): 6

Vi scosity 25C 1(,rrPas) . .809 Exanple 13: Preparation of paqlyether polyol with
catal yst F (15VI9PAFYIASHIBSY | ation time: 23 nin  Pol yetAdRiNo| yol -~ OH

nunber (ng K : ubl gypband | / kg) : Vi scosity 25C
(nPas): 881 %%@%g‘bﬁy%pm cRE 7 gﬁgﬁ‘?ngﬂf%m;m 2223 FbAI VB
Double bond content (mmol/kg): 6
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): 293
_ Double bond content (mmol/kg): 5
10 Viscosity 25°C (mPas): 881



1. Process for the preparation of DMC catalysts, in which A aqueoust AUG 2004
sol ut-ions of netal salts are reacted with aqueous sol utions of netal
cyanide salts in the presence of organ'ﬁf conpl exing ligands to forma DMC
catal yst dispersion, B) the dispersioh“¢drned is filtered, C) the filter
cake obtained is washed with solutions of organic conplexing |I|igands by a
filter cake washing carried out as a flowthrough washing and D) the
washed fiQlaIMSake is dried. 2. Process according to claim1, in which step
A) is carried out in the presence of an organic conplexing ligand a) and
one or nore further conplexing ligands b) which differ froma). 3. Process
accordi nd.to @®radess for die prepdrationdfddMCcastlysts, @) whivh filter cake is washed

with an aqueous sol ution of an or i ¢ conpl exjng, | i gand .and tionally
one or nmore fArt héﬂ“‘?%‘ﬁﬁ?@???ﬁg"fl?mgtﬁaﬂﬁi‘s Bﬁer%‘ﬁt%wgp@ﬂ FOUP SRS Of?fget?"(r)ocess
according to clai mc&mﬁ{ie Saltsiif! A PrERntdoSdrgmniCLohpPRx ! 1igBhd CRKBmh & DXAEhed
with a non-aqueous”solution of "an organi ¢ conplexing I'1gand a) and
optionally one or catalystdisparsien, conpl exi ng | i gands b) which differ froma).

5. Process ac rdiEl? %io one gf claigﬁ 1.to 4, in which the washed filter
cake is presfd odte HrPLHgh &uped 13 B dhani cal renoval of noisture before

the drying. 6¢)Progesfiltee ealtedbRbink® iORRshdd Gfithi s8utibnk @f rgriic Womplexsiigeps B)
and C) are carried out using a filter press. 7. Process according to claim
6 in which steps B)igams byaifiliyr cakewashing easried eut asiaflp wythrongh washing and; o

press. D)  the washed filter cake is dried.

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 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 washed filter cake is

pressed out or subjected to mechanical removal of moisture before the drying.

6. Process according to one of claims 1 to 5, in which steps B) and C) are carried out
using a filter press.
7. Process according to claim 6 in which steps B), C) and D) are carried out using a

heatable filter press.



