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catal yst prepafasfel 08mpb@dsCooAhiflg active hydrogen atoms have been known for a long
time (see, for example, US-A 3 404 109, US-A 3 829 505, US-A 3 941 849 and US-

10 A 5158 922). The use of said DMC catalysts for the production of polyether polyols
effects, in particular, a reduction of the proportion of monofunctional polyethers
having terminal double bonds, so-called monools, compared with the conventional
production of polyether polyols by means of alkali catalysts, such as alkali
hydroxides. The polyether polyols thus obtained can be processed to form high-

15 quality polyurethanes (for example, elastomers, foams, coatings).

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

the general formula
25 Zn3[Co(CN)s]2 x ZnCl, yH,0 z glyme
is obtained (see, for example, EP-A 700 949).

The conventional method of producing DMC catalysts is to mix aqueous solutions of
30 a metal salt and a metal cyanide salt in a stirred reactor in the presence of one or
more organic complex ligands with the formation of a catalyst dispersion. In order to

achieve high catalyst activity, vigorous stirring with high shear is in general
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expensive in terns 0
15 repeated circulation of the entire reactor content through the “high-shear in-line

mixer” is necessary in order to achieve uniform catalyst activity and particle size.
Furthermore, the energy expenditure necessary for the stirring is very high and the
combination of a stirred reactor with a circulation loop, a “high-shear in-line mixer”
and spray nozzles is expensive in terms of equipment.

20
It has now been found that DMC catalysts having a further increased activity,
reduced particle size and narrower particle size distribution can be obtained if the
DMC catalyst dispersion is produced using a mixing nozzle, preferably a jet
disperser. Further advantages of this method compared with the method variant

25 described in US-A 5 891 818 are the lower energy expenditure during the shearing,
the higher power density (approximately 10"* W/m®) compared with the use of a
stirred tank, the problem-free extrapolation to a larger scale and the markedly
simplified equipment construction as a result of the omission of the stirred reactor.
Polyether polyols that are obtained by means of DMC catalysts that are produced by

30 this method have, in addition, a reduced viscosity compared with polyether polyols
that are obtained by means of DMC catalysts that are produced by the method
described in US-A 5 891 818.
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denotes identic erent, pre erab anions, prefera

sel ected ¥ romcbh@ogﬁ@lme&mmwh@enge géaﬁrdmbhﬂﬂa,(l)hydr oxi des, sulfates,
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M(X)n (D,

wherein M is selected from the metals Zn(II), Fe(II), Ni(II), Mn(II), Co(II), Sn(II),
20 Pb(I), Fe(IlI), Mo(IV), Mo(VI), Al(II), V(V), V(IV), Sr(I), W({IV), W(VI), Cu(Il)
and Cr(IIl). Particularly preferred are Zn(Il), Fe(Il), Co(II) and Ni(II). X denotes
identical or different, preferably identical anions, preferably selected from the group
comprising the halides, hydroxides, sulfates, carbonates, cyanates, thiocyanates,
isocyanates, isothiocyanates, carboxylates, oxalates and nitrates. The value of nis 1,

25 2 or 3.

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

be used.
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M xtures of various water soluble nmetal salts can also be used. WO
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15 are chosen so that the metal cyanide salt is electroneutral; 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 metal cyanide salts are potassium hexacyanocobaltate(Ill), potassium
hexacyanoferrate(Il), potassium hexacyanoferrate(IlI), calcium
hexacyanocobaltate(III) and lithium hexacyanocobaltate(II).

20
Instead of alkali or alkaline-earth metal cyanide salts, the corresponding acids can
also be used. Said acids may, for example, be obtained by cation exchange from the

alkali or alkaline-earth metal cyanide salts, e.g. by means of cation-exchange resins.

25 Preferred double metal cyanide compounds contained in the DMC catalysts are

compounds of the general Formula (III)
M [M’4,(CN)y], (1II),

30 wherein M is defined as in Formula (I) and M’ is defined as in Formula (II), and x,

x’, y and z are integers and are chosen so that the double metal cyanide compound is



MM X (CNy]Z (111), 30 wherein Mis defined as in Fornula (1) and M is
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el ectroneutral. Preferably, x = 3, x' = 1,5y = 6 and z = 2, M= Zn(ll),
Fe(l11), Co(ll) or Ni(Il) and M = Co(ll11),; Fe(ll1l), Cr(lIl) or Ir(lIl).
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alcohols, aldehydes, ketones, ethers, esters, amides, ureas, nitriles, sulfides and
mixtures thereof. Preferred organic complex ligands are water-soluble aliphatic
20 alcohols, such as ethanol, isopropanol, n-butanol, isobutanol, sec-butanol and tert-

butanol. Particularly preferred is tert-butanol.

The organic complex ligand a) is added either during the preparation of the catalyst
or directly after formation of the dispersion of the double metal cyanide compound.

25 Usually, the organic complex ligand a) is used in excess.

Preferred for the method according to the invention are DMC catalysts that contain,
in addition to the organic complex ligands a) cited above, also a further organic
complex-forming component b). Said component b) may be selected from the same
30 classes of compounds as complex ligand a). Preferably, component b) is a polyether,
polyester, polycarbonate, glycidyl ether, glucoside, carboxylates of polyhydric

alcohols, polyalkylene glycol sorbitan ester, a bile acid or its salt, ester or amide, a



WO 01/39883 PCT/ EPO0/ 11835 6 cycl odextrin, organic phosphate, phosphite,
phosphonat e, mospiuegs t e, phosphi nate or phosphinite, an orgpoT/EPENINSIECE ant
or interface-active conmpound or an a, (3unsaturated carboxylic ester. DMC
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700 949, EP-A 761 708, WO 97/40086, WO 5 98/08073, WD 98/16310, WO

99/ 01203, WO 99/ 19062, WD 99/ 19063 or Gernan Patent Application 19905611. 0.

opti onal Ly al SORGRRraaic Phasirsr Phneish Hgreidigies Prdsiohife ShbiihalEy
of the 10 For wgﬁ?g Hinft&, O to'f'g'aélg{ %M&t%xﬁgopfintkﬁﬁ‘ced&ﬁbé ofiforhd Coramm dep-

conpound. Accor to the in i on, DMC cat al yst dispersion is
produced usi n@nsatiatednearb@atic ecs(er or D&K@ roptatystsawithatuch digand zoirdindtions sire

nozzl e, Bosch nozzle and the |ike referably usin i di r.. 15
The basic st r §6ttibedafly etEne @ é?“gﬂ&oa%%ng%ﬁ d é?t-g)gll’ 3}*’9 2’7@@5@3 eWéht s
w il be scri I i h | RO i

ol o f 1ar ] EUA07S) B SIBYIE HORRIUEAIST N O PHRETTNIC 99TIOHET BF Bthat 1 e
3 and spr ayed PatenhAgpliddtiow 19€036dilty i nto the sl owflowi ng educt flow 2. In

this process, educt flow 2 is 20 accel erated and educt flow 1 retarded.
Sonme of the kinetic energy of educt flow 1 is converted into heat during

this process i o] : ogl.onge i Lahl&nk ol the itel
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nor e honogeneous power densities can be achieved. In this connection, the
power density P is calculated using the followi ng formula: P= ~p*V V
According to the invention, the DMC catalyst dispersion is produced using a mixing

nozzle (for example, a flat jet nozzle, Levos nozzle, Bosch nozzle and the like),
preferably using a jet disperser.

15
The basic structure and the mode of operation of suitable mixing elements will be
described below. Figure 1 shows the diagrammatic structure of a simple flat jet
nozzle. The educt flow 1 is first accelerated in the nozzle 3 and sprayed at high flow
velocity into the slow-flowing educt flow 2. In this process, educt flow 2 is

20 accelerated and educt flow 1 retarded. Some of the kinetic energy of educt flow 1 is
converted into heat during this process and is consequently no longer available for
the mixing process. The two educt flows are then mixed by means of the turbulent
disintegration of the resulting jet into vortexes of various size (vortex cascade).
Compared with the stirred tank, concentration differences can be eliminated in this

25 way markedly more quickly since markedly greater and more homogeneous power
densities can be achieved. In this connection, the power density P is calculated using

the following formula:

_Ap*V
v

P

30

where: Ap is the pressure loss in the nozzle,




30 where: Op is the pressure loss in the nozzle, W) 01/39883

"PCT/ EPOO/ 1183%v0 #1/34883 vol unetric flow, V is the volunme of tkel/ERP®AN183ShOr €.
The use of such nozzles will be denoted as Method 1 below. 5 Preferably,
however, a jet disperser such as that showa in Figure 2 or Figure 3 should
be used for the nethod according to the invention. The jet disperser can be
constructed (Figure 2) so that two nozzles 5 and 6 are di sposed one behind
the other. The educt flow 1l is initjally considerably accelerated in the
nozzle 5 by the reducti dh i3BolumeEod@¥section. In this connection, because
of the high flow vel oci tVyistt}tﬂ(?v(?lﬁﬁlﬁ'o‘?ﬁfétxﬁgzlie%tore?“Cks in the second
conponent. The di stance between the nozzles 1s preferably chosen so that,
because of the short residence tinme, only nucleus formation, but no crystal
growm h, takes place in the m xing chanber 4. Crucial for the optinum design
of the jet di ﬂs\éﬂlgwfst@h@eh@@wdﬁl@q@enprﬁéas&tl@h%llhelelvveus formation of the
sol id. 155 Advant ageousl y, aresidence tine of 0.0001 s to 0.15 s, preferably
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outl et 3. The pdéfamBlyeodlevéha je0ziidpessed sich by efaershbly ialKige > or tHigire B8
further acceleration of the partially m xed educt f]ows takes place at that
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m xi ng of the educts even in the case of precipitation reactions with very
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reaction. Nozi?tesqlglﬁsalr?éhgrsg %}d %5’8?9%5%6 %I?, ? cgﬁ %gic%b%g&éee?gtp %%ﬁfﬁ%%ﬁ anfefafl))'lgoo m
have proved agdyadtha@afhts beddubd oPiRShUfteedi@eReIind) ohlientar! formdtidd, buthey to
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of the jet disperser is consequently the rate of nucleus formation of the solid.

15 Advantageously, a residence time of 0.0001 s to 0.15 s, preferably 0.001 s to 0.1 s is
established. The crystal growth only takes place in the outlet 3. The diameter of the
nozzles 6 is preferably chosen so that a further acceleration of the partially mixed
educt flows takes place at that point. Because of the shear forces additionally
occurring as a result in the nozzles 6, the state of homogeneous mixing by a more

20 rapid vortex disintegration is achieved in a shorter time than in Method 1. As a
result, in contrast to Method 1, it is possible to achieve the state of ideal mixing of
the educts even in the case of precipitation reactions with very high nucleus
formation rate, with the result that the establishment of defined stoichiometric
compositions is possible during the precipitation reaction. Nozzle diameters of 5000

25 pm to 50 pm, preferably 2000 pm to 200 um have proved advantageous, with
pressure losses in the nozzle of 0.1 bar to 1000 bar or power densities in the range
from 1*107 W/m® to 1*10'®> W/m>. This mixing operation will be designated as
Method 2 below.

30 Depending on the desired particle size, a further n nozzles (where n = 1-5) can be

connected downstream so that a multistage jet disperser is obtained. Figure 3 shows



30 Depending on the desired particle size, a further n nozzles (where n =
"1-'5) can be covmentssss downstream so that a nultistage jet di BOPEB&N1133

obt ai ned.” Figure 3 shows WO 01/39883 PCT/ EP00/ 11835 8 such a nulti stage
jet disperser. Followi ng the nozzle 6, thegdispersion is fed yet again

t hrough the nozzle 7. The sane applies to the design of the nozzle dianeter
as for nozzle 6. 5 The additional advantage of further dispersers over
method 2 is that partjcles. already fgroed cap be nechanigal |l y. comm nut ed by
the high sheatsu?tbgdg‘éluﬁ‘ﬁg‘? e ‘518%62 eé-si.‘)OlﬁT‘ﬁ“P&itEe \Hﬁ?ﬁgi({]aﬂi’%ﬁﬁlﬁ‘éoﬂll@ i‘)yete
produce parti %gﬁﬁ tiﬁg\ﬂ ﬁ‘ﬁleqicﬁ%?‘?ﬁ‘ﬁeggmég Piids Qo bheldddfign! JTSEERCZRS didmBlekhal i Ty
of nozzl es conhecte ne behi nd the ot he?, the com nution may, however,

al so be achi efexhdayledi.r cul ati ng the di spersion. The use of such nozzles is
10 characterized as Method 3 below. O her m xing elenments can |ikew se be
used to produce dispersions, such as those described in EP-A 101 007, WO
95/ 30476 Qr i | : i i said
m Xi ng el%@%@?gﬁ%&ﬁ;ﬁd rv é@l%ét &@hﬁ ﬁ}eélg‘%é%gsy i g%t%g% f(;sﬁﬁigr?atﬁ %dé&rr?grzegclﬁ%s
and as a resulfornedd danebeantdimhipgllyp tommysited by fat high shdae ddricemginaghe nbzzles. In

di spersion may occur. Since the tenperature may have a su anti al

i nfl uence on tHé "fﬁyoételé§°6?1b]€rt9§{r%¢“°F&aﬁHil?soh‘ﬁV¥% @Fte&eﬁiﬁw 9y e
nstal | ed behiingeddist dBitalle) HRIARS cdifdectbl BrObLIRAP fredindr SAL B8 iTRdkion may,
processing. 2 prolgl emiree scale-up 1s possible, for exanple, as a
result of usimgwavéraneberachizeed by chrouleting thendigpetsiory Thepise pébkudhynarzlesiixi ng
el enments in parallel or increasing the free nozzle area. However, the
latter i not cAemstevied mMghod dbeloyse in the nozzle diameter since, in this
way, there is a possibility of the occurrence of a core flow, which 25
results in a deterioration of the mxing result. In the case of nozzles
havi ng | arge @tkar miiag lenaehesacan lilkesvisd be a@sedsfogpradinzvdingereons guehyad those ar ea
are preferably used. The DMC cat al yst d)'spersi an is produced .ac.corétg ng to
the | nvent i on dEiRgd dn BBAnE 1805 WO 85608TG BT Feampr Paisns APPLEHONEINIR e
of suitable equi : I . Ei 4 and 5. Figure 4 shows a
sem - bat ch mﬁ%ggvﬁgﬁt’oﬁg&gaﬁg}g\g@F%lggﬁglrngé%%ﬁ%ﬁsgure 5 shows a continuous

met hod f produci ng the DMC cat al yst di spersion.

As a result of the energy dissipation in the nozzles and as a result of the enthalpy of
crystallization, heating of the dispersion may occur. Since the temperature may have
a substantial influence on the process of crystal formation, a heat exchanger may be
installed behind the mixing element for the purpose of isothermal processing,
20
A problem-free scale-up is possible, for example, as a result of using a larger number
of bores, connecting a plurality of mixing elements in parallel or increasing the free
nozzle area. However, the latter is not achieved by an increase in the nozzle diameter
since, in this way, there is a possibility of the occurrence of a core flow, which
25 results in a deterioration of the mixing result. In the case of nozzles having large

clear nozzle areas, therefore, slots having an equivalent area are preferably used.

The DMC catalyst dispersion is produced according to the invention using a mixing
nozzle, preferably a jet disperser. Examples of suitable equipment are shown in
30 Figures 4 and 5. Figure 4 shows a semi-batch method using a loop reactor and Figure

5 shows a continuous method for producing the DMC catalyst dispersion.



WO 01/ 39883 PCT/ EPO0/ 11835 -9 The DMC catal yst di spersion is produced by
‘the nethod accowodi/spgst o the invention normally in aqueous soPCE/ERBM/11HE3S
reacting 'a) netal salts, in particular of the Formula (1) with 13) netal
cyanide salts, in particular of the Formulg_(11) or the corresponding 5
acids, y) organic conplex ligands a), and, optionally, b) one or nore
further organic conplex-formng conponents b). 10 In this process, the

aqueous sol utiQn th al salt, for anpl e zinc i : |
ator chi omet 1 O RERRCCo T ers s e Masf 07 1Bt fsfloR efidlefln i SRR
salt) and of 4BAnAB!idlaqa¥ARIsERILI®ADY redcBihg €xanpl e potassi um _
hexacyanocobal tate (or the corresponding acids), are preferably first

reacted i n the)pr esmalesalts, in hartionignof the Formpilex) withand a), which may be, for
exanpl e, tert-butanol, wherein a dispersion.i.s 15 forned. According to the
i nventi on, saiﬁg DV a) Qe st:ﬁ@p‘é‘r%‘ﬁ'ﬂﬂﬁf‘rsoﬁﬂﬁm?%mar tahenffg{feﬁ%(%}%l}gzl e,

preferablgy a jet dijgperser. The production of the DMC catal yst dispersion

by the senmi-batch nethod using a jet disperser in conbination with a | oop

reactor (in agyor dangmicddniplex tparels4), i s 20 expl ai ned below. In this

connection, either the agueous netal salt solution can be circulated from
t he contai ner B2 ar@ﬂdiQféloaalébéous met al cyani de sol ution can be added from

container B 140r vice vers ini. 'g#m I [ m Xi ng el enent
Mresults in t8 e fOMmal fn()oﬁggl’fn%gp%{g%lggg%ggexo {?é%gf?ﬁ"@%‘{r‘r%@md. The
di spersion of the DMC conpound can be produced by Method 1, 2 or 3,

preferably 25 by Method 2 or 3. The advantage of these nethods, is_the
possi bi 11&y ofln seinipsedeny the eawsoraseludancef thetmerabisalt, Aoy examnde gineechloride,

For ot ew m nibeC Soubiat Akttt fshhidIg Hetfk T et Afiai gl o
precipitation.and of the metal cyanide salt, for example potassium hexacyanocobaltate (or the
corresponding acids), are preferably first reacted in the presence of the organic
complex ligand a), which may be, for example, tert-butanol, wherein a dispersion is
15 formed. According to the invention, said DMC catalyst dispersion is produced using

a mixing nozzle, preferably a jet disperser.

The production of the DMC catalyst dispersion by the semi-batch method using a jet
disperser in combination with a loop reactor (in accordance with Figure 4) is
20 explained below. In this connection, either the aqueous metal salt solution can be
circulated from the container B2 and the aqueous metal cyanide solution can be
added from container Bl or vice versa. Combining the two flows in the mixing
element M results in the formation of a dispersion of the DMC compound. The
dispersion of the DMC compound can be produced by Method 1, 2 or 3, preferably
25 by Method 2 or 3. The advantage of these methods is the possibility of achieving a

constant educt ratio during the entire precipitation process.

Preferably, the dispersion formed is also circulated for a few minutes to several
hours through the jet disperser after the precipitation.
30




30 "WO 01/39883 PCT/ EPO0/ 11835 - 10 In this connection, the nozzle
‘diraneters ar ewo ef/sssdl y between 2000 mto 200 m wi th pressSeCBHEP@AISS | n
the nozzl'e of between 0.1 bar to 1000 bar. In this connection, the organic
complex ligand a) may be present in the aguyeous 5 solution of the netal

salt and/or of the netal cyanide salt, or it is added directly (via
container B 1 or B2) to the dispersion obtained after precipitating the
doubl e et al ni de conpound. P .eraply, her ani

conpl ex-f or mi gy TESHAYBREHN lﬁllje Iil%zz ﬁ‘nstﬂﬁyeadeéfezgeri ylcll’S r%@b g’rzogzmpb t he

di spersion ci GGy Eésﬂ%xlbg%gﬂgﬁehggzlk%?b&\v%@h?@slq{ar td fDdOhia? connection, the

further organic rrp rmng conponent b) iIs preferably used in a
m xture of water and organic conplex ligand a). The rretered addition of the

further organic conpl ex-for npone o .the Ci rc Lt .and a
subsequent red® HH§ICQANESLOBy g"eﬁ“&ﬁ‘?‘? cogp gexploé%'@ i PAY Fe%rg‘iﬁ‘ o &es%oélef"ﬁs t he

nozzl e ofs bet wepfof 0Pk M s’iaBtfeia progﬁ&he ABGP LGN Lo, &N id m&%&fdi@axy e

cat al yst dlsper3|on can al so in a continuous method, such as |s
shown by way ebntainemBlleori B2)Fogie elispersidreotziained afier2fresipitatingthe dviublehaetekt al
salt and of the rretal cyanl de salt are reacted by Method 1, 2 or 3 in

i xi ng el ementyadde ap@ingd- a di spersion is fornmed. In this connection, the
organi c conplex ligand a) may be present in the aqueous sol ution of t he
netal salt and/or of the nmetal cyanide salt. In that case, the m xing stage
M2 in Figure Préferablyigees fadher drgarllcscahplax{fmnglcenmonadd))tlhehanrghlnd(yla
conplex ligand a) via the_m x ment M2 after the pr C|qp|ta nof

t he doubl® netcantawarﬁld@r Eérﬁﬁlotgﬁdhsl’ﬁeﬁlqmﬁlf‘éﬁ§@gt theoyehothg defcUISRYTRE
di sper si on, *&Snﬁﬁ%]hbgfthgﬁﬂ;&? og%aﬁﬁuéo%ﬁgi gd)@@é‘o@aﬂeﬂab g?aafab%sed in

Followngthl nic c nt b

-preferably i rarﬁlxmrxbﬂwate@hn&\aﬁgamc&nmpmxgagmda):orrpl ex I|gand a) -can be
added in the mxing elenent MB and recircul ated to increase the residence
time. 30

The metered addition of the further organic complex-forming component b) to the
15 circuit and a subsequent recirculation preferably take place with pressure losses in

the nozzle of between 0.001 bar and 10 bar.

According to the invention, the DMC catalyst dispersion can also be produced in a
continuous method, such as is shown by way of example in Figure 5. The aqueous
20 solutions of the metal salt and of the metal cyanide salt are reacted by Method 1, 2 or
3 in mixing element M1, wherein a dispersion is formed. In this connection, the
organic complex ligand a) may be present in the aqueous solution of the metal salt
and/or of the metal cyanide salt. In that case, the mixing stage M2 in Figure 5 is
unnecessary. It is also possible to add the organic complex ligand a) via the mixing
25 element M2 after the precipitation of the double metal cyanide compound. To
increase the residence time of the dispersion, the latter can be circulated via the
mixing element M2. Following this, the further organic complex-forming
component b) — preferably in a mixture of water and organic complex ligand a) - can
be added in the mixing element M3 and recirculated to increase the residence time.
30
The catalyst is isolated from the dispersion by known techniques, such as

centrifugation or filtration. In a preferred embodiment variant, the isolated catalyst is



The catalyst is isolated fromthe dispersion by known techni ques, such as

centrifugati ow@oi/dasgiration. In a preferred enbodi ment vari BOE/EPGonas3s

i solated catalyst is WD 01/39883 PCT/EP00/ 11835 -11 then washed with an

aqueous solution of the organic conplex ligand a) (for exanple, by

redi spersion and subsequent re-isolation by filtration or centrifugation).

In this way, water-soluble by-products, such as potassiumchloride, can be

renoved fromthe cat aldyst. accordin t(g {.he i.nyention. 5 Preferabl
S )11 gl

amount of t he T5PgAARCd: St 8% 44U5 R P i8S FeRYE SRR %ﬁaﬂgi@n&?@ 40

to 80 wt. % relaihyR, bPrddipeRitin 4fdl siBbddubMte-iddlatich By fikABOABE Beritfifighfidd O
add sone further organic conpl ex-formng conponent 'b), preferably 0.5 to 5

Wt . % r el at i ve I thi$ heayewhier-solgble thtyrmrodudtsy su¢teaspotaessien vhlotide,alantbiegamoy@ The
washi ng or regig rsion step (éan btg carrj,ed out in a conventional stirred
reactor. It idwo© g\%@ St BECOrERGIN B Y CRUOTy out the redi spersion by
circulatison through the jet disperser. This increases the catalyst activity
further. The circulation tinmes for the redi spersion are preferably between
a few mi nut es Pasfdrabby éhalaniomt ©f the drgardddiomplex, ligand ) ddvthatageoiss wash wash
the catalyst nore than once in order to increase.its .activity further, For
this purpose, SPYFORISHHI0L0 f"ﬁg/" flate tRggniige Ef?ﬁ'd"é‘érbit léiw*t?émg{:?&gs{ﬁg&@ ¢ s
preferable, h 100 L - j f9r . j ¥iuye of
b gani o conpl e (P iR L AR Ry Ml Rent W ERARY S
conponent b), rélativd torthdremtiraaslntion, tp tiecapses. washesofutionher washi ng steps are
al so preferably carried out by circulation through the jet disperser. The
washed cHt al yst is then dried, optionally after pulverization, at

tenperatures G JAn@eNs &ispefdort i iH'a6dnP&ntion Bl H#fAT8ActorD. 1
nmbar to nor nal Sr e%su%g?fgdlfpfg%% %ggrcépgeT e g‘? glz[zlnta I F\lvennlti on al scg pcrOJVi des
for the use oflt isheodergatieratdd © @rpdetehle tedispheiomshyhcicbudatiovarthiiongh the jehe
invention in a, method_of  producin | yaddi tion of

g pol yether polyols by p
al kyl ene oxi déispeses i s gwr%ﬁspﬁnsrmgahé%ﬁmlm ﬁ@ha&ﬁhﬁecwgqﬂeaéﬁn%%éﬁ%.

redispersion are preferably between a few minutes and several hours.

15
In addition, it is advantageous to wash the catalyst more than once in order to
increase its activity further. For this purpose, for example, the first washing process
can be repeated. It is preferable, however, to use non-aqueous solutions, for example
a mixture of organic complex ligand a) and the further organic complex-forming
20 component b), for further washing processes. The further washing steps are also

preferably carried out by circulation through the jet disperser.

The washed catalyst is then dried, optionally after pulverization, at temperatures of,
in general, 20-100°C and at pressures of, in general, 0.1 mbar to normal pressure

25 (1013 mbar).

The present invention also provides for the use of the DMC catalysts produced by
the method according to the invention in a method of producing polyether polyols by
polyaddition of alkylene oxides to starter compounds containing active hydrogen

30 atoms.



WO 01/ 39883 PCT/ EPO0O/ 11835 -12 Because of their extrenmely high activity,

t he DMC cat al wed sy/pisggiuced by the nethod according to the i nP€nEPaw18%N
frequently be used in very | ow concentrations (25 ppmand less, relative to
t he anount of the polyether polyol to beDﬁgguced). I f the polyether

pol yol s produced in the presence of the catal ysts produced by the 5

nmet hod according to the invention are used to produce pol yurethanes, it is
possi ble to dispense_wi th renoyal. of the cgat t froamthe | yet her | yol
By thout the. prsatee o cteriy ke reb e i BMG AbEE BiaiBetE g Bl s 20y
i nfl uenced. ; R 5 e I ipn 5
Exanpl e 1: m:ﬁg@%ﬁ%ﬁ%ﬁgé utrl iﬁgﬁ%%]‘%g%mgy?bﬁt@égg ﬁmgﬁraﬁgﬁgiagggﬂ%?e in
910 g of di st ipphregshdiabs relasvecior thalaatoadt ofitha pobyether @alyobto bdhproducad) alif ke a

j et disperser i ccordanpce with Figure 2 (4 r Vi a dianeter of 0.7
m). A sol uti ot e&QQg’BPSgPrS\f,iM“%BrfB B pEsFaRe ?fﬁt?li Cﬁﬂg?ts é?r%qa‘ﬁC?Cf BY B er

i s added ¢ her dndstai I et tol Sit k j et
di sper sersti S 2.%h%ar i Sfdﬁéggfg%egrg&gﬁi eafrf]@tﬁ e tﬁﬁgg?‘%i@?’gﬂﬁ gﬁ?éﬁ’nﬁt ?(%q%ésg%(l)% 650
g of tert-but analispenst 65h rpnafvatiofttht lcerlysaifmm ithe pdijethenmpadlyphevithospdhsi on
is circulated for 16 mn with a pressure lqgss in the jet .disperser of 2.0
bar. A mixt ur ®rsucan guality §¥L)9’ie YEShapeobtajred petis ¢ F;ESPE’GPQH%CC nd 1300 g
of distilled water is then 15 added and the dispersion is then circul ated
for 10 mn with a pressure loss in the jet disperser of 0.1 bar. The solid
is isolated by filtration and then washed for 8 mn with a mxture of 13 g
of sodiumcholate, 910 g of tert-butanol and 390 g of distilled water by
circulation in a loop reactor with a pressure loss in the jet disperser of
2.0 bar. The solid is filtered again and finally washed for 8 mn yet again
with a mxture 20 of 6.5 g of sodiumcholate and 1300 g of tert-butanol by
circulation in the loop reactor with a pressure loss in the jet disperser
of 2.0 bar. After filtration, the catalyst is dried at 100C for 5 hin a

hi gh vacuum



Exanple 2: Catalyst B 25 The procedure was as in Exanple 1, but the two
‘washi ng stepsweogszgged carried out by circul ation through thecyepoodiisyser ser
in the | cop reactor, but by stirring (900 rev/mn) in a conventional
stirred reactor. 30 WO 01/39883 PCT/ EPOO/ }31535 -14 Exanple 3 (Conparison):
Catal yst C Production of the DMC catalyst inh a conventional stirred
reactor. A solution of 162.5 g of zinc chloride in 260 g of distilled water
is added to a g solution of 52 g of potassium hexacyanocobaltate in 910 g
of distilled a conventional stirred reactor while stirring (900
revimn). Imrediately thereafter, a mxture of 650 g of tert-butanol and
650 g of distilled water is added and the dispersion is stirred for 16 mn
at 900 rev/ m Catdlystipduictionr e of 13 g of sodium chol ate, 13 g of
tert-butanol and 1300 g of distilled water is added and the m xture is 10
stirred for 8 mn at 900 rev/imn. The solid is isolated by filtration and

t hen washed qufx?ﬁgg% R, @%%wggAn‘i xture of 13 g of sodium cholate, 910 g of

tert - but anol Istilled water while stirring (900 rev/mn). The
solidis filtered again and finally washed yet again for 8 mn with a

e o Somes o Ak S ARl 5 B SRRalEL b s oo
o 5 R PR 4 AR P Sl W BB
818, the DMC g4tbalesshiaviigspdisnae ofs 7pnmiludedhitivneofs1a2 s gobfraac tlbridadh t he
10 260 g of distilled water is added thereto. Under these circumstances, the pressure
loss in the jet disperser is 2.0 bar. Immediately after the precipitation, a mixture of
650 g of tert-butanol and 650 g of distilled water is added and the dispersion is
circulated for 16 min with a pressure loss in the jet disperser of 2.0 bar. A mixture of
13 g of sodium cholate, 13 g of tert-butanol and 1300 g of distilled water is then
15 added and the dispersion is then circulated for 10 min with a pressure loss in the jet
disperser of 0.1 bar. The solid is isolated by filtration and then washed for 8 min
with a mixture of 13 g of sodium cholate, 910 g of tert-butanol and 390 g of distilled
water by circulation in a loop reactor with a pressure loss in the jet disperser of 2.0
bar. The solid is filtered again and finally washed for 8 min yet again with a mixture
20 of 6.5 g of sodium cholate and 1300 g of tert-butanol by circulation in the loop
reactor with a pressure loss in the jet disperser of 2.0 bar. After filtration, the catalyst

is dried at 100°C for 5 h in a high vacuum.

Example 2: Catalyst B
25

The procedure was as in Example 1, but the two washing steps were not carried out
by circulation through the jet disperser in the loop reactor, but by stirring (900

rev/min) in a conventional stirred reactor.

30



di spersion was circulated in a circulation |oop through a "high-shear
‘in-line mxer'wodh®sgarticle sizes and the particle size di sPCT/BPMWI108ES Of
the precipitated DMC catal yst dispersions treated with |igands were
determ ned by | aser correlation spectroscopy. 25 The results are shown in
Table 1: WD 01/39883 PCT/ EPO0O/ 11835 -15 Table 1: Exanpl eMean particle
si zePol ydi spersity 1, 22.57 nD.213 3 (Conpari son exanple)4.51 nD. 254 4

( Conpari son e)iﬁﬁl aés 58 n0.24€. r Its in Table 1 show that DMC

cat al ysts havi _ _ 'B%lyza;nd S narrower particle size

di stribution (pRedu¢tbSBEIRIDMT RkdyR R ALHREnRYnal Bdrétich@gr.according to the
I nvention (Exanples 1 and 2) conpared with DMC catal ysts produced by prior

art methods (Conpari son Exanples 3 and 4). Production of polyether polyols

A solution of 162.5 g of zinc chloride in 260 g of distilled water is added to a
5 solution of 52 g of potassium hexacyanocobaltate in 910 g of distilled water in a
conventional stirred reactor while stirring (900 rev/min). Immediately thereafter, a
mixture of 650 g of tert-butanol and 650 g of distilled water is added and the
dispersion is stirred for 16 min at 900 rev/min. Then a mixture of 13 g of sodium
cholate, 13 g of tert-butanol and 1300 g of distilled water is added and the mixture is
10 stirred for 8 min at 900 rev/min. The solid is isolated by filtration and then washed
for 8 min with a mixture of 13 g of sodium cholate, 910 g of tert-butanol and 390 g
of distilled water while stirring (900 rev/min). The solid is filtered again and finally
washed yet again for 8 min with a mixture of 6.5 g of sodium cholate and 1300 g of
tert-butanol while stirring (900 rev/min). After filtration, the catalyst is dried at

15 100°C for 5 h in a high vacuum.

Example 4 (Comparison): Catalyst D

The procedure was as in Example 3 (comparison example), but, as described in US-
20 A 5 891 818, the DMC catalyst dispersion was produced in a stirred reactor and the

dispersion was circulated in a circulation loop through a “high-shear in-line mixer”.

The particle sizes and the particle size distributions of the precipitated DMC catalyst
dispersions treated with ligands were determined by laser correlation spectroscopy.

25 The results are shown in Table 1:



‘10 General procedure 50 g of pol ypropyl ene glycol starter (nolecular weight
= 1000 -g/ nol ) vemo/fessy of catal yst (25 ppm relative to the ermEPGo/10835t he
polyether pol yol to be produced) are 15 introduced under protective gas
(argon) into a 500 m pressure reactor and ?eated to 105C while stirring.
Propyl ene oxide (approximately 5 g) is then added at once until the total
pressure has risen to 2.5 bar. Further propylene oxide is only added again
if an acceler Sg Eressure drop in the reactor is observed. Said
accelerated p drop indicates that the catalyst is activated. The
remai ni ng propyl ene oxide 20 (145 g) is then added continuously at a
constant total pressure of 2.5 bar. After adding the propylene oxide jn its
entirety and &Expople eactl on time dWleéh particls srze 105C, valadlsp@rsxc}onponents
are distilled C .
tenperature. 352The polyether poly%ﬁéuébtalned wer e ch%?é%terlzed by

determning t [s‘l ﬁ;}e co of doubl e bond d the

vi scosities. Q&B%%% EPOO?iﬁH%’S 16 The coursg'zg the reaction was
tracked usi ng 4t( $@ﬁaﬁi@@muﬁ@rveszv$pﬁpylene oxi de co0gygption [g] vs.
reaction time_|m The induction tinme was d

i ntersection of the tangents at the steepest point of the tine-reaction

ot ormini ng. 5 THRdeRUEany BRTE L ot ek PRC At Giare TR fE RO PR o
bet ween tshe C%ﬁbw&t gﬁﬁfcne/arzeoalsmqo@f(pbgﬂlsg t bfen ob@ire@ddy aml midigoend

of the propyl ene oxi addi tion. Exanple ctl on of oI et her polyol
wi th catal yst ageqrdiBgpionjhePinypuatign 4Examples rieandi'dl) yesmparedp Blilo PM Oreatalysise r
(my KOH g): 42

pI‘O(ﬂlCCd by prior art methods (Comparison Examples 3 and 4).

Production of polyether polyols

10
General procedure
50 g of polypropylene glycol starter (molecular weight = 1000 g/mol) and 5 mg of
catalyst (25 ppm, relative to the amount of the polyether polyol to be produced) are
15 introduced under protective gas (argon) into a 500 ml pressure reactor and heated to

105°C while stirring. Propylene oxide (approximately 5 g) is then added at once
until the total pressure has risen to 2.5 bar. Further propylene oxide is only added
again if an accelerated pressure drop in the reactor is observed. Said accelerated
pressure drop indicates that the catalyst is activated. The remaining propylene oxide
20 (145 g) is then added continuously at a constant total pressure of 2.5 bar. After
adding the propylene oxide in its entirety and a postreaction time of 2 hours at
105°C, volatile components are distilled off at 90°C (1 mbar) and cooling is then

carried out to room temperature.

25 The polyether polyols obtained were characterized by determining the OH numbers,

the content of double bonds and the viscosities.



29. 7 Doubl e-bond content (mvbl/kg):6 Viscosity 25C (nPas): 846 10 Exanpl e 6:
‘Production of wobysisger polyol with catalyst B (25 ppn) PropOrRYPaN1igss
time: Polyether polyol: OH nunmber (ng KOH g):68 min 30.3 Doubl e-bond
content (mvbl/kg):6 Viscosity 25C (nPas): 869 15 Exanple 7 (Conparison):
Production of polyether polyol with catalyst C (25 ppm) Under the reaction
condi tions described above, catalyst C (25 ppm exhibits no activity.

The course of the reaction was tracked using time/reaction curves (propylene oxide
consumption [g] vs. reaction time [min]). The induction time was determined from
the point of intersection of the tangents at the steepest point of the time-reaction
curve with the extended baseline of the curve. The propoxylation times determining
5 the catalyst activity are equivalent to the time period between the catalyst activation

(end of the induction period) and the end of the propylene oxide addition.

Example 5: Production of polyether polyol with catalyst A (25 ppm)

Propoxylation time: 42 min
Polyether polyol: OH number (mg KOH/g): 29.7
Double-bond content (mMol/kg): 6
Viscosity 25°C (mPas): 846
10
Example 6: Production of polyether polyol with catalyst B (25 ppm)
Propoxylation time: 68 min
Polyether polyol: OH number (mg KOH/g): 30.3
Double-bond content (mMol/kg): 6
Viscosity 25°C (mPas): 869
15

Example 7 (Comparison): Production of polyether polyol with catalyst C (25 ppm)

Under the reaction conditions described above, catalyst C (25 ppm) exhibits no
activity.

20



.20 -WD 01/39883 PCT/ EPO0/ 11835 -17 Exanple 8 (Conparison): Production of
‘pol yet her pol wob ovsasss cat al yst D (25 ppm Propoxyl ati on ti nePQUBP 14835

Pol yet her pol yol : OH nunber (ng KOH g):30.8 Doubl e-bond content (mvol/kg):7
Viscosity 25C (nPas):876 5 A conparison of ;gxanples 5 and 6 with Conpari son
Exanpl es 7 and 8 show that DMC catal ysts having markedly increased activity
(i.e. markedly reduced propoxylation tinmes) are obtai ned by the nethod

according to tl&%n{p ¢8 i&ior%np'arisoni:?’%c/)cﬁl%ggr? OF géfe%ﬁgr%/o}ylo%:v)’v?th_cja?al}?s?be&g p %i db

Propoxylation time: 109 min
Polyether polyol: OH number (mg KOH/g): 30.8
Double-bond content (mMol/kg): 7
Viscosity 25°C (mPas): 876
5 A comparison of Examples 5 and 6 with Comparison Examples 7 and 8 show that

DMC catalysts having markedly increased activity (i.e. markedly reduced

propoxylation times) are obtained by the method according to the invention.



1. ethod of producing DMC catal ysts in whi ol utions of water-soluble

Cc
'salts of Zn(lWoofssek3d), Ni(11), M(Il), Co(
| |

h
I
1)
ions ofwater-s gyb
(1

S

: ), Sn(11), Pb(pPCY/EPS(1BISl ),
M(1V), & M(VI), A(IlT), V(V), V(1V), Sr( , WIV), WVI), Cu(ll) or
Cr(lI'll) are m xed with soluti S |l e salts or acids, containing
cyanide ions, of Fe(ll), Fe(lll), Co(ll), 1), (1), C(lir), wm(ll),
vy, te(Cirr), No(rr), rRa(tir), rRu(ll), V(IV) or V(V) using a m xing
nozzle. 10 2. %tuﬂ pf produci ng DMC catal ysts according to claim1, in
whi ch t he sol &5 $ mi xed using a jet disperser. 3. Method according to

claim1 or 2, in which the DMC catalyst is isolated fromthe catal yst
di spersion forned by m xing the solutions and then 15 redi spersed using a
jet disperser lin addetbod afrpradiomlg MMCl caapsts swlwhiclosolutionsvief haderasotubieli ng

hexacyanocobal ¢ at ecri 91 2ot hadsy Ve Catth ualBl T3 Lo ahdisa.
accordi ng to any ong,@fy), cAp(Hpjs \;I(Vt)o\;-ffw)l Rrith)l GATVNEWVD, @alal %8 (Craphtadd ns

tert-butanol as organic’conpl'ex 1igand.” 6. M{\)fet hod” accordi ng %o any one of
clains 1 to 5, in udmmedhmﬂhesomwdnsaf adatessolnbletsaltner andsp cgatainmg cyanide ions,

3:"3‘3! §§| fzi ner . of yRgeereidl puar B @Rﬁl Ceéﬁb%ﬁﬁf@%‘gﬁﬂaﬁkﬁ @™
QyeT odextrin: - or gan R B Gy B e Phosphonat e,
phosphi nﬁt? or phosphi ni teboinl : gnl o StrJrfact ant or 1:2% :lrfgfegg: i’i:/?l corrpiOﬁnd
accor danith wi £ anyvicied o e PG etlsubeemraogss s Bpad, HAAIHE 10

solutions are mixed using a jet disperser.

3. Method according to claim 1 or 2, in which the DMC catalyst is isolated
from the catalyst dispersion formed by mixing the solutions and then

15 redispersed using a jet disperser in aqueous or anhydrous ligand solution.

4. Method according to any one of claims 1 to 3, in which the DMC catalyst

contains zinc hexacyanocobaltate(III) as double metal cyanide compound.

20 5. Method according to any one of claims 1 to 4, in which the DMC catalyst

contains tert-butanol as organic complex ligand.

6. Method according to any one of claims 1 to 5, in which the DMC catalyst
contains an organic complex-forming component that is a polyether,
25 polyester, polycarbonate, glycidyl ether, glycoside, polyhydric alcohol
carboxylate, polyalkylene glycol sorbitan ester, a bile acid or its salt, ester or
amide, a cyclodextrin, organic phosphate, phosphite, phosphonate,
phosphonite, phosphinate or phosphinite, an ionic surfactant or interface-
active compound or an o,-unsaturated carboxylic ester.
30

7. DMC catalyst obtainable in accordance with any one of claims 1 to 6.



.8. Use of a DMC catal yst produced in accordance with any one of clains 1 to
‘6. for produci mgo posoges her pol yol s. PCT/EP00/11835
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8. Use of a DMC catalyst produced in accordance with any one of claims 1 to 6

for producing polyether polyols.



